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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS

The release of over five million cubic yards of coal combustion residue from the Tennessee
Valley Authority’s Kingston, Tennessee facility in December 2008, which flooded more than
300 acres of land and damaged homes and property, is a wake-up call for diligence on coal
combustion residue disposal units. A first step toward this goal is to assess the stability and
functionality of the ash impoundments and other units, then quickly take any needed corrective
measures.

This assessment of the stability and functionality of the Cross Generating Station coal
combustion residue (CCR) management units are based on a review of available documents and
on the site assessment conducted by Dewberry personnel on February 23, 2011. We found the
supporting technical documentation to be generally adequate (Section 1.1.3). As detailed in
Section 1.2.1, there are two recommendations based on field observations that may help to
maintain a safe and trouble-free operation.

In summary, the Cross Generating Station CCR management units (Gypsum Pond, Bottom Ash
Pond 1, and Bottom Ash Pond 2) are generally SATISFACTORY for continued safe and reliable
operation, with no recognized existing or potential management unit safety deficiencies within
the parameters of design and operation considered appropriate for their low hazard potential
classifications.

PURPOSE AND SCOPE

The U.S. Environmental Protection Agency (EPA) is investigating the potential for catastrophic
failure of Coal Combustion Surface Impoundments (i.e., management unit) from occurring at
electric utilities in an effort to protect lives and property from the consequences of a dam failure
or the improper release of impounded slurry. The EPA initiative is intended to identify
conditions that may adversely affect the structural stability and functionality of a management
unit and its appurtenant structures (if present); to note the extent of deterioration (if present),
status of maintenance and/or a need for immediate repair; to evaluate conformity with current
design and construction practices; and to determine the hazard potential classification for units
not currently classified by the management unit owner or by a state or federal agency. The
initiative will address management units that are classified as having a Less-than-Low, Low,
Significant, or High Hazard Potential ranking (for Classification, see pp. 3-8 of the 2004 Federal
Guidelines for Dam Safety).

In early 2009, the EPA sent letters to coal-fired electric utilities seeking information on the safety
of surface impoundments and similar facilities that receive liquid-borne material that store or
dispose of coal combustion residue. This letter was issued under the authority of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
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Section 104(e), to assist the Agency in assessing the structural stability and functionality of such
management units, including which facilities should be visited to perform a safety assessment of
the berms, dikes, and dams used in the construction of these impoundments.

EPA requested that utility companies identify all management units including surface
impoundments or similar diked or bermed management units or management units designated as
landfills that receive liquid-borne material used for the storage or disposal of residuals or by-
products from the combustion of coal, including, but not limited to, fly ash, bottom ash, boiler
slag, or flue gas emission control residuals. Utility companies provided information on the size,
design, age and the amount of material placed in the units (See Appendix C).

The purpose of this report is to evaluate the condition and potential of residue release from
management units for hazard potential classification. This evaluation included a site visit.
Prior to conducting the site visit, a two-person team reviewed the information submitted to EPA,
reviewed any relevant publicly available information from state or federal agencies regarding the
unit hazard potential classification (if any) and accepted information provided via telephone
communication with the management unit owner.

This report presents the opinion of the assessment team as to the potential of catastrophic failure
and reports on the condition of the management unit(s).

Note: The terms “embankment”, “berm”, “dike” and “dam’ are used interchangeably within
this report, as are the terms “pond”, “basin”, and “impoundment”.

LIMITATIONS
The assessment of dam safety reported herein is based on field observations and review of
readily available information provided by the owner/operator of the subject coal combustion
residue management unit(s). Qualified Dewberry engineering personnel performed the field
observations and review and made the assessment in conformance with the required scope of

work and in accordance with reasonable and acceptable engineering practices. No other
warranty, either written or implied, is made with regard to our assessment of dam safety.
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1.0 CONCLUSIONS AND RECOMMENDATIONS

1.1  CONCLUSIONS

Conclusions are based on visual observations from a one-day site visit, February 23,
2011, and review of technical documentation provided by Santee Cooper.

1.1.1 Conclusions Regarding the Structural Soundness of the Management
Unit(s)

Based on a review of the engineering data provided by the owner’s
technical staff and Dewberry engineers’ observations during the site visit,
the dike embankments and emergency outlets appear to be structurally
sound under static loading conditions. The dike embankments are also
indicated to be stable under moderate seismic loading conditions, provided
no excessive loss of shear strength occurs in the Pleistocene foundation
soils. Isolated layers of very loose to loose sands and some layers of very
soft to soft silty clays occur at depth in the foundation soil profile beneath
the dikes. However, localized liquefaction or deformations probably
would not be reflected through the firmer and stiffer overlying soils in
sufficient magnitude to create unacceptable displacements in the dike
embankments under moderate earthquake shaking. Therefore, with
respect to seismic stability and liquefaction/deformation potential, it
appears that the dike embankments will safely withstand an earthquake
with 2,475-year return period (equivalent to 2%, 50-year return period).

1.1.2  Conclusions Regarding the Hydrologic/Hydraulic Safety of the
Management Unit(s)

No hydrologic/hydraulic analyses have been provided for the ash ponds or
gypsum pond. However, for purposes of this assessment rigorous analyses
are not needed for evaluation of hydrologic safety of the ash ponds and
gypsum pond, which are totally contained within perimeter dike systems
and do not receive uncontrolled off-site drainage. By inspection, the ash
ponds and gypsum pond currently have adequate hydrologic safety for at
least the 50-year “design” precipitation depth of 8.40 inches (0.70 foot),
since there currently is more than sufficient flood storage volume between
the normal operating water levels and the lowest crest elevations on the
impounding dikes.
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1.1.3  Conclusions Regarding the Adequacy of Supporting Technical
Documentation

The supporting technical documentation is generally adequate for these
dikes of Low hazard potential. Engineering documentation reviewed is
contained in Appendix A (Doc 06 and Doc 08). The documentation did
not include hydrologic/hydraulic analyses, but as noted above, hydrologic
safety can be assessed simply on the basis of inspection of the ring-dike
systems, which do not receive uncontrolled off-site drainage. The
documentation included both static and seismic stability analyses. The
static stability analyses are adequate. The existing pseudo-static stability
analysis documentation for the CCR pond dikes is more than what
typically exists for dikes with Low and Less than Low hazard potential
classifications. The documentation did not include liquefaction potential
analysis of the generally isolated thin layers of very loose to loose silty
sands or excess deformation potential analysis of very soft to soft clays in
the lower part of the foundation soil profile under the dikes. For low dikes
with low consequences of failure (i.e., Low hazard potential), such as the
Cross dikes, the standard of practice usually does not include
liquefaction/deformation potential analyses or seismic stability analyses.
Therefore, the level of technical documentation for structural stability
appears to be adequate for the Cross dikes. Performing detailed
liquefaction/deformation studies and additional seismic stability analyses
is not warranted at this time but would be advisable if the hazard potential
ratings should be increased to Significant or High due to development in
down-gradient areas.

1.1.4 Conclusions Regarding the Description of the Management Unit(s)

The descriptions of the management units provided by the owner were an
accurate representation of what Dewberry observed in the field.

1.1.5 Conclusions Regarding the Field Observations

Dewberry staff was provided access to all areas in the vicinity of the
management units required to conduct a thorough filed observation. The
visible parts of the embankment dikes and emergency outlet structures
were observed to have no signs of overstress, significant settlement, shear
failure, or other signs of instability. Embankments appear structurally
sound. There are no apparent indications of unsafe conditions or
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conditions needing emergency remedial action. Some minor maintenance
is needed (see Subsection 1.2.1).

Conclusions Regarding the Adequacy of Maintenance and Methods of
Operation

The current maintenance and methods of operation appear to be adequate
for the CCR management units. There was no evidence of significant
embankment repairs or prior releases observed during the field inspection.

Conclusions Regarding the Adequacy of the Surveillance and Monitoring
Program

The surveillance program appears to be adequate. The management unit
dikes do not have dedicated dam performance instrumentation, although
groundwater levels are measured semi-annually in groundwater quality
monitoring wells located on the crest of the ash pond dikes. Based on the
size of the dikes, the history of satisfactory performance, the current
inspection program, and in the absence of problem or suspect conditions,
there is no need for installation of performance monitoring
instrumentation at this time

Classification Regarding Suitability for Continued Safe and Reliable
Operation

The three CCR management units at Cross Generating Station are
generally SATISFACTORY for continued safe and reliable operation.
No existing or potential management unit safety deficiencies are
recognized. Although some engineering documentation is marginal,
acceptable performance is expected under all applicable loading
conditions (static, hydrologic, seismic) in accordance with the
applicable criteria commensurate with low hazard potential
classification.
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1.2  RECOMMENDATIONS
1.2.1 Recommendations Regarding Maintenance
It is recommended that routine maintenance pay particular attention to:

a. Re-establishing good grass cover in areas of sparse grass growth
and in areas eroded by surface runoff;

b. Removing or otherwise controlling vegetation growing on (or in
thin sediment on) the Fabriform revetment on the interior slopes of
the ash pond dikes.

1.2.2  Recommendations Regarding Continued Safe and Reliable Operation
No recommendations appear warranted at this time.
1.3 PARTICIPANTS AND ACKNOWLEDGEMENT
1.3.1 List of Participants

*Fred Tucker, Dewberry
*Anne Lee, Dewberry

Levon Strickland, Santee Cooper
*Denise Bunte-Bisnett, Santee Cooper
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*Billy Dixon Jr., Santee Cooper
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*Participated in field observations.
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2.0 DESCRIPTION OF THE COAL COMBUSTION RESIDUE MANAGEMENT
UNIT(S)

2.1 LOCATION AND GENERAL DESCRIPTION

The Cross Generating Station (Cross GS) is physically located on the east bank of
the Diversion Canal in Berkeley County, South Carolina, approximately 5.2 miles
northeast of Cross, South Carolina. Cross GS is located on Cross Station Road,
Pineville, South Carolina 29468. Lake Marion is northwest of the Cross GS, and
Lake Moultrie is southeast of Cross GS. See Doc 01 in Appendix A for location of
the Cross GS on an aerial map.

The Cross GS has three CCR management units, Bottom Ash Pond 1, Bottom Ash
Pond 2, and Gypsum Pond. Bottom Ash Pond 1 and Bottom Ash Pond 2 function
as one pond at normal operating water level. Bottom Ash Pond 2 is connected to
Bottom Ash Pond 1 with a trapezoidal notch cut through the original northeast side
dike of Bottom Ash Pond 1. Table 2.1 shows the summary of the size and
dimensions of the CCR management unit dikes.
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Table 2.1: Summary of Dam Dimensions and Size
Gypsum Bottom Ash | Bottom Ash

Pond Pond 1 Pond 2
Dam Height (ft)' 6 18 14
Crest Width (ft) 15 15 & 30 15 & 24
Length (ft) 1075 2293 6899
Side Slopes (upstream) H:V 3:1 3:1 3:1
Side Slopes (downstream) H:V 3:1 3:1 3:1

"From Santee Cooper response to EPA’s RFI dated March 17, 2009.

2.2 COAL COMBUSTION RESIDUE HANDLING

2.2.1 Fly Ash

Fly ash is dry-handled and sold for use in cement production or
transported by truck to a nearby landfill. See Doc 02 in Appendix A for
Ash Handling Flow Path and Section 8.1 for more detailed description of

the ash handling operations.
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2.2.2 Bottom Ash

Bottom ash from the steam generator is collected in the bottom ash
hoppers. The bottom ash is sluiced to the Bottom Ash Pond 2 via a closed
system process.

2.2.3 Boiler Slag

Boiler slag conveyance follows the bottom ash flow path from the boiler
and sluiced to Bottom Ash Pond 2.

2.2.4 Flue Gas Desulfurization Sludge

Gypsum from the flue gas desulfurization systems is dewatered and is
sold, landfilled, or stored onsite. There are two gypsum dewatering
processes, general gypsum dewatering and wallboard gypsum dewatering.
Wallboard gypsum is sold to the market or stored onsite. Gypsum
produced for other uses is sold to the market or transported to the landfill.
All gypsum is transported by truck. Filtrate from the dewatering process
is pumped to the Gypsum Pond. Filtrate from the wallboard gypsum
dewatering process is pumped to Bottom Ash Pond 2. See Doc 02 in
Appendix A for Flue Gas Desulfurization Systems and Gypsum Handling
Flow Path. Further description of the gypsum handling operation is
included in Section 8.1.

2.3 SIZE AND HAZARD CLASSIFICATION

The Cross GS CCR impoundment dikes are not regulated by a federal or state
agency and currently do not have federal or state hazard classifications. Dams
owned by the South Carolina Public Service Authority (Santee Cooper) are
specifically exempted from state regulation in Section 72-2 Dam Classifications and
Exemptions of the South Carolina Dams and Reservoirs Safety Act Regulations.
Santee Cooper created an internal multi-disciplined team composed of professional
engineers with backgrounds specializing in dam safety, environmental services,
plant operations, and facility maintenance to evaluate the structural integrity and
safety of the impoundments. This task force established formal hazard ratings for
each impoundment using nationally recognized criteria.

For reference, the South Carolina Department of Health and Environmental Control
(SCDHEC) Size Classification and Hazard Potential Classification criteria are
shown in Table 2.2a and Table 2.2b, respectively; the Hazard Potential
Classification adopted by the EPA is shown in Table 2.2c.
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Based on data summarized in Tables 2.1 and 2.3, Bottom Ash Pond 1 and 2
combined has a Small Size classification per the SCDHEC Size Classification
criteria shown in Table 2.2a. Although the combined total storage capacity of
Bottom Ash Pond 1 and 2 is 1,388 acre-feet, the liquid (water) portion currently is
on the order of 582 acre-feet and will shrink as the ponds fill with bottom ash. The
bulk of the bottom ash stored in the ash ponds is not expected to “flow” far through
a postulated breach in the perimeter dike. Failure of the embankment would release
water and CCR onto surrounding flat wooded and swampy land owned by Santee
Cooper. Some of the CCR carried by the water may potentially reach Lake
Moultrie or possibly the Diversion Canal (see discussion in Subsection 6.1.4).
Failure would not likely cause loss of life but would cause some onsite
environmental damage. On the basis of the hazard potential classification criteria
used by the EPA (see Table 2.2c), Santee Cooper has given Bottom Ash Ponds 1
and 2 combined a Low Hazard Potential classification. Dewberry concurs with this
hazard potential classification.

Based on data summarized in Tables 2.1 and 2.3, the Gypsum Pond has a Very
Small Size classification per the SCDHEC Size Classification criteria shown in
Table 2.2a. Failure of the low dike impounding the 1-acre Gypsum Pond would
discharge a small volume of water and CCR onto flat surrounding land owned by
Santee Cooper. The failure would not likely cause loss of life but would cause
minor onsite environmental damage. Santee Cooper has given the Gypsum Pond a
“Less than Low” Hazard Potential classification (see Table 2.2c). Dewberry
concurs the classification should be Less Than Low Hazard Potential, since no or
minimal environmental damage is likely.

Table 2.2a: SC Size Classification®

Impoundment Storage (Acre-

Category Feet) Dam Height (Feet)

Very Small | Less than 50 Less than 25

Small Less than 1,000 but equal to or Less than 40 but equal to or
greater than 50 greater than 25

Less than 50,000 but equal to or Less than 100 but equal to or
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Intermediate | greater than 1,000 greater than 40
Large Equal to or less than 50,000 Equal to or less than 100
* Size classification may be determined by either storage or height of structure, whichever gives
the higher category.
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Table 2.2b: SC Hazard Potential Classification

Category | Hazard Potential
High Dams located where failure will likely cause loss of life or serious
Hazard damage to home(s), industrial and commercial facilities, important
public utilities, main highway(s) or railroad(s).
(Class I)
Significant | Dams located where failure will not likely cause loss of life but may
Hazard damage home(s), industrial and commercial facilities, secondary
(Class II) | highway(s) or railroad(s) or cause interruption of use or service of
relatively important public utilities.
Low Dams located where failure may cause minimal property damage to
Hazard others. Loss of life is not expected.
(Class III)
Table 2.2¢: Dam Hazard Potential Classification
Used by EPA
Category Hazard Potential Description
High Hazard | Dams where failure or misoperation will probably cause loss
Potential of human life.
Significant Dams where failure or misoperation results in no probable
Hazard loss of human life but can cause economic loss,
Potential environmental damage, disruption of lifeline facilities, or

can impact other concerns. Significant hazard potential
classification dams are often located in predominantly rural
or agricultural areas but could be located in areas with
population and significant infrastructure.

Low Hazard

Dams where failure or misoperation results in no probable

Potential loss of human life and low economic and/or environmental
losses. Losses are principally limited to the owner’s
property.
Less Than Dams where failure or misoperation results in no probable
Low Hazard loss of human life or economic or environmental losses.
Potential
Cross Generating Station 2-4
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24 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE
UNIT(S) AND MAXIMUM CAPACITY

The amount of CCRs currently stored in the units and maximum capacities are
summarized in Table 2.3. The Gypsum Pond is designed to contain flue gas
emission control residuals. Bottom Ash Ponds 1 and 2 are designed to contain
bottom ash and boiler slag. The bottom ash ponds also receive economizer ash and
water pumped from the Gypsum Pond, the coal pile runoff retention basin, and
plant drainage sumps. Water from the bottom ash ponds is recycled for use as ash
seal and ash sluice water, using a series of pumps at Bottom Ash Pond 1.

Table 2.3: Amount of Residuals and Maximum Capacity of Unit

Ash Pond Name Gypsum Bottom Ash Bottom Ash
Pond Pond 1 Pond 2

Surface Area (acre)’ 1.0 12.8 79.0
Current Storage Varies 37,107 1,263,240
Volume (cubic yards)
Current Storage Varies” 23 783
Volume (acre-feet)'
Total Storage Capacity | 9,680 371,067 1,868,240
(cubic yards)
Total Storage Capacity | 6 230 1,158
(acre-feet)'
Crest Elevation (feet) 85.81 95.31 91.00
Normal Pond Level 83.50 88.0 88.0
(feet)

'From Santee Cooper response to EPA’s RFI dated March 17, 2009.
% Continuous maintenance excavation occurs to remove gypsum to a permitted on-site landfill.

2.5 PRINCIPAL PROJECT STRUCTURES
2.5.1 Earth Embankment

Bottom Ash Ponds 1 and 2 have perimeter dike embankments that have
geometric features and crest elevations as shown above in Tables 2.1 and
2.3. The dimensions and elevations are from construction drawings shown
in Doc 03 in Appendix A. The wider crests occur on the embankments
along the northwest side of Bottom Ash Pond 1 (30 feet wide) and the
southwest side of Bottom Ash Pond 2 (24 feet wide), apparently to
accommodate layout of various pipelines. The original northeast side dike
of Ash Pond 1 was breached with the 10-foot bottom width trapezoidal
notch (spillway) when the Bottom Ash Pond dike was constructed, so that
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the two ponds function as one pond at normal operating water level, which
is several feet above the bottom elevation of the notch. Bottom Ash Pond
1 is lined with a 6-inch thick soil bentonite layer and the inside slopes
were originally armored with riprap. When Bottom Ash Pond 2 was
constructed, Fabriform (grout-filled cellular fabric form) revetment was
placed on top of the original riprap. Bottom Ash Pond 2 is lined with
Bentomat, which is a thin geocomposite of bentonite sandwiched between
and contained by fabric layers; the inside slopes are armored with
Fabriform to protect the liner and slope from wave erosion and exposure
(see Subsection 7.1.2 for dike design parameters and dam materials). No
internal drainage blankets or toe drains for seepage control were included
in the design of the dikes, but such seepage control features would not be
warranted or expected for low perimeter dikes impounding lined ponds.

The Gypsum Pond has a diked perimeter embankment that has geometric
features and crest elevation shown in Tables 2.1 and 2.3, based on
construction drawings shown in Doc 03 in Appendix A. The material
used in the construction of the dike is unknown, but believed to be similar
to that used in the ash pond dikes. The pond is lined with a 6-inch thick
soil bentonite layer and the inside slopes are armored with riprap. No
internal drainage blankets or toe drains for seepage control were included
in the design of the low dike.

Outlet Structures

Bottom Ash Pond 1 — There is a pump structure located on the southwest
end of the pond. Water is pumped back to the plant through two systems,
the ash sluice system and the ash seal system. An emergency overflow
structure is also located at the southwest end of the pond. The overflow
structure consists of a 4-ft by 4-ft (interior opening dimensions) reinforced
concrete box with an overflow weir elevation originally at 94.0 feet, but
the weir was lowered to elevation 89.0 feet when Ash Pond 2 was
constructed. There is a handwheel that formerly controlled a sluice gate
for the structure, but the gate and handwheel are no longer operational,
since the level of ash in the pond is above the gate (i.e., the gate is buried).
The top of the structure is at elevation 95.0 feet. Emergency overflow
discharges from the bottom of the overflow structure through an 18-inch
diameter conduit. According to drawings issued in 1982 for construction
of Ash Pond 1, the outlet conduit is indicated to be American Water
Works Association (AWWA) C-301 prestressed concrete cylinder pipe;

Cross Generating Station 2-6

Santee Cooper

Coal Combustion Residue Impoundment

Pineville, South Carolina Dam Assessment Report



-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

FINAL

however, a plan issued in 2004 for construction of modifications at the
pump platform shows the outlet conduit to be an 18-inch diameter steel
pipe. The entrance invert elevation of the outlet pipe is at 78.0 feet

according to original construction drawings (see Doc 03, Appendix A).

Bottom Ash Pond 2 — There is a 10-foot bottom width trapezoidal notch
(spillway weir) with 3 horizontal (H) to 1 vertical (V) side slopes located
through the original northeast side dike of Bottom Ash Pond 1. The
trapezoidal notch is armored with Fabriform revetment. The crest
elevation of the trapezoidal weir is at 85.0 feet (see Doc 03, Appendix A).
Water from Bottom Ash Pond 2 flows through the notch into Bottom Ash
Pond 1.

Gypsum Pond — There is a pump structure located on the northeast end of
the pond. Water is pumped from the pond to Bottom Ash Pond 2. An
emergency overflow structure is located at the southwest end of the pond.
The overflow structure consists of a 4-ft by 4-ft (interior opening
dimensions) reinforced concrete box with an overflow weir elevation at
84.5 feet. The top of the overflow structure is at elevation 85.5 feet.
According to construction drawings, emergency overflow discharges from
the bottom of the overflow structure through an 18-inch diameter AWWA
C-301 prestressed concrete cylinder pipe to a receiving channel. The
invert elevation of the outlet pipe is at 78.5 feet (see Doc 03, Appendix A).

2.6 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT

A regional map showing Cross GS and the CCR ponds in relationship to “critical”
infrastructure within a 5-mile radius was provided by Santee Cooper as shown in
Doc 04 in Appendix A of this report. “Critical” infrastructure includes facilities
such as schools and hospitals. There is one school within the 5-mile radius across

the Diversion Canal.
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS

3.1 SUMMARY OF REPORTS ON THE SAFETY OF THE MANAGEMENT UNIT

Furnished reports of quarterly inspections, conducted by Santee Cooper for the
period December 2009 through February 2011 indicated no major structural or
operational problems. No significant deterioration was indicated in the
documentation reviewed. No other reports on the safety of the management units
were provided.

3.2 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL
PERMITS

Discharge from the impoundment is regulated by the South Carolina Department of
Health and Environmental Control (SCDHEC) and the impoundment has been
issued a National Pollutant Discharge Elimination System Permit. Permit No.
SC0037401 was issued November 3, 2006.

3.3 SUMMARY OF SPILL/RELEASE INCIDENTS

Data reviewed by Dewberry did not indicate any spills, unpermitted releases, or
other performance-related problems with the dikes over the last 10 years. The data
did identify a bypass incident (unpermitted release) related to the maintenance of
the pH Trim system. The release was not related to the performance of the dike or
the emergency outlet structure.
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION

4.1 SUMMARY OF CONSTRUCTION HISTORY

4.1.1

Original Construction

Original construction included Bottom Ash Pond 1 and the Gypsum Pond.
The ponds were constructed by Burns and Roe, Inc. and their
subcontractor, Ruscon Construction. Santee Cooper provided inspection
and monitoring of construction. Construction was started in 1982 and the
ponds were commissioned for service in 1983, when Unit 2 (the first unit
completed) came into service. The construction drawings for these ponds
are included in Doc 03 in Appendix A and appear to be the record
drawings.

Both ponds were formed on flat land with perimeter dike embankments
constructed of onsite materials. It appears that the pond areas were incised
several feet below the original ground surface.

The ash pond was significantly expanded to the northeast and northwest
by the construction of Bottom Ash Pond 2. The expansion created by
Bottom Ash Pond 2 was constructed by Gilbert/Commonwealth. Santee
Cooper provided inspection and monitoring of construction. The Bottom
Ash Pond 2 area was commissioned for service in 1995, when Unit 1 came
into service. Construction drawings for the expansion are included in Doc
03 in Appendix A; it is not clear if they represent record drawings, since
they are not sealed by a professional engineer.

The expansion area was enclosed with a perimeter dike embankment that
ties-in to Bottom Ash Pond 1 at the east corner of the pond at one end and
at the northwest side dike of the pond at the other end. The new dike
embankments were constructed of onsite materials obtained primarily
from excavation within the Bottom Ash Pond 2 area, which generally
incised the pond bottom area several feet below the original ground
surface, except in low areas of the pond where it appears that fill was
required to prepare the subgrade for the Bentomat liner. The liner was
covered with a protective 1-foot thick layer of ash over the pond bottom
and a 1-foot thick layer of structural fill or sand under the Fabriform
revetment on the inside slopes of the new dike embankment.

The trapezoidal notch spillway was excavated through the original
northeast side dike of Bottom Ash Pond 1 and lined with the Bentomat,
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which was protected with soil cushion and Fabriform revetment as
described above. Since the new dike around Bottom Ash Pond 2 was
lower than the dike at Bottom Ash Pond 1 by more than 4 feet, the weir
elevation at the emergency overflow structure was lowered 5 feet to
elevation 89.0 feet.

The pump structure at Ash Pond 1 was expanded to incorporate additional
pumps and service structures for Unit 3. The improvements included a
new bulkhead system to retain the expanded platform for the new Unit 3
pumps and structures. A drawing for the expansion, issued by Parsons
Energy & Chemicals Group Inc. in 2004 for construction, is included in
Doc 03 in Appendix A; it is not clear if this drawing represents a record
drawing, since a note on the drawing indicates that “this media should not
be considered a certified document.”

No other records of original construction are available.
Significant Changes/Modifications in Design since Original Construction

The only changes/modifications in design since original construction are
those to the Bottom Ash Pond 1 structures to accommodate the expansion
created by Bottom Ash Pond 2. These changes are discussed in Section
4.1.1 above. There appear to have been no other significant changes or
modifications in design since original construction.

Significant Repairs/Rehabilitation since Original Construction

There appear to have been no significant repairs/rehabilitation since the
original construction of the CCR ponds.

4.2 SUMMARY OF OPERATIONAL PROCEDURES

4.2.1

Original Operational Procedures

Furnished documents do not include the original operational procedures.
Originally only Bottom Ash Pond 1 and the Gypsum Pond were in place.
It is presumed that original operating procedures were similar to current
procedures, as described in Section 8.1. Ash from Unit 2 is sluiced
directly into Bottom Ash Pond 1 where the suspended particles settle out
and the water recycled back to the plant through separate ash sluice and
ash seal water systems. The sluice pipe was supported on a timber trestle
extending to the center of pond near the northeast end. The original
operating water level in the pond was at elevation 93.0 feet. It is further
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presumed that filtrate from gypsum dewatering processes of the flue gas
desulfurization systems was pumped into the Gypsum Pond, with water in
this pond pumped to Bottom Ash Pond 1 and accumulated sediment
(gypsum) excavated and removed to a permitted onsite landfill as needed
to maintain storage capacity. The water level in the Gypsum Pond was
(and still is) maintained at or below 83.5 feet.

4.2.2 Significant Changes in Operational Procedures and Original Startup

After construction of the expansion created by Bottom Ash Pond 2, the
sluice and wastewater flows, as well as discharge from the Gypsum Pond,
were directed into that part of the combined ponds which are in series and
function as one pond. The operating water level in the combined ponds
was lowered to elevation 88.0 feet from the original 93.0 feet in Bottom
Ash Pond 1. Originally, pyrite-containing economizer ash from the back
of the boilers was deposited in the ash ponds, most notably in the
northwest part of Bottom Ash Pond 2. The pyrite is now removed and no
pyrite-containing ash is deposited in the ash ponds.

4.2.3 Current Operational Procedures
See Section 8.1 for current operational procedures.
4.2.4 Other Notable Events since Original Startup

There are no other notable events since original startup.
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5.0 FIELD OBSERVATIONS

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS

Dewberry personnel Fred Tucker, P.E. and Anne Lee performed a site visit on
Wednesday, February 23, 2011 in company with the participants listed in
Section 1.3.1.

The site visit began mid-morning. The weather conditions during the visit were 62
degrees Fahrenheit, sunny, and dry. Photographs were taken of conditions
observed. Please refer to the Dam Inspection Checklist in Appendix B for
additional site visit information. Selected photographs are included here for ease of
visual reference. All pictures were taken by Dewberry personnel during the site
visit.

The overall assessment of the CCR impoundment dikes was that they were in
satisfactory condition and no significant findings were noted.

5.2 EARTH EMBANKMENT - BOTTOM ASH POND 1
5.2.1 Crest

A typical view of the perimeter dike embankment crest of Bottom Ash
Pond 1 is shown in Photograph 5.1. The limerock-surfaced crest appeared
to be in satisfactory condition with no major sags, depressions, or other
signs of significant settlement. No tension cracks which might suggest
soil shear failure were observed in the crest or along the edge of the crest.
The crest of the dike on the northeast side of Bottom Ash Pond 1 is shown
in Photograph 5.2, as viewed from the southeast end toward the location of
the notch spillway through this dike. A sparse grass cover has become
established on this part of the crest, apparently due to low traffic on this
dead-end section. The grass appeared to be maintained.
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Photograph 5.1. View of crest and inside slope, southeast side looking
northeast.

Photograph 5.2. View of crest and inside slope of Bottom Ash Pond 1
northeast dike, looking northwest.

5.2.2  Upstream/Inside Slope

A typical view of the upstream slope of Bottom Ash Pond 1 is shown in
Photograph 5.3. (Note the wider crest with pipelines on the northwest side
of Bottom Ash Pond 1.) The Fabriform revetment that overlies the
original riprap on the upstream slope was observed to have slight
unevenness in its surface, but it appeared to be sound and generally free of
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deterioration. Patches of vegetation (primarily the reed, Phragmites) were
observed on the upstream slopes, generally along and just above the water
line or ash sediment line. No slumps, slides, or other signs of shear failure
were observed in the visible parts of the slopes above the water surface or

ash surface.

Photograph 5.3. Typical view of inside slope, northwest side looking
southwest.

5.2.3 Downstream/Outside Slope and Toe

A typical view of the outside slope of Bottom Ash Pond 1 is shown in
Photograph 5.4. As shown, the grass was observed to be maintained in
relatively good condition. Minor erosion from mowing equipment was
observed on the slope. No areas of significant erosion were observed. No
obvious signs of slumps, slides, bulges, tension cracks, seepage, or animal
holes were observed.

The area along the outside toe of the dike on the southeast side was
observed to be covered in woody vegetation (Photograph 5.4). The
outside slope of the dike on the northwest side was observed to be covered
with mowed grass; however, some erosion was observed along the outside
toe of this section of the dike, as shown in Photograph 5.5. There were no
indications of seepage.
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Photograph 5.4. Typical view of outside slope, southeast side looking
northeast.

Photograph 5.5. View of outside slope and toe, northwest side looking
southwest.

5.2.4 Abutments and Groin Areas

There are no abutments or groins in the dike embankment. No erosion or
displacements were observed where the Bottom Ash Pond 2 dike ties into
the Bottom Ash Pond 1 dike.
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5.3 EARTH EMBANKMENT - BOTTOM ASH POND 2

5.3.1 Crest

Typical views of the perimeter dike embankment crest of Bottom Ash
Pond 2 are shown in Photographs 5.6a and 5.6b. The ash finger dike in
the pond is visible in Photographs 5.6a. The limerock-surfaced crest was
observed to be in satisfactory condition. No major sags, depressions, or
other signs of significant settlement were observed in the crest. No
tension cracks or other signs of insipient mass soil movement were
observed in the crest or along the edge of the crest.

Photograph 5.6a. Typical view of crest and inside slope, northeast side
looking northwest.

5.3.2  Upstream/Inside Slope

A typical view of the inside slope of Bottom Ash Pond 2 is shown in
Photograph 5.6b (see also Photograph 5.6a). The Fabriform revetment on
the upstream inside slopes appeared to be serviceable and in generally
satisfactory condition with no major depressions and no significant areas
of deterioration. Patches of vegetation (primarily Phragmites) were
observed on the upstream slopes, generally along and just above the water
line or ash sediment line, as shown in Photograph 5.6¢c. No slumps, slides,
or other signs of shear failure were observed in the visible parts of the
slopes above the water surface or ash surface.
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Photograph 5.6b. Typical view of inside slope and crest, east side
looking north.

Photograph 5.6¢. View of reeds (Phragmites) growing on inside slope,
northwest side looking south.

5.3.3 Downstream/Outside Slope and Toe

A typical view of the outside slope of Bottom Ash Pond 2 is shown in
Photograph 5.7a. As shown, the grass on the outside slope was typically
observed to be maintained in satisfactory condition. Minor erosion from
surface runoff or disturbance of mowing equipment was observed at a
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number of locations, typically along the toe, as shown by a typical view in
Photograph 5.7b. Santee Cooper personnel indicated that topsoil was not
used on the outside slope for vegetation establishment. No areas of major
erosion were observed. No obvious signs of slumps, slides, bulges,
tension cracks, seepage, or animal holes were observed on the outside
slope.

Photograph 5.7a. Typical view of outside slope and toe, east side
looking north.

Photograph 5.7b. View of outside slope and toe, northwest side
looking southwest.
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A water-filled perimeter ditch is located along the outside toe, which
restricts access of mowers. Therefore, tall grass was observed to typically
occur along the toe (see Photograph 5.7b). There were no obvious signs
of seepage from the toe.

54 EARTH EMBANKMENT - GYPSUM POND
54.1 Crest

A typical view of the perimeter dike embankment crest of the Gypsum
Pond is shown in Photograph 5.8. The finger dike embankment used for
excavating/hauling equipment access is shown in Photograph 5.9a. The
crest was observed to be in satisfactory condition. It appeared to be
somewhat wider than the 15-foot design width. No major sags,
depressions, or other signs of significant settlement were observed in the
crest. No tension cracks were observed in the crest or along the edge of
the crest.

Photograph 5.8. Typical view of crest, southwest side looking
southeast.
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Photograph 5.9a. View of crest, inside slope, finger dike, and
emergency overflow structure, northwest side looking southwest.

5.4.2 Upstream/Inside Slope

Typical views of the inside slope of the Gypsum Pond are shown in
Photographs 5.9a and 5.9b. Riprap was observed to cover the inside slope
of the dike embankment.

The slope of the riprap above the water level appeared steeper than the 3H
to 1V design slope of the embankment. The slopes of the finger dike
within the pond were observed to be bare earth. No slumps, slides, or
other signs of shear failure were observed in the visible parts of the slopes
above the water surface.
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Photograph 5.9b. Typical view of inside slope, southeast side looking
northeast.

5.4.3 Downstream/Outside Slope and Toe

A typical view of the outside slope and toe of the Gypsum Pond dike
embankment is shown in Photograph 5.10. As shown, the grass on the
outside slope was typically observed to be maintained in satisfactory
condition. No areas of significant erosion were observed. No obvious
signs of slumps, slides, bulges, tension cracks, seepage, or animal holes
were observed.

A drainage ditch along the outside toe of the pond conveys runoff to a
ditch downstream of the emergency overflow outfall. There were no
obvious signs of seepage from the toe.

-
4
Ll
>3
-
O
@
Q
L
=
-
L
O
ol
J
<
Q.
Ll
2
-

Cross Generating Station 5-10
Santee Cooper Coal Combustion Residue Impoundment
Pineville, South Carolina Dam Assessment Report




-
<
L
=
>
=
O
&
L
s
—
L
)
o
<
-t
o
i
2,
-

544

Photograph 5.10. View of outside slope and toe, southwest side looking
southeast.

Abutments and Groin Areas

There are no abutments or groins in the dike embankment. However, no
erosion or displacements were observed where the finger dike ties into the
perimeter dike.

5.5 OUTLET STRUCTURES - BOTTOM ASH POND 1

5.5.1

552

Overflow Structure
Bottom Ash Pond 1 has an emergency outfall structure, see Section 5.5.2.
Emergency Spillway (Emergency Outfall Structure)

Photograph 5.11a shows the emergency overflow structure and the access
footbridge to the structure. The galvanized steel-frame footbridge had
some rust but appeared sound. The reinforced concrete box with overflow
weir appeared to be in satisfactory condition with no major cracks, spalls,
or other deterioration. A view of the weir on the front side of the overflow
structure is shown in Photograph 5.11b. It was observed that the overflow
structure was buried with ash almost to the elevation of the weir. A
handwheel that accesses the sluice gate was observed to be rusted but
sound; however, the handwheel is not used since the sluice gate is buried
with ash and inoperable.

Cross Generating Station 5-11
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Photograph 5.11a. Emergency overflow structure.

The emergency overflow structure has bottom discharge into an 18-inch
diameter conduit through the dike. The discharge end of the emergency
outlet conduit, shown in Photograph 5.12, appeared to be prestressed
concrete cylinder pipe of the type that consists of a steel cylinder lined
with smooth concrete on the inside and wrapped on the outside with
prestressing wires and mortar. The visible part of the emergency outlet
conduit appeared to be sound. It appeared that discharges from the pipe
would flow into a wetland area and ultimately into the Diversion Canal.
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Photograph 5.11b. View (from above) down toward weir in
emergency overflow structure.

Photograph 5.12. Discharge end of emergency outlet conduit.
5.5.3 Low Level Outlet

There is no low level outlet.
5.5.4 Pump Structures

Pump structures are located on the southeast side dike of the pond. Water
is pumped from Bottom Ash Pond 1 through two systems back to the plant
for reuse. One system is the ash sluice system and the other is the ash seal
system. Photograph 5.13 shows several ash sluice system pipes from the
pond. The pipes and equipment appeared to be well maintained. It
appeared that one pump (of many) had been removed for service. The
visible part of the bulkhead around the pump platform appeared to be in
sound condition.
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Photograph 5.13. Ash sluice lines to plant.
5.6 OUTLET STRUCTURES — BOTTOM ASH POND 2
5.6.1 Overflow Structure

Water flows from Bottom Ash Pond 2 to Bottom Ash Pond 1 through a
trapezoidal notch weir (spillway). A view of the notch weir is shown in
Photograph 5.14. The Fabriform-armored notch appeared to be in overall
satisfactory condition with no major depressions, displacements, or
deterioration. It was observed that some vegetation has become
established on the Fabriform revetment, particularly along the seams.
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Photograph 5.14. Trapezoidal notch weir.

Cross Generating Station 5-14
Santee Cooper Coal Combustion Residue Impoundment
Pineville, South Carolina Dam Assessment Report




FINAL

5.6.2  Outlet Conduit
There is no outlet conduit.
5.6.3 Emergency Spillway
There is no emergency spillway.
5.6.4 Low Level Outlet
There is no low level outlet.
5.7 OUTLET STRUCTURES - GYPSUM POND
5.7.1 Overflow Structure

The Gypsum Pond has an emergency outfall structure. Observations of
the overflow structure associated with the emergency outfall structure are
included in Subsection 5.7.3.

5.7.2 Outlet Conduit

Observations of the outlet conduit associated with the emergency outfall
structure are included in Subsection 5.7.3.

5.7.3 Emergency Spillway (Emergency Outfall Structure)

The emergency outfall structure and the access footbridge (in part) is
shown in Photograph 5.15; it is of the same design as the emergency
outfall for the ash ponds. The galvanized steel-frame footbridge appeared
to be in sound condition with no significant rust. The reinforced concrete
box with overflow weir appeared to be in satisfactory condition with no
major cracks, spalls, or other deterioration.
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Photograph 5.15. Emergency overflow structure.

As at the ash ponds, the emergency overflow structure has bottom
discharge into an 18-inch diameter conduit through the dike. The
discharge end of the emergency outlet conduit, shown in Photograph 5.16,
appeared to be the same kind of pipe as observed at the ash ponds, i.e.,
prestressed concrete cylinder pipe. The visible part of the emergency
outlet conduit appeared to be sound, although the steel cylinder was
observed to be corroded at the end. Any emergency discharges from the
pipe would flow into a drainage ditch at the outside toe. The ditch itself
was observed to be half-full of standing water just beyond the end of the
pipe, due to flat grade and poor drainage. It appears that the ditch
becomes full of water, overflows onto adjacent low-lying ground, and
backflows into the outlet pipe during wet weather. This apparently caused
some buildup of sediment and wet conditions at the end of the pipe, as
well as inside the pipe. It appeared that muddy sediment had been
recently removed from the wet ditch at the end of the pipe to improve
drainage.

-
4
Ll
>3
-
O
O
Q
L
=
-
L
O
ol
J
<
Q.
Ll
2
-

Cross Generating Station 5-16
Santee Cooper Coal Combustion Residue Impoundment
Pineville, South Carolina Dam Assessment Report




-
<
L
=
>
=
O
&
L
s
—
L
)
o
<
<I
o
i
2,
-

5.7.4

5.7.5

Photograph 5.16. Emergency outlet conduit.

Low Level Outlet
There is no low level outlet.
Pump Structure

There is a pump structure that conveys water from the Gypsum Pond to
Bottom Ash Pond 2. The pump is triggered once the water surface
elevation reaches a set elevation. An auxiliary pump is located adjacent to
the permanent pump structure. A view of the pump platform is shown in
Photograph 5.17. The pump structure and associated equipment appeared
to be in satisfactory condition. The pipe outlet conduits from the pump
system at the Gypsum Pond are shown in Photograph 5.18. The pipes
convey water from the Gypsum Pond to Bottom Ash Pond 2.
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Photograph 5.17. View of discharge pump structure and auxiliary
pump, looking northeast.
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Photograph 5.18. View of pipes conveying water from Gypsum Pond
to Bottom Ash Pond 2.
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6.0 HYDROLOGIC/HYDRAULIC SAFETY

6.1 SUPPORTING TECHNICAL DOCUMENTATION
6.1.1 Flood of Record

The historical maximum water surface elevation in the ash ponds was
slightly above 89.2 feet, which is the actual elevation of the weir at the
emergency overflow structure at the southwest end of Bottom Ash Pond 1,
causing water to flow through the emergency outflow structure. This
maximum water surface elevation was not due to any particularly severe
flood condition, but due to a mishap in January 2009, when all water was
returned to the ash ponds during and just after the pH Trim system was
taken out of service for several days to repair a leak (i.e., there was no
outflow through the treatment system for several days). With the water
surface at the emergency overflow weir elevation the freeboard in Bottom
Ash Pond 1 was approximately 6.1 feet and the freeboard in Bottom Ash
Pond 2 was approximately 1.8 feet.

No documentation has been provided about the maximum water surface
elevation in the gypsum pond. Since there have been no reported flows
through the emergency overflow structure, the water surface presumably
has always been below the emergency overflow weir elevation of 84.5 feet
(according to design drawings), leaving more than 1.3 feet of freeboard. It
was noted in Section 5.7.3 that water in the ditch has apparently backed-up
into the pipe leaving the yellow stain that is visible at the pipe outlet. That
is, the stain is not the result of discharge from the pipe.

6.1.2 Inflow Design Flood

The ash ponds and gypsum pond at the Cross Generating Station do not
receive uncontrolled inflows from off-site. Santee Cooper representatives
indicated that drainage structures at the station are designed for the 25-
year frequency, 24-hour duration rainfall event. Presumably, the
emergency outlet structures at the ash ponds and gypsum pond are
designed for at least this event.
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For ponds that are totally contained within a perimeter dike system, such
as the ash ponds and gypsum pond at the Cross Generating Station, safe
containment of water within the basins is provided by maintaining
sufficient freeboard to contain 100 percent of design precipitation over the
pond areas.

As previously mentioned, the SCDHEC Dams and Reservoirs Safety Act
Regulations specifically exclude state regulation of dams owned and
operated by the South Carolina Public Service Authority (Santee Cooper).
The state recognizes Santee Cooper’s jurisdiction over its own dams;
therefore safety of those dams comes under Santee Cooper’s purview, and
Santee Cooper has the authority to set the safety standard. Santee Cooper
has set up a task force to evaluate the structural integrity and safety of its
impoundments and to establish hazard potential ratings for each
impoundment using nationally recognized criteria. This task force is
expected to set the safety standard for impounding structures such as those
at the Cross Generating Station. If Santee Cooper’s hazard potential
ratings and safety standards closely follow those given in the South
Carolina dam safety regulations, the Cross ash ponds and gypsum pond
would have spillway design floods as indicated below:

Bottom Ash Pond 1/Bottom Ash Pond 2 — Based on Small Size
Classification and Low Hazard Potential Classification, the spillway
design flood (SDF) criterion is 50- to 100-year frequency. The state
requires new dams to be designed for the upper end of this range.
Presumably, existing impoundments should be satisfactory for at least the
lower end of this range. The precipitation depths at the Cross Generating
Station ash pond coordinates, assuming 24-hour duration, are 8.40 inches
and 9.59 inches for 50-year frequency and 100-year frequency,
respectively, from the National Weather Service’s on-line Precipitation
Frequency Data Server, which gives point precipitation frequency
estimates from “Precipitation-Frequency Atlas of the United States”
NOAA Atlas 14, Volume 2, Version 3, 2004.

Gypsum Pond — Because of the very low storage capacity of the gypsum
pond (< 50 acre feet), very low height of the impounding dike (< 25 feet),
and very low consequences of failure, the gypsum pond dike would be
exempt from state regulation even if it did not come under Santee
Cooper’s authority. Therefore, the state would have no SDF criterion for
the gypsum pond dike. The 25-year frequency, 24-hour duration storm
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event used for drainage design at Cross appears to be the appropriate
design requirement for gypsum pond. From the above noted reference the
precipitation depth for this frequency and duration is 7.29 inches.

Spillway Rating

No spillway rating was provided for the emergency outlet works at the ash
ponds and the gypsum pond. However, no outfall is assumed in the
assessment in Section 6.3

Downstream Flood Analysis

No downstream flood analysis has been provided for the ash ponds and
gypsum pond. A qualitative analysis based on field observations and
review of available data is as follows:

Bottom Ash Pond 1/Bottom Ash Pond 2 - Failure of the perimeter dike
around the ash ponds would release water and coal combustion residue
(CCR) carried by the water onto flat surrounding wooded and swampy
land owned by Santee Cooper. The failure would not likely cause loss of
life but would cause some onsite environmental damage.

An overtopping breach would most likely occur over the lower dike that
impounds Bottom Ash Pond 2 and probably over the dike sections along
the southeast, east, northeast, and north sides of the pond, where CCR
sediment has not yet built up to the operating water level in the pond.
With a breach through this portion of the perimeter dike some coal
combustion residue could potentially be carried along slight-graded
drainage features to reach Lake Moultrie approximately %2 mile away,
where several dozen or more lake homes are located on lots leased from
Santee Cooper. Because of the low head above outside toe elevations and
flat topography, flood water from a postulated dam breach is expected to
have low flow velocity and low flow depth when it reaches Lake Moultrie.
In addition, most of the bottom ash would likely be deposited on the flat
ground before reaching the lake.
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A less-likely breach through the higher perimeter dike around Bottom Ash
Pond 1 would release water carrying eroded CCR into wooded, swampy
land and slight-graded drainage features to the Diversion Canal
approximately 1 mile away or to Lake Moultrie; again, most of the bottom
ash would likely be deposited on the flat land before reaching the
Diversion Canal or the lake. A breach through the dike around Bottom
Ash Pond 1 would release less water than a breach through the dike
around Bottom Ash Pond 2, because the control section of the spillway
notch between the two ponds would prevent water below elevation 85 feet
from leaving the much larger Bottom Ash Pond 2.

Gypsum Pond - Failure of the low dike impounding the 1-acre Gypsum
Pond would discharge coal combustion residue onto flat surrounding land
owned by Santee Cooper. The failure would not likely cause loss of life
but would cause minor onsite environmental damage. Due to the low head
above outside grade and low volume of water and coal combustion
residue, the water and material released would most likely be entirely
contained within the plant boundaries and likely would not reach Lake
Moultrie or the Diversion Canal.

6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION

No hydrologic/hydraulic analyses have been provided for the ash ponds or gypsum
pond. However, for purposes of this assessment rigorous analyses are not needed
for evaluation of hydrologic safety of the ash ponds and gypsum pond, which are
totally contained within perimeter dike systems and do not receive uncontrolled off-
site drainage. A simple assessment as discussed in the following section is
sufficient.

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY

By inspection, the ash ponds and gypsum pond currently have adequate hydrologic
safety for the “design” precipitation depths given in Subsection 6.1.2, since there
currently is more than sufficient flood storage volume between the normal
operating water levels and the lowest crest elevations on the impounding dikes.

The ash ponds will continue to have adequate hydrologic safety unless the average
surface elevation of ash builds up to less than the design precipitation depths (0.70
foot for the 50-year design storm or about 0.8 foot for a 100-year design storm, both
of 24-hour duration) below the top of the Bottom Ash Pond 2 Dike. Even then, the
volume of water that could potentially be released would be quite small
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(approximately 64 acre feet for the 50-year design storm) and the consequences of
overtopping would be relatively minor.

Likewise, the gypsum pond will continue to have adequate hydrologic safety unless
the average surface elevation of sediment builds up to less than the design
precipitation depth (0.61 foot for the 25-year, 24-hour duration design storm) below
the top of the Gypsum Pond Dike. However, because of the periodic maintenance
cleaning of sediment in the gypsum pond, the sediment level should never reach
such a high level and most likely will always be maintained below the emergency
overflow weir, which is 1.31 feet below the top of the dike.

This assessment conservatively assumes no outflow through the emergency
overflow structures and no rainfall infiltration into the bottom ash that lies above
the normal operating water level in the ash ponds.
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7.0 STRUCTURAL STABILITY

7.1 SUPPORTING TECHNICAL DOCUMENTATION
7.1.1 Stability Analyses and Load Cases Analyzed

The designer of record for Bottom Ash Pond 1 and the Gypsum Pond was
Lockwood Greene (LG), Spartanburg, SC, working with Burns and Roe
(B&R), Paramus, NJ. The designer of record for the ash pond expansion,
which includes Bottom Ash Pond 2, was Gilbert/Commonwealth (G/C),
Reading, PA. Law Engineering Testing Company (Law), Charlotte, NC,
working for B&R, performed preliminary stability analyses as part of
subsurface investigations of the Cross Generating Station site in the late
1970s, before specific locations and alignments of the CCR impoundment
dikes had been established. The findings and results that pertained to the
proposed waste disposal areas (CCR impoundments) are included in
Law’s Final Report, Volume 2 dated February 9, 1979; Volume 2 included
the Phase 2 Report, which covered those structures and support facilities
outside the main plant area. Selected test boring records, profiles, and
laboratory data from this report were provided by Santee Cooper
(Appendix A Doc 06).

Detailed subsurface investigations for Unit 2, the first unit to be built, and
associated structures, among them the ash pond (Bottom Ash Pond 1),
were performed by Woodward-Clyde Consultants (W-C), working for
B&R. W-C performed stability analyses of the dike embankment for
Bottom Ash Pond 1. The stability analyses, as well as findings and
recommendations, are presented in W-C’s Unit 2 Subsurface Investigation
report dated January 1981; selected parts of this report were provided by
Santee Cooper (see Appendix A, Doc 07). Static stability was calculated
using both total and effective stress analyses. The cases analyzed were:

1. 19-ft High Dike, Undrained Strength (pond full @ EI. 93)
2. 24-ft High Dike, Undrained Strength (pond full @ El. 93)

3. 24-ft High Dike, Drained Strength w/ Seepage (pond full @ EL
93)
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According to the W-C report, Case 1 assumed 5 feet of excavation below
original ground surface within the pond area. Cases 1 and 2 (total stress
analyses) assumed no seepage through the embankment, since the pond
was designed to have a low permeability liner. Case 3 (effective stress
analysis) was a check of stability in case the liner should leak and develop
a line of seepage (phreatic line) through the embankment, in which case
drained shear strength and steady-state seepage conditions were assumed.
From the discussion and illustrations in the W-C report it is not clear
which slope was analyzed (inside or outside or both) and why 5 feet of
excavation of the interior of the pond is associated with the 19-foot high
dike slope, rather than the 24-foot high sections. In addition, the inside
and outside slopes are not indicated but are presumed tobe 3 Hto 1 V,
based on furnished design drawings. The crest width is shown as 15 feet.
Rapid drawdown was not analyzed as it was considered not to be a
condition that the ash pond would experience. Seismic loading also was
not analyzed.

G/C performed stability analyses of the dike embankment for the
expansion (Bottom Ash Pond 2). Selected parts of the stability
calculations identified as S-SL173-4, approved March 4, 1992 were
provided by Santee Cooper (see Appendix A Doc 08). The stated
purposes of the calculations were to “Evaluate stability of the proposed
new dike with respect to earthquake coefficient (acceleration) and also
compare it with the stability of the existing dike.” Thus, the case of
loading was seismic stability, which appears to have used the pseudo-
static method. The pseudo static analysis assumes that the soils will not
lose shear strengths (or liquefy) under the shear strains produced by the
cyclic loading of the seismic forces. Factors of safety were computed for
various assumed seismic coefficients ranging from 0.00g (static case) up
to as much as 0.45g for a couple of sections, using the computer program
STABR/G. Two sections of the dike expansion (Bottom Ash Pond 2),
west side and east side, and one section of the existing dike (Bottom Ash
Pond 1) near the juncture with the new dike on the east side were
analyzed. Different foundation soil stratification was used for the east side
versus the west side. Both inside and outside slopes at 3H to 1V were
analyzed. The outside slopes of the new dike were assumed to be 13 feet
high, relative to 19 feet high for the existing dike; the inside slopes of the
new dike were assumed to be 15 feet high, relative to 20 feet high for the
existing dike (due to interior being incised).
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No specific stability analysis appears to have been performed for the
Gypsum Pond Dike. However, because this dike is lower than the ash
pond dikes and has similar design, its stability presumably was judged to
be equivalent to or better than indicated by analyses of stability of the ash
pond dikes.

7.1.2  Design Parameters and Dam Materials

The soil design properties and parameters used in Woodward-Clyde’s
stability analysis of the original dike (Bottom Ash Pond 1) are shown in
Table 7.1. The predominant borrow soil available for construction of this
dike embankment from excavation within the pond appears to have been
assumed to consist of predominantly silty sandy clay and clayey sand.

The upper foundation layer was assumed to be clayey sand and sandy clay
and the lower foundation layer was assumed to be silty clay with fine sand
lenses. A limestone layer (Santee formation) was assumed to occur at the
base of the lower foundation layer.

Table 7.1: Design Properties and Parameters of Materials Used in
W-C’s Analyses
Undrained Drained
ol Total Unit Wt. | Strength Parameters | Strength Parameters
Materia (pch) Cases 1 &2 Case 3

C(psf) | D(deg) | C (psf) | D’ (deg)

Embankment (0-19”) 120 800 0 0 26

Foundation (19°-29”) 115 1000 0 0 26

Foundation (29°-44”) 100 300 0 0 22

See Doc 07 in Appendix A for source of information in this table.

The soil design properties and parameters used in Gilbert
Commonwealth’s stability analysis of the newer dike (Bottom Ash

Pond 2) are shown in Table 7.2. The embankment fill was assumed to
consist of predominantly clayey sand (Unified Soil Classification of SC).
It appears that the strength parameters used for the fill of the newer dike
were taken as the average of estimated drained and undrained strength
parameters, whereas the strength parameters for the original dike were
taken as the undrained strength parameters. The more critical foundation
soil stratification apparently occurred at the analysis section on the east
side of the pond near the juncture with the original dike; thus only the soil
properties and parameters of the foundation layers for the east side dike
are shown in Table 7.2. The upper foundation layer was assumed to be
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clayey sand/ sandy clay (SC-CL) and the lower foundation layer was
assumed to be soft high plasticity clay (CH). Similar foundation soil
stratification was assumed under the original dike, although the upper
foundation soil layer was thicker and the lower foundation soil layer was
very soft. Undrained strength parameters were assumed for all the
foundation soil layers under both the newer dike on the east side and the
original dike. The Santee Limestone was assumed to occur at the base of
the lower foundation layers. It appears that ash deposits in the ponds were
assumed to have shear strength with alternative parameters as indicated in
Table 7.2. It is not entirely clear from the documentation, but it appears
that the ash strength was taken into consideration only in additional
analyses of the outside slopes, to check any beneficial effect of the
presence of the ash on outside slope stability. The assumed level of ash in
the pond was not specifically stated, but presumably it was set at the
operating water level.

Table 7.2: Design Properties and Parameters of Materials Used in
G/C’s Analyses
Avg. Drained &
Material Total Unit Undrained Undrained
Wt. (pcf) | Strength Parameters Strength Parameters
C(psf) | D (deg) C (psf) 9 (deg)
New Dike East Side:
Embankment (0-13”) 125 - 0 675 33
Foundation (13°-23") 124.5 1000 0 - -
Foundation (23°-33”) 100.5 400 0 - -
Original Dike:
Embankment (0-20) 125 1000 0 - -
Foundation (20°-35”) 124.5 750 0 - -
Foundation (35°-45”) 100.5 300 0 - -
Pond Contents:
Ash 80 0 10 . .
Alt. 100.5 100 15 - -

See Doc 08 in Appendix A for source of information in this table.
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Uplift and/or Phreatic Surface Assumptions

In Woodward-Clydes’ total stress analyses (Cases 1 and 2) of stability of
the dike embankment (Bottom Ash Pond 1) no phreatic surface or line was
assumed to develop in the embankment; the pond maximum operating
water surface elevation was assumed to be at elevation 93 feet. In W-C’s
effective stress analysis (Case 3), which assumed failure of the liner and
development of seepage through the dike embankment, the phreatic line
was assumed to extend linearly through the embankment section from the
maximum operating water surface elevation of 93 feet at the interior slope
to a crop-out point on the exterior slope located 8 vertical feet above the
outside toe of the embankment. In Gilbert/Commonwealth’s seismic
stability analyses of the newer dike (Bottom Ash Pond 2) and the original
dike (Bottom Ash Pond 1) phreatic lines were conservatively assumed to
develop through the embankment analysis sections, extending linearly
from the maximum operating water surface elevation (88 feet on the
newer dike and 93 feet, as well as 88 feet, on the original dike) at the
interior slope to the outside toes of the embankments.

From visual observations in the field and review of monitoring well water
level readings, there is no evidence of seepage outcrops on the outside
slopes of any of the CCR impoundment dikes and no indications that a
phreatic surface has developed through dike embankments.

Factors of Safety and Base Stresses

The computed factors of safety for the three cases W-C analyzed for static
stability of the original dike (Bottom Ash Pond 1) are shown in the Table
7.3 below. The text of the W-C report is “sketchy” and unclear as to
which slopes, inside or outside, the computed factors of safety apply.
Since the interior of the pond was planned to be incised by excavation to
as much as 5 feet below original grade, it would appear that the indicated
24-foot high dike section referred to the inside slope, and the indicated 19-
foot high dike section referred to the outer slope. However, parenthetical
notes in the text indicate “5 ft of excavation in pond interior” next to the
19-foot dike, and “no excavation in pond interior” next to the 24-foot dike;
it seems likely that these notes were mistakenly interchanged. W-C’s
analyses did not indicate what factor of safety (FS) criteria were adopted
for design. The U.S. Army Corps of Engineers (USACE) recommends
minimum FS criteria for dams are 1.5 (long term, steady state seepage —
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consolidated drained strengths) and 1.3 (short term, i.e., end-of-
construction — unconsolidated undrained strengths).

Table 7.3: Static Stability Factors of Safety from W-C’s Analyses
of Original Dike (Bottom Ash Pond 1)
Height of
Embankment | Calculated Factor of Safety
Type of Analysis (feet) (FS)
‘Undrained (Case 1) 19 2.24
Undrained (Case 2) 24 1.68
Drained with Seepage
(Case 3) 24 2.45

See Doc 07 in Appendix A for source of information in this table.

A summary of computed factors of safety from G/C’s seismic (pseudo-
static) stability analyses of the more critical analysis section (east side) of
the newer dike (Bottom Ash Pond 2), as well as analysis sections of the
original dike (Bottom Ash Pond 1) at the juncture with the newer dike and
at the location of worst foundation soil conditions, is presented in Table
7.4 below. G/C’s analyses calculated factors of safety for various
assumed seismic coefficients, and factors of safety versus earthquake
(seismic) coefficient plots were developed for each of the analysis
sections, but the design criterion was not indicated. The usual minimum
FS criterion adopted when using pseudo-static analysis is 1.00, but 1.10 or
higher is sometimes used, depending on designer’s preference or
confidence level in assumptions made in the analysis. Using this criterion
and plots of FS versus seismic coefficient, the seismic coefficients
corresponding to FS = 1.00 are approximately as follows for the more
critical (outside) slope of the analysis sections:

Bot. Ash Pond 2 (New Pond-East Dike @ Orig. Dike) 0.20

Bot. Ash Pond 1 (Orig. Dike @ New Pond-East Dike) 0.17

Bot. Ash Pond 1 (Orig. Dike-Worst Foundation Condition) 0.12
Cross Generating Station 7-6
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See Section 7.3 for an assessment of the yield seismic coefficients.

Table 7.4: Seismic (Pseudo-Static) Stability Factors of Safety from
G/C’s Analyses of New Dike (Bottom Ash Pond 2) & Original Dike
(Bottom Ash Pond 1)

Location Horizontal Calculated Minimum Factor of
Seismic Safety (FS)
Coefficient Inside Slope Outside Slope
Bot. Ash Pond 2 0 (static) 3.388 2.261
(New Dike-East .
Side @ Orig. 0.15 outside/ 1.833 1.208
Dike) 0.10 inside
Bot. Ash Pond 1 0 (static) 2.370 1.892
(Orig. Dike @
New Pond-East 0.15 outside/
Dike) 0.10 inside 1.452 1126
Bot. Ash Pond 1 0 (static) 2.369 1.557
(Orig. Dike-
Worst Fdn. 0.10 1.302 1.056
Condition)

See Doc 08 in Appendix A for source of information in this table.
Liquefaction Potential

No liquefaction potential analyses appear to have been performed
specifically for the dikes that impound the CCR ponds at the Cross
Generating Station. Available subsurface information, discussed below in
Subsection 7.1.6, indicate that the foundation soils under the dikes
typically include some layers of soft to very soft silty clay and some thin
layers or zones of loose to very loose sands/silty sands, within the lower
part of the upper 20 to 25 feet of the Pleistocene soil profile above the
Santee Limestone. Depending on their relative densities and intensity of
earthquake shaking, the silty sands could potentially be susceptible to
liquefaction, and the very soft clay could potentially be susceptible to
large displacements during major or great earthquake shaking (see Section
7.3 and Appendix C Doc 13 for additional discussion).
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7.1.6  Critical Geological Conditions

The subsurface conditions at the Cross plant site were extensively
investigated prior to construction of the first unit (Unit 2) and associated
structures, and W-C made numerous borings and test pits during final
subsurface investigation of the original ash pond (Bottom Ash Pond 1).
Furnished selected data from Law’s investigation are included in
Appendix A Doc 06, and W-C’s subsurface investigation report is
included in Appendix A Doc 07.

From Law’s 1979 report the site stratigraphy within the depths explored
includes in order of increasing depth:

1. Relatively unconsolidated sediments of Pleistocene age

2. Santee Limestone of Eocene age

3. Black Mingo Formation of Eocene age

Typically, in the area of the ash ponds the depths of the Pleistocene
sediments to the Santee Limestone are on the order of 20 to 25 feet,
although they range shallower and deeper, depending on location. The
Pleistocene sediments include:

Clays and silts of high plasticity (CH & MH)

Clays and silts with low plasticity (CL & ML)

Clayey Sands

Silty sands and slightly clayey silty sands (SM & SM-SC)

b=

The 1979 Law report indicated that “in very general terms the
Pleistocence soil profile at the site may be characterized as consisting of a
relatively ,firm’ layer overlying much ,,weaker’ more compressible
layers.” The geologic hazards associated with the Pleistocene sediments
relative to the CCR pond dikes are as previously discussed: potential for
liquefaction of the loose silty sands and/or excessive deformation of soft
to very soft silty clay during strong earthquake shaking.

The Santee Limestone thickness typically was in the range of 30 to 50 feet
in Law’s Phase 2 borings that completely penetrated the formation. A
number of Law’s borings and W-C’s borings encountered drilling rod
drops and losses of drilling water within the limestone, suggesting

possible voids in the limestone. Most of the rod drops were in the range of
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less than 0.2 foot to 3.5 feet. The most significant rod drop in W-C’s
borings was 8.5 feet in boring B-632 (near east-side juncture of original
dike with newer dike) between depths of 48 and 56.5 feet, and the most
significant rod drop in Law’s borings was 9.0 feet in boring B-244 (near
north side of Bottom ash Pond 2) between depths of 29 and 38 feet with a
void filling of blue green silty clay noted. A furnished map showing the
original topography indicates a relatively broad surface depression in the
vicinity of boring B-244. Thus, the geologic hazard associated with the
Santee Limestone is potential collapse of a void in the limestone under the
impounding dikes or ponds.

The Black Mingo Formation was encountered at depths ranging from 44
to 87 feet in Law’s Phase 2 borings that were made deep enough to
encounter it. The upper part of the Black Mingo consists of firm to very
dense silty sand and clayey sand, and the lower part consists of hard to
very hard clayey silt and silty clay. There appear to be no significant
geologic hazards associated with the Black Mingo Formation relative to
the CCR pond dikes.

Seismicity — The Cross Generating Station is in an area of high seismic
hazard. Based on USGS Seismic-Hazard Maps for Central and Eastern
United States, dated 2008, the Cross Generating Station, including the ash
ponds and gypsum pond, is located in an area mapped to have
approximately 0.98g peak (horizontal) ground acceleration (PGA) with a
2-percent probability of exceedance in 50 years (2,475-year return period),
assuming uniform firm-rock (B-C rock) site conditions, i.e., a site with
average shear wave velocity of 2,500 feet per second in the upper 100 feet
below the ground surface. [From the USGS 2008 Interactive
Deaggregation web site, PGA values of about 1.07g for a 2,475-year
return period and about 0.16g for a 475-year return period (10-percent
probability of exceedance in 50 years) on B-C rock are obtained at the
coordinates of the southwest side of Bottom Ash Pond 1.] The South
Carolina Department of Transportation Geotechnical Design Manual
(August 2008) presents a probabilistic hazard contour map that maps the
PGA values at Cross at approximately 0.55g for a 2,475-year return period
and approximately 0.085g for a 475-year return period for “Geologically
Realistic Site Condition” (i.e., hypothetical outcrop of “Firm Coastal Plain
Sediment” equivalent to the B-C Boundary having a shear wave velocity
of 2,500 feet per second). (The manual cautions not to use the map values
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for design.) The much reduced PGA values are due to considerations of
the local coastal plain geology and the apparent attenuating effect of the
thick weakly consolidated Cretaceous and Cenozoic age sediments on
high-frequency ground motion (see Ground-Motion Attenuation in the
Atlantic Coastal Plain near Charleston, South Carolina by Martin C.
Chapman, Pradeep Talwani, and Richard C. Cannon, Bulletin of the
Seismological Society of America, Vol. 93. Pp. 998-1011, June, 2003).

The relatively unconsolidated Pleistocene sediments that overlie the
Santee Limestone would be expected to have much lower shear wave
velocity. Therefore, the expected horizontal ground acceleration at the
dikes, derived from a site-specific response analysis, could potentially be
higher than the indicated map value, since soft soils overlying “firm rock”
commonly amplify the ground motion, although at the stronger ground
motions (which would include even the PGA of 0.55g) at the B-C
Boundary, there may be no amplification and perhaps even a decrease in
PGA. Certain soil conditions (e.g., peat) in the soil column could also de-
amplify the motion due to high damping characteristics. In the 1979 Law
report it was noted that designers established the design earthquake for the
Cross main plant structures as that specified in the Uniform Building
Code, 1976 Edition, which was “a base rock excitation representative of
horizontal motions of a Magnitude 7 earthquake and producing a peak
rock acceleration of 0.3g.” It was further noted that, “This acceleration
value is less than would be obtained by moving the Charleston Earthquake
of 1886 to the site.”

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION

Structural stability documentation for the CCR pond dikes at the Cross Generating
Station is adequate with respect to static stability. The existing pseudo-static
stability analysis documentation for the CCR pond dikes is more than what
typically exists for dikes with Low hazard potential classification. The
documentation did not include liquefaction potential analysis of the generally
isolated thin layers of very loose to loose silty sands or excess deformation potential
analysis of very soft to soft clays in the lower part of the foundation soil profile at
isolated locations under the dikes. However, for low dikes with low consequences
of failure (i.e., Low hazard potential), such as the Cross dikes, the standard of
practice usually does not include seismic stability analyses or liquefaction potential
and deformation potential analyses. Therefore, the level of technical documentation
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for structural stability appears to be adequate for the Low hazard potential Cross
dikes (see Appendix C Doc 13 for further discussion).

7.3 ASSESSMENT OF STRUCTURAL STABILITY

On the basis of the furnished static slope stability analyses and visual observations
in the field, the dikes impounding the ash ponds, as well as the gypsum pond (by
analogy), have adequate stability under static loading conditions.

The following assessment of seismic stability of the CCR pond dikes is made on the
basis of the furnished pseudo-static stability analyses. These analyses assume that
embankment and foundation soils do not lose significant shear strength during the
seismic event, since the pseudo-static method of analysis is not valid if there is a
significant loss of shear strength. The analysis results indicate that the Bottom Ash
Pond 1 Dike is satisfactory for seismic coefficients of at least 0.17, except where
the worst foundation soil condition occurs the FS criterion is met at a lower seismic
coefficient of 0.12; the Bottom Ash Pond 2 Dike is satisfactory for seismic
coefficients of at least 0.20. It is important to note that the seismic coefficient is not
equivalent to peak horizontal ground acceleration, but is an empirical factor that is a
fraction of the acceleration of gravity (g). The critical seismic coefficient is the one
that yields FS = 1.0 by the pseudo-static method and results in acceptably small
displacements by the Newmark Method. The critical seismic coefficient times
gravity (g) is the yield acceleration.

The Cross dikes are located in Seismic Zone 3 (“Major Damage”) on the Seismic
Zone Map shown in the USACE’s “Recommended Guidelines for Safety Inspection
of Dams,” dated September 1979. The map gives tabulated values for the seismic
coefficient associated with each seismic zone. For Seismic Zone 3 it is 0.10. Thus,
based on the USACE reference, the resulting seismic coefficients, ranging from
0.12 to 0.20 for the criterion minimum FS = 1.0 for the various dike slopes
analyzed by G/C, all exceed the 0.10 requirement, indicating that the dikes
have adequate seismic stability. With the exception of the Bottom Ash Pond 1
Dike section with worst foundation soil condition, the dikes also exceed the seismic
stability requirement for Seismic Zone 4 (“Great Damage”), where the seismic
coefficient requirement is 0.15. The results of the furnished pseudo-static stability
analyses, supplemented with a preliminary estimate of deformation of the Bottom
Ash Pond 1 Dike section with yield acceleration of 0.12g, indicates that the Cross
dikes should have adequate stability for an earthquake with a 2,475-year return
period (equivalent to 2%, 50-year return period), again assuming there is no
significant loss of shear strength of soft to very soft clays or liquefaction of loose to
very loose silty sands in the foundation under the dikes (see Appendix C Doc 13).
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The dike embankments do not appear to be constructed of materials that would be
susceptible to liquefaction, even if they were saturated, but as previously noted
some foundation layers of very loose to loose silty sands could be susceptible to
liquefaction under major or great earthquake shaking, although the extent of these
soils under the dikes does not appear to be widespread. Likewise there are some
isolated layers of very soft to soft silty clays in the foundation that could be
susceptible to excess deformation under major or great earthquake shaking.
However, the poor soils at the dikes generally occur deeper in the Pleistocene soil
profile, and localized liquefaction or deformations in them probably would not be
reflected through the firmer and stiffer overlying soils in sufficient magnitude to
create unacceptable displacements in the dike embankments under light to moderate
or possibly strong earthquake shaking. Under major (longer duration) earthquake
shaking for which the main plant structures are designed, liquefaction and/or excess
deformation in the foundation soils probably would be more extensive and
potentially have more impact on the overlying dike embankments, but even then the
amount of subsidence of the embankment caused by deformation in the foundation
may not be sufficient to lower the crest enough to cause release of water and ash
from the ponds (see Appendix C Doc 13 for additional discussion).

Based on the above assessments, the stability of the CCR pond dikes under seismic
loading exceeds the performance expectations and requirements for dikes with Low
or Less than Low hazard potential classifications.

The emergency outlet structures appeared to be in generally sound and stable
condition with no evidence of significant deterioration of the limited visible parts of
the structure that could be seen at the riser and at the outfall.
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION

8.1 OPERATING PROCEDURES

Bottom Ash Pond 1/Bottom Ash Pond 2 —The two ponds are connected by a
trapezoidal spillway (notch) cut through the former northeast side dike of Bottom
Ash Pond 1 (see Photograph 5.14). The two ponds generally function as one pond
used for disposal and storage of primarily bottom ash and economizer ash and
secondarily boiler slag. However, the bottom elevation of the trapezoidal spillway
is approximately 9 feet above the bottoms of ponds at the original dike toes and 3
feet below the normal operating water level in the ponds; sedimentation of most of
the ash currently is within the area of Bottom Ash Pond 2. Formerly, economizer
ash, which contained pyrite, was deposited in the northwest part of Bottom Ash
Pond 2, but currently pyrite is removed before depositing coal combustion residuals
in the ash ponds. Some of the ash in the ponds is mined and sold for use in the
manufacture of concrete blocks; the pyrite was an undesirable component in the ash
because of staining that would be caused by weathered pyrite. The ash is excavated
and placed in stockpiles to allow the material to drain prior to loading and transport
offsite.

A finger dike constructed of ash separates the northwest half of Bottom Ash Pond 2
from the southeast half. Ash material currently is sluiced from the southwest side
of the pond into the northwest half to force sedimentation in the northern part of the
pond as the water circulates clockwise around the northeast end of the finger dike to
the southeast half of Bottom Ash Pond 2 and further on to the southwest. Water
flows through the spillway notch into Bottom Ash Pond 1 where water is pumped
back to the plant through two systems.

One system is the ash sluice system where the water is re-circulated to enclosed
troughs under the bottom ash hoppers of the boiler furnaces. Water and ash
discharged from the hoppers pass through clinker grinders to the ash sluice system,
which collects and transports the bottom ash slurry to Bottom Ash Pond 2.

The other system is the ash seal system where the water is re-circulated to troughs
around the periphery of the hoppers to serve as seals against outside atmospheric
pressure, so that negative pressure (- 0.5 psi) can be maintained inside the boiler
furnaces. The seal water spills to the ash sluice system and is conveyed back to the
ash ponds via discharge into Bottom Ash Pond 2. In this fashion the water in the
ash ponds is continuously recycled. The bottom ash is totally contained until it is
discharged into the ash ponds.
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All plant island and yard drains, including water from the coal pile runoff retention
basin, are collected and pumped into Bottom Ash Pond 2. Water (~ 475 gpm) from
the Gypsum Pond and filtrate (~ 300 gpm) from dewatering of gypsum from Units
3 & 4 flue gas desulfurization systems also are pumped into Bottom Ash Pond 2.
Dewatered gypsum that is not immediately trucked to market is placed in covered
storage on-site. Excess water in the ash ponds is released by opening a valve on the
ash seal system to a line that feeds excess water to the treatment plant, where the
water is discharged after treatment to the Diversion Canal between Lake Marion
and Lake Moultrie in accordance with NPDES permit requirements. The recycling
and water treatment discharge operations are balanced together with service water
inputs to maintain the operating water level in the ash ponds at elevation 88.0 feet,
providing minimum freeboard of 3.0 feet along the Bottom Ash Pond 2 Dike.

Fly ash is dry-handled and sold for use in cement production or trucked to a nearby
landfill. Therefore, no fly ash is/has been deposited in the ash ponds. The dry fly
ash from the electrostatic precipitators is collected in fly ash hoppers, and from the
hoppers the dry fly ash is pneumatically transported to storage silos. The dry fly
ash from the silos is loaded into tanker trucks and transported to market. The fly
ash from the Units 1 & 2 silos, not transported to market, is landfilled. This fly ash
is transferred to a pug mill for conditioning with moisture and pebble lime for better
handling, and then transferred by screw conveyors to concrete storage pads. The
conditioned fly ash is loaded onto hauling trucks, covered, and transported to the
landfill; some moisture conditioned fly ash is trucked to market.

Gypsum Pond — This small pond receives filtrate (~ 475 gpm) from dewatering of
gypsum from Units 1 & 2 flue gas desulfurization (FGD) systems; the dewatered
gypsum is trucked to market or to a nearby landfill. The filtrate is discharged into
the pond from overhead piping supported on a steel frame over the dike near the
north corner. Wash water and some gypsum from the FGD systems, as well as
water from storm drains and sumps, also are pumped into the pond. When needed,
the Gypsum Pond is cleaned of sediment to restore storage volume for settling of
suspended solids in the influent. A finger dike extending into the pond from the
northwest side is used to facilitate access of excavators and hauling trucks used for
cleaning the pond. The excavated sediment is loaded onto hauling trucks and
transported to a permitted industrial waste landfill onsite.
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FINAL

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES

Maintenance of the impounding embankments and emergency outlet works of the
ash ponds and gypsum pond, and essential operating equipment, such as the piping
(ash sluice, ash seal, and wastewater lines) and the recirculation pumps at the
ponds, is performed as needed, based on routine inspections performed by operating
personnel. Vegetation on the embankment slopes is generally mowed or cut twice a
year or whenever it becomes necessary, by maintenance personnel at the station.

8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS
8.3.1 Adequacy of Operating Procedures

Based on field observations and review of operations pertaining to CCR
containment, operating procedures at the ash ponds and gypsum pond
appear to be adequate.

8.3.2 Adequacy of Maintenance

Overall, maintenance of the impounding embankments and emergency
outlet works of the ash ponds and the gypsum pond appears to be
adequate. No major maintenance issues were noted from review of dike
inspection reports. Based on field observations, some minor maintenance
of eroded areas on the outside slope of the perimeter dikes around the ash
ponds is needed. In addition, vegetation growing in places directly on the
Fabriform revetment on the inside slope of the perimeter dike around the
ash ponds should be removed to minimize deterioration of revetment.

Cross Generating Station 8-3
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM

9.1 SURVEILLANCE PROCEDURES

Santee Cooper personnel inspect the ash pond and gypsum pond embankments
using dike inspection procedures in Section 4.9 of Santee Cooper’s BMP plan.
(Appendix A, Doc 09). Santee Cooper has indicated that the intent of the BMP plan
is to train operating personnel to conduct routine, periodic inspections of the
impoundment dikes and have qualified dam safety personnel assist operating
personnel with the quarterly inspections as requested. The quarterly inspections are
documented on Dike Inspection Reports in checklist format (see Appendix A,

Doc .10).

Miscellaneous Inspections — Santee Cooper operating personnel and security guards
are trained in making daily observations of the ash pond embankments. Engineers
accompany the operating personnel during the quarterly inspections when
requested.

9.2 INSTRUMENTATION MONITORING

There is no dedicated dam performance monitoring instrumentation in place in the
impounding embankments of the ash ponds and gypsum pond. However,
groundwater monitoring wells are in place at various locations on the crest of the
ash ponds perimeter dike and around the ash ponds for monitoring of groundwater
quality. The locations of the monitoring wells are shown on an aerial photo in

Doc 11 in Appendix A. Groundwater levels are measured as part of the water
quality monitoring program. The groundwater elevations for the period of record
from January 1996 to July 2010 are tabulated and plotted in Doc 11 in Appendix A.
The semi-annual measurements of groundwater levels in the monitoring wells
located on the crest of the perimeter dike around the ash ponds show that the water
levels have fluctuated some 4 to 6.5 feet over the period of record but have
remained below the original ground line and have not risen up into the dike
embankment. In fact, over the period of record there appears to have been a slight
downward trend averaging on the whole around 0.10 to 0.15 foot per year,
suggesting that the lined ash ponds have locally retarded recharge to the
groundwater regime. A staff gauge mounted on the bulkhead of the pump platform
on the southwest side of Bottom Ash Pond 1 is used for monitoring the water
surface elevation in ash ponds.
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FINAL

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM

9.3.1

932

Adequacy of Inspection Program

The inspection program is generally adequate based on field observations
and review of Santee Cooper’s written inspection procedures.

Adequacy of Instrumentation Monitoring Program

There is no dedicated dam performance monitoring instrumentation in
place in the ash pond dikes and gypsum pond dike, although useful
groundwater level information is obtained from monitoring wells installed
on the ash pond dikes for sampling and analysis of groundwater. No
problem or suspect condition, such as excessive settlement, major seepage,
shear failure, or displacement was observed in the field that might be
reason for installation of additional instrumentation. In the absence of
stability problems or major seepage issues, and considering that the
impounding embankments are low and the ponds are lined with very low
permeability materials, there is no need for performance monitoring
instrumentation at this time.

Cross Generating Station 9-2

Santee Cooper

Coal Combustion Residue Impoundment

Pineville, South Carolina Dam Assessment Report



APPENDIX A

REFERENCE DOCUMENTS
-
<
L
=
-
O
@
(@]
L
=
=l
-
O
<
<
Q.
Ll
2
=
Cross GS
Santee Cooper Coal Combustion Residue Impoundment

Pineville, South Carolina Dam Assessment Report




APPENDIX A

Document 1

Cross Generating Station Vicinity Map

=
<
L
=
=
O
o
(@]
98
=
—
-
O
ol
<
<
Q.
w
2
=

Cross GS
Santee Cooper Coal Combustion Residue Impoundment
Pineville, South Carolina Dam Assessment Report




Cross Generation Station Vicinity Map
< N o S

{! 4} -EI, Pt
J Coal Plle Runof‘f Pond
Industrlal Solid i
Waste Landflll

£ i
5
AN i £
s"‘u-.ﬂ x;‘. “c-;. GypsumPon f
; ; -. ‘.- ._ﬁ’.

Lake Moultrie



alee
Polygon

alee
Polygon

alee
Polygon

alee
Polygon

alee
Polygon

alee
Text Box
Lake Moultrie

alee
Text Box
Lake Marion

alee
Callout
Diversion Canal

alee
Callout
Industrial Solid Waste Landfill

alee
Callout
Coal Pile Runoff Pond

alee
Callout
Gypsum Pond

alee
Callout
Ash Pond 2

alee
Callout
Ash Pond 1

alee
Line

alee
Text Box
5.2 Miles

alee
Text Box
Cross Generation Station Vicinity Map


APPENDIX A

Document 2

Ash Management Flow Chart
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APPENDIX A

Document 3

Cross GS Pond Construction Drawings
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APPENDIX A

Document 4

Cross GS Regional Map Showing the
Management Units in Relationship to Critical
Infrastructure
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APPENDIX A

Document 5

NPDES Violation Report
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VI LaD

NPDES VioLaTION REPORT FORM

SanTEE Cooper FaciLITY: | Cross Generating Station
NPDES PerMIT #: | 500037401

NPDES OuvraLL /DESCRIPTION: | Lake Moultrie — Diversion Canal
PARAMETER: | pH

STARTING DATE & TIME: | 1/12/09 - ~10:00 am
ENDING DATE & TIME: | 1/12/09 — 1:00 pm

ToTAL # SAMPLES ANALYZED: | 7 ) )
AVERAGE VALUE (LIMIT): [ 6.88 | 6.48, 6.78, 7.02, 7.05, 7.05, 6.92, 6,86 )

LOWEST VALUE (LIMIT): | 6.48
HIGHEST VALUE {LIMIT): | 7.05

| CAUSE OF VIoLaTION: | pH Trim System taken out of service for Maintenance,
ACTION TAKEN TO ELIMINATE OR REDUCE VIOLATION AND STEPS TAKEN TO PREVENT FUTURE OCCURRENCE:

Ash Pond leveis will be recorded and weir examined daily by the Results Lab, If level exceeds 88 feet
(actual overflow Is 89.2 feet) above mean sea level actions will be taken to reduce inflow or to
increase discharge. Lab personnel will assume sole responsibility for operating the system and will
report any deficiencies to Station management. Standard Operating Procedures have bean maodified
to reflect these changes as well as Station Best Management Training course.

COMMENTS;

The Ash Pond Bypass incident accurred as a result of taking the pH Trim system out of service for
maintenance. An underground leak occurred during the weekend of January 2, 2000 and 3
temporary patch made, After parts were procured, the system was taken out of service by the
Operations group on Friday, January 9% Repairs took longer than anticipated (3 days) as Operations
had isofation difficulty. The Ash Pond level Is monitored once per day by the Results Jab. On
Sunday, January 11%, the system was placed in service, however, the pH probe had been placed in a
buffer solution which caused all water to be returned to the ash pond. This wasg discovered at 9:00
am on Monday January 12 and corrected by Results Lab Personnal. The pord level when checked
the morning of January 121 was within the overflow, The Pond was discovered overflowing some
time around 10:00 am. Susan Jackson and Mike Davis were promptly notified and they advised a
courtesy call to SCOHEC was appropriate. The call was placed to SCOHEC's Mike Miott o Tuesday,
January 13 by Tim Swicord and a piant visit occurred that afternoon,

- . f ()] = _
SIGNATURE ReSULTs SupervIsor: |  U{ p X_“& 1y Jahos £l
|

DATE;

- SIGNATURE OF PLANT MANAGER:

DaTE: L3357
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Document 6

Cross GS Final Report Appendices to
Volume 2 and Profiles

Cross GS
Santee Cooper Coal Combustion Residue Impoundment
Pineville, South Carolina Dam Assessment Report
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ConRk

oerT™ % & viug 76.7 b
o T DESCAIPTION SIZR MIM. ELEV. REMAAKS mgn
0.8 Topwil-Black Silty Fine to Medium®
20 Gray Tan Silty Chyey Fine to **
Stiff Gray Tan Silty Fine to .
Medium Sandy Chy g“’,°k=e‘3gf)'(‘f']§‘s’?e‘e"
71.7 |- N=10 Torvane: S=1420 PSF
Pocket Penetrometer:
Qu = 4400 PSF
66.7 1-N=14 Torvane: S >2000 PSF
13.0
Luise Brown Slighily Siley Fine N=
to Coarse Suud 61.7 ="
174
Wery Dense Geay Tan Shghtly 490%
Cememed Calcaregus Slightly 56.7_}-N=50/5"
Chivey Siliy Fine o Coarse
Sandd With Seme Shell Fragments
{Samice Linestome)
mol ~N=50/6"
. 51.7 Drag Bit Refusal at 24.0 Ft.
Modiom avd Hzid Cemented
Colcareqows S, Sand and
Shell Feuzptends [Santce Linestone) |NOQ
it Crystalline Limestone: 21
240 to 24.4 Fu.
16.7 30.0 to 30.5 Fr.
32.0 to 35.5 Ft.
41.7
100 33
36.7
*Sand and Orgamc Materal

BORING AND SAMPLING MEKTS ASTM D-1886 2
**Medium Sand

COAE DAILLING MEXETS ABTM D-2113

PEINETRATION 18 THE NUMBIER OF BLOWES OF 140 L8. HAMNIR

FALLING 30 IN AEQUIRED TO PRIVE 1-4 IN. 1.D. SAMALER ) PT,

m UNDIBTURBS KD BAMPLE "—_"WATZR TABLE., 24 NR

'Ml" ROCK CORE RECOVERY *wppe WATEA TARLEX., | NR
N . svANOaRrD PINI’TRA"ON‘LOCI OF DRILLING WATER

R.Q D. ROCX QUALITY DXAIONATICN

q

L=LOowW oOtr 0-30°

M =Megn oIir 30°-e0°

Page 1 of 2

TEST BORING RECORD

SORING NO L—Bg
12-18-78
CH 4193

ROCK JOINT:
DATE DAILLED

Jom No.

8 = #TZI”» DIP 60°~30°

LAW ENGINEERING TESTING CO

ddika T

40,0 ‘g..ln Ll =] ,:Il= ;‘1.:: [N MEMABE§ ,”;‘n
' Flediam and Hard Cementeq®
1.0 . . 0
Laft and Modium Gray 100 3
Pucliully Conented 1o Comented
Calcarcous Silr, Sand and Shel T —
Feagmeaus (Santee Limettone) 1.7
100 o
287
s4.0 | _ . T
2.7
Core Lo 28 0
1.0 Dense Dark Green Silty Chyey =
H Fine tu Medium Fond (Blck .
0.0 hl'l%ugn Formatias) 167 E nand
Boring Terminoted wf 60.0 Fi.
Graundwater Eocountercd
At 4.0 Ft. 24 Huours Alter Boring
1
BORMS AMS BAMFLIMNE MLEIE ASTM CLIEEE *Calcanrous 5iH, Sad and P 2 af 3
cong GARLIME WEETE Anrel B-RiTh Shell Frowments {Sontee Limeatone] age £ ol =
FEHCTEATION |8 PHE HUMBER BF Buénws OFf (40 LE. HAKMER TEST BORING RECOHD
FALLING Bg W, SEGUIREE T8 DRIVE 1-4 im. 1B, EAMPLER 1 FT. 159
ROmise MO g, T
m WHODIGYWRALT BAMPLE "— WATIR TABLLE. &4 mun q ASGK  JOIWT BATE DD ':'“‘h
I"’l“"' AOGE SORE ERCOWALY —wgue WATER Tadid, ¢ H& = LOw bR g F—— CH 419}

M - mTsnORAD -:un-umquu GF DR{LLIME WATER Mk WIS i wo--aa
LAW ENOIMEENING FERTIMNG ©C

R.OO, NGk GUdLiPY DEVIARATION B = ETIir Bir ap-—gp*




cong + cong
o TR T N :'!: L".:" ZEKZ— REMARKS a :ﬂ 0 °%‘ DEACAIPFTION .:lx: :‘:‘:«' 7:2:?: REMARKS lﬂ‘l:l
. i Black Fine te Medium Sandy
Bupng Brizled me Gheaty 1.5 Silt
Urdisturked Sempl amnd Field Peremeabilily  Tesi, ) . . .
Coodust Permeability Tesl 15 4o 55 Fi: Stff Gray Slightly Micaceous .
2 i ) Fine Sandy Clay Pocket Penetrometer:
K=1.06 x 102 cm/sec = :
Qu = 6000 PSF
55 71.7 74.7  N=12
Pocker Fewlromeler:
Bocing Termiraded a1 5.5 Fr. O, = 4400 P51 7.0 _——— e e
Brown Cray Sily Fine o Solt Cray Tan Suly Foe
Mediom Sandy Clay Yery Sandy Clay
0.0 69.7 |- N=3
Eoase Tan Gray Skghtly Chyey
123 Eilly Fiwe Sand With Cliy Lenses - Torvane, 12.5 Fu.:
13:5 Firm Tan Gray Fine ¥ery Sandv® | N= §=720 PSF
Lugse Yellaow Tan Shichtly Cemenled 64.7
Calcarvuws Slightly Chyey Sily -
16.5 Fine {5 Mediom Sand [Santee**
¥ory Dense Tan Sliglelby
Cemprmed Caleareaus Stightiv
Cbyzy Silty Fine 1o Coorse 597 }—N=66
Sand Wil Sume Sl Fragmenls
(Santce Linwsioneh
54.7 |— N=69
49.7 f— N=53
44.7 |- N=6!
Hard Drilling
(37.0 0o 41.0 F1)
_. N=100/4" No Recovery
39.7
BOAING AND SAMPLING MEKTS ASTM D-1088 Page 1 of 1 BORING AND SAMPLING MEISTS ASTM D-1888 *Clay Pave | of 3 i
CORE DAILLING MEETS ASTM D-R)t3 CORE DRILLING MIETS ASTM D-3113 **Limestone) o
PENCTRATION IS THE NUMAER OF SLOWS OF 140 L8, HAMMER TEST BORING RECORD PENTTIAATION 18 THE NUMBER OF BLOWS OF 140 LA. MAMMER TEST BORING RECORD
PALLING 80 IN. REQUIRED TO DAIVE 1.4 IN. 1.D. SAMALER | PT. somine  NO 2397 PALLING 30 IN. REQUIRED TO DRIVE 1.4 IN. 1.D. BAMPLER 1 PT. soniNG MO 240 i
m UMDISTURSED SAMPLE "SS5 WATEA TABLL, 24 NA «§ nmocx somr, T 12-18-78 m UNDISTUARED BAMPLE “S5S5" WATER TABLE. B4 HA q nock sowr. OATE DRILLED 12'16-17:78
lnl-’. ROCK COME RECOVERY —wgyer WATEA TABLE. 1 HA. L =tLow. DIF 0—-230° 108 No. CH 4193 ',.'.-_ ROCK CORE MACOVERY =agps WATZIA TASLE. 1 HA. L=Low bip oO-se° o8 no CH 4193
N - eTANDARD nnruunou‘uon OF DRILLING WATERN M = MID DIF 30°'-s0° LAW ENGINEIRING TESTING CO. N . STANDARD llNﬂlA‘rlonqLOll OF DAILLING WATER M= MID DIF 30'-S0° LAW ENGINZERING TESTING CC

M QD. ROCK QUALITY DESIONATION 8 © §TEKF O!P €0'~B0° R.Q.D ROCK QUALITY DESIGNATION $ = §TELP DIP 80°-80°




DEPTH c'lo.n‘vml 39.7 L ]
re. DESCRIPTION SIZE MIN. ELEV. ARMARKS LEb
40.0
Very Dense Tan Slightly Cemented
Calcareous Stightly Clayey Silty
Fine to Coarse Sand With Some _ v
Shell Fragments (Santee Limestone) — N=50/2 No Hecovery
34.7 Mard Drilling:
420 ta 445 FL
45.0 w 47.0 FI.
— N=50/6" Mo Hecorery
297
24.7 I~ N=68
-1
Very Dense to Firm Dark Green
Slightly Clayey Very Silty Fine
to Medium Sand (Black Mingo _
Formation) 19.7 |—N=58
147 I~ N=23
9.7 }-N=21
47 |- N=24
77.0
Firm to Very Dense Gray
Slightly Clayey Silty Finc to _
80.0 Medinm Sand (Black Mineo Formatgm) 0.3 | N=29

BORING AND BAMPLING MEIKTS ASTM D-1828

Page 2 of 3
TEST BORING RECORD
BORING NO _Hl—

oare oavLeo 12/16-17/78

CH 4193

COAE DRILLING MIKTS AGTM D-2103
PENTITAATION 18 THE NUMBER OF BLOWE OF 140 L8, MAMMERN
FALLING 30 IN. REQUIAKD YO DRIVE 1-4 IN. I.D. SBAMPLEA V FT.

m UNDIBTUREED BAMPLE

'““'n ROCKX CORE ALCOVEAY *wgpe WATEA TABLE. 1 NR

WATER TASLE. 24 MA «§ mocx Jomr:

L =Lwvow Dir 0—30°
Jom NO.

M =mgp otF 30°—60*

N - aTANDARD PENETRATION LOSS OF ORILLING WATKA
‘ LAW ENGINEKRING TESTING COC

R Q.D ROCK DUALITY DEBIGMATION $ = §TLEF DI 60°—20*

[T1LT ]
e G AT 10 :it:' A qu'.'z-v. Arunirs nan
80.0 o
Eirm to Yery Donse Croy
Slightly Chyey 3ilty Fine to
hMedium §angd ([Black Aingo
Fornuation}
51 }-hed2
- N=30;6
-10.3
= 50,4
-15.3
.3 | N84
1og0f ——— M 20.3
Haring Terminated 21 (0G4 Fr,
Croundwater Encountered
At 8.8 Ft. 24 Houm Afier Roring
1
FORIE AMD BAHFLIAE HETTE ASTH D 1RRA Pare 3 of 3
COoAf ORILLIME SEETH AdTH B-B5E v
FANETHATION 4 THE HUWBER OF BLOWE OF 140 L3, HAMMER TEST BORING RECORD
FALLFNG 10 IM. BEQUIREQ T DRAIVE id IW. LA sikeien 1 FT, n
skl may =200
m HAOWTYERER I.Lul-l.l-;_:l'w.lrll.ll ralld. &+ MR d notn Jolnb. 12 ”\.l"-" Ty

[#] 7 rotr conc nieeveny mupgee wiTEn TASLE. b Ha

ETANGAND FlHrI'll.'l'lﬂH‘Lﬂ-!. &F BRILLE WwWaTiw

R.O.0 BOGE QUALITY DLNIDNATIOM

BaTE PN LD . .

CH 4143

i how $E e kOt
ARE  HE

Mo MR D FOTadat
LAW EMOIHEIMinG TEBTIiMG S0

f = FTNFE Dup #O"=amt




oEE 1.4

‘ﬁm I T T ll'l: ;‘l“ﬂ‘ FLEY, NEMANER ..‘n
0.0
Wery Dense to Qenie Dhark Green
o Gray Silty Fine 9 Mediuin
Sand With Thin Inrerbedded
Cby Seams |Bliek Minge Foermolion) 40 L=
4 |-MN=45
140 |-N78
Thin Interhedded Cemented
Sand Senms (B9.5 to 98.6 Fi.)
4.6 e e o - M=50/1™
Buring Terminnied at 98.6 FI. _'19'0
Crayndwaler Encouniered
Av 9.9 Ft. 24 Hours After Boring
MW Casing Sci to 24.0 Ft
BoAlhE AhD RAMPLIHO MIuTE AvTH G IEES P.'igﬂ 3 ﬂf 3
emera v 15 Tas wyeen o wLOWs GF 148 La. HAmuES TEST BORING RECORD
FALLIMGO NO 1A, NEGUIEND Td BE4YL T IH, 1B, gesrLER 1 KT, F0Mine MO 243 )
m vMoiETuAexd phuFLI TSN wATAR TAELE 14 HR %] wmacn Joint: car il as M?ﬁ

I'H-' = mimie CORE ARGOVERTY megmum wATEE TamLx, b =N Linidw DWW @)

M FTAHCAED FEHETRATION ‘Lﬂl-i OF ORILLIME WiTER M e uiF I(F par—-aor

B = FTLLF §)F mO-—mO-

RCODQD mpoe guaniTr GLEIGRATIGH

son wo, - CHL 8193

LAW ENQINELMING TEATING CO

B e 8H

FEFTH

it T DM

HIEN MiW  ELEY.

FESLEEE Rgd

Lo Tnp:ml-ﬂlpck S—illy Fine v Medium®
! Tan Sty Fire Sand

2.0 .
Firiv Brown Geoy Silty Very
Chnyey Fing o Medium Sand
TO fr o e — e
S4iff Gray Chiyey Fowe
Eandy Silt
izof .- P —_ -
Finn Ton Gray Shightly Chiyey
Sily Fine o Conme Band
20 .. . ..
Fium Blut Gray Silty Clay
{" Lamimated*')
22.0%.- -

Very Dense tu Dense Cray
Elightly Cemented Calearcous
Silty Fine to Coase Sand With
Some Slell Fragiments

(Buantee Linwestans}

738 {-N=17
48,8 J-Ma1
G318 | -N1®
s3.8 N6
5318 §-N-59

-Nu30/2"
488

N=50,3"
438

| N=50,47
KR

Hard Brilling (24.0 w 31.0 T

Hard Drilling 4335 10 41.0 Fr.

Pocker Peuetromcrer:
Qu = 3600 P5F
Torvane: E=t700 PEF

Fielkl Permcability Teal,
115 10 150 1
K282 % 104 cmsee

I"L“.'LI.'[ PI."II\"’(H'IHL'"'T'

@y = 600 FSF

Torvane: %=340 PSE

Nu Rrecovery

faie Rovinwry

pobiyE AMD SAWPELINE WExTe ArTel D-1990%
GCAY OARRLING WENTE &v'tw O-LIFR
FAUuETAATION +i THE HUWBES oF sLowa of 49 LB Hiddim

#Sand and Owganic Materiod

FAlLiimd Fg ¥, EEGUEER Yo BRIVE {4 14, 1.0, pausLaw 1 FT.

m WMHGIATURRED SAMFLE T WATES TiELE 34 HA
IH]"\ AOCR CoRE AICOYERY —mgpe WATEIR YrbLd., |} W&
N ETANOARD FlaETRATION gfacwd OF DRILLGE WaTER

AE D oK QUALLTY CERAmaTWHE

q EGEE  JRIHT:
LrLow ouwe o-ao-
M o= BED e BAC D7

W = ¥TTL# DiF 0" 0%°

BFape 1 of 2
TEST BORING RECORT
$OMIRE O ?‘.:'.Zi_

GATE{ GEILLED _I.:M
Ol 4§93

JOR NO.

Law dndinEEing TEATING O




CORK 38.8 = AT .iu.='“u| ’93 )

°gr' DRBCRIPTION :lx: L‘I-N' LKV AEMARKS LI 0 T, Bl LT b - BIEL MM, aLkv. ELiLANRE AdGD
1.0 Topsoil-Blick Silly Fine to Medium®
Very Dense to Dense Gray Cray Tan Very Llayey Fine to
Slightly Cemented Calcareous 15 |—Madiom Sond
Silty Fine to Coarse Sand . . y v
With Some Shell Fragments _ nose Red Drown Gy Yery
{Santec L:mes(one) * 33.8 {-N=43 Cyey Fine 10 Medion Sand 741 1 Najp
1.0 - e i mim e w0 I . - DR T T
Finn Geay Slshely Clayey
Sity Fine ro Aedidm Sand
28.8 -N=44 6.0 |- N-11
12.0
= ” Yory Soft Giay Tan Fine Sandy Fuchet Pem.-lrun_uh.-r:
=50/ Siity Clay With Scams al Fine Un = 1400 PSF
23.8 1o AMedium Sund 533 F-N=2 Turmane: 5=5300 FSF
Botlom wl ULy,
E Fogket Penetrumeter:
Fao Duek Grem 3EEET £, = 14t I'5F .
Chuyeyr Shiy Foe 1o Medium Torvane: 52640 I'SE
Sazd 1BEES: Mirso Faraanion| _ =N>2 Pochet Powtsinucien
- 18.8 }-N=25 59.3 Qu = 1400 bS]
Torvae: 54300 PSF
Earirz Tmmérewd a1 &.0 Fi
Crmoardsalee Ercosalered )
A1 £ Fr o 1i Hean A Boeis : 1NLnlgr,
23 ; gl YT
Firm {may Calcaeaus Slightly
Chivey Silty Fine to Coarse
Sand {Santee Lungstone}
290 . o
Very Saft Dloe Geeen Sty 1.2
Tlay (Vaid Filling)
~Meteipli of Rods (290 to 3.0
443 Fi.)
Field Fermeability Toeal, 3
45 te 40U Fro 1
1 [y K3i.32 x 103 em'wee
) Sandes Limestone - No Recovery
3.3 [ M=d5 Mo Recavery i
" Toand 4 AR YATERA
WORING AND BAMPLING MEKTS ASTM D-1806 Page 2 of 2 BORIMG ANG SAWMLIHG WEETL AnTE D-iRdE Sand and Urgaaic hlaleris Faoe 1 of 2
COME DRILLING MEETS ABTM D-EI112 CLOAE DAILLING WMACTE ARTa B-dMTR ;
PENKTRATION IS THE NUMRER OF BLOWSE OF 140 LB. HAMMER TEST BORING RECORD FEMETAATION I8 THE HUuuMEEA &F FLDwWS OF 140 LE. HALMMER TEST EGHING RE CGHL :
FALLING 30 IN AEQUIRKD TO ORIVE 1-4 IN. 1.O. SAMPLER § FT. RoRING KO 243 FALLING 30 IMH AEQuingd Yo DRIYL {-4 P, 1P JREACER 1 T waming MO :'H'__
m UNDISTURRED RAMPLE “oo= WATER TASLE. 34 NA 4 ROCK JOINT: oars oriLLED 12-18-78 m WHOHETURSED aAmWFLE S/ WALT4N T44LK &4 HA q- Aot OIuT, CATE CErLLED 13 1549 75 :
'”|~. AOCK COME RECOVERY =ngae WATER TABLE. V NA. L=tow Dbir 0—30° o8 No. CH 4193 l-"la; ACCE CORE NEEOYRAT =g WATFRL TisLE, | HA. h=iow B D-p0 e D _‘..JI_-‘I_Q:! |
N STANDARD PENSTRATION @fLOSS OF DAILLING WATER M= MED OIP 3OTTEOT | AW ENGINKERING TESTING CC H . #14Rpaan FaHcTEATON fLSeE OF DRILLING waTER Mo e keiodat AW ENGIMEERING TENTING ©C L

B prETs oo 20t-pnt L L L T TR ITTIY # cwitrs pim oEm- o@D



cons 393
40.0 o DEacairTioN ST M . AEMARKE ana
) Santee Limestone - No gl L#1 722
41.5 Recovery k=N= 50/'4" No Recaovery
Medium and Hard Gray Cemented Drag Bit Refusal af 41.5 T,
Calcareous Silt, Sand, and Shell [NQ 16
Fragments (Santee Limestone) 100 34.3 :
: Packer Test, 43.8 o 49.0 Fi.:
46.0 e e K=7.62 x 104 emfuc
Very Soft and Soft Slightly - .
Cemented Calcarcous Silt, ((E;'l}'sstdltlgu’;‘?’l.(l)m;stl?nt
Sand and Shell Fragments i : '
{Santee Limestonel 71293 | Packer Test, 48.0 to 5§40 Fi
Kw2.94 x (04 cmfree
& 0
54.0 - —-———— e .
v - 24,3
ery Dense 1n Dense Slightly M=53
Cemented Caleateous Silty Fine
ta Coarw Sand With Some
Shell Fragnents
! {Saniee Limestone)
' 9.3 $-Nm3s
m.ﬂ l . .
Boring Terminated =t 0.0 Ft.
Grousdwater Engountered at
T4 Fit. 24 lNours Aler Boring
MW Caxing Ser to 38.5 Fr.
RORIAE AMDO pAMTLING HEITTE ARTH B-JARR F:Ig!’ 2 uf 2
comn Balcnino HIEYE ABTH B-N10§
A ETRATichsy fp Tl WykEsis W gLonwg F (48 LE HeoWsER TEST BGHING HECGRU
FhuLimE Ba ik RIGUIRKR TG DMIVE b im. LG, BAERLTE 1 T aoming o 133
m UNDHTUARD SANFLE TTo wAYEA TAELE, Bd HE ] moH sniWT nte baeea LE1KR-19078

lu'-'. e COML ARCTYEAY meoue wAYdA TASLE, T HA

H - satiubiand rlnlillfldﬂ‘kﬂil o dmiLiiml PATER

RO DO soch duavifr DEdEHLTION

L =LGw Dir &0

M ruehk e RO R

Flal ] Hﬂ.__c_" 4l'9

———

LAY EMHGIHNEERING TLITING CO

A = wrinr fir wao" “ro”

CORK

79.9

DEFTH % & TiMg n
0 rFY. DESCAIPTION BITE MIN. ELEV. REMAAKS " gno
1.0 Topsoil-Black Sifly Fine to Medium*
Gray Tan Clayey Fine to Medium
Sand
3.0
Firm Gray Brown Very Clayey 747 L N=17
Fine to Medium Sand
7.0
Firmm Gray Slightly Micaceous POCL_“ P‘envlrmf_xeter:
Fine Sandy Chy With Thin Fine Qu = 1800 PSt
Banct Lomos 697 FN=6 Torvane: S=1000 PSF
113
Ty Do o Decse G i
Ligdl Grees Grar Hshily L N=
Crsweted Cojczresus 20y Fioe 64.7 N=62
ca Coarse 5xd Weh S Bhel
Frepoeess |Sxine Limmsloze]
— N=50/4"
59.7
lqg 100
— N=50/5"  Void (23.2 to 23.5
54.7 Ft.)
49.7 §— N=§5
L N=50/5" No Recovery
44.7
— N=50/3" No Recovery
39.7 Hard Drilling (38.7 to 40.3 F1.)
BORING AND SAMLING MEETE ASTM D-1B88 *Sand and Organic Material Page 1 of 2
CORK DAILLING WEKTS ASTHM D-3113
PENKTAATION 1B THE NUMBSER OF BLOWS OF 140 LB. NAKMER TEST BORIF{G RECORD
PALLING 30 IN. REQUIRZD TO DAIVE 1-4 IN. 1.D. SAMPLER § Y. 245
SOAING HNO
m UNDISTURBED SAMPLE “T=S°WATER TASLE, &4 KR q ROCK JOINT: OATE DAILLED 1217-18 78
'W"'- ROCK CORK ATCOVEAY ~wngys WATKR TARLE, 1 KR, L =Low DI O-30° P . C}{ 4193

N . STANDARD PENITRATION dko.l OFf DRILLING WATER

R.Q.D. ROCX QUALITY DESIGNATION

M = MED DIF 30°—80°

$ = sTEdr DiIP $0°—00°

LAW ENGINLERING TESTING CC
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the contractor's assessment of the likelihood of encountering
construction difficulties and may vary considerably from those
shown in the preliminary cost estimate. These factors will have
to be evaluated by Burns & Roe, Inc. and may change the apparent
advantage offered by System C.

3.6.4 Foundation Recommendations

Our preliminary evaluation of alternate foundation systems
suggests that foundation systems more economical than grouting
prior to caisson construction may be available. We recommend
that these alternate foundation systems be evaluated further
by Burns and Roe, Inc. to assess the potential economic advantage
that can be realized.

If area grouting caissons are chosen, the caissons can be
designed using the criteria developed in Section 3.2 and the
"high cost" grouting program described herein. If area grouting
and cast-in-place walls are chosen, the walls will require further
design studies to more completely consider potential difficulties.
Preliminary design envisions 30 inch wide unreinforced concrete
walls oriented parallel to the short axis of the building, instal-
led by the slurry trench method and bearing on the top of the
hard layer of Santee Limestone. -

3.7 ASH POND EMBANKMENTS AND LINING
ANALYSES AND RECOMMENDATIONS

3.7.1 Structural Information

An area of approximately 92 acres has been set aside for
eventual use as an ash disposal pond. Our investigation covered
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only the first stage construction. The location of the first
stage Ash Pond is shown in Figure 1-1, The Ash Pond is approxi-
mately 950 by 700 ft in plan dimension, (approximately 16 acres)
and is intended to store 20 ft of liquid. we understand from

Mr. R. Rohr that Lockwood Greene Architects and Engineers is
considering excavating the interior of the pond to provide fill
material for construction of the embankment., fThe height of the
interior embankment slope will be 20 ft Plus the required free-
board. fThe height of the exterior embankment slope above existing
grade will depend on the depth of excavation in the pond interior,

A pump structure is to be located in the southwest corner
of the Ash Pong. The pump structure is approximately 18 ft by
40 £t in plan, 22 ft deep, and consists of three intake compar t-
ments separated by concrete partitions. The average bearing
stress of the bpump structure is 1.6 k/ftz. Sketches provided
by Lockwood Greene Architects and Engineers show the top of the
pump structure at the crest of the embankment,.

The Ash Pond is intended for storage of bottom ash and chemi-
cal wastes from the various plant facilities. fhe expected con-
centration of various chemicals to be discharged into the pond
is available in the Project Environmental Impact Statement.

3.7.2 Subsurface Conditions

The subsurface investigation in the Ash Pond area consisted
of 24 borings and 30 test pits. The locations of the borings
and the test pits are shown on Figure 3-11, Twenty-two borings
were terminated in the Santee Limestone and two were drilled



Woodward-Clyde Consultants

80C4090 Page 3 - 32

to the top of the Black Mingo formation. Undisturbed tube samples
of the major clay strata were obtained. A piezometer was installed
within the upper 15 ft of the Santee Limestone at boring B-621.
Test pits were excavated using a Case 850 backhoe to a depth

of 11 to 12 ft, and bag samples of the various strata were ob-
tained. The ground surface elevation in the Ash Pond area ranged
from 77.1 ft to 79.2 ft.

3.7.2.1 Overburden Soils

The overburden soils in the Ash Pond area consist of two

primary layers:

1. Gray-tan silty/sandy CLAY and clayey SAND with lenses

and seams of medium to fine sand. This stratum under-

lies a mantle of brown silty sand and sandy silt, 1
to 2 ft thick, and extends to depths of between 7 and
15 ft below existing grade. The material becomes in-
creasingly sandy with depth. Sand lenses and seams
were encountered primarily in the lower half of this
stratum. Vertically oriented stringers of fine sand
were common in the upper 4 to 5 ft of this stratum.
SPT "N" values ranged from 3 to 15 but were typically
5 to 10. The liquid limit and the plasticity index
varied from 45 to 86 and from 25 to 65, respectively.

2. Gray-green silty CLAY with lenses and seams of medium

to fine sand. This stratum varies in thickness from

2.5 to 7 ft along the western embankment and from 8
to 15 ft in other areas of the Ash Pond. Layers of
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silty/clayey sand varying in thickness from 2 to 7

ft are included within the clay or at the base of the
stratum within the southeast quadrant of the site and
along the northern embankment. SPT "N" values in the
clay portions of the stratum ranged from 0 to 9 but

were typically 2 to 4. The liquid limit of this stratum
varied from 94 to 118 and the plasticity index varied
from 50 to 86.

3.7.2.2 Santee Limestone

The Santee Limestone was generally encountered at approx-
imate el 52 ft, which corresponds to a depth of about 26 ft.
However, borings B-634 through B-641 were drilled at the western
edge of the site and indicate a rock surface at about el 60 ft.

The penetration of borings into the limestone prior to coring
provides an indication of the depth from top of limestone to
the top of the hard layer within the limestone and varied from
6 to 10 ft over most of the site. The penetration into the lime-
stone varied from about 9 to 20 ft along the western embankment
where the limestone was encountered at about el 60 ft. These
observations suggest the elevation of the top of hard limestone
varies less than the elevation of top of limestone. SPT "N"
values in the limestone above corable rock were typically greater
than 50 but SPT "N" values near the top of the limestone were
often low (1 to 6). In general, core recoveries of the hard
limestone were greater than 80 percent and RQD values were greater
than 60 percent but lower values were recorded occasionally.
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1.7.2.3 Voids

Geophysical probes were not drilled in this area. Conze-
quently, tnformaticon on voids is based on observations of water
Ioss or rod drop dering the drilling of borings. The observations
suggesting poeEsible woids are summarized below:

Estimated

Boring Elevation of Height of
No Top of veid, ft Veid, ft Observation

B-6132 29,1 8.5 Rod drop
B-633 42.4 0.2 Rad drop
B-622 54.0 3.5 Loss of drill water
E-628 34.0 small Loss of 4rill water
B-630 4.2 2.0 Loss of drill water
B=-631 25.0 1.5 Loss of drill water
B-G33 32.4 3.0 loss of drill water
B-641 56.4 amall Loss of drill water
B-644 51.% 0.4 Loss of drill water

It should be noted that a loss of drilling water which is
not accompanied by a red drop is probably associated with a more
porous zone and not necessarily with the presence of a void,

3.7.3 Design and Construction Considerations for Embankments

3.7.3.1 Materials of Construction

The upper layers of silty s=and, silty clay,'and clayey sand
could be suitable for use as compacted fill, We estimate that
approximately one foot of material would be removed during strip-
ping and grubbing. The depth of scil guitable for excavation
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and use as compacted fill depends on the depth to the water table.
Soils excavated close to the groundwater table may be too wet

to excavate, handle, place, and compact without excessive effort.
Water level measurements in the Ash Pond area indicate groundwater
at approximately 7 to 8 ft below the present ground surface.

These measurements were made in the late summer and fall, after

a long period of dry weather and the water table in the spring

is probably higher. We anticipate that the depth of excavation
could range from 3 to 5 ft below grade, depending on actual ground-

water conditions.

The near-surface soils are plastic clays which become soft
and difficult to traverse during wet periods. Consequently,
construction of the embankments should be scheduled during the
late spring and summer months and weather delays should be anti-
cipated.

The plastic clays have the following typical index proper-
ties:

Liquid Limit 50-70 percent
Plasticity Index 40-50 percent
Water Content 15-25 percent

values of liquid limit or plasticity index higher and lower than
these typical values were also measured.

3.7.3.2 Compaction Criterion

Compaction curves based on Standard Proctor compactive effort
are shown in Appendix D for various composite samples obtained
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from the test pits. Drying or wetting the fill to achieve a
different field moisture content is likely to be very difficult
due to the plastic nature of the site soils. Fortunately, the
optimum moisture content for the cohesive soils is approximately
20 percent and is similar to the in-situ water content. Never--
theless, a Contractor must anticipate that some alteration to
moisture content may be necessary.

We recommend using "standard energy" as the standard for
control of field compaction. Fill should be placed at a water
content that is at least 1 percent greater than the optimum water
content to reduce the permeability of the fill and to provide
a more ductile material capable of accommodating potential settle-
ments of several inches. A minimum of 95 percent of the optimum
dry density measured in the laboratory test designated as ASTM
698-70 should be specified.

3.7.3.3. Embankment Details

Slopes

Embankments constructed of clay soils, particularly if com-
pacted wet of optimum, typically require relatively flat slopes
to minimize the likelihood of shallow sloughing. We recommend

a maximum slope of 3H:1lV.

Crest Width

Determination of crest width is generally based on consider-
ations of seepage, crest erosion, and access requirement for
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vehicular traffic. A minimum crest width of 15 ft would be re-
quired for a one lane road with shoulders. This minimum width

would be sufficient from a seepage point of view.
Freeboard

The height of the embankment above maximum pond level is
provided as protection against wave action and wave run-up and
is based on consideration of maximum anticipated wind velocity
and maximum fetch. We recommend a minimum freeboard of 4 ft.
This freeboard height is approximately equal to the average height
of voids in the Cooling Tower Area and will probably be sufficient
to protect the dam from overtopping in the event of collapse
of deep voids.

Erosion and Slope Protection

Those portions of the embankment exposed to rainfall should
be protected from erosion by a permanent ground cover. Slope
protection should also be considered in the splash zone from
2 £t below normal pool to the dam crest. The proper amount of
slope protection requires a balance between initial cost and
maintenance costs. It is likely that a 6 inch thick layer of
1-1/2 inch crushed stone would provide moderate slope protection
and require little maintenance. A filter layer should be provided
between the crushed stone and the embankment fill.

Zoning and Internal Drainage

We recommend the embankment be constructed as a random £fill

section.
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The embankment would be built using the upper few feet of
soil in the ash pond area. These soils are primarily cohesive.
As discussed in Section 1.6, a likely range of field permeability
for compacted samples of the near-surface cohesive site soils
is 1.7 x 1078 cm/sec to 8.7 x 1072 cm/sec. Thus, the available
site soils provide a relatively impervious embankment material.
Pockets or layers of sandy material are present and are located
randomly throughout the site.

It is likely that granular inclusions within the embankment
would be contained within a matrix of clay soils and would have
little effect on the overall permeability of the embankment.
Separation of materials for use in zoned construction is likely
to be difficult to implement in the field because the sandy soils
are randomly distributed. Sandier materials, if identified in
the field, should be placed at the downstream side of the embank-
ment. Our stability analysis suggests that internal drainage
is not necessary for embankment stability for the side slopes
recommended above. The downstream erosion protection described
above should be sufficient to prevent erosion if seeps on the
downstream face develop. Local minor repairs, such as placement
of inverted filters in problem areas, could be handled as a main-

tenance item.

3.7.3.4 Control of Seepage from the Ash Pond

The main concern about pond seepage is potential environmental
damage caused by seepage of pond fluid into the groundwater.

Seepage can occur either through the embankment or through
the pond bottom. Commonly used methods of controlling seepage
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include providing a relatively impervious embankment and placing

a relatively impervious lining over the upstrem face of the embank-
ment and the entire pond interior. A relatively impervious embank-
ment would be provided. The following paragraphs discuss the

need for a lining and alternate liner methods.

Need for Pond Lining

The site soils have a low permeability and are a natural
seal for the fluids in the pond. However, the presence of sandy
layers makes it doubtful that this natural seal is continuous
over large areas, such as the bottom of the pond. Covering the
existing soils with a compacted soil lining or with a membrane
would provide two levels of protection against seepage. The
primary line of defense is the constructed liner. The secondary
line of defense is the overburden soils which generally have
a very low permeability. similarly, covering the embankment
with a lining would provide two levels of protection against

seepage.

Soil Linings

Choice of an appropriate lining (soil or membrane) should
consider the properties of the various liner types, the likelihood
of and mechanism of liner failure, and the impact of voids in the
Santee Limestone on overall pond liner performance. Compacted
on-site soils can be considered as a construction material for
a liner. Commonly used imported liner materials include bentonite
soil mixtures and plastic or rubber liners. These liners are
discussed in the following paragraphs.
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A thick layer of compacted on-site soils would provide an
economical liner. Granular zones are present throughout the
site but construction of the liner in 8 inch thick lifts to a
total thickness of 4 ft would essentially preclude the formation
of vertically continuous granular inclusions ("windows"). However,
an unresolved question concerning the suitability of on-site
soils as a liner material is the behavior of these soils when
exposed to the pond water chemical environment. A laboratory
testing program consisting of permeability and strength tests
on compacted samples subjected to percolation of water with a
chemical makeup similar to that anticipated in the ash pond would
be required to address this problem. &An estimate of the scope
and cost of such a program could be developed if Burns and Roe,
Inc. is interested in pursuing this alternate further.

A mixture of imported bentonite in a dry powder form and
available site soils provide another possible lining material.
Bentonite seals are usually constructed by spreading bentonite
on the ground surface, mixing the bentonite with the upper 4
to 6 inches of soil by discing or rototilling and compacting
the mixture. A grade of bentonite resistant to deterioration
under the pond chemical environment would have to be chosen.
Complete coverage with bentonite and uniform mixing of bentonite
with the soil are essential. These requirements are difficult
to achieve and necessitate careful inspection in the field.

Cracking of soil liners is a potential problem of both com-
pacted natural soils and bentonite-soil liners. The danger of
desiccation cracking is clear. We have also observed cracking
of soil liners which remain submerged or are protected from drying



Woodward-Clyde Consuitants

80C4090 Page 3 - 41

but have no simple explanation for the cause of this problem.
This bizarre problem is not common but deserves consideration.
Methods for protection against cracking are discussed in a later
paragraph.

Membranes

Commercially available plastic liner materials such as PVC,
reinforced chlorinated polyethylene (CPER), or HYPALON have been
used sucessfully as waste pond liners. Special solvents are
used to join the strips of liner and to seal the liner around
concrete structures such as the pump structure. The chemical
makeup of the pond water should be made available to the liner
manufacturer so that a liner material providing durability under
the pond water chemical environment is chosen. Based on preli-
minary discussions with liner manufacturers, it appears that
CPER or HYPALON will be required. The influence of settlement
on liner performance should be evaluated by the Vendor.

Protection of Liners

We recommend that soil cover be placed over the liner to
protect it prior to first filling of the pond and during excavation
operations which might be required for future removal of ash
by dragline or other methods. This recommended depth of soil
cover for bentonite-soil liners or plastic liners is 4 ft. For
the compacted natural soil liner, the cover depth could be reduced
to 2 ft.

Per formance and Cost of Alternate Liners

The estimated rate of seepage under a 20 ft head is shown

below for three alternate liners.



Woodward-Clyde Consultants

80C4090 Page 3 - 42

Estimated Maximum

Liner Material Rate of Seepage Remarks
natural soil ax10” % gpm/Et 4 ft thick liner
bentonite - soil 6x107° gpm/ft 6 in. thick liner

mixtures
membranes ZECO minor leakage at

joints or undetected
minor tears might
be expected

The estimated seepage losses are all relatively small. Evaluation
of allowable seepage losses was not part of our scope of services.
We would be pleased to develop a scope for this new work item

if requested by Burns and Roe, Inc.

Table 3-5 summarizes a preliminary cost comparison for the
three liner materials. The lining constructed using a thick
layer of compacted on-site soils offers an apparent cost saving
of about $0.55/ft2 over a membrane, and an apparent savings of
about $0.40/ft2 over a bentonite-soil mixture. These cost advan-
tages are substantial because of the large areas involved. The
presently proposed pond covers about 665,000 ft2 and the future
pond area would total about 4,000,000 ftz. A savings of $.50/ft2
converts to about $330,000 for the present pond and $2,000,000

for the future ponds.

summary of Liner Options

The optimum liner will give acceptable performance at minimum
cost. We have not evaluated what estimated seepage rates are
acceptable from an environmental view point. Consegquently, all
we can say now is that membranes which ideally allow zero seepage
are acceptable and that the other liners might be acceptable.
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A further unresolved technical issue is the behavior of the on-
site soils in the presence of the various chemicals that could
be introduced into the pond.

In summary, chemical-resistant plastic liners would provide
adequate protection against pond leakage and associated environ-
mental damage. Thin bentonite-soil liners and thick liners of
compacted on-site soils may provide adequate protection and
offer a substantial savings in construction cost, but will require
further evaluation.

3.7.3.5 Impact of Voids on Pond Performance

Most of the borings in the Ash Pond Area were terminated
after 20 to 30 ft of penetration into the Santee Limestone (about
el 25 ft). The one boring which did penetrate to the Black Mingo
encountered an 8.5 ft high void. The void was encountered within
the same range of elevations as were the Cooling Tower voids,
suggesting that similar foundation conditions may be present
in the Ash Pond area.

Construction of the embankments will result in some increase
in stress on the voids. Filling of the pond will also result
in a stress increase. Collapse of voids 5 to 10 ft in height
is possible and would probably result in a few feet of surface
subsidence. The unknown is the size of the area in which voids
might collapse. Such subsidence could result in rupture of the
lining and development of a flow path down into the Santee Lime-
stone. Leakage of pond fluid into the Santee Limestone would
be difficult to contain without construction of a prohibitively
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costly soil bentonite cutoff wall extending into the Black Mingo
formation. Construction of a shallow perimeter cutoff wall ex~
tending only into the gray green silty clay would be ineffective
if a seepage path to the Santee Limestone developed somewhere

in the pond interior.

This potential problem would only develop if a chain of
events occurred: 1) void collapse, 2) significant surface sub-
sidence, 3) liner rupture, and 4) liner rupture at a location
where predominantly granular soils are present, or liner rupture
combined with sufficient subsidence to cause cracking of the
clay strata at that location. The likelihood of all of the above
occurring and resulting in pond leakage is difficult to assess.
In our opinion, a prudent approach would be to provide safeguards
wherever possible to strengthen each of the potential weak links.
The following measures could be taken:

1. preload the Foundation: Preloading could be used prior

to construction to induce any void collapses that may
occur under the embankment loading.

The preload should impose a load equal to 1.5* times

the anticipated embankment and/or water loading and
should be of sufficient size plan dimensions to make
sure the preload stress is not dissipated above the
elevation of the voids. A minimum preload width of

150 ft should be specified with the crest of the preload
extending at least 50 ft beyond the exterior crest

of the Ash Pond embankment. Each square foot of pond
area should be preloaded for a minimum of one month.

*Preloading at 2 times the average building load was considered
for the "T-Beam" solution at the Cooling Tower because the
consequences of void collapse at the Cooling Tower were more
severe.
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We believe a rolling-preload, i.e. reuse of the same
material in successive areas of the pond, could be
constructed for $1/ft2 to $2/ft2.

The mechanism of void collapse is not well understood.
Undoubtedly, there are time related effects such as
ravelling or creep type failure which would be accel-
lerated by an increase in stress. Consequently, a
higher stress increase or a larger period of stress
application will increase the effectiveness of the
preload. Foundation preloading does not rule out the
possibility of future void collapse associated with
time dependent effects or with changes in groundwater
chemistry or flow patterns. Quantification of these
concepts is beyond the state-of-the-art. The important
point.- is that a preload provides a positive approach
to dealing with the void problem but does not preclude
the possibility of future void collapse. The recom-
mended preload height and preload period represents,
in our opinion, a reasonably effective but not prohi-

bitively expensive compromise.

Provide More Durable Liner: If bentonite soil mixtures

or compacted natural soils are used it would be desir-
able to make them as ductile and self healing as pos-
sible. Plastic liners could be reinforced. These
measures would provide protectioﬂ against minor ground
movements but not against local sink holes several
feet deep.
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3. Compartmentalize Pond: Division of the pond into separ-
ate compartments would allow continued operation of

the pond system while portions were drained for inspec-
tion and repairs, if required. There would be addi-
tional cost associated with construction of internal
partition dikes and backup pumping capacity.

Each of the above measures add cost to the project. These
costs must be weighed against the level of uncertainty the Project

Owners are willing to accept.

3.7.3.6 Estimated Settlements

Construction of the Ash Pond embankments will impose a stress
of apprximately 2.7 k/ft2 on the Pleistocene overburden soils.
The Pleistocene soils are very plastic, particularly the lower
gray green silty clay, and exhibit a relatively high compressi-
bility even upon reloading. Thus, even though consolidation
tests indicate the site soils to be overconsolidated, significant
settlements are likely. We estimate that settlements could vary
from 4 to 10 inches. The range of settlement is based on the
variation in thickness of compressible strata and the presence
of layers or pockets of silty sand. The areas in which differen-
tial settlements should be anticipated are near the southwest
corner (in the area of the pump structure) where the compressible
strata increase in thickness from about 15 ft to 30 ft over a
distance of approximately 150 ft, and along the northern dike
where sand layers of varying thickness were encountered. The
influence of these settlements on the operation of the pond will
have to be evaluated by Lockwood Greene Architects and Engineers.
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It may be necessary to build the embankment to an elevation higher
than the final design elevation to accommodate anticipated settle-
ment and maintain the desired freeboard. A 6 and 12 inch increase
in crest elevation is recommended for the west embankment and

the north, east, and south embankments, respectively. The in-
fluence of this settlement on liner performance also needs to

be considered by the liner vendor.

The soils have a low coefficient of consolidation, Cyr despite
the fact that they are somewhat overconsolidated. Values of
c, in the reloading portion of the consolidation test were 0.5
to 4 x 1073
required for realization of the estimated settlements. This

cmz/sec. We estimate that 4 to 8 months would be
estimate allows for the presence of sand seams and, considering
our experience, that the rate of field consolidation is generally

more rapid than that indicated by consolidation test results.

3.7.3.7 Pump Structure

The pump structure is a relatively rigid concrete box.
This structure will move as the embankment deforms to accommodate
foundation settlement due to the embankment loading or foundation
settlement associated with the pond loading of water and/or ash.

Reduction of pump structure settlement by pile support could
result in development of a void (seepage path) beneath the struc-
ture as the embankment settles away from the pump structure.

In addition, differential settlement between the embankment and
the pump structure could also result in rupture of the impervious
seal around the structure. Consequently, we recommend that the
pump structure not be pile supported.
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We understand from Mr. R. Rohr of Lockwood Greene Architects
and Engineers that the pump structure itself is not particularly
sensitive to settlement. The main areas of concern are: 1) the
connection between the pumps and the piping distribution network,
and 2) differential settlements between the crest and the toe
of the embankment which could cause tilting of the pump structure.

Two sequences for construction of the pump structure can
be considered for minimizing the settlement of the pump house
associated with the embankment loading:

1. Construct the embankment, allow it to settle, excavate
and construct the pump house, and backfill. Settlement

of the pump structure is minimized with this sequence but
double handling of the material is required. 1In addition,
adequate compaction of the backfill will be difficult to
achieve unless the excavation is wide enough to accommodate
proper compaction equipment. The time required for settle-
ment could be reduced by placing a surcharge in the pump
area to accelerate the rate of settlement.

2, Construct the pump structure, build up the embankment
around the structure, and delay hook-up of piping connections
until sufficient settlement has occurred so that remaining
settlement is considered to be acceptable. With this sequence
it will probably be easier to achieve adequate compaction.
However, the presence of the pump structure will hamper

the contractor's progress somewhat. The ability of the
concrete structure to tolerate the estimated settlements

would have to be evaluated.
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In either case the pump structure will experience deforma-
tion during pond filling. Furthermore, the contact between the
embankment and the structure represents a potential seepage path,
We recommend that two concrete seepage collars be constructed
around the walls and floor of each structure. Each collar should
extend out a minimum of two feet from the structure and should
be enclosed in a layer of bentonite a minimum of 6 inches thick
on each face of the collar. The bentonite layer is intended
to provide a compliant layer which will accommodate the expected
movement of the structure.

3.7.3.8 Embankment Stability

Our analyses of embankment stability was made using undrained
shear strengths and calculated using drained shear strengths
with steady state seepage conditions. Undrained shear strenghs
used for the natural soils were based on results of laboratory
torvane and triaxial tests. The strength of the compacted clay
embankment was estimated from consolidated undrained triaxial
tests. The profile analyzed, and the strengths used for each
soil layer are shown on Figure 3-12. The strengths chosen were
lower than those recommended for design in Section 1.7 and repre-
sent the lowest strengths reported for other areas of the site,
The results of the initial analyses assuming the worst conditions
indicated that additional analyses were unnecessary.

The analyses described above assume no seepage through the
embankment. A drained analysis assuming steady state seepage
was also performed as a check. A steady state seepage condition
may develop if a leak in the pond lining occurs.
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Tra resutts of ooth aralyses are surlarzied below:

Aeigat af Zozlared Tyvaoe =f
FPabarnzeent, F: Facksr of Safetyw Analysis
29 (5 ft£ of excavaticn in anérained
poesd inkecior] I.2% strengkh
1¢ |no exzcsvaktion in pond udxained
intericr) I.EB skr=rgth
24 2.13 drained s=I=rcis
wikh s=epDage
3.8 LIMITATIONS

The analyses and foundation recommendations presented herein
are based on our understanding of soil stratigraphy determined
from the subsurface investigation program and on our evaluation
of engineering properties based on laboratory and field data.

Our knowledge of soil stratigraphy and engineering properties
is imperfect, yet our analyses and the development of foundation
recommendations must proceed based on limited data.

The uncertainty associated with the ability of caissons
or other foundation elements to carry the imposed load is general-
ly accounted for by the selection of prudent values of ultimate
bearing and side friction and selection of a suitable factor
of safety. Our predictions of expected movements for structure
foundations and embankments are intended to provide a range of
likely values (+ 1 standard deviation) of foundation movement.
Consequently, movements greater than or less than those indicated

are possible.
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The analyses, opinions, and recommendations contained herein
are based on the subsurface conditions exposed by the current
subsurface investigation program and our understanding of the
proposed construction. If conditions different from those de-
scribed herein are encountered during construction, we would
recommend re-evaluation of these findings in view of the changed

conditions.
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| rock fragment: (decomposed - 24.0 fr & 27.5 £t
] rock} {meise) = #1
B h— 24 —
t [0
¢ gray clayey caleapoous - 30 15
-_I' E-5AND,s5cme limestsne rack - - T = 21
" fragments,tr silt [moist) —n—q |- 2%
M v.dense (decomposed rock) -
u | ]
:1' Lt gray & blaeck claysy fing - L
- zalcarscus SAND, some lime- — 38—
- ztone rock fragments,ty - 1
T silt,v.dense (moist) =
 {d¢composed rock) - -
- — priving casi i
j_ e ER 6.0 fL
[ (36.1 fr3 41.9 17 |- 5(?),’ Cﬁangc:d to coring at
b 3 = 40) PP
- Gray,.deeply to med_ weath- B . 16 July 1980
¥ ered fossiliferous LIME- - X7 =
'l' STONE,clesely to intense= -
: ly fractursd. — 2R - -g £ |2 o
+ . gle |~ |-
= 5 .
T — 40—
Sray,decply weatherad - -
fonsiliferous LIMESTONE, — a1
mad. to clasely fractured, B o
= locally crushed. 47 |
L 1 o
= 43— Tl e | ~
L =3 |2
L ad = — i
- .,
L)) =
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LOG OF BDRING B-&22 BHEET _ 3 oF
t‘ BamFLLE ROCK CORE
N 8 u T, o : =
DESCRI : no z
S &, E £2 (8. :iT:g £ql3 | @ Bul REMARKSE
g whk | pw oo lg =
[y FZ jeu |a€of ol =y T furd
- AR EEE
K - t | & | w
1 Gray deeply weathered fos- — il
- silifarous LIMESTONE, mod. i _
— to closely fractured. — 47 =
— locally intensely Fractyreg L J
= -t Lai]
- | w [ o o
e — = g ; :;
1 ] £
p —“-
-1 51
| Gray=1t gray deecply waath— | g
4= ored to locally decomposed .
_l fossilifercus LIMESTONE d ]
| tad. fractyrad to slightly L 5 — -
| locally intenzely fracture | ,‘_—, 5 5 =
T =] = It [
—— b— md — -4 -
/ L -
= 8t —
e - L
{4 Boring terminated at 56.1%' i =t
T — 57
T i 1
= — 5o —
. — -
-4 — g —
" 80
| 3 -
o — 7 ™
T . §3 —§
L ] = -4
- — i, -
— — 15—
- s =
L - L
4 =87 =
er"'!-d
jor L
a9 —
[7¢ ]
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LOG OF BORING B-G23 EHEET L. ofF _3
A — -
FRUJECT AND L GCATION [ELevaTIiON ANG DATUM [FROIECT NO
SANTEE COOPER GENERATING STATION, UNIT 1 77.86 £t M5L A0C4090C01
Ilkily [ T=h] FOREMAN ATE STARATED QATE FIMNISHED
ARDAMAN AND ASEOC|ATES bD. Gandy 16 July 1980 18 Iyly 1%80
E“ILLINa IEU}'H!HT EGMFLITIQN QEFTH [

55.0 fr

28.0 ft

I LME-55 Hydro Rotary
e i X FiEonan

CASING 7w » o
EASING HAMMER |WEIEH“I’

[EVZE AND TYFE CORE BARMEL G EAMPLETSIET
1] L] —_
DROP QR NG

VN IET

[samMPLER  2-IN .0, SPLIT SPOON FEP&.‘)‘;E““T'GM'
SAMPLER HAMMER fveigHT 740 Lps loRor  30—IN M. Giordano
E __SAMFLCY RO CORE
I DEECRIFTION E -:5. gﬁ § EEE - § o ;wg REMARKS
sp) B | Be|wc B3] 8|5, | § (5
Dk brn,silty f-SAND,tc - o 2
—clay,veg. ,decamposed , woad =R P - 3
-lonae (dry} - 3 |
T {2.5 £t) '.'5.2: z ‘I
[Pk gray brn to yellowlah/ . 3
.tannish brn{mottled), f- i T4
_I_sandy CLAY,some 2ilt,stiff . Ll B
(dry; 5 |
we to lt brn & yellew brn __-5 7 |
imottled) f£_sandy CLAY & - Y B
_tlayey f-5AND,seme silt, i ° ™ =
v.BEiff {dry) .
5 Fragquent seamg of
Lt grayiash brn & lt brn — B T |+ 2 brawn silt in 5-4
311ty CLAY, some f. aand, - v - i
tr. decompesad wood,fiym 8 5
impiet) ' B L - 3
-Lt greenish gray & 1t brn Fu o |~ 4
f.sandy CLAY, some silt, -
firm (moist) —nj
-Lt green gray & 1t ken CLA s
-gome f.x,tx $ilt (moise) & — 12
. EE———— T - T 1T R 1
Ttam TLE green gray & b R
‘Lt brn CLAY,freg. £.sand il B 7 I
‘seama,oce.o-$and, seams, i
1’:t:i.ff {moist) iatn B o
' Top: As abovg [~ T & o g
"Bottom: DK gray CLAY,some _H-'_I L A
f-%and seams {moint) i
- 18 1
ka green—-gray CLAY, highly '_"_' Tl 2
! astic i R I Y
— 18
~ =
"As above B ] é wols
-_t = 10 ~o |
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LDG OF BORING B-523 EMEET __ 2 OF 3
lu.-r' SAMPY ES ACEK COME
. E . r R .
DERCRIPTION 2 | E|e}E EEE « |3 3 g;% REMARKS
Zh | B Jre s fEea)szie,l § |5iE
-1 — 21 =
I (22.5 ft) 55.2 [
T |— 23 =
- - -4
-+ 24 =
" Dk greenizh gray clayey = 25 5
T 2ilty F-¢ SAND, some %hell 19|,
T txr f. gravel [moist) s T 5
. — 7T )
T f2e.0 £ 49.7r 7
18—
— -
t gray silty f=SAND,some — X T
-y elay,tr fossiliferous LIME = 1T |5
STONE Eragmenta,v.dense —3i— ¥ | 40
{mpist) -
b 17
e 17
e
— Refusal at 25.0Q It
(35.0 ft) [42.7 n "
Lt gray,mod.to slightly N . HE"D{D“ . W Changed to coring at
weathered fossilifercus | a6 — s | = :i 35.0 ft
LIMESTONE ,tnod, to closely [ é & |~ &
fracturad, oce  gm.vugs, — g Lt gray re;ug 1;&;:.
n ) 35.0 Et an ' T
L+ gray,.mod.to decply L 14 -
veatherad fossiliferous i i
LIMESTONE mod,to closely 39—
fractured,opc_Bm.vugs. i _I "
| - 40 e lz 1z
Call 5818 |2
L 47
Lt gray aeeply westharad -_“_
to locally decomposed fos- B i AU R
siliferous LIMESTONE,mod. e e g r‘\s &
to zlosely fractured. & |4 ~
25
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LOG OF BORING B-523 SHEET _ 2 OF

L-: SAMFPLES ACEK CORE

CERCRIFTION REMARKS

ELEY
FT

OEP
TPk
HO. LOe
AECOY.
ET.
FEMETH
RESIGT
BLIASIM,
CORE

L L]
RECOY |
[ Ta]a]
CORE
TIME

M KSE T,

T T F T

1
:
|
Run-3
100
H2%
l.8

Lt gray to gray,deaply

weathered to decompraed
fossiliforous LIMESTORE,
clazsely to mod.fractured, X i
locally =rushed

T
i
Pun-4q
0
d4%
1.0

Lt gray,decompnsed to
deeply weathered fozaili-
fercus LIMESTONE  mod. to
tlosely fractured.

T L]
RBun-5
P o 25=100
L.L/2.5=44
1

Boring rerminated © S5.07 55
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LOG OF BORING B-624 SMEET _1 _ oF .3
*AOJECT AND LOCATION fReEvATION AND BatuMm [FROIRET NG,
SANTEE GOOPER GENERATING STATION, UNIT 4 71,73 F MSL BOCA090CDT
PRILLING AGCNCY EOREMAN ATE ETARTED OATR FIMIGAE
ARDAMAN AND ASEOCIATER L. Gandy 18 July 1980 18 July l9BD
FRICCING FOUiFMENT COMPLETION DEFTH WSCw, DEFTH
I CME-55 Hydro Rotary 46.5 ft 25.0 ft
11ZC AN of a7 {6'ZE #ND TYFC CORE BARREL Mo FAMPLEE [STET 9 WDIET 1 4:1-!520 T
ZASING v o Joint" X "Double Tubse" CB FiR3T v1.9 L
Fm"nﬁﬂmlm_ GROP B RING mNTL TTTEN
ISAMFLER 2 IN 0.D. SPLIT SPOON VERTICAL
- INGPECTON
SAMPLER HAMME R [WElGHT 140 LBS __ JoRor  30—IN M. Gicrdano
AMEPLEE ACCE EonE
- [ . ] .
I DESCAIRTION g %E% g g ), ;;% REMAR KE
I ffcalOz |=2s | & ;805
_I_ Dk gray brown gilfy I.shN 1
tr veg,v,.loose (Dry) 1.0° un 0 l
, Bott:gray & vellew bmm,f, — 1
) sandy CLAY,soma silt,tr.
't veyg, firm (Dry)
- Gray & yellow hrown, f. - 4
I sandy CLAY,some silt,tr. — 4
veg, wood firm (Dry)
‘I‘ Gray & light grayish brn in &
_ (mottled)f.sandy CLAY, - | 6 |
Some Veog. ., roots,wood (Dry 7
Catiff ]
t = 7
) [ E;
- Light gray & light tannisH — 8 o | 3
Lrown silty,f, sandy CLAY - W |- p
I tr wood, firm. (Moist) - &
- l—rln 3
Light gray & tamnish bro B q ¥ | 3
- {mettled)f, sandy CLAY, som — 1= 0 | :
-8ilt,firm (Dry~Maist) -
1 ]
. —13 =
.I_ Lt gray & tannish b, f. [ 4
- sandy ¢LAY,soma silt La L
- {Moist) {15.5 ft) s
L 4 - 1
L Dark gresanith gray TLAY L v o 2
- Stme £f_=zand =gams, Eoft, 1 1
-~ [Meiszg) — 17
F 7~ =
- park greenish gray CLAY, =y Lo\ =
- pome f.sand seame s B
+ - 19
R
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LOG OF BDRING B-&24 SHEEY _ 2 of __3
r - SAMPLES AOCE CORE
Ii-l 8 - -4 Il ._‘
I—‘- 3
DESCRIPTION x £ w = § _ ;EE w é a g;-% REMARKS
gt | ¥ ] re ey jredlaeig,] g |aE:
- = 21 =
- | x
- -
- . J 7 e
[ " " 1= {25.0 ft) L p
| /Light gray,silty,cal- N\ T
l{ﬁqgrnnus E.%Ann,snme lime-v 3.5 2%
tone rock fragmants,tr- = 120 oh d to coring at
i v, et i Ir A - anged to ¢ q
clay,shells, v E'&gg_éﬂﬁf ) . . = ko1 ag.0 Et
Tight gray decply weathe= i
':ered to dg:m‘lpﬂﬂEd foss - '-_3.,_
LIMESTONE, closely fractured o
Mo crushed ] Lls |- =
- — 28— 5 lao |~ —
- b - ﬁ
L - -
— m-
:Light gray deeply weath- ;31 -
1 ered to decomposed foss L
| LIMESTONE maBaive,locally 57 B I "
~ | .
| crished L 8 |17 |2 -
&
- e 1 el
b — 24 —
- — ag
| Light gray med. to deeply | i
_l weathered fo%s$. LIMESTONE, e 34—
| coc.small vugs,mod. to s -
_lclosely fractured, L 7 = "
i [ g e [+ !a
. . x5 2|8 |8 s
= — 30—
- — 40
_-Light gray, degompogod to _“__:
deaply weathered foss. ]
T1,IMESTONE, closely frac= a
ared to erushed. [~ T
- s |z |2 la
- 43 = A
— =
s -
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LOG OF BORING 3 ar
P
[
DESCRIFTION 5 REMARKS

1Hl3l. LK

ELEY.
FT.
TYPE
RECOY.
FT.
|IFEMETR
RESIGT
3 LHIM,
CORE
LT+ 8
IRECTY.
[
CORE
TIME
MAMSFT.

L4 p ]

chnlly crushed

| Light gray decomposed to
decply weathered foss, LIME-
| STONE closely fractured,

B-5

5Ty
0%
1

=t Boring terminated at 4&6.5%°7
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DG OF BORING B-o2h $HEET _ 1 pf 3
FREINET AN LOCATION ELEVATION AND DATUM IFRG/LCT MO,
SANTEE COGPER GENERATING STATION, UMIT 1 77,96 ft MSL BOCa080COT
ERILLING ACTREY FOREMAR DATE STARTLD DATE EIHIEHED
ARDAMAN AND ASSOCIATES J. Janed 18 July 1980 18 July 1580
LI m&'ﬁmm WY COMPLETION GEFTH  [NGCK DERTH
EME— Bydro Rotary 51.5 #t 26,5 £t
ik AND TYFL QR BIT EIZE ANED TTFE CORE RARMEL g [1=1-53 1 ';_._FH'ED tt
|[SABING 3" "Flugh Joint™ WY Double Tube OB AT —— oML
i ASIHG HAMMER |wEIGHT DRDF PORLNG &
SAMFLER Z—IN 0.0 SFLIT SFOON VERTICAL
INEFECTOR
SAMPLER HAMMER [weigMT 140 LBS  |oRoe 30N M. Glordano
= TAMELL RGCE CORE
. Els [Fez F -
DESCRIFTION = E wot @ uBgpe c o |eu¥ REMARKS
Ol w ra|lwe [Zw3foc )l w & sE2
wu | & FI e [feafez e | € |OFF
- 2
Light gray-brown te datk iy W [
- 1 -
gray =ilty SAND, tr. veg. 2 = 4_|
" loose (2.0 ft) re.of ]
-+ 5
L Gxayish & yellowish hra L3 o | = 3
1 (mettled) CLAY,zome f-8 I h | | =
. lensas, tr.silt,veq., | . €
atiff {bry) B
- B .
Grayish brown & light L. m w 3
brown (mottled),f.sandy _— 5
CLAY 4r =ilt(atiff) {dry) L
_
Light gray & tannish brn. Fod - |- ;
(mottled), £, sandy CLAY & e _ a
clavey f.ShND,zome =2ilt, _
firm {Moist) -
140 7
Tannish bzn,f=-m =sandy, S B 3 1
silty CLAY, firm (Mpist) =11 # 3
—12
13
3
14
(15.0) £31.0f
Lark greenish graylsh i i I 1
CLAY,some 2ilty f.sand . 1
seams, highly plastie,soly i 16 2
{Molst) L a7
Dark grecnish gray CLAY l_“-_. -
tr veg, {Moist) i & i
= 19— = E




WOODWARD-CLYDE CONSULTANTS
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LOG DF BORING B-£2E SHEET __ 2 oF__3
- EamMHELES R CORAE
e
. 3 g | Tz - -
DESERIFTION s | B Qw28 lezg|e |3 | o jesd MEMARKS
- i ro |lar lGuwdloo|a d |e=g%
[T ] - X tu o= I]|x T gk ¥
] Dark green gray CLAY SOWME | i N L
1 f.gand & silt seams, highly 3y ::1 2 z
] plastic,soft {Moist) | 2
L -
L - 23 —
— _T
B (25.0 fr)  Iss.of _ ]
__Dark groen=kluish gray i 1ol 1
clayey,silty f=& SARD,tr T a
=t rock fragments,soft [Mnist)F = 16— 1
= pm FT
= — 70 -
- e 20—
— - .
“t gray,zilty fine calcare |
i a8 5AND, aome fosg, imestong i ] = |m 31
_} rock frags,tr clay,v.denge 2y h | | AE
(Moist) {31.5 £t} ] 70
- - Chanyad to coring at
- B al1.5 ft
| Light gray deeply weathered | gg ]
Jte decomposed foss. LIME- N i — " - B
X sTouE,bottom 1.7 ft med- [ oy é 2 |2 15
__waath-:red.mnuive locally | &
__intensely fractured, | e
-—— _M_
—— — 37 =
1 Gray,desply to mod.weath= b 38—
A aved foas LIMESTONE,mod.to L - rlq - - .
L closely fracturaed,locally - E g | .
™= —
== crushed, ace.med. vigs, -
A mottom 3" - decomposad, . 4 —
- — 41 =
== Light gray decomposed to - 42 =
deaply weathered foss.LIME] B . 5
STOHE,~losely fractured to — 4= 1 v | o
crashed. i b g o | @ =
e z [ ™
- ﬁ -




WOODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTE AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING B=625 EHEEY __d ar
n BAMPLER MOCH fomg
' B -
. : R Y ¥
ol [} 'Y
DERCRHIFTION E.— E :‘fd .'E' ;Eg gq 3 2 #EE REMARKE
Wy [ »2 el {Fra] o7 F rpl| & EFE
-t 3 uf m - "
@
- . a8 = e |2
—_— o
T Light gxay deeply weathered A7 =
T to decompozed fosg, LIME- =]
T STONE,closely to mod. 4=
T fractured, locally erushed. i 7 -
— e 2 O ] 1
w# | a
£ L é @ |&
ag — 50 —
1 =1 ]
—4 Boring terminated at 51.5° | o
- o -1
. —“-
— - e
- .
. = b5 —
- L 4
=N - —|
— -F’—
—_— — N4
-t — 5o
4 L
T— -m—
- =51
- - -5
= — g =
= r -
- L -
- L d
e o il —
1|_ - L
L 2 o K —
= &4 —
— r -
[— 87 =i
o A -
= 25 —
.70 ]




WODDWARD=CLYDE CONSULTANTS
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LOGC OF EORING B-&Z6 BHEET _ 1 pf 2
PrusECT AND LOCATION
SANTEE COOPER GENERATING STATION, UNIT 4 EL;;?;_I;Nf:m:-:;:TWM “w:‘;rmhuc;mcm
Iﬁ'ﬁn.l,mu AGENGY FOREMAN DATE STARTED DATE FIRIZALD
ARDAMAN ANB ARSOCIATES J. Jares 18 July 1580 IB July 1980

CME-55 Hydrn Rotary cbmrl.rnuw QEPTH 25_0 f:
GIZE ANG TYFE COPE BARREL T FAMPLES W
CABING 3" Flush Jnint a1 L) w-.ﬁo bL
CAGING HAMMER |wEIGHT DROP b [=17]
[zameicn 2-iIN ©.0. 8PLIT SPOON . VERTICAL VE“T'CAL
YSaAMPLER HAMMER [wEIGHT  T40 L& lbpror 30N NEFECTOR a
T FUTwT: TR —
. - 8lz 1wz : '
l DESCRIFTION 2 PE L==18 Js2Ely 12 |, ;;% HEMAR K5
s 8 | rE|Sc e edia| 8 |a2f
Light brown silty SAND,V. I 1
lopae (Dry) (1.0) 3 P 2
- Light gray & yellowish ! 3
= brown (mottled) f.zandy -z
CLAY L
: 5
= 3 1';: -q: 5
- = — 7
:t = 4
- 8
~ight gray & taanish-yel- R 4
:F low brown {mottlad) f. P A R 4
vy - & I

= Bandy,3ilty CLAY,tr.veqg.,
= RRiff (Maist)

light gray & tannish brn
i1ty CLAY,scme f.zand
I seams, firm {Molist)

»

L |

P WP P N S T
5-4
1.5

- - [1a] -+ 2
; . 2
_l_ Light gray & tannish brn e B e 7
" f.sandy CLAY,scme Bilt B
T otr veyg, firm  (Moist) — 13
1 -
1: 14 =
15,5 £+ - 15 )
. Light tannish brown gilty L 2
+ fine SAND,tr veg.v.loose, . 2
L {Dey) i ol 3
' (1.0 ey IS0 I
— 18
'-£ =~ 19 -
i il
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—

I

T

—

1

LOC OF BORING B=€2E SHEET __ ? OF 3
= BAMPLER AOCK ConE
DESCRIPTION = : w§ .’;'; EEE‘ w E- “‘w; REMAR K5
u E bo o, 1ZE5|6g|8 | B [c2E
w _E - T m&ﬂ:w uvIE|lo ] -
Dark greenish gray CLAY, - 4 ~ w 9
oen. f.oand seams, very soff T S A 1
_ (Moist) i 1
por 77 i
- o
1: o 2] =
o 7
Dark i=h gray clavey - 25
miz = Efgﬁe % sgnd,tg - 1. n i
£ 26,0 ) 22.21 .24 0| P
Lt gray silty calcarecus [ L
SAMND, 3ome clay, tr limestond L 27 =
rock fragments {(Decompozed i |
Rock) fwet) | g
Lt gray =ilty calcareous _ﬂ_-l
i SAND, some clay bt limes B _
one rock fragments v, — 3 A iy Change to coring at
AENEe (Decamgosed Rozk} — 4 w |~ 80 31.0 £t
{wet] (1.0 fr) 47. 2 4
— 17 —
| Light gray deeply waathered ,_._;;_l -
| fosailiferons LIMESTONE, d L |8 | » -
bottem 1.25 £t hard slights 34 = 2|2 = o
1y to mod. weathersd. .
- b 35—
= —35
:Light geay deeply weathered L g9
_fosgiliferons LIMESTONE, B
| top 1.0 £t mod.weathexed, g -]
massive to locally crushed - 3
| g 12 (& |
Bl g & [= -
| — A
- — 41
Gray desply weathered fos— i |
“giliferous LIMESTONE closeq [ o
‘v fractured,occ.small vugy .
B 7 )
- - un
S 215 |8 |5
e
ol
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LOO OF RORING B=£2% SHEET __ 1A OF

BAMPFLES ROCK CGRE

DESCRIFTION AEMARKE

HWQ, LOE
AECOY,
PESMETA
RESIET
LGN,
CORE

[ L]

T RE
TIME
MINSF T,

ELEY,
ET.

[F+:
TYRE

JOEFTH. FT.
k]

JAECOW

Lol

Light gray decomposed foso L -
eiliferous LIMESTONE — 4t
cruzhed 5 -

R=3
923
58% lagn

I
F
=
1
Fun~-4
10%
o
1

| Boring terminated at 51

L

|

L.l

‘Fn [-3)
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LOa OF BOMING gm527 BHEET 1 &F 2
FRGJECT AND LOGATIGN ELEVATION AMD DATUM [FREIEST WO
SANTEE COOPER GENERATING STATION, UNIT 1 77.94 ft MSL 80CaosoCD
ILLING AGEREY BMEMAN GATE STAMTED CATE FINIZHED
ARDAMAN AND ABSOC|ATES J. Jones 17 July 1s8B0O 17 July 1980
CRTCLTNG EGUIFMENY COMFLETION DEPTH  JROCE GEFTS
CME=55 Hydro Rotary 51.5 ft 25.5 ft
“m G'f:la'f " BIZE ANQ TYFE CONE DARRAEL L g NOTET ] %.‘D Tt
CASING o N¥ “Deuble Tube" CB H 1 —_ [FOMPFT__ Ty £1
FCASING HAMMER [weigHT lbpor ORIM ‘;w 11 TR
EAMPLER 2N .0, 5PLIT 5POON P | 11 :
AMPLER HAMM ER WEGHT 14D LBS |oRoP  30—IN M. Giordano
= YL DK CORE ‘
DESCRIPTION | E 3E Esz 5 i REMARKS
w =51 Lwl
e |5 J¥sls, 328]Es(5 |5 [ass
TS 2] =TI |Cu affmj]oz [ ¥ [ Uk
4 Light yray silty SMID,IG.:MI? | R 1
(Dry) (1,0 £t) 6. " B 2
T Light gray & yellow brown i 4
T t. =andy CLRY, firm. {Dry [~ 2
T i 3
¥ Dagk grayiah brown & yal-~ = 3 n ¢ g
T low brawn f.sandy CLAY, trp B v e 6
~ silt,veg. {Dry) F*
T Gray to light brown & yeld L] 7
T low brewnimottled)f.sandy - oo 5
T »ilty CLAY,tr veg. {Mgpist) — & |~ c
—— 7
4 B =
- Light gray & tannish brn, il A 2
T fine mandy,silty CLAY B I d
T txr-veo {(MoiBst} - 9 I
» A i [} 2
o4 Light tannish brn silty, i o o
| clayey f=m SAND,scme I I 2
| coprpe sand {Wet) | 3
1 b
- -
- —13
I
3 {i5.0 frikz q'“"
Dark greenith gray siley I P 2 |
_ CLAY,8ome lenses of silty I R 1
. E.sand fMolist) | F
~ ark greenish gray CLAY — 17
- sme 5ile Moigt) B -
- mil] ol =
N R -
o
.I_ - 18
B [0}
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LOd QOF BORING B-627 FMEET _ 2 oF,_ 2
: FAMPLER nOCK CORE _l
. 3 A E T 5 L
DESCRIFTION E.—' E E; 8 ;Eg §.|8 a ggi REMARKE
T B {52 [#r0 (e 2z i g |5=3
4 R o Attempted vane shear
. N e 2 = test at 20.0 £t and
-4 - not suecessful. Pushed
=Dk gresnish-gray CLAY, zome 27 - r;- I o vane LEY and would ned
—tlenses gilty f. aang,szaft A 1 fail
4 (Moict) ] 3
— — Ja —
A Dk greasnish gray f. sandy ;25 |
1 eray (25.5 £t} 52, 1o |m |1
_| Light gray clayey calcamous | oed & (- &
1 z-smp, some mile,ex lime- J i .
datone rock fragments. (Mois L 37 -
- — 2§ =
P S A b 2
_Hnght gray gilty f.5AND,
2ome limestone rock frag- [ 0

nts tr.shalls,clay,v. 34

uenge (Moiat) 31.5 ft) :31_" E 2 51 henge to coring at
'i' fE.4 114 3.5 &

ight gray mod.weatharad - 37
foes.LIMESTONE, top 1.5 ft B 4

saply weathered to decom= L 79— o

o8 ed . . ~ “

kT e |e [ -

5 | | = =

- £ |o |& -

a

b 35 e "

- L i
b 3
ight gray,mod.to desaply 77—
weathered foss. LIMESTORE, R J
occ, $tall vugs. — 38 -

= - "—,

-

] PRI

[ g1z |% |3

-]

B 7 v

— 21— -

. | 42 +H

Light gray,desply weatlered | | e

255. LIMESTONE. Massive to | . |.n

od. fractured. 1 o w E

- 1 g |2 |m o

L a4 g |3 1Y |F

W

] 3
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LOGC CF BOAING p-g27 BHEET ) UF
:‘ SAMPLEE MOCK CORE
- . T L v
l . g1y ez ¥ C
DESCRIPTION x E g; 8 ;:—:‘,g gu 8 g E;% REMARKS
w -
d t =] I E K Yeal oz # x r |oR3
—I-‘.I'..ight gray to gray deeply - - -5 &
~wgathered to locally decom- L 4= x| St *
Lpnsed foss. LIMESTONE, massivey -
te med.fractured, occ, Small — &7 —
vugs - o
e gy ey ltl
= L
T 2
= 40 IE - o a
b . m b il
g | | O B

‘ié
}'ﬂgr;ng terminated at 51.5° I

- b5 —
o E
= =
- -
h= 57 =
o L
o =
- F
b
= =4
g =
- 81—
=52 =
— E
— 83
o -4

. ]
3 ol
ol
o e
gy —
- -4
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LG DF BORING B-528 SHEET _1_oF _ 3
TRGIECT AND [DEATION ELEVATION AND DATUM [FAOJEGT NO,
SANTEE CODPER GENERATING STATION, UNIT 77.61 £t MSL BOCA080CD
ORTLLING AOENCY FOREMAN DATE STAATED DATE FIREHED
ARDAMAN AND ASSOCIATES b, Gandy 24 July 1980 24 July 1980
SAILLING EQUIFMERTY COMFLETION DEFTH 3 H
CHME=55 Hydro Rotary ' 53.0 ft 26.0 ft
HIE, o LT Th— SIZE AMD TYPE COAE BARRPE L 13 WHDIET T .-:.i,ge:ﬁ Tr
JHASING 9n wPlush Toint! N% "Doukle Tube™ CR TRET__ [CONPL __ R
JCASING HAMMER TweiaHT [amor BLRING ANGLE AND BIRECTION *
SAMPLER  2—IN O.D. SFLIT SPOON m_TlEqﬂ.I_'E&L
PAMFLER HAMMER |WEIGHT 140 LAS  |pRor 30 —IN £re M. Giordanc
I | BaRMPLL AOCE COR L
. xr g ' Ei-z' o E
. DESCRIPTION Ep—' E g; §.— ;-E":% En E 3 E;i REMARKS
'y vl & izl |Yeeloz | T i OFF
4 Lt grayish brn,siley - [ - ~ | 2 '
_ SARD, tr.ved. .v. looze {dry) L h - 3 4' west of srake
8 2
} .
(2.5 fey s
Grayish brn & yellowish | 5 4
_t ben CLAY,somc f-sand.tr i i e
silt,veq,stiff (dry) PR Bl Nl B
n
(5.0 f£r) J72.4
a
I Lt grayish brn & 1t brn R &
. f-sandy GLAY,seme silt, I I A I
_ =tifd (dry} (7.5 £81 B = - 2]
+ { '
- —_ - P 2
Lt gray brn & tasnish by i L I
-l: sandy CLAY,some $ilt, L . 2
imoist) Eirm I
=10
:I: I. " o |2
- Lt brn fine sandy CLAY e |~ 11
w/pockets of m-f silty i 2
sand, ey lanses of green L iz
_ Elayey f-sand,soft{moist) i
) (12.5 ft) s
Lt grayish b¥n & 1t brn | | 3
I silty £-SAND,some lense, |83.94 . AV R
- eaan clay tr o=cand (4. 4F) ¥ ""‘ 4
. Greenish gray f-sandy s
CLAY [
Dk green clay.some f-3and L 18-
_ w/silt, highly plastic 44 [0
. - 17 =4
- _-ur-' i
Ok green gray CLAY,tr e | 4| 0C
pockets of dark gray g 1
. silty fino sand, highly i i
2T Kl o
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LOG OF BORING B-628 SHEET _3 ___ ©oF _ 1
r SAMPLES ROCH CORE
. 3 B ® R . -
DESCRIFTION 5 wa [& 5G% w 13 A AEMAHKS
W -0 O L R EEE
wu | O FE fou N IR T # g |ORE
- Greenish gray CLAY,some N g
ot 5ilt,tr f—sand,v.soft=goft 2= W |~ -
4 (meiste) highly plastic 5
-, — 22
- — 23—
— — 274, =
4 -25 4 en | = 2
T (26.0 ££) fs1.6f BT |7 |12
T It greenish gxay S1lty - C ¥ c
1 sanD-f.sandy 2ilt,somc .
clay,tx-limestong rock [ Driller reparts hard
T fragnents, sholls, loose (wet — 78 materiaml 7.5 ft -
T meist) (decomposed rock) 385 £+
—+ e i
Lt greenish gray silty, okl 2 | 0
calearapuy f=SAND, 5O0me B 7 b - £y
limestone rock fragmonts, [~ 21 ™
tr clay,shells,v.dense [ Casing to 32.0 ft
{muist) ~ 32
{dacomposed rock) {33.5 fe) B . 1
] Change to coring at
[ ] 33.5 ft
{as.s gty J44.1
Lt gray,mod. to slightly 24 — @ _50/0 ~
weathered fossilifercus L 4 ol » £ o
LIMESTOME , massive £ e 3y — gl % & -
slightly fractured,freq. "
medium vags (k- 1™} e
Lt gray,med.weathcred : r
fossiliferous LIMESTONE, _——-
Pottom 1.9': deeply wonth= 5 y
: cred, mod. o elosoly b #0 o -
fractured, freq. large vugs - E g - ?
0 | ol [t ]
{ 1" — 4% = 2| 3
— 42 = Lost ecireulaticn at
B i 43.0 ft
Lt gray.doeply weathered - &4
to decompesed foswilifer- - -
ows LIMESTONE clotely to 4 'g 2l o2l =
j_m-_uns::l% fractured, oo - s i &| & ] -
| sm.vega ( 40) 45
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LOaG OF BORING R=f3 8 BHEET __ 3 __ oF

LAMPLEF RMICH CORE

>

o,

DESCRIFTION AEMARKE

DEFTH, FT.
W LT

ELEY.
FT.
TrPrE
RELCSO
ET
FENETR
RESIST
AL G
A o+
COHRE
TIME
WMANIFT.

[

COAE
KR
JRELC

3
0%

T
Xk
Bun

3.2/5.0=64L
lL.4

48/5.0

Lt gray deeply weathered — 4n
o decenposcd foasilifer- B o
ous LIMESTONE,-loscly to — ag =
intensely fracturcd,fveq. s 4
cm.vuga{ L") . 50 =

Run -4
43%
2%

| Boring terminated At 53.0°
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LDG OF BORING B-&g23 BHEFT L on _3
FROJECT MR LOCATION
ELEVATION AMND CATUM 'rﬂuum HQ
I EANTEE COOPEA GENERATING STATION. UNIT % %7.61 fr MSL BOCAOS0CT
\LLING & ¥ FOREMAN DATE BTARTED DATE FINIZHAED
ARDAMAN AND ABSOCIATES D Gﬂ!'.ld}' 21 July 1980 a9 July 1980
lnILLlME ELUIFMENT CGMWW
CME=55 HMydro Rotary 33.5 ft 27.0 ft
nu_{n_u}nf;:';lg” ;‘i.r'-?'-unr-" LIZE AND 'r:n; CORE BaRREL O EAMFUTE AT PURDInT !
- A " -
I:ASING 3" WE gk Jﬂ‘lﬂt“ NX "Doublae Tube™ CB - m
!C-ASING HAMMER |wEIGHT [oror BORING A TTTON
WAMFLER _ 2—IN ©.D, SPLIT SFOON VERTICAL
IAMPLER HAMMER [WEIGHT 140 LA Iorge ~ 301N INFFRETRR M. Giardanc
I B AMFLE CK GORE -
) £ ﬁ * [Ewxzl 5 F
DESCRIFTION - E HERTHE 8 a :w% REMARKS
- ol |gualog | i o |[gEE
L [ ™ ] rE | (gl @X [ [ (¥
l_mop 7":Dk brn, silty £ sap | = = |1
. Fome vog,loose (dry) L w |- 3
I ok brn silty f-SAND - i
(2.5 £t 3 [rs.2f 2
. Dk gray te light grayish [ . 3
+ brn & vellow brn, frzandy | 09| a
“LAY, Iome Sjltp mtiff . W — 5
fary) .
1 T e
Lt gray & 1t brnimoteled) B IS = G
" f.sandy CLAY,some silt, [-aq |2 |
stiff {dry} i
-7
' L% gray & tapnish to yel- — ¥ E “ 2
'I' low brn(mottled), fine - - ;
© apndy,$ilty CLAY,soft (dry — ¥
I Lt gray & tan,f-sandy I-"'"J — . "
silty CLAY (11.0 %) 65 1fF &z 2
"
. Lt greenish gray & tan | 2
+ clayey f-m SAMD, scmec silt e 7 -
tr.c.sand veq, loose [ i
{maist) L 14—
L (12.5 £t} £4.]
L Lt grayish brn,f-randy N v p
. SILT,some clay,soft = 2
i intowotl.,, (13,0 £e) QG2 6Q .. 1_
B 4{-. - 1 gqu=0;, 75 ipocket pen-
- Gray CLAY w/froguent X A - i etromater)
- pockets of f-sandy silt. -
aoft [wat) [ 7 Yane shear test 17.0
- fe-18.5 £t
L g Disturbed:l.0% tsf
L Remolded ;0.78 ts5f
t e 10— Vane shpar test 19.0
] 1'ﬁ—m.w It
PPl | AgstAES B.¢d E2f
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LOG OF BORING B-624 HEET _ 2 _ oOF __ 3
:‘ EAMPLLE ADCHK CORE
. ] E ¥ E"i’ = "
DESCRIBYION a.__ E E-; 8 EE% #n o g ¥us REMARKS
st ) B8 |-z [Eh jics BFle,l & |BFE
L - - Vane shear 20.5 ft-
u 21 - 21.5 £t
_ " platurbed: 1.25 taf
| Dk gray silty CLAY,some ez o |in L Remolded : 0_B5 tsf
- 211ty E£-s5end Seams (MOist) = 44 |4 1
= v, 20ft b 23 1 qu=0.75 (pecket
- L . panatrometer)
5 o 2
[ (z5.0 £t) 2.6 ] 1
| Dk greenidh gray clayey i ) 2
| f-m SAND, some silty [wet)] % T 2
[ v.eose (27.0 ft) N S
59.6F
7 —
- | — 2 -
= o 20
— 30 E 25
- Lt gray clayey,calcaracus B 1+ ™ a5
- f-cAND, some limestone 314 @ | 50
- pwock fragments,tr.silt.v. -
-+ aenge, (decomposad rogk) - —
- {meist} ~ ' change to coring
N 1305 £t a4 ¥ 33.5 ft
" Lt gray.slightly weatheyed el
" logally deeply waathgred = | .
T fosasiliferous LIMESTONE — 38 = gl 0 % "
> Top 2.0:hard oge.sm,vugs - - g1 ° w
- Bpttem:glauconitic — 36 =
- B E
- .—n—
_ Lt greenlish gray,desply . 38 =
| weathered fossilifercus | J
| LIMESTONE,freq.sm.vugs, .
| 1meally decomposad glau- s 4
_ conite abundant, 40—
&
b - y L L4 L ™
c W — f
= |~ 41 = gl 1
L. e 43
ot greenish gray deeply F—u )
weathered o decomposed I | i
fuesilifersus LIMESTONE I w i &
v E|lofo |~
clesely to mod . fractured 2lg|w .
glaucpnite abundant A .
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LOG Of RORING Br&i9 $HEET p | orF

x ¥ EotiPLES ROCK EOME

. LCHD

DEECHIPTIUN AEMARKS

TERTH. FT.
AECOW.
FEMETH
AESIST
MIMN/ET,

IEI.'E'H'.
FT_
TrrE
MO
FT
HL/EIM,
CORE
Nk
F:El:i:lv .
lro
CORE
TIME

Ran-2

l00%
S0%
1.2

Lt gray,desply wearherad =A%
to decomposed LIMESTONE - -
closmly fractured,locally = 4f
crushed - "

|4
Aun~-4
130
45%

|
1

Apring terminatad at 53.5° | -
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LOG OF BORING B-630 EHEET _ 1  @fF _3
FROJECT hﬂnmw ELEVATION AND DATUM Fﬂw
SANTEE COOPER GENERATING STATION, UNIT 1 77.21 £t MsSL BDCADRDCOT
ORILL MG AGEMNEY FOAEM AN GATE ETARTED GATE FINISHED
ARDAMAN AMD ARSOCIATES . JOOeE 21 July 1980 21 July 1&80
TLL ERT COMPLETION DEFTH Bole BEETH |
CME-GE Hydro Rotary 31.53 ft +2-0 ft

{ZE MO TYFE COME BaPRREL

T =T TRETET n
I.[;Am"u " ";izggcJoint“ NX "Double Tubc" CB T 19 W:‘é“—;%?r&—
fCASING HAMMER |WEIGHT foRoe AING ANGLE ARE DIRECTICH
JEAmPLER 2-1N 0.0 SPLIT 5PDON e PTICAL
AMPLER HAMMER ]'WEIGHT 140 LBS lDHOP a0 =IN " l
PyLE GEK CORE
. t ‘:ﬁi_ Fegl > =
. DESCRIPFTION > E ol :55 g 19 3 ;51-; REMARKS
* i vo|Wr e e e, £ 1835
4 Uk brn,fine SAND,some vag } - |~ 1
roets, tr 2ilt, lonse T}H—lﬁ—-_ 1 L 4 J
_ .0 #+) L 4
= 2
Gray & yellowish-light brr -
f pandy,silty CLAY,tr veg - o o #
Toots, Stiff (dry) R S 4
_ ol
dJray & yellawlwh=1t brn —
4 f-sandy CLAY,some Bilt, - | e 3
§ =tiff.dry —¢1 w |= 2
-3 -~ 7 -
T Lt gray & tannish bpn f- L— e I 3
+ sandy CLAY & clayey f- o e 4
4= CAND some silc,firxm - b 1
+ moist -
B 10
-+ Lt gresnish gray & tan S A A ;
t siity,f-sandy CLaY,tr vegt b1 ¥ | i
+ firm,moist -
T =12 briller reports
T i 1 v.50ft matarial 13.4]
| (13.0 fr) ¥4, F=ra- Ft
e = il
£ =15
== Lk greanish gray CLAY, _
~4= zome fipe sand,tr sllt il =
4 N
I_ b 17 - - [} f= 1
=15 = | L
Dk greenish gray CLAY w/ - o4 u |~ JJ_'!
frequent f-sand Seams, -
some silt,tr veq. F_zc-"
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LG OF BORING B=630 EHEET __2 oF __ 3
- BAMPLES ROCK COPE
'
DESCAIFTION > E u§ g EEE w JD; w : AE
So | s bisle, [Fe3fsels | B [2E2 MARKS
B AL _E - F I u % o E T ¥ T ]
—4 Bk greenish gray silty CLAY - 4 |
; I * o
d sowme f-sand pockets,v.soft L gy = w1 | 0
_ TaY clayey Silt gray g5 _ (P u‘: 0 .
_:""ﬁ:E.EH.D (22.0) T iz " a 3 lsl:.ghL water lo3s
Lt gray s5ilty calcarecoug '
-+ . p—23 — .ege 10,09 gals bet.
__ffc SAND, some gyay #ilt,tr. | | 3.0 £t & zg.o fe
___11mestune rock fragments, [ 2a priller reports hard
“_lnusu: molst) (decomposed i i Caterial 23.5 £t
rock} - )
TLt gray,silty caloarsous B T3
=t f-c SAND,30me limgatone £og i _'I' o | e |48
<t fragments.tr glay,v.dense - 28 v~ |76
T (aecomposcd zeck) (wet) 50.7 [ ] Still losing water
—+ N J {tlight)
- b 8 —
- e
Jt gray,silty.calcarcous sl mar= o briving casing
-'finﬁ gAND,::nme ]éimtgtnne - 7| | es ';hﬂﬂ'ilﬂ coring to 31-5
4+ rock fragments,tr clay,v. L 3 o |~ t
| dense dcg:cl;m . rogk Cnowt] 4510 T L3
- {31.5 ft.]r |y
-+, . . — 1=
_| Light gray,slightly te mod i ] -
_| weathered fossiliferous a4 [ B I
{ LIMESTONE L la|= i~
| Top 3.2 fr v. hérd,massived -
] pottom: fraguent amall o | i
_] med vugs,glavconits noted. |an 5l 0|
T Light gray,decply to med. :-31'—'
weathavred, locally decom= i ]
:'pnted fossiliferocus LIME=- 2
T STOME,slightly to med.fracH
N tured,locally crushed,fre- :'_:ﬂ_' I R T
[(gquent Bm.VUg5 [ el 2|8 | u
T 7 T =
A .
. b 41 —
_, 35,70
Lt gray deeply weathersd
tmssilifercut LIMESTONE, o 42 —
qed. fracktyred, freguent sm. B y B
- 41 i o - ™
vugs . .
] T BLE|R e
b B =
-] g -
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Lod OF BORiNG _ B=630___ EHEET _ 3 ur
l - XabiPLES MOCK COML
b -
: LBl 1Esil. iz o
PESCRIFTION B y gd E.-‘ ;ﬂg £ . g E E;-i REMARKE
wi o Vrz |du [Feadozicp] € Noi3d
- | 8 o &~
T E ] P8R .
— EFTES [+ 4 - ~
—— =47 4
L Lt groy,deeply weathered L .
Lo decomposed, fossiliferons a8 —
1l LIMESTOME, freguent small . - -
=t vugs,massive to mod. frac- _— LleE | o
4 turegd 5 i 2 s & =]
- - Bl —
+ —51—
| Boring terminated at 51.5 AT -
F = e 5], =
- L -
—-— a-“_
= -
—— —“—
e o 5 —
. l-l-m-
g — =
il —
e —m_l
+ e 1 =
e l—ﬁz_
i . b B3
— - 1
—— —l“-
= ' = e
. . — B =
— & =
j= BY =
20
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LOG OF BORING B-pal SHEET _1  @r_3
FROJECY AND LOCATION ELEVATION AND DATUM JFROJECT MO,
SANTEE COOPER GENERATING STATION, UNIT 1 77 €3 £t MaL 80C4090C07
DRILLIHG AGENCY FORFMAN DATE ETARTED GA¥E FINGHED
ARDAMAN AND ASSOCIATES J. Jenes 23 July 1980 23 July 1980
BRILLIAT EC PMENT MELETION DEPTH A DEFTH
I TME-&5C Hydro FRotar 4.0 ft 20.5 fe
1 LTS S—
3-1?-‘11" ESFEY RIAE AND TTPE COAE BARAEL Cagm ORBIET, AR £r |
[CABING 0 gy, el Tmdat MY _"Double Tube® CB LEVEL S il LT
[CASING HAMMER TWEIGHT loror BOAING AHGLE AHT DIRRCTION
'SaMFLER _ 2-IN 0.0, §PLIT SPOCN m— L e
SAMFLER HAMMER wWEiCHT 140 LBS [pRop 30 ~IN M. Giordanc
I S AL ES mOC R CORE i |
DEBCRIFTION X w§ 2 Eb‘;’i w 8 il AEMARKS
. - W
b t to i, 235 Eg |8 g |&=Z
i [ =T Eu |[pDCa B -4 -4 o=¥
} Dk rrn sllty f-SAND txwag ldr#m ]
_Grayish & vellowish bzn L v I i
fine=sandy,silty CIAY,tr i o P -
Ivag.smft (dry=maist) . 4
P -9
L 3 I
Grayish & yellowish brn X v ! 3
fine sandy CLAY,some silt, L . i B
vaqg,firm (Gry-moist}d4.5473.0¢
Ok gray & yellowish brn, :.5 m o 3
Lelayey f~5AND,50me 5ilt. . th - | B
stiff (melst) [
(7.0 ) | RN y -
- L
. — &84 = un .
Dk to 1t grayish to yellow R 4
brn, f-sandy silty CLAY, L . = e
stiff [moist) | A
—10
Lt gray & tannhish brn f- | . 2
sandy CLAY w/freqg lenses e IR
- l"""" 13 —
of silty f-sand{scft-firm) i 2
fmoist) e
-
Lt gray f-sandy clay i i
(16.5 fr) Je2.of" "] 1
Gray CLAY w/thin lenses . 15 - I s Z
of silty f-sand, (soft-firmp [ i e
‘t.yeq. highly plastic .
miet)
- .ﬁ E o -
; — 15 =
Greenish gray CLAY,highly ] 5|« §
plastie (moixt)
- 17
-
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LOG OF BORING Bofi1] BHEFT _ 3 or _ 3
1 = SAMPLES ACCK EOAE
. g 1: 1T, : "
DEECRIPTION & E ol 4 EE% w |8 | Wy REMARKS
- W o oy JGua) oo |l a jox=
™ =] EZ Jnu |lacaf oF |op g Jors
- foasiliferous LIMESTONE - g
- mod . te closely fractured, — a8 — -
L legally iptenaely fractured 5 . Lle]| = "
| freg. sm. to med_vugs 47 é E'. o 4
o —“—
-l 3 -
- =40
L }. 4
u | 50—
Lt gray deeply weathered &0
- fm - -
fossiliferona LIMESTONE
" closely fractured locally 517 - Lost circulation at
~ decompored. freg, Sm. vugs hls i Ll el o | @ 525 £%
i - 21 2|92 | 5 |priller reports 52.5
B B 1 fr-54.0 frt—-soft
B — 52 material
B
xing terminated at 54.0° i 7
= 55 —
pm _H-
— - -
fr — BT —
n ——
N — g —
n - 50 —
- —g1—
o — -+
ad — 83 —
- - -
- - i =]
» L .q
- et “
L -
| i —
- 5 ¥
— &7 —
- L
— 8 —
o L
=1
i 1
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LOG OF BORING B-631 SHEET __ 2 OF
- FAMPLES ROCE COAE
| 83 |fkz 3 g
. z B
DESCAIPTION §p- E E; EF :%’5 ED 2 g g;z REMARKE
W =] 2 o |WER] Oz #F T |aomE
& LAY chets V.
(R EL,G /e ] 3
-~ L 2
- e 27 — ;_:u .
|1
: - 27 =
- - e
{23 £t 54,50 o4
- - -
- — 24 —
Lt gray silty calcareous — &% 1
|'f—4: CAND , xsome limestone B h EIC! o 9
rock fragments, m.dense akidn AN Y
molist (decomposed Yook B
- — 27
—_ - -
- e e
- o 2}
- -+
gray,2ilty,clayey,cal- — 30 7]
areous f=SAND,Bame lime- - 1 «| = |53
tene rock fragments Ehhk Y
{decomposed rock} i
i Driven casing to
[ 34.0 ft
_ire
{34 fr) 43,51 iy
k2 g
& gray,slightly weathered L Change to eoring
to fresh,locally modarately —— 4.3 £t
weathered,fossiliferous i i
IMESTONE ,oco . $m. vugs L 35 — _ o
Tep L.&8 ft: fresh,.slightly " J ] # | @ K
- . i |
fosgilifarcus, hard,magsive iy E - -1
—M—l
Lt gray,mod weathered fos- '_I ]
siliferowa LIMEETOHE, freq. i J
med. to large vugs, massive 20
locally cloBely fractured. | -
e ] —
- -
%]
— 2 — ‘l: S E E
- n::: =8
s “—
i = i 272 July iBgO
Lt gray mod, wecathered B 23 July 1980
= -5
AS




WOODWARD=CLYDE CONSULTANTS
CONSULTING ENQINEERS, GEQLOGISTE ANP EMVIROMMENTAL SCIENTISTS

LOG OF BOAING B=513 EHEET .1 B _3
FROJELT AND LOCATION LEwATION AND DATUM [FROJECT ND.
I EANTEE COOPER GENERATING STATION, UNIT 1 79.11 £t MSL BUCA09000
TR FoREMArN {baTe STamTED DATE FiliBHED
ARDAMAN AND ASSOCIATES D. Gandy 73 July 1980 23 July 1980
cRiLLING BOQUIFMENT COMPLETION DEFTH ROk ODERTH
I CME-35 Hydro Eotary 6.5 ft 19.0 ft
: AT T S 7T S
AN T NTE DY Mo " [BI1ZE AND TYPE GOART BARARL 15 [HNESI_ -
CABING 30 "Flush Joint* ] WX “Double Tuke" CB AT ;T";b.s L fe
ABING HAMME R WEIGHT CROP BORING ANBLE AND
YERTICAL
FaMrLEn  Z-IN O.0. SFLIT 3FO0ON g F&ey o Clord
FAMPLER HAMMER reicHT 140165 [oroe  30-IN + 1OYdAno
I T I fAwFLE AQER CORE
BESSAIPTION > E § g Sad u 2 ww REMARKS
i - :-' . EJ_E i (W] O It;lz
, W R B ] B R
|
-tk brn silty £=SAND,some - il ; 23 July 1980
-veg.,v.losee (dey)(l.5 fo)[?5.g- 14 @ - 9
T ,
) : i o] =1 3
=Dk grayish & yellowiah - X : ! 3
hrn f-sand y CLAY,gome gilt - L 4
m idryl (2.0 £t} [~
7218 i
INn TELOVerY i o 3 No sample
£ o | ®©
- =N
5
IGray § yellowish brn clay= r 7
Tey, f=SAND (8.0 fr)} eof z
Lt gray & yellowish brn ! g L 3
-i_f“sand'y CLAY,freg.eiley £. ' — 4
sand lenses,Iirm (molst) |
Lt yellawish brh f-sandy L'm p -
=0rAY S0 B Fr} —a oy 1 j 1
" Lt tanniszh brn m-f SAND, =1y ¥ 2
" some tlay, LT, 2. :n_nd -
(mﬁist) {12.,5 ft) 54_&- 1=
S N
t R
=RFEC I
_Lt tanpniszh brn f-sandy | 1
. __CLAY,some sllt,v.s50ft | 5 Vane thesr test:
_I; (moist) sLEL 14.0 fr - 16.5 Et
e Updisturbed:1.17 t&f
- Y e s |2 Remolded:1.08 t=§
* ‘rmmnish gray silty CLAY ] » [~ |WE
frequent lenses of silty i 1
f-sand,v.s0ft imoiat) . vane shear tEst:
17.5 fr - 19.0 £t
23 - .
Greanish gray silty CLAY - Undikturbed;: 7,78 ts
w/traquent lenses of ailtyl i I b 1 ) Remo)ded:0.78 ta
V fmgand,v.scft (moist) | vi - i




WOODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRDNMENTAL ECIENTISTS

L&G OF ROAING B-E3Z BHEET _ ok 3
" EAMPLET LT =-LT
“ -
LR HMRE i
RES=RITION i E g2 02 [fe2lE,08 | g |=22 REMARKS
e YO lwr juw [ER L0 ] a E_'
iy o I JEw TR D2 I -2
E-7] 1.9 =
T 3B . iy are shear 21.0 ft -
3 — 21 = 22.4 ft
B - - Undisturked:1.09 esf
T (22.4 £t} 547 =2 = Rammided:),B2 tsf
- — 23 =
— Y.
- —25 3
—+ Gray,silty e=f SAND,30me B 1e | K
L c1ay (m.dense-loase) {wet} 7 5 o p
1 b 7 —
b | i -
2p B":Lt gray,silty -5 - 0 .
ﬂr (JDIE‘ Et) |- - & - 3
_ Gray clay,some f£-m SANU, o L B Z
| tr milt,veg. . firm (moist) L
— 7
o o 11—
- -“—n
| Top 6":Gray clay,some E-m o -
=L GAND,tr silt | 1~ " i
+ Lt gray,f-ShHD,s50me silt, ——y | 2
L #v glay,loose (mofst) -
— '_31-
|- b X5 —
T (39.0 ££) agaaf ]
H—
T 1t greenish gray.f{-c,cal- '__m 1 ~ B
" corecus SRND E limestong i 17 o
T rock fragments,tr slltc =M v |7 [so/5 Leat drilling £luid
T v.dense (molist) i ar 40.0 ft
‘decomposed roek} - 42 =
Y
L Al -
af -




wOOBWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEQLOGISTS AND ENVIRONMENTAL SCIENTISTS

LDG OF BOAING E-&32 gHEET 2 oF 3
5 FAMPLES MOCK CoME
“ -
Y E‘ w§ ¥ EE!. l ) " :
DEECRIFTION II:.J - L E ‘EEE Eﬁ E g I’;? MEM AR KE
d; <] wz |E& Erw i ¥ Er T 3:!
| Lt gray,silty.calcareous I 35 Casing teo 47.5 ft
| fam SAND,some limcstone L = 50 arill ne circulation
| zock fragments,shells,v. | E0/3
| densa {rmsi BT ) | a7
_ {decomposed rock) s
= o g ],
I [ i Fosgibla wolid:
[ 7 49.0 fr to 56.5 ft
— -m_.
- 51
[ - ] Drill reods fell to
- Bl £G.5 £t
|— 53 -
— 54—
[~ - 5B
B Bl Casing to SB.0 ft
] . 15 . .
"} Lt greenish gray,=ilty :F’ ~ pw 28 c rcuéu ion return
" #-c SAND,tr limestone rock [ 1e]- 1B from 5B.0 ft%
" fragments,shells clay,m. &8 )
1_': dense=-v.dense, (wet) [
(decomposed rock) (60.0 ft) bad
T 7. 7
Dk grecnish gray Silky - = z3
" SAND phosphate abundant, F il 31
'__v.dr..nae {wet) [ Lil B K g1
= e 2 —
| .
- TR
1 Dk greenish gray,silty f£- o8 ¥ k]
B shﬂﬁ,smﬁ: clay,phosphate 3 1714 21
- abundant.m.dense, (Molst) g — 0 | ™ 19
Boring terminated at 66.5' —g7 =
b B
L B9 =
F 20




WOODWARD--CLYDE CONSULTANTS
CONSULTING ENGINEERE, GEQLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOG UF B0RING B-633 BHEET _1_ oFf _3
FRDUJECT ANQ LOCATION JELEVATION AND DATUM [FROIEET N,
I SANTEE COOPER GENERATING STATION, UNIT 1 77.49% Fr MEL J0CA0B0CO1
H.L;: y T FOREMAN  JGATC STARTED DATE FINISHED
AHDAMAN AND ASSQCIATES J. Jones 24 July 1880 26 July 1980
BHITLTHY FOUIFMERT COMPFLETIGN DEFTH 'HFCTE-TJH—_
I EME-GE Hydve Rotary 50.3 ft 30.0 ft
H gry_:}}gue A AT SIZE AND TFFE CORE RARAEL S FEFLEE [DIET 11 DL 3 TR e
CARING 3" "Plyush Joint" KX "Double Tube" CB Wl N bl - 5
| ARING HAMMER WEILIHT [oroe BORING &HOLE AN IRECTIGH
SAMPLER  2-IN O.0. $PLIT SPOON wsnsc-l\::EnnTmAL
SAMPLER HAMMER [WEIGHT 140 LBS _ |oRor 30-IN M. Giordann
I E A BOSE CORE
. 8l |C ; '
‘L DESCRIFTION ¥ z we | B Eg% W ﬁ g E"‘E REMARKS
. \ . : 3T
) - BN Bt AR
"L Top 13":Dk ben f£-sandy ':'E».AII- 1 = [ 1
-!.EL.HY.tr.veg. suenft  (dry) 1 - ,}, g
I Gray & yellowish brp CLAY [
gome f=gand, br silt — 2
) {dry to moizt) i o
. - 3 o - Z
-I- Gray & yellowlsh bra CLAY - PR I p
ame f=aand,tr.gilt,.firm — &
{moist) B
I £’ I
Gray to lt gray CLAY,zaft - ~ o y
- (molet) =8 @ |- 3
— 7
= Lt gray CLAY w/frequent - 3
= pockets of 1t brownish — & a o 2
gray f==zandy silty,firm - ho| o 3
{moist} — §
- 67 i
Lt greenish gray silty 14 1
CLAY w/frequant sllty, B 1 4 | a
= f-aand seams, firm —1t=1 & |~ )
- tmoist) -
i
- a1 =
j—_ {14.0 fe) [F | 3 L
14
T Lt yray clayey £_ SAND B b
‘I: w/ frequent thick lansas i 2
of grn clay, aoft, firm I i 3
= (moist) (17.0 f£t) e N 2
- E0 . 4
—_— 17 T
4t yrespish gray CLAY, B B 1
= mome silty f-sand steamsx, ==y mw 1
I v.eoft  {moist} - — -
bk greenizh gray CLAY, 19— ‘5 o g
b highly plastic {moist) "1 2 s




WOODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIAONMENTAL SCIENTISTS

LOG OF BORING B-g33 SHEET __3 OF __ 3
nn-: EAMPLES MOCK CORE
. ¥ 1y g, - *
DESCRIFTHON ﬁ E w - E . ;EE H ﬁ o g;% AEMARKS
zb | & JrEfer [«E2)sf|y,| 2 |3%:
~4 Dk gresnich gray CLAY w/ L U §2.5 PUSH |
L frequent fine sand Seams —n- ] WH
L v_zoft, (modst) e E WH
-4 Ok greenish gray CLAY, L 22 1
~highly plasatic (23.5 £ty P3.9} -
- — 23— i Change of soil in tube
d 4L |2 w
-+ Dk gray clayey silty I-m e 24 = ™ P4
+ 5AND, tr.c—sand, loose - p
1 (molst=wet} —2 = 4 | )
— - 44 S
= — 28
-t = 37 =
1 =13
-+ = —
(30.0 £t) 474
an
ot gray,clayey,silty £-5AN] i dc 1
J soma limestone rock frag- P I 1
Lments, v. lvosze (moist) " B o
_l (decomposed rock) [ 33 -] Losing water =lowly
L B i at 31.5 ft
4 — 23—
—+ e 34 —
:: -__35: Spoon dropped at
A | i 5.0 ft, about 24,
L e— R@ ISCOVETY
4 R 4 {probable veld)
*“T it grey.clayey,silty,f-c el
=1 SAND, Fome limistﬁne rgﬂk B o 1T
- £y, V. — 3B — .
T Exaguents fmoist), v.dense| - pmA fa | o3 Chasse to cozing at
tecompased ¥oek) (39.0 |3 4l = |37 19,0 £k
A Lt gray mod.to slightly B J
-] weatheregd fossilifercus | 40—
_| LIMESTONE  hard,clessely L 4
] fractured,glauconite noted 4 - Partial water 1o0ss
1 e | w o4
-+ [ 5 I8 (4 [«
_"-_ e caging to 44.0 ft
L -
e 24 July 1980
25 July 1880




WOODWARD~CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEDLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOO OF RORING E-&32 EHEET _ 3 or __3
p;' BAMPLES FOCK CQRE
] L E . =
DESCRIPTION u 5 = o 3
B 8 | g5 (BaB B, fc | 8 [ExE REMARKS
wke oW ooy [ = Bl
W 1= - AEDk U2y T [y}
=Lt gray moderately to deepo 5 ~ Lost 200 gals. water
=1 l¥ weathercd fosgilifegmus = a4 — bet. 45.0 £t=-48.0 ft
~+ LIMESTONE closely fractures L - ' P o
-1 gla i &2 :
.4_9 weenite noted :..-_,._. E A w -
Telrm e 40 —4
—— - -l
—+ Lt gray,deeply weathered 2o
-4 fossiliferous LIMESTONE, 5 .
—+-erushed to intensely bro- L 50 —
—t} ken,glavconite npred 5 i
— — R - ™
| o
- L g | & -4 w
-+ — 52 = & =
P = L
T — 53
j_ Lt gray deeply weathared .‘_'“ |
.to decompoBed foasiliferoud K |
IMESTONE ,glauconite noted o
— scderately to closely
| fractured. -
=55 — ] o - 1
—— - -4 E I“E g ﬂ‘
e - 57 — [rd
- L 4
-4 — g —
L = — -
Boring terminated at 59.0° oo
e = o -
T =gt =
- — gt =
4 L -
4 — 52 =
-4 L -
- S
—— o -
- -
- - r
+ s —
—— _“—
e - -
- — 87
-
b B =
— 0
- 20




WOODWARD—LLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING B-£34 BMEET _1 _ oF 3
RBJECT ARG LOCATION ELEVATION AND DATUMFRAGILCT HE
SANTEE CODPER GENERATING STATION, UNIT i -, BOCA0BDCDY
me'rm FoREMAN DATE §TAATED GoTE FINFHED
ARDAMAN AND ASSOCIATES D. Gandy 15 July 1980 16 July 1980
WICLTRT TGUTFHERT CCMFLETION ORATH  [ROEF m
| CME-33 Hydzo Rotary £2.5 ft 20.5 ft
i %”E.T"'!:EQF IR [FIZE ANG TYFE CORE BARAEL SAMPLEETOTEY 5 TITT1y T3
AZING 4" Flush int ™ W fy I,_I“ST . ONFL_ T 0 Ee
L AFING HAMMER WEIGHT DROP ORINE ANGL T AND DTRESTIEN
VERTICAL
J5AMPLER  2—IN 0.D. SPLIT EPDON T
MMPLER HAMMER WEIGHT 140 LBS OROF 30 —IN M. Giordanc
AP LS AOC K F
S
l . : I > -
PESCRIFFION - B B PR sl REMARKS
= B e [Eo3lad | o g &3z
r.__h fYTETy =] Iu [} oF [ ] | o uk X
Dk gr grganic siltySAnD o.5" - 1
| \some veg (0.5 ft) [ L de S
" LY brown CLAY, Lr vea, | i
{Dry-Molgt) plastic _ .
Gray & yellow,brn £LAY, L. 5 oy \n 3
tr s8ilt, plastie {Dry) L R 4
+ ., 4
— B
weay-lt.gray {mettled) i - . 5
CLAY,eame 8ilt,tr £, sand e & - B
rlastic,tr,.veg, (Moist) L )
I - 7
o Z
" Gray=-li gray {mottled) | L - - 2
© CLAY,seme gilt,tr f.s8apg o - 2
+ veg,plastic, 2aft (Molst} — @
=14 3
. | w ~
I Light gray CLAY,tr f sand [ ' 1
gilt,plastic, eoft (Msist) piile B B 5
b 2 =
+ 5
. e 1Y -
. t13. 58 fL) i
—|— —14
_ ] [
=15
- . v | @ 2
J_ Dark greenish gray,clayey g 5 [~ 1
. Bilty f. 3AND,locse {wet) | 2
. — 17
- = .
— 15—
1T R
i




WOORWARD-CLYDE CONSLILYANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORIND B=f:14 $MEEF _ 7 13 3
1 : Samir ER AOEK CORE
- g R T R . K
DEXCRIFTION > E w - 5 155E w |3 e i REMARKS
'l w ro [Ue |[E8a) o]l S Eg!
. b 2 | Fu Jpecml b E Iy IC U=
Lt greoenish gray clage¥ L. 2
-'\Qand 20. t_//-"_—'-- 1% [e 3 Losing water at 20.0
]-Lt gray,clayey calcareous e B ™ 13
_Jf-m sarD,some silt,tr lime- i .
Jstene rock fragments,m.dens %% 7
(wet) -
T —2.‘!1
-+ — 24 =
—4Light gray silty,caloarecus — 25 I
=4f.5AKD & limestone rock R 4 n|: o st
Hragments, v.densa. {wet} L ag =4 WV — s g
-t b 37 aa
—— — 20 =
—— - L
—— b P
- 30 c,:\ - 20
[ T |56/5
ight gray elayey,silty cal- = an = —
aresys foo. GAND, fome lime-— - I
] e X
to et)f'nck fraqrﬁgr_g.¥£?en q
ight gray,deeply weather«d . 97 ¢ hanged to baring at
o decompeaed foss, LIMESTONE, —_— T . = | 2.5 ft
logely fractured, e 34— SIE 12 |a
[ I
— s
ight gray,mmod to slightly ,_]5_-:
eathered, foza. LIMESTOHE, B o
assive to slightly frac- e
wred, hard. I A o
= |wn
L 35 = E § &
d—“d—l
ight gray,sl_to mod. weathd [— 40
red, fois. LIMESTONE,,masaive B y
o slightly fractured,hard. - 41 =
= o)
L 47 .
] -® o
[ ] gl [ |7
A K e —
= A -
'k




WOODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEDOLOGISTS AND ENVIRONMENTA|, SCIENTISTS

LOG OF RORING 3 OF
£
T 8
DESCRIPTION e - AEMARKS
i o
=] £

ELEW.
FT.
TYPE
|RECo
PEMETH
REGIST
BL'BIN,
COoORE
L 8
AECOY .
RGO
CORE
TIME
MINSFT.

| Light gray,deeply to mod.
| weathersd, foss. LIMESTONE,
cloaely to mod. fracturad,
_: locally intensely feactural

+ Light gray,desply weath-
=4 ered fops.LIMESTONE, close-
4 1y to mod, fractured.

E

-

1o
8%

Fuar=4

1G0%

Hun-5
2.0/2 .90

L Boritg terminated at 52.5"




WODDWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIAONMENTAL SCIENTISTS

LOG OF NORING Begis sHEEY 1 oOF 3
“FmalECT ANC LOCATION [LEwiTION AKD ﬁ,l,;l.’“ PHDJ-EET CT=3
SANTEE COOPER GENERATING STATION, UNIT 1 it B0CA4080C0Y
TLLTRE RGENCY FOREMAM PATE STARTLD RATE FINISHED
ARDAMAN AND ASSQCIATES J. Janes 16 July 1980 1€ July 1980
EHLLING TUsFMENT COMPLLTION DLFTH ADCE REFTH
CME-55 Hydro Rotary 52.0 ft 16.5 f¢
T AHE ran: u: " TIZE AMD TYFE CORE NAMALL 3 ar__ r
Fq ASING g *Plush Jeint . " -= - £t
CAFING HAMMER [wEIRHT =] nDHmu\?EMH'II'-IEAL TGN
EAMPLER 2—IN 0.D. EPLIT SPOON ST IETOR
SAMPLER HAMME R [wEiGHT 140 LBS  |oRoe 30N ) M. Giordano
F TAMPLE ROCK CORL
' el |Eoz 3 £
. h = : w
DESCRIPFTION : E g;f EF :EE Ed E g E‘;E REMARKS
ol = Felcc |¥caloz \ea g |orE
. N R | 1
'j Dk cray oryg. f=sandy SILT g e " ) .
™ . veg- tr. wood =14 wn ?
- Grayig n ow brn i
7 £. sacdy (0.5.) CLAY,some ~
+ veg. decomposed wood, tr B 3
" gilt. firm . e ] 3
L Lt gray brn £.sandy silty . s 3
-} #1AvY,tr roots,veg.,firm = 2
(moigt) -
= & 3
== Gray bro-tan £.sandy (LAY " s
= gome silt, (meist) tr.veg. Lu L - 4
= =
4 Lt gray brn to yellew brn - 5
- {mottled)CLAY, some I. =14 - |~ ;
- gand,firm. (moist) - R 3
= -9
j'— &l -
- 1.t greenish gray to lt =10 T
4+ brn (mottled} f.sandy = 4= 2
4 CLAY,some silt,tr veg., = 2
L firm. (MOiEL) L
=1 |—l1i-
-+ - 4
- 1y =
B {14.0 £t) [ Gray return at
e approx. 14.0 ft
" Greenish gray,silty f- B T
™~ SAND,some 1Ay, loeue (wet) B I 1
F
= s
= s |F
(18.5 fuj — 18 = Change at 1E.5 ft.
—_—
i = 15—
- =




WOODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIEMTISTS

LOG OF BORING B-535 EMEET _ 2 OF
= SAMPLLS mOCK CORE
. " g 2 ":4- . R =
gt | B PiF [#C |Pra]oz|¥e] £ [OFz
Lt geay,ailty ealcaresus s I ol m 2
f-m SAND,some coarse sand, L & | A 35
tr limeatone rock feag- 1
menta,clay,v.dense {wet) e
o 7 e
b T,
Lt gray.silty calcarecus -_“ |
f-o SAND,some limestone N 37
rock Iragments.tr elay,v. | 1 . 30
denze (wet) i H_| wil A 64
=
— 28 —
— 29 —|
Lt gray 5ilty galecaregus § 3
AAND , some limestone rock = x ER]
fragments,tr clay,v.dense e i : a7
{moist) :"'_ i L50/Sh"
(32.0 ft)
B Changed to geripg
i T at i2.0 ft
Lt gray deeply weathered =1
fossiltiferous LIMESTONE '_:“_'
glosely to mod. fractured rull IO R P
lacally crushad e ] g =iz |
5 J
_ e
Lt gray,mod to decply = 3
weathered, fossiliferons B 7
LIMESTONE,closely o med. s
fyactured, locally crushaed, ""_ i
N
- 1' e o |
- A
— a1
Lt gray,deeply tp mod. B 4
weathered, fosciliferous .y
LIMESTONE ,mod. te closcly B |
fractured, locally =ruszhed. - g = L A N
o 5188
by —
h




WODODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEQLOGISTS AND ENVIRONMENTAL SCIENTISTS

-

o

LOG OF RORING 3 DF
+ ROCK CORE
- 3 T - -
. ] .y g » "
DESCRAIPTION z E ;Lll:; E._. :EE W 5 a 8 Eg% AEMARKS
iE [=] b E Eu gﬂw 8z del £ |OFZ
™
i o [
HERE
E |-
:Ll; gray toc gray decply
| weathered fossiliferoua
LIMESTONE,closely to mod.
tfracturad,lucally intensel? -
- 1 o
l fractured. e & | &
3 o [Ty
- —

Enring termanated at 52.0°




WOODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLDGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING B-536 SHERT L. oF _3
TROJECT ANG LOCATION GATWAL]
SANTEE COOPER GENERATING STATION, LINIT 1 3515 1t mar | 8oCAOBOCLO]
TLRiNG ANERCY FOREMAN ATE STARTED DATL FINEBRED ]
ARDAMAN AND ASSQCIATES L. Gandy 24 July 1980 <5 July 1980
JRICETRE EQOiFAERT LI==] 43 - —
WME-G55 Hydrs Rotary 15.0 £+
IZEAND YRR RF I [EizE AND TVFE COAE naRRAGL BT 1z PRt Egeg
FABING 3 "Flush Joint” | mx "bouble Tune cp  [RETER T RTRIY . OMMT——frrr
[CAZING HAMMER ~[WEIBHT loror - |BeAING RROLE ARG GTREETTON
IsAMPLER  Z=IN D.D, SPLIT SFOON VERTICAL
LAMELER HAMMER [WEIGHT 140 LBg 0-IN INBRECTOR M. Gierdano
I‘- ] 1!_5': ROCE CORT
' ¥ = |'
DEECRIPTION ﬁ._‘ EES :d E 3 ;ﬁ REMARKS
W e T Bz lax & |BF3
+Tap E":Dk bzrn, Bllty f.sand L i
doosa (dry) - a
Lt obyn & yellow brn[mnttlzjn : -
-I-Eilty f=SAND (dry} v. loos -
-Lt brn & yellow brn ailty -
wEmi b BT A SR T2 162 4
Gray-brm & yallow brn L &
I clayey finge SAND, some 1 = ?
it, stiff-fimm -
{dry} ...
.I_ Lt gray & yellow brn glaydy N i
- £. 5AND, some silt, firm L a 3
{moiat} (7.0 ft) 5 4
1 2.2, |
Lt gray & yellow brn f. R
- sandy CLAY - = w |1 Seams of Bilt in
(meitt) L th A B-q
I L, 2,
- — 19
Lt gray & yollow krn silty, L A . 2
.CLAY,gome f-sand I N I !
R 4 3
I =12 =
&4
. =13 .
.Green 8ilty CLAY w/freduent T - £
thin scams of silty f-sandk 1, 04 |5 1 2
Lfirm (moist) i &
Green silty CLAY w/frequend 5 " 4 r I 3
thin seams of silty f-sand L A& | 5 | 3
- firm imﬂiat) A 4
17.0 ft} Ei.2
T sen Bilty £-3AND,50mMe Ly
" in elay lensea,stiff B 7
- imeigt) s R R
( 19.0 £8) ok 1Y [ 7| s
| ™"
&,




WOODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTIETS

LOG DF BORING B-636 SHEET __& oF 3
:: SSAMFI.t.Et ACCE comK _I
[ - \ ' ’_l
DESCRIPTION 3 E w o E EEE g 3] |eul REMANKS
g & i L Fy
=4 Lt gray,silty f-calcarcous s 4. |s 25
= SAND,SOBEe limestons rock i i
o fragwents,v_dense (moist) X iz
-} (ecompazed prock) | 4
—+ L .
-+ o 73
e s -
—T1 o 24 —
4 Lt gray,silty f-calcarsous 25— o
| SAND,zcme limeotone rock | {5 | an
I fragments,tr.ahells,v. I L B D?’g"
- dense  (moist} B i
—} [decompoted rock) L 37
-t — 28 —
1_ - L
T -
.t brn f-calcarcous SAND, i = | . 30
some sili,tr rock fragmenty : N vl 34
v.denge {wat) 1 o 45
(decomposed rogkl -
b 4 e
e i, e
P (- | iE
Lt gray f-m silty.calcare- I 24
ous SAND,tr.limeztone,rock :'“" 35
fragmente,v.dense (moist) Change to coring at
(37.5 ft) 4.7 ¥ 37.5 ft
- . Refusal
Lt gray,slightly to mod, i 1
weathered, foasiiiferous [~ ¥
LIMESTONE ;mod . fracturad T T le e Lo
oec.am.to med. vugs 40— E e o :
L m | n 4
(& "-1%")
e )
e A7
Lt gray,deeply weathered = 43 ~
fossiliferaus LIMESTOME. - " ! 212 =
freguent Bm. Vugi = il = DE: g |F —
(zk"imod. Iractured  as




WOODWARD-CLYDE CONSULTANTS

CONSULTING ENMGINEERS, GEOLDGISTS AND ENVIRONMENTAL SCIENTISTS

LDG OF BEORING B-637 BHEET .1 OF _3__
FROIEET AND LOCATION LEYATION AND DATLW [FRAJELT WO,
‘“ SANTEE COOPER GENERATING STATION, UNIT 1 78,51 £t MSL 80C4080001
ILLITHO AGENGY FOARM AN DATE ETARATED DATE FIMIEHED
ARDAMAN AND ASSCCIATES . May 19 July 19890 19 July 1980

!

TRILLING TRUIFMERT ToMPLETION GEFTH ¥ DEFTH
CME-4% Mydro Rotery 18.0 ft
IZN AtO TYFE CORE HAH*HEI. UMDIET 0 58?& £
cAsmG 3" Flush Joint Y ‘bouble=Tuka™ CB LU T
EatinG namiigR |WEIGHT oaoe LTl
'saMPLER 2N 0.0, SPLIT SPOON e ICAL
- EAMFLER HAMMER WEIGHT 140 LBS Innup 3G =N Giprdang
I "L E ROk CORE
b = " - .
DEBCAIFTION . | E§.El3 SEE e |3 | o luak REMARKS
vl & bty B 28] od | w o |n2Z
[T'8 =] FZ |Ew aE@fwZ | TH x [FIo)-
-tr‘gEtB igw?rny FESARRSSES i 17 |7 i
~Gray & yellow brn f-sandy =1 = —t
CLAY, tr veg. ,stiff l:dry} X 1
(2.0 fL) .
I Dk gray & yellow brn f- i
| sandy CLAY, tr.veq. (SEifE, . - 4
(Dry) ! 4| e
i‘ (4.5 ft) [,
-g'FL gray,clayey fine L. 5
SRND,tr.5alt,stiff (moist) R i 4
. &
f — -]
[ B 7
| (7.0 £t} L -
I_Lt gray & tannish b¥n "
~ailty CLAY & I -SAND,stiff — 8 = 8
(molet) L 37 .| @
I . 1 1] ] a
—§
F {10.0 ft) [ "
Gray & 1t brn,f-=andy CLAY - 4 ol g
& clayoy £-GAND firm,tr — 11 — 1
=vaq, (moiut) B
e
b 14
(15.5 ft) "] 1
ol 1
Dk gray silty CLAY wi/treg e - N
f=aand partings, S —
. {wet to molst) — 17 =
soft |- 4
(18.0 ft} L -
T [
i 18—
n - ]




wooDwWARD—CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL ECIENTLSTS

LOG OF BDAING R-E3G BHEET 3 OF
r t SAMPFLESR AGCK CONL
. 2 KR AT R X
DERCRIPTION A - f; B, 5':':'% E g 8 g Bus REMARKE
B - EE wo2l 0z lel B |33
B =F . f';l - - -
- — = = [ .
3 é =} -~ -
- -‘T et —
B o
| Lt gray deeply wWeathared .
_to decomposed foagilifer- B J
[ ous LIMESTONE,elosely | ug =
| fractured to erushed,ocs. I i -
| om-vuge (237) — 50 -
§ [R[&A [«
= i i E
- — 51—
[~ -ﬂ-
7} Lt gray,doeply weathered "_“__
te decomposed fossilifer-
T cusx LIMESTONE,ciosely | e
fraceured to orushed, i ] -
1 - - e
sl g[8 [® |~
N . . &
- 1t —
[~ -'7_
Boring terminAted at Eq-5
— u—“-
u - ap =
- — g =
- o
L — 82 —
= .
Fre W) _“—
—— - -
" . e
B me
—w;.m
—“_-
b B -
» .’ -




WODDWARD-CLYBE CONBULYANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOO OF BORING B-637 SHEET _ 2 of __ 2
- SAMPLES ROCK SORNE
w 8 ] & .
" = wrz o i
DESCRIFTION % Fluwa|d |S5Zfw |3 g
BTN R ]
W =] - X ru fafo] o = | & ur 2
| Lt gray silty f-c SAND, & | . ~ 25
_{ limegtonc rock fragments, — o = 28
| tr.shells {wet) v.dense 40
- L 27 -
- - E
- — 73 —
'R B -
-+ — 24 —
T Lt gray silty f=¢ SAND & — 2t 55
4 limestone rock fragments, G R i1
— L e -
1 tr. shells,very dense, {wet 3 6 0,/
T Lt gray siley =g SAND, = R} -
= fome limestone rock frag- d 4
1T mants, tr.shells,v.denge — I8 —
+ (wet) (30.5 ft) - .
—— — 2
g o[ P ET {13 60/3
| S1ightly to mod.weathered Begin to core at 30.9
| fossiliferous LIMESTONE: h-‘“"d_ fr
| <lesely to mod.fractured,
1 light gray el -
4 - 33 — 5 & lw |7
L i ] - -
- . L 3
4= — 2 ]
_': i 1 Vary hard drilling
1 Slightly weathered,v.hard % =
fosailiferous LIMESTONE; [ ]
T slightly fractured,lt gray ™ =
L | "
1 - lelg Is
-+ 1 4 E S & r
—— — X =
- o A3
T - Driller reports &"
T Deeply weatherad,closely = 41— glay lense at 41.5
1 fractured fossilifercus - . ft & at 43.5% ft
= sandy LIMESTONE; 1t gray o A7
L . -
— 43— IE E; S -
S £ |% | o )
e
I :




WOODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEDLOGISTS AND ENVIRONMENTAL SCIERTISTS

LOG OF BORING B=£37 EHEET 2 UF
- FAMFPLES AGCK CORE
[
- ¥l g - -
. = [ > by
) -
DESCAIFTION E , E g i E# ;Eg ED S g #gi REMARKE
Ly i
ﬁ g hg Cu Ié‘rn:ne: o E;Q £ El-I
3 Moderately to deeply L o=
weathersd, mod. fractured N
| shelly LIMESTONE,lt gray L u7 -
1 i ] T -
- e ) e |E = 4 "
- - = —
- 2 =
— —‘i—-
. |— 50 =
=
Boring terminated at H0.57 _
- . —F1
- - e
- e 57
L - -
4 = £\ =
— o L
— = R =
—fer - -
1—“1—I
- — 5 —
= = - -
- — 57 —
i " 4
e f— gy =]
—— b -
— - ay—
- -
- — 0 =1
—+ 81—
€ e 83 -
——— _“-
——r - af
— =0 =
—— —ga =
—— - L
o R
— 89 =
e




WODDWARD=CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

L{Hi OF HORING

T
‘-'HGJII:T AMD LOCATISN

EANTEE COOPER QENERATING STATION, UNIT i

BLE VAT O AND DATUM

T8.03 £t M5L

SMEET _ Y oF _3

FROURGT NG, ]
AOCAI0COY

CATLLING AGENTY FOREMAN DATL GTARTED TCATE FINIZRAD
ARDAMAN AND ASSOCIATES D. Gandy 12 July 1980 19 July 1980
[CRCUTNG EGOTFRERT COMPLEY ON BFFTH RGCR BEF T 1
CME-55 Hydro Rotary 5%.1 £t 17.5 e
“} v Eﬂ"bnn" TEIZE ANG T¥FE CORE NARREL B EARFCEY I 2T ) [T T E W'S fr
|cnsmn 3" "Fiysh Jeint" HX Doyble Tubg 8 mmmu Ty
EASING HAMMER |WEIGHT DROP BCRIN L [k dfs] ™
J5AMPLER  2—IN O.D. SPLIT SPOCN S5 LA
FAMPLER HAMMER IWEIGHT Y40 LES  |oROe M, Giardano
I E AGEN Comp
. fmz z e
DESCRIPTION E ) E i’Eg £ |8 . ;;; REMARKS
il Sral 8% £ 2 oE3
4. Dk brown, silty £=SAND, ! ~ 1
+ some veg,  wooed,v.loose - 1 v i
+ (dry) - £
T (2.5 ft) r
1 Lt grayish & yellowish Ly o ™ oo | 2
-4 krn, silty, f~sandy CLARY, N m | 2
_I, Firm (molst) -
| ™ 5 ]
Lt gray & tannish bro, A 2
f=gandy ,s8ilty CLAY (soft) —s 1 & - 1
(mpist) 5 F
- — 7 —
N 2
Lt gray & tan silty CLAY ' = | = |5
gome f=pand,foft (modist) B th - 1
tr.veqg. — —
10
4 . 1
i
' 1
—1-f |
=12
65, 0
=13
—14
; Pk greanish gray eBilcy — 15
CLAY ,pome f-sand seams B vl 0
v.soft.tr.veg. (molst sl t 3
{17.5 ft) koo
=X
$ =10
il




WODDWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEQLOGISTS AND ENVIRONMENTAL SCIENTIETS

LOG OF BORING B-€ 3R SHEET ? OF
- saMPLES RUCK CORE
13 3 p - =
. ] > mhe » L
-+ T =
DEFCRIPTION a'_‘ E :_“_’:i g..' EEE ED 3 E EEE MEMARKS
B | & = fdc firaloz gl o loF3
_| 1t gray,silty,calcarcous A o i;
_} f-c SAND,some limestons I ~ Eo/3
rock Fragments tr-clay,v. | L
Aen=e {war)
- i
4r[datnmpﬂaed rock) t {
o+ — 73—
T 5 J
— s i
-t i _
= . R o I —
Lt gray silty,calcarcous 1w 0 "0
f-£ SAND,sdime limsstons 25~4 n - an
1 rock fragments,tr.shells, 50
J clay.v.dense iwet} [ 40
(docompogsed rock)
+ e 78
-4 s -
R b 2 —
- 2 ]
— 30
12
3T % | as

— 35 B0
(no recovery) 42.47T T o pos2

Lt gray.slightly weathered Changed to coring
to mod.weathered fossili- at 35.6 f+
ferous LIMESTONE,mod. " ’"_I
fracenred to slightly fre-
guent am.vugs,v.hard

Lt gray,mod.woathered fos-
siliferous LIMEETONHE,close- B
1y fractured to braken,
locally massive,freguent i

M. Vugs,

I
&
|
Run-2
4%
1333
L,

1 rTrrtrrrr N
5 5 ¥ ®
1 oy ' R i

Run-1

51%

BET%

3.6




WOODWARD—CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LDO OF BORING BB 35 3 ot
.."_- EAMFLES ROCE tOmE
RERCAIFT : E § 2 5 o
] = w
ML A HIERAERGE MEMARKS
™ o I lec |¥eal oz E; = E:!

4 Lt gray,deaply weathered,
- locally deccmposed fossilid
| ferous LIMESTONE closely
-4 o Intensely fractured

—4 locally erxushed,occ. am.

[ vugs.

—

| Lt gray,.deeply weathared
t to decomposad fossiliferouy
g LIMESTONE glosely to in-
| tensely fractured,locatly
4 zrushed,

-

_|-

Fun-13
Hil%
14%

2

Run~4

2H%
&

1.

-] toring terminated at 551




WOODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING B-633 BHEET _ 1 pF _3
PROJECT AWD LOCATI O ELEVATION AMD DaTUM JFRGIECT WO,
EANTEE COOFPER GENERATING STATION, UMIT 1 78.12 £t MSL BOCA0BOCDT
TLLING SREMEY FEMEMAN DATE STARTED TAYE FINIEHED
ARDAMAN AND ALSOCIATES <. Jones 19 July 198D 19 July 18D
DRILLING CaUTFIERT COMPLETIQN DEFTH 3 H |
CME=55 Hydrs Rotary 56_0 £t 16.5 ft
Eltlagnjl}g:(r;,ﬁ!ivanq,, JCIZE ANE TYPE SRl BARMMEL B URGIET W d7E
[EaBING 3" YFiush Joint NX_“Doubie Tube" CB |ve, e [OWPL *n £y
KEASING HAMMER |WEIGHT |oRor THGHINBM?EHHG_II;E“HD BTRECTTON
— 1CAL
SAMPLER 2-IN O.D. SPLIT SPOON [REFECTOR
[EAMPLER HAMMER TreichT tdoLes loroe 30N H. Gisedano
| ST YTt ROGW CORE
. Elz [Erz ¥ K
DESCRIPTION 2 E‘ | ol B I e o E;% REMARKS
= ro |lwe |[Gwaloe | 2 =] L3
W, 2 | X aoZF | - Eh—.‘l

T aome clay,tr.vey. ,woud,dey

Bk gray¥ig8h brp silty F-Ed

5-1
1.9

M. loone (1.5 £t} 76 .61

Il-—-rulu-

Tit gray & yellowizh brn 2

1.2
(S¥)

(5ilty,f-sandy CLAY,tr.veg. .
" Eirm fmoigt) - 3 )
- R W
r
" " No Sampla
" {no recovery) B o

_ 2
=2
— - »

o - T
Tit gray & rannish brn,f- =’ E l: 2
T sandy CLAY,scme silt,.firm i 3
4 : =
L {moiBt) La 6 ]

— —10 1
==k, gre=nisl gray & tannish L y 'TI‘ -
+ben ailey CLAY,some f£-sand 11— — Z
4-seams, saft-firm{moist) L 2
£ o 12 =t
— o -

.l..IJk. g:e:ni::h gray CLAY, —13
== soma f-sand scams (moistd i -

+ SYE B -

t L 18 [¢ |3
-4 Dk greenish gray silty e 15 =
-t CLAY . frequent f£=3and - T
4-pockets, gsoft (moist) -

B ' (165 f£2) feia[ ™Y |w | 2
Battom &': Lt gray silty 17 Y2 - 3
alcarcaus £-SAND, some [ |
.imestone rock fragments, |,
v.lopse fwet=moist) '
- - -
—_— — 15—
- " - L




WOODWARD-CLYDE CONSULTANT:S
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRDNMENTAL SCIENTISTS

LG OF BORING B—&15 EHEET 3 or 3
g
w Euun.“u n?cm COAE _I
. 4 ¥ =Sl > -
DERCAIFTION = £l A CEE R E o {Ew3 KEMARKS
. ™ = 2 W W Sleoa w 2 =0
'S a FE |ouw laTao) of oo E |Ow¥
- Lt gray,clayey-siley,cal- S K 23
1 carpous £-5aND,some f£o83il B T Ea
} iferous limestons fragmentd | 33
- v.dense {moiat) L 33
L {decomposed rock) B i
+ b 23 —
— 3 -
e o 7] —
=Lt gray,silty calcarecus - 26 s
=4 £=SEND, Bome fossiliferous s AR L T
4 limostone fragments,v.dénsd —z6d v |~ | 40
4 {moist) {(decomposed Tick) =
— b— 27 =
e - -
—_ — 2B —
- -
- ot gray 8ilty calcarecus | an -
1 [-SAND,scmc fossiliferous B { < w 27
A limastone rock fragments, ST LI BT P
1 v.dense (decomposed rock) .
=L (moizt} . 37 -
= = e T e
4 B J
-t b 3 =
- - -
e — 35— Chandge teo COTring at
1T (36,0 £+) wal . = T007 3.0 fe
| 1t gray.slightly weathered i A
fossiliferpus LIMESTONE,v. pe—
hard,massive te med. frag- 5 |
| tured,occ.sm.te med.vugs ]
L o "
1 L 99— slziz |
- F = 1] W
4 L 40—
T Lt gray,slightly te med. [— 4 )
=+ wearhered, nard fostili- .
taypus LIMESTONE $lightly = 41 —
weathered, ooce.med. Yugs, B b ~
1 nite noted. = 4= L]z | =
z | A
— 4 =
[
45




WOODWARB-CLYDE CONSULTANTS
COMSULTIMNG ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING B-639 SMEET __3__ uor _3
T = saMPLLE AOCK CORE
9
2 I PRE vl
DESCRIPTION z E Eu’ E‘_. :Eg E a 8 Eug AEMARKS
v | o8 JFE el juEalfz(E,] 2 |BFF
I Lt gray deeply weathered [~ 4k -36.0 ft-4&.5 ft hared
T locally mod. fossllifercus B B 2lightly weathsrad
=T LIMESTUNE,clpscly fractured] =47 limestone
—+ to mod. i T
T = 48 = T | e " (=
c o |w
-1 B " Fzﬂ‘ I o ™~
1 = 26 =
— - -4
e H“—c
-t Lt gray,desply woathered — By
—~4 1eeally decomposed fossilid S
4 fercus LIMESTONE glauconi- — BT — ¥
= tic slightly fractured té 2 4 !
~4+ lorally inteneely fractured) 53 = b v
4 L - e S
-
— = iy = E BE
- 1 o
-E‘E i
L o rm -
-]
—4-Boring terminated at 36&.0! L 4
— —“—
—~ — 5
- a0
e — 51—
—3 — 82 =
£ e 83 —
— —“—
4 " -
— |8 —
i — -5
- ﬂ—
- = &7 —
- E
— B e
= -
o Y =
- 5o T




WUIDWARD--CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING B=540 BHEET _1_ gF _ 3
FEGIECY AND LOCATION ELEVATION AND DATUMFPRCIECT NO,
SANTEE COGPER GENERATING STATION, UNIT 3 77.99 Fr MSL BOCA0BGCD1
[BAICOING agENGY FUREMAN DATE GTARTED BATE FINRHED
ARDAMAN AND AZSOCIATES J. Jones 19 July 1980 19 July 1980
ORILLING ZQlTFAENT COMELETION DEFTH  |BOCK OEFTH ]
CME-LL Hydroc Rotary 45, % £t 15,5 ft
| (13 {\EE}TP{ Er T "EFEE AND TYFE CORE BGRBEL HOET . CoRe . |
CASING N¥ "Double Tubke" CB BT ;E.gnn £1
ICASING HAMMER WEIGHT 46 T8 |pror JU—inch AHEL {=pil-): 4_fr
fsamFLER  2—IN O.D. SPLIT SPOON VERTICAL
[EAMPLER HAMIMER WEtGHT 140 LBS | |cAce 0 -IN . M. Giordano
T l gﬁ_l_ﬂ-"_t..ﬁﬁ AOCH CoRE
. 3 L ¥ K
we | O FIfeuw |[temoz|ER B Or 5
'Y Bin rilty-gany (0.5 EtT[TTS - " F
Cx gray & yellowish brn | ] o - 7
f-sandy CLAY,spme 8ilt, tr ' N
veg. ,firm (moist) .
Bk. gray & yellowish brn B z
CLAY ,5ome M-c sand, tr. 5 e e 2
gravel,stiff, tr.veg. i AN 4 4
(moist) L 4 4
-
Lt gray & grayish brn | - " 2
f=zandy CLAY ,s0me s5ilt, L o t - Z
rlastic ! 4
= 7
5
e n E - 1
Lt gray & yellowi=zh brn i & - 3
gilty CLAY, 3ome f=3and . 3
fmoist) firm 1 i
. — 10
Top 12":5ame a5 5-4 i ) 5 1
.o ey baof b [ 51z
4= Lt gray & tannish ben 2
- claysy f-SAND, scme silt, 13 =
R Lr.m, sand, legge (moigt-wet) i
(13.0 ft) 3. 13 -
-+ .y P I
. Dk greenish gray CLAY K )
N L.o! 2 J w <+ 1
A Lt gray silty f-calcare- e @ |20
4 wux Shawr & limestone roch i 1)
_[ fragments (wet)v.dense Y
= 18
b 19




WOODWARD-CLYDE CONSULTANTE
CONSULTING ENGINEERS, GEOLODGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BDRING B-640 SHEET _ 2 or %
: tAMPALES AOCK COPRE
3 E w il . =
- z 5
DESCAPTION - E ¥4 18 E;-:a g 1= o E;% REMAAKS
e b B e |ec [sEApSF|E,.| 2 |BFS
L Lt gray silty calcagecus L d . | a7
| f=£ SRND, zome 1limestone T o 33
_ rock fragments.tr.clay, L 38
| chall:,v.danse {(moist—wet] L oy
| [dcconposad rock) B 4
- 23 —§
- = -
L Lt gray siley,calcérecus 74 —
| f-c S5AND,some limegtone a d ) ) e
| rock frags.,some cln:.'.tr.k [ 2e ciagg‘;a to coring
shells, y gense (QEeoRn¥90 )os 5 S=8[ 1.5 [140 25
| Lt gray,deeply weathered L 25
| to Aecomposed fossilifer- L
Jd. ous LIMESTONE clesely L 27 -
| fractured to crushed. i |
- — 24 = N - * el
c|lo| o !
B - - é- {4 . -
» 39—
s
L 3 e
. LT gray deeply wWeathered |
| to decomposed fossilifer= L 4y — parzel plugged off,
-} Sus LIMBSTONE, 0lowe ¥ i recovered 2.0 in
_l fractuzed to crushed. . nd aetemp
= o - I‘;\I - - ©
- -1 slgi° |s
s . &
- ,-..-3‘_
- L 2
-:TDP 12":Lt gray deeply :-—EE—
| weatherrd to decomposed [ i
tossiliferous LIMESTONE e
Bottom: Slightly to med. R
T weathered,fossiliferous - " lale |o
— f— — .
LIMESTONE,clogely to med. i clw e -
[ Fractured. o =
- - ul
- T -
— =
— — 47 =
Lt gray decompeaed to )
deeply weathered fossili- )
fergus LIMESTOME,intensely - 42 — -
L - ;
fractured to crushed. gte |z [
el = e ™
A —3
e




WOODWARD-CLYDE CONSULYANTS
CONSUILTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING B-640 SHEET __ 2 OF

BaMPLLS ADCK, CORE

DESCAIFTION REMARKS

DEsTH. FT.

ELEW.
FT.
TYPE
MO LM
[RECCw,
ET,
FENETHA
RESIST
HLIELM.
CORE
[RECY
ol
Lilw]d]
CrAE
TIME
MIMFT,

7
o | WO,

Boring terminated st 455!




WOODWARD-CLYDE CONSLILTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTLITS

LOG OF BORING R-(4l BHEET _1_ orF 2
PRk ECT AND LOCATION TLEVATIGN AMD OATUM [FAGIECT MO
EANTEE COOPER GENERATING STATION, UNIT 1 7847 £t MSL BOCADHOCH
ImHC‘f FOmMEMAN DATE ETARTED DATE FINIBHED
ARDAMAN AND AEEQCIATES I D, Gandy 19 July 1980 19 auly 1980
SRILLIAG FQUiFMENT COMFLETION DEFTH n
- 46.1 £t 17.5 £t
-l t:.{"_"‘f/ X Eiar_lane" L1ZE AND TYPE CORAE RARNKEL ] LER [QIBT 9 NDIET {ana e
-aSING 1" "Flush Joint" N¥ "Double Tube" CB LT ;DF“'L _ |MIAR
JAEING HAMMER [WEiGHT L {=1 My AMGL TION
l VERTICAL
CaMPLER 2=)N O.D. BPLIT BPOON T T
limnen HAMMER JweianT 140 LBS nRoe  30-IN M. Glordaro
= GAMPLES PGEk CQRAE
. ] 8 > El—z'- M -
[’y =] I | Tu fegloz|ce 14 [ELol-
I Bk ben,silty I-SAND, sOmMa L - - 1
clay,te.veg.v.loose {(dry) 4 & - 2
- i
I' (2.5 fr) 5. ?
Dk groyish brp,fine sandy L, o - g
T CLAY,ir.c-sand, . stiffdry " O I
1 % -
-5
sA4y & 1t yellow brn i _ I &
J (mottled)fine sandy CLAY P B
_ & glaysy f-5AND some silt " g
. gtiff dry | 4
f T
. Lt gray & yellowish brn | I _.| 1
{metiled) fine sandy, o 3
1' gilty CLAY, soft (moist) {68,
- ) =10
. Lt green & yreapish gray | 1. - 2
_|_ f-zandy CLAY w/frey.silty I B
_ f.sand seams,tr.veg.,soff | 2
. Mmpist e Vane shear tost 12.0
fe - 13.0 £t
1' [ ] Undisturbed: 0,54 txf
] Bl R Fomolded :0.41 tsf
Ik greenish gray CLAY w/ Ly t - 2
I fraguent 8ilty rrsand | 3
. peams, tr.m-sand, firm L 15 - vane shear test 16.0
_  (moist) | fe - 17.0 ft
Undisturhed:0.11 tsf
+ Dk grn gray CLAY w/Ired 157 Remolded :0.08 tsf
= silty f.sand peams{malst .
- 17
. {17.5 £t) &0, 9 1.1, |.¢
gttom 18": Lt gray, L a4 o | 2 12
: £= “ 50/ 6
_ ailty,calcaraguz f=¢ |
SAND,limestone rock Lragi I
:l: menta (wet)v,densa (de=
gorpoged ook ] 20




WODDWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISYS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING P-fdl SHEET _ ¥ pr 3
IS HAMPLES ROCK CORE
[ 3
, : 81z Eszl. |4 o
DESSRIPTION z ) E gci 2 ;Eg Eﬂ' B 2 c}'i REMARKS
ab ]l & | F7 [§¥L [2Ea] 3=z ]|E,]| = ]85F
az -
—t Lt gray,5ilty,calcareocus - 1 == ar gtarting to lose
=+ f—g BAND, limestone rock =21— o | ~ 50 water @ 20.0 ft
4 fragments,tr.clay,v.dense -
1 {decomposed rock) {(wet) = 42 =
L f— 2 ua
— |24 -
—r r L
T — I
&l o
—+ - 4 i - a0
{d6.1 fti S52. - I 3
1 Lt gray deeply weatherad | o Chiange to coring at
_| to decomposed fossilifer- 77 26.1 ft
| ous LIMESTONE o0c.med . vugs | ]
_| mod. fractured,locally | 2
crushed. ) Tele e
T Bl E{E | 4
—— f. T g o
—— by -
e
- 1]
Lt gray,deeply weathered s
1 feossiliferous LIMESTONE, -
T mazsive locally clusely
A B
hed,
i fractured to crujhe | a3 “
| J bl ] » =
=] B = & o .
— =T él 3 on [Ty ]
4 - 4
-1 . 36 Top 1.9 £t soft
B F ] a Etam 3.1 ft hara
Lt gray deeply weathered Ly = .
T fossiliferous LIMESTONE,
T mod.fracturad B T
=1 Bottom 3.1: = %0 = Tl ow | w ry
4 . 5 o i 1
Lt gray,slightly weatherad g g > -
=" to mod. ,hard,fossiliferous — ¥ ~
=T LIMESTONE,massive,oocc. B, 3 "
1 vugs,glauconite noted, ™
—— — 41
=1 Lt greenish gray mod. - “
—+ weathered,fossiliferous - 42
LIMESTONE, massive glauco- - . - .
- - p— L I
- nitie - gl e | = .
= - é =] - ™
. A
Ak




WOODWARD=-CLYDE CONBULTANTS
CONSLILTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING B-Gal SMEET _ % OF
F SaMPLES KO&w Comg
[’
' 3 . I, . - -
> i =
DEICRIFTION 2 E g; 2 ::ﬁ% En 2 3 g;; AEMARKE
= =z
ab | 8 ) rg e jeEs)OE(¥,] @ [ER3
T
~ Boring terminated at I
J a5 fc Ly
—— o -
—— — 48—
- | 4a —
iy —m-
—— =3 -
+ —
—— ha -
—_— — B -
—— —53—-
A : i
—— -“—
- -
j- — 5 —
— —F’-‘
— I—
—— —“—c
——— e -4
—_ ——
-— - -
— =
—— - -
—— = AT =
A [ ]
— — 33 —
—— —“—
—_ - -
— . (S, e
e 85 —
- L |
——frwr - 57 —
-
o -
b 0
[ 70 ]




WOODWARL-CLYDE CONSULTANTS
CONSULTIMG ENGINEERS, GEQLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING _ _ B=B42 BHEET Y &a¢ _J
PRGJECY &MD LOGATION ELEVATION AMD GATUM IPROJEGT NG, —
SANTEE COOPER GENERATING STATION, UNIT 77.18 £t MaL BOCAGAAED1
JOBILLTMG AOEMCY TOREMAN DATE STARTED TATE FINIERED
ARDAMAN AND ASEOCIATES 7. May 16 July 1380 17 July 19280
DRILLING EQuUFWAERNT COMPLETION DEFTH ROCK GEFTH
CHME=55 l-lyd.rn Rotary 47.5 £t 25.5 ft
L WFE OF @11 [ TE nnD TVPE CORE BaBREL (L4 IHDET o ¢?{?En £r
CASING m Auger " " ?‘F!!‘Lu L ¥ 112
ASiNEG HAMMER WEIGHT DROE BORING A CTIGN
VERTICAL
[gamrLER  2=IN Q.D. SPLIT SPOON oo
EAMPLER HAMMER IWEIGHT 140 LBS |oree 30 =IN M. Giordano
TV ADCE ZOAE
PESCRIFTION » e B Lyt REMARKS
e zgalsgqe, | 8 |3
b oD &g O c o E - F
1 bark gray,f.SAND, locse (dry ) ]| 4
[1 0 f¢) 76 A &
 Dark gray ben.& SAND, some A IR &
ALelay,tr.osilt, roots,veq., L 3 - o
Llooso _dz2.5 f¢y) N4
| Dark gray & yellow,brown & L, & | 10
AL 1lt.brownimottled) f-sandy L 1 | = B
JcLay, some silt. Seiff; (Ary L . L
a -
- =N 0
4-Light gray brn CLAY w/fre- - Tow K
-quent vellow brn clayay f — & o= :
4 xand seams,Eome veg.,stiff] L
- (molstc) — 7
B i g
- —a-g 7 |
__nght green, gray & 1t tan- i h o 4
niegh brown CLAY, some £ 2and . 3
T tr sile, firm. (moist) (3.5 &) :'
T Light green=blue gray & 1t 1
T brown f-pandy CLAY, some T - 1
__:.ilt.tr.veg.,decﬂmposeél 11 - - z
wood, soft (molsc) 1
T B5 2]
E LF4
- a L
T =1 z o | &
4 barx greenish gray CLAY w/ - 45 |0 | B
= = K e Y] e
“-EQmE Bilty sand geam L [/ ane shear text ran
L L 5 At 15.0 ft in B-Gd3=F
4 R PR g quv 2.0 t&f
1 .
=Lark graenich gray CLAY, sl B - 5
Frackets of light gray xil- -
y f.5and,tr veg.soft. = 17
(wet/moist) o BN ) =
Dark greenish gray CLAY. w2 | z
-
1R
o
Iy




WOODWARD—CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING p-gaz BHEET _ 2 oF __ 1
b FAMFLES || ROGCK Cont
1 2.8z gk 3 5
DESCRIPTION = b e len ) |u4sedz . 13 o |E¥E REMARKS
zE | g 8 (e juealBrle,) £ JSFs
_| park gray,silty CLAY, Moisty 1. 1.
__hlghly plastic P R I WR
- b 77
- - 2}
i | D -
T Dark gry.silty clay £-m SAHD ] . i
twet) e e=sand g oopy K07 T T o [0 | 0
Light gray silty calcapoous . O a5
T f.5MND & LIMESTOME ROCK i & 074
] FRAGMENTS, scme Bhells [wat)rd‘a.'? [ o
_'" {27.% ft} '_“_ Changed to caring
L i i at 27.5% ft
] Light gray deeply weathered | 7 = -
bty decomposed fo%3.LIME- = 4 Llw |m -
TONE cloeely fractured to L. 3 - g2 |8 |B -
sroken - o
-
- — 3%
- ol
] pight gray deeply weath- _ 37
| ered to gecomposed foss. | i
1| 11mestONE closely fractured v
_} to broken bottem 1.4 ft L ~
L mod.to slightly weathered. I Lig |8 -
=] =) [ ]
i ol - FI: sl
-4 e 35 — Hord rock at 36.0 ft
—_— = 37 —
+ Light gray,med.to deeply — X =
<+ weathered fosis.LIMESTONE - .
=t mod, fractured locally = i —
== nlpzely fractured,chlorite B . S P o
T neted whaln g |2 |8 W
—— - - m o]
s o e ] -
-[: —‘:_|
_ight greenish gray decom- E - “,
posed to deeply weathered - Lle |» 0
fogs. LIMESTONE, closaly — = A S DA
fracturnd to crushed,chlor] ;
ite noted, 45




WODDWARD=CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTSE AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING BG4l BHEEY __ 3 OF

BAMFPLES ROCHR CORE

DESCAIPTION REMARKS

JTGEPFTH, FT.
W, Lo
HO
ARECOY .,
la]a)

CORE
TIME
WIMNSFT,

HLTEIN,

ELEY.
|FT.
TYPE
|RECOY.
T
FENMETR
RALSIST
CORE

T T T
1
:
]
Hun-4
q1n
1&%

'
|
i
L

] Boring terminated at 47.57 |




CONSULTING ENGINEERS, GEQLOGISTS AN

WOODWARD-CLYDE CONSULTANTS

O ENVIRONMENTAL SCIENTISTS

LOG OF BORING Brbdd $HEET _ 1 DF _ 2
—— -y e ———————
~nGJTET ANG LOGATION ECTZATION AanD DATWM G T
LANTEE COOPER GENERATING STATION, UNIT 1 77.-07 It MSL B0C40e0LD
(AL, NG AGENCY MaH GATE BTAMTED GATE FINIEHED
ARTAMAN AND ASEDCIATES D. Gandy 22 July 19280 22 July 1980
ERILLING FAUTRMLNY GMPLETION GEFTH BoCK GLFTH
CHME-55 Hydro Rotary 44.0 ft 18.0 £t
1 S&Eﬁ' hdd Ich.EanB" =IZE AHD TYPE CORE BARR L L [ b 157 __ ft
CABING 2 “Flugh Jojnh. N “Doubl " T .- -= £y
AEING HAMMER WEIGHT |oRoP LI VERTIC TIGH
ffamrLtR _2-IN O.D. SPLIT SPOON e ICAL
fEamPLER HAMMER fwiignt  14p Las __ [paoe 30-IN Giprdans
5 ﬁcc«,_Fne
. Emi W x :.
DESCRIFTION I wodl v e 2 ;;E REMARKS
e | swagee lw oS
gy acofwviE X L WX
= mk brn =ilty fine SAND, [ ;
T same wveq. ,v.looze (dcy) -
i (2.5 f£) _ |74.8
2
L Dk brn to yellowish grn L 3 rlﬂ i E
1 fipa-sandy CLAY,some silt _ W -1
- tr decomposed ved {ary ) & EN
A =tiff L
Gray & yellowish to tan- = o n
]_ nizh bpn,fine sandy CLAY . g = Vi — 6
L & clayay E£-5SAlD (ary) u &
r E-til..fﬂ 6%, 7
1 7
= 1t fapnish brn & 1t green — 1= w o |3
4 ish gray,f-sandy silty - S P
: CLAY , 30It (moist) 611 _—'
=T Lt groecnlsh gray sandy — 10 1 l
. . R " W
- silty CLAY,v.seft,tr veg I = 1
T (molst) =¥ 3
- - 12 4
-+ 13
4 L vane shear test 3.5
4 14 ft-14.5 £t
4+ L Undisturbed=1.40 taf
4 I hemolded =l.24 t5f
Groenish gray CLAY w/treq 5 o N 1
1 then silty I-sand sSeams, - e =Lh - 2 gu=1.25 vaf (pockel
T rop 8" greenish ary clay | 1 pepetremeter)
T w/Er siley sand seans e vane shear test 16.5
Fy=17.5 £t
16.0 ft .
, ( ° U L 18— ; Undisturbeamo. 93 t6f
Lt gray silty salcareons & femelded =0,33 taf
£-SAND,tr limestone rock 1 25
fragmonts ,v.donze wet




WOLOWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

L

FI W |

L& OF BEORING B-643 BHEET __3 oF _ 2
- FAMPL K5 ROEK CORE
“- L]
N EERIEIEE :
DESCRIFTION > - = wile N w REMARKS
wel W e [Ee |EESEEG[E | & |R2Z
W B +Z jru Jagoluzley]| o |oF2
}: f— 7Y -
- — 27 —
Lt agray,silty f-c célcare- | i
sul SANG,some limeastoné
N [— 2 e .
| rock frags.tr cley,v.dense N Change to coring
{fwat) f24.1 £e) 53.0 2 5-8 0.559’)‘& 4.1 ft
- Lt gray,desply weathered e 25 =l
- to decomposed fossilifer- L g
L ous LIMESTOMNE crushed to o4 T 1l | o
L intentely fracturod | i £ 8o 3
- — a7 | e
- e 2 =
= — 78
st gray,decply weathered I
fossiliferous LIMESTONE 5 g
locally decomposed,clotely 94 o 2ie =
to intensely fractured, i E 3 ~
locally crushed —
— 33—
. o
— 34
Lt gray,mod.to slightly —:ll!j
weathered fossilifersus - -
. ™
LIMESTONE massive to mod. — 3 = L[| @
fractured occ.sm.vugs - S5 | B -
p— Y7 = iz
— L
— 38 -
o -
Lt gray,deeply weathersd — 115
fozzilifercouns LIMESTONE B -
closely fragtursd to — A=
crushed,occ.sm. YUgs. o 1
L 4] =
- b T o o 2]
a2 § 2 1% 1A
= e
- b ) =
— A4
Boring terminated at 44.0° i i
A5




WOODWARD-CLYDE CONSULTANTS
COMSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LOG OF BORING B-644 EHEET .1 of 3
FROIECT AMD LOCATION ELEVATION AND DATUM [PROIECT HOT
EANTEE CODPER, GENERATING STATION, UNIT 1 77.18 ft Ms5L BOCADIGCM
[FRILLTRTG ABERET FOREMEN CATE FTARTED GATE FIRISHED
ARDAMAN AND ASS0OCIATES J. Jounes 22 Julvy 1984 22 July L9EQ
CRILLING EQUIFMENT COMFLETION DEFTH  [ROCK DEETH
CHME-23 Hydro Rotary 2.0 £t 25.0 £t
mmﬁ AND TYPE CORE BARRAEL JLE El'ﬁio Tt
CASING 3¢ “Flygh Jeipt” M¥ "Double Barrel” N LG T
LASING HAMME R WEIGHT BORIMG TTTER
SaMPLER  2=IN 0.0. SPLIT SPOON Tﬂﬁﬂcu
EAMPLER HAMMER WEIGHT 140 LBS  [omor  30—IN M. Giordano
| SaMFLES ROCK COAE
; Els |fmz = -
DEELRIPTION > E w 3 EEE £ g o Ewt REMARKS
. 1 T
- E FAETRCEES RN - org
4 Dk grayish brn,f=sandy L - |= |2
4 CLAY =pme 2ilt,tr wveq,soft . th - 2
i drey o i
T = z
1= Dk grayish brn &4 yeliow — 3 o un i
= brn {mcttled] CLAY,some - = L — 5
—+ pand, tr silt,veg.,firm = &
{moist) -
A I P
[ =l {2
[} > L= 5
= 7
Lt greenish gray & yellow r ¥ m s 3
to 1t brn [mottled) fine Wi L 4
sandy CLAY,some silt,firm 7 ol ®
{mod &t gt
— 10 1
Lt green CLAY w/frequent - 17 ¥ 5
thin f-sand seams,tr.veqg., —=11=8 n ] o
$ilt, soft {moist) 5 .
Lt green CLAY w/frequent — 13 i
thin silty £-Fand geam L ® w 1
B - 53 —
Lt grn silty f-meandy C i
& silty,clayey £=m SAND, e | o 1
]tr vey. (moist) {13.5 ft Y 3
Lt greenish gray,sillty g
f-m SAKD £ f=m sandy SILT m — 1
tr clay,loose,wat L 5
Lt grasnish gray,silty M
f=-5AND, some m-sand, tr-clay @ 1 s
.cosa {wet) “wops 3
Lt gresnish gray silty
f=m SAND,some clavy,v.loos
(wat)
{20.0 fr) 57.4




WOODWARD--CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIAONMENTAL SCIENTISTS

LOG OF BORING B-E4d EMEET _ 2 ogF __ 3
B % AAMbLES ROCK CokE
“ -
: z 8ts ezl 13 .
DESCRIFTION EJ . - Ed 8 . E’E% E s 3 g E"}J"E* REMARKE
d: & -2 E : gn: o] o2 E! [ 37—1
| Dk greenish gray CLAY w/ B A g que0.25 tsf
1 frequent pockets of silty - Y (7 1 Vane shear tesat 21.5
| f=%and,v.50ft  (wet-moist) R ft-22.5 It
| | 23 Undisturbed:0.39 tsf
, (g2.5 fr)__pd.0 Remolded :0.31 t&f
| Lt green silcy, = SAND, some 3 o WE
] clay.v.locse {wet) i 17| Wk Spoon fell 2.0 £t
A P L Wi
-+ i WR Attempted U.D. 824.5
(25.0 fv) 2.4 . ft, hit rock at 25.0°
| It gray silty £-c SAMD, & i i = - 4
_| limestone rock fragments, I T ) Void bet. 5.5 ft &
. ] Vrdense (moist) i 21 25.% ft - lost water
I b 77 = very slowly.
S . 2 =
- — 28—
- -
5 Ly = 15
Lt gray.s5ilty f-SAND,Eome i R AD Change to coring
x £ - 2 4/ i
e ’tﬁ.lﬂggmnﬁuif 945, 4 . wor- loo/q 32.0 ft
Lt gray slightly tc mod. s | Top 1.3 ft soft
weathered fossiliferous . 35—
LIMESTONE. Top 1-3':deeply | |
weathered ,oog. 2m. Vg5 ,mas - e G = ol " o
sive to slightly fractured T g2 |= .
locally crushed. - =
b 35 —|
-7
Lt gray mod. weathered -—:ln-
fogzilifarsus LIMESTONE, I i
frequent sm,vuys,locally
- e r
magsive to med.fractured. i J 1 x| x il
518 | & w
L a0— g |~
— a1 —
L a3z
Lt gray deeply to mad.
veathered LIMESTONE,mod.to i ) "
closely fractured.frequent _- '“__ |§ g ; o
@ -
el — A =
[ 4n ]




WOODWARD-CLVDE CONSULTANTS
CONSULTING ENGINEERS, GEQLOGISTS AND ENVIRONMENTAL SCIENTISTS

LDG OF RORING Bo6dd EHEET 3 aF

—
FAMPLES RSCK CORE

LEGCRIFTION AEMARKS

P LOeC

DEPFTH. FT.
AECOY_
FEMETR
RESIST
BL ST,
LORE
pdn )
AECOY
CRAE
TLME
MIMSE T

ELEWV,
FT_

L

TYPE

g

FT.

1

5

1
R-1
B
Ae%
-0

Lt gray deeply weathored B J
fosgiliferausr LIMESTONE v
fredg., sm. vugs massive i o
| loecally cleosely fractured.

Aun -4
TO8x
g4
1

Boring terminated at 52.0°




WOODWARD-CLYDE CONSBULTANTS
CONSULTING ENGQINEERS, GECLOGISTS AND ENVIRONMENTAL SCIENTISTS

LoG oF poRING _DB-645 SHEEY 1 oF _°
PROJECT AND LOCATION ELEVATION AND DATUM [PROJECT NO.
SANTEE COOPER GENERATING STATION, UNIT 1 77.3 80C4090C01
BDRILLING AGENCY FOREMAN BDATE STARTED DATE FINISHED
ARDAMAN AND ASSOCIATES John May 10/7/80 10/7/80
BDRILLING EGUIPMENT COMPLETION DEFTH [ROCK DEPTH
Failing 1500 24.9 ft 24.0 ft

SIZE AND TYPE OF BIT

SIZE AND TYPE CORE BARREL

UNDIST 4 JCORE _
CASING 4 in. PVC N/A e].X] T 7 T~
ASING HAMMER WEIGHT = DROP = JBORING ANGLE AND DIRECTION
| l VERTICAL
IsaMPLER  2—IN 0.D. SPLIT SPOON TNSPECTOR
[SAMPLER HAMMER weigHt 140 1L8S  [prop  30-IN D. Pate
= SAMPLES ROCK CORE
u Q . [ 4 .
I s | & 13 IE&Z. 13 Wy REMARKS
ODRECKIFTION 21t w- 19 wasl s 9 . I;E
W >0 |lww |[Swi 00 | w O joZ2s
W Q -2 |lfuw lazodfoOZ .4 3 -4 Oor2
-Topsoil (ITUMUS, ROGTS,; STLTY - FVYC Casing set to
- SAND} - 1 4.% ft _
- - Crilling with water
{ 2
b e E
4 L a4
1 Jark braws silty CLAY, tr — &
= . ) istl R a
[ fine to mediwm sand; Molsh [ . :l: o 3
| atiff | = T
69.8_ 5 o Driller reports
o B change at 7.5 ft
= -
- =N |
'_ -
[~ Light blush-gray =ilty o z
T cLaY, trace fine SAND, i
"~ moi iff =11 Ve | B
| meist, st ks ol 8| 2 2
4 Light Buff to Gray sandy L 42
4 CLAY, trace 3ilt, moist 1 .
Etiff | L 0] . Priller repoTts
i change at 13 ftr
4 — 14
- =15
= Dark gray #ilty CLAY, some = o
[ fine zand; moist, seft L 1 mlg =
— L (=] . =
=1 ("
- 17
=~ 18
19




WOODWARD-CLYDE CONSULTANTS
CONSLILTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

L

Ll

T

LOG OF BORING _B-B45 BHEET __ 3 OF
- ZAMFLES MoK CORAE
W E : : ; -
y 3 - . 4 >
DESCAIFTIDN B E EJ; 3’_‘ ;r:—w:g EO & B #;-E REMARKS
rj a rZ [fu Eg_m GE|R . T 31:5
Dark gray silty CLAY, | - =
moist, firm = - =
5.8 = 1| o 7]
- J o . =
v I B
Dark gray clayey medlom —22
te fine SAMD, trace silt, B 9
ehells, wet, gtiff 23—
=2 4 — = Driller repoarts
i ' 1 o rock at 24 ft
N 523 o b so/4
Boring termineted at B 7
24.9' —

- E
—— —
L ,
— —
= ,
-
b -
E—
b -
— —
b - -
_
b -
—
- -
= —
9 -
3 -
= —
- 5




WOUDWARD—-UELYDE CONSULTANTS

CONSULTING ENGINEERS, GEOLQGISTS AND ENVIRONMENTAL SCIENTIAYS

LOG OF BORING

B-Gd &

SHEET 1 DF _2

PRQJECT AMD LOCATIQN

ELEvATION AMD QATUM JFRCJECT HOD.

"3 R T

cafING 4 in. PVE

SANTEE COOPER GENERATING STATION. UNIT 1 g1.160 80C4095C01
[BETCLIRG AGERTY FCRERAN CATE F1RTED TATE MHISHER
ARDAMAN AND AZSDCIATES Candy 1[),-"2/30 10/2/80
BBILLING EGUIERERT CCWMPLETION GEPTH ADCK DEFTH
CME=750 .o az.or

CASING HAMMER

IFIZE AND TYFE CORE BARAEL LERILIST 1 N AT 5 WRE
_ T L COMIL AR _
_ |unﬂp - BOBING ANGL CTon

SAMPLER  2=IN O.D. BPLIT EPOON m"cxﬁ"mﬂ&&
[SAMPLER HAMMER [onoe 30 =IN J.M. Kerr
'u_. ShkIF L E AOCK CORE
5 .’.5 w§ g EEE’ w é “-u.pt REMARKS
e a. | & FEsi8, |=a8)i |8 8 |3z
Sug o cF|ELD [vEE EE | K & |BF3
+ Sat PVC casing to
—— 4I
¥White/red mottled sandy 1.1 2
stiff CLAY O R -
5| ~ 2
Poring drilled to
gbtain UD samples
of ovarburden scils
Tan/Yellow, very plastic ]
5ilty meist CLAY " E e 8
—_— » i
d 2~ 7
e
e § )
— 18 -
18—
b S - fa
= L] = =
Grey, Flastic silry CLAY d 2| =~ v
with fine zand 17 = A
b § ]




wOODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEOLOGISTS AND ENVIRONMENTAL SCIENTISTS

LoG oF goRring D646 RMEET 2 o 2
= FAMPLLY mOCK COME
[T 8
: & s |Erz : ¥
he =
DESCAIFTION 5 E wa (& Jabile |5 | o |uwl REMARKS
e 0 |lawr Dwalee|d ¢ 0=z
i = rZ Jfw JoBwf o | o i3 ar

L &0, -
Dark, grey, plastic sllty 21_" g i‘u:?edhiizzrf;;ft
CLAY with pockets of fine E = - D-E'J 5
sand, moist, firm " .21 B + 2 .

e & A
3 -
L 7
— 2 Puahed very easy, Do
[ ., 7 8 recovery. Tried
— A6 @ =] @ gver-pushing to 22.0
- 1 B ol B and still no re-
= 27 covery
L 28
-
5 4 - z
— al
= 304 " .

" ark 4dray, Ir:ﬁist:: Very [ 2] Pushed very sAny
e et zand T m S I H until rock at 32.0°
of silt and san a0, 228 -

L s 1 Top of Bock @ 312.07
Boring terminated at 32.90! [ ] 3

- -
L 1
o —
p— —
- E
-




TEST PIT LOGS




WOODWARD-CLYDE CONSULTANTS
EANEULTING ENCINEERS, BEQOLOGIETE AND ENVIRONMINTAL SCIENTIETS

LOG OF TESTMIT __TB_] SHEET 1 OF 1
JJECT AnD LOCAT DN SMTEE COCOTFER ELEVATION ANDDATUMW FEOJECT HOD,
SRnRDINATEY N13079%,5 E11055.0 78.0 MsL pOC4RanC0L
EatavaTioN FQUTRACTOR LT coMPLEY 1N DEFTH, FY arrnlx Bl EkLiQML, FT
R. LEWJ‘_B R. Lewis 172.0 ft 15 Fr ¥ 3 £t
CaCAvAT oW EQUIFMENT Mo, OF faur EL  |DWET. ot WHRIFT,  _
Cage SBOC WATER LEVIL,FT |FIRST  _ . COMP. -
DATE ETAATED QATE FIKIHED INBREETOR
G/10/80 g/1l0/80 F., Blickwedel
o RAMPFLEDS
1] 4
DESCAIPTION A e e | wia
- Siloy LLAY: Gray, tan, quartz, dry, hard, slightly plastic, o .
- = an
- Usg = _3.75 i | S
" ailty CLAY: Gray, red-brown, trage fine to medium quartd EAND, S
s clightly damp, firm, blosky '_2 ]
'~ F
- ves = 2.6 — |2
~ ucg = 2.5 '__—4 -]
r L ]
— — — — — — p— — e —— —r— —l— o— —— b 5 —
. Clayey SAND to Sandy CLAY: vallowish gray, fine grained, few - A
[ reots, slightly damp becaming meolgt with depth, C
[ wet @ 7.0 ft. — & ]
X / -
o usg = 1.5 = 7
I C ]
— = H —
- o -
o .
F,_ :.- 1 —:
- Interlayered light brown CLAY and light green ailty 107
- SAND; PDiseohtindous thin layers, very [ine to fine = -
- grained gquartz SANP, nlightly molst -
- Clayey SAND and sandy CLAY: Interlaycred, as above, -
X but bluc-green, moist, zome coarss SAND C ]
F 12
[ ]
» 1.2 ft water aftey 20 hours -
— -




WODDWARD-LCLYDE CONSULTANTS
COMNEULTING ENDINEERS, AEOLOCIETE AND ENVIRONMENTAL BECIENTIETE

LOG OF TESTHIT __EP-2 EHEET 1 oF 1
frmosteranpincation saNTER COOBER DL EwiY igm kib DATu FADIELT NO,
- N1288,0 £10915.0 78.1 MSL BRACAA90CH2
o —AYATION COMTRASTOR FEu AN COMPLETION DLFTH, FY ARFROE. DILEWRIONE, FT
F. Lewis R, lawis 1z.0 fr 10 fr = 4 £t
IxCaviT i Oh CGLIFMENT G, OF MAWPFLER  |MIT. O b UNDIST.  —
Capge BQOC WATEM LEVEL Ff |PNRT  — TP, _
PATE #TARTED CATE FIMISHED MR FEETER
a/10,/80 9/10/80 R. Blickwedel
a pEeT emeig
DESCRIPTION & e A
" silty SAND: Dark gray, organics, numersus roots, dry, loose, N N
- =ilty CLAY with gome sand from 0.5 rtu- li:D f& — a
- :" 1—_:
t tilty CLAY: Redr-brown, gray, some quartz sand, damp, rooty common, ]
— mottled — 7
- ucs = 1,6 —— | 35
- ues = 2.0 —— | 4
[ [ 5.
IR AT B S N — .
[ Silty SARWD: white-tan, predominately fipne grained, Juart:, Bome C :
- clay lenses -
3 trades to interlayered light brown CLAY and light [ 5
- green silty SAND: Thin dissentinuous kedding, [ g
[ £lightly moist, occ, wood fragments r
',_ UrS = 1.5 e L — _— lg—:
R '._10..-.
- iyl
C C
- — e o mmed ] ] —
3 UCsel, 25— | ]
- Ao apove, but moist, bluesgraen, mors clayey T ]
: 12+
- - -
- * 0,) ft water after 1 hour 3
= n,6 ft water atter & hours = ]
B B B
L 0.8 ft water after 20 hours -]
- 1.4 ff water after 44 hours - A
-
-
A
o p
E .
3




WOODWARD-CLYDE CONSULTANTS
COMNELLTING INGINEERE, GEQLOQIITY AND ENVIRONMENTAL BCIENTIFTE

LOG OF TEST T __TE=3 EMEET 1 OF _1
ll-nm:i;'r AND LRCATIDN ELNTEE COORER L VATION Amb DTyl FREQJERT MR
JATEL Ml3lkz2. 3 E11055.0 70.3 MmsL goicd a0 T2
. avATiSN COKTRACTON [T CoNrLiTidu RIFTH, T AFFADL. (WMENTIONS, F7
k. Leévie H. Lewis 1.0 £t 10 fv x 4 ft
FrCAavaTidn CRUIFMLNT Wi, OF BAMALEE oY n k WHDIT.
cage 580C. WATES LEVEL,FT [PRIT pour
BATE §TARTED GATE FINIERED IMBPFEETER
%/10/90 0/10/80 E. Blickwedal
L gl_nu‘FLts
DESCRIFTION l'f o\ v e} wae
. _ . . i
Clayey SILT: Dark brown, with sand aa above, dry, loose-moderately [ 7
. o . fiym , slightly plagric UCEr Sds ] 1
5ilty CLAY: Red=brown, gray, pockets nf fine-med grained silty ™ 7]
— sand decreasing in abundance downwarde, very alightly - 2
i damp, abundant wood fragments, mottled L
[ -
L UCE = 2.5  amer] |- 4.5
[0 = .8 = — A F s
Alty SRHD: Yellowish gray, fine grained, slightly damp, 1 in. CLaY - 2
- laysrs commohl, laminated — Ea-'_
[ -
1 [
L. ncE = 1.5 —
- Grades ta interlayered green silty SAND and green—brown 10—
" glightly silty CLAY: Sand is fine grained quartz, - o
[ becoming med-coarss grained at hase, firm, moist -
[ / [ 11
- ueg = 1,75 C
C 12
- * 0.2 fr water after 10 minutes I
— 3 5 #t water after 40 hours (caved walls at hase) - =
- C ]
o C .
C ]
- =




WOODDWARD=CLYDE CONSULTANTS
CONSULTING ENGINEERS, GEQLDGIETE AND ENVIRONMENTAL BCIENTIETE

LOG OF TESTPIT . TE=d SHEET ) OF 1
JLCT ANDWOCATION  ConED COGPER ELE VAT ION AND DATUM FROJLCT WD
_ADINsTER N13439.5% E11056 78.5 MEIL BOC4 03aCh2
EXCAVATION CONTALCTAR [ COMPLETION DEFTH, FT APFEDN. Dib ERLtOR S, FT
' R. Lowis R. Lewis 11.5 ft 10 £t = 4 £t
LxCavitidu EOuIFELINT NO. DF LAMFLEE (DT f ‘ UMDIAT.
Cage 5800 WATEW LEVEL, FT |FRBT  _ W 13- L -
CATE STARTED DATL FIMIBNED INERECTON
a,/10/ 680 9/10/a80 £, Blickwadal
SAMPLET
= pEeTH
DESCRIPTION E{ e | O [reen| sz
- Sandy CLAY: Organics, fine grained, dry , glightly plastic
SAND: Claan, fine grained, guartr, dry 1

LA LA B LA IR B

Clayey SAND gradlng to sandy CLAY: Red-hrown, gray, silty,
fine-med grained guartz, mottled, damp

Ucs = 2.3

— ==l

T

]

b
S ENENTETUENENI ETEE"

.
|

Siley SAND and CLAY:
0,%"=1,0" clay leneges common, dry to slightly
damp, wet at B.D ft.

Yellow-gray, fine yrained, guartz,

USC = 1.4
UEC = 1.6

oy
-

Siley-clayey SAND: Usually very fine graln, oecc beds of
med-coarse grained guartz sand, interlayed
with light brown-grcen izzegular seams of clay

;|I||r|TTrIIIIII1FrIIrIIII"'!ITTF"TI:III

IIIiIIIIII|'II1[Irll[ll'lllllFII:'ITTT[HITF'I’TII'I['IElIF1FI'I[['II]'[II'IIII1I'I1Iilllilrl

—
= =l e
||ll__|._LLI.I..|.|LIII!.|.!IT'I!I]IllII?lllIT:I..I.ILTLI.I..I.[JIJLTII!IFIII




WUOODWARD=CLYDE CONSULTANTA

COMNBULTING ENOINEERE, QEOLOGIETE AND ENVIAONMINTAL EEIENTIETE

LOGOFTESTPMIT _TE_S SHEET1 OF _1
l FROJCCT AW LOCATION  cowmbrn CcO0BER LLEYATION ANDDATUM FRGJLCT KO,
DINATES H13435%.5 Ell1187.5 70._1 fE Mo L PC4090C02
- -AVATIDE CONTRALTOR FORMAN COMPLLTION DEATH, FT AFMRAR, O(MLNSIONE, FT
R. Lawis R. Lewis 1.9 ft 10 ft = 4 ft
ExcavaTion EQuwrWint NGO, OF SAMFLES |DISY. [ } UNRIET T
Case 580C wATEW LEWLL,FT %37 = cour. -
wATE ETAWTED QATE FINIEHED INERECTOR
9/10/80 3/10/80 R, Blickwedel
] LI )
i} BEey
DEECRIPTEON HEEd "' 2o Jrvey | wazr

candy SILT: Organics abundant, damp, some clay, looge, alightly

plastic UCE = 1.25 ‘h““ﬁ

CLAY: Light green-dark gray, red=-brown, discontinuous lenses of
fine grained 3ilty sand common, damp, mottled

Heg=1. 25 /

s = )75

(-

| ]

Let

fcs

L B LA LA f LR

o

'I'T!

Eilty SAND: Yellow-brewn, danmp, mostly fine grained, quartz,

thin clay =s&ams common

ch

IEINNEEl ETE NI ENE IR NSRRI FEEA Y

=1

Interlayored groen silty SANR and CLAY: Very fine to fine
grainnd guartz, irregular bedding, meist

l||-|,=1r1[r'|r'|'|'lr11l'|'| rTrlTrl'I'

* He inltial water influx
l.4 Ft water after 34 hours

rr|r-|-|1
I'Ir"'l"lI'II[IITIIIIIII'I'I'ITJTIIrIlI1I|rTli'|'F'Il'l—|'lI|I|I1rIrTTrrII'|IIF:I'||i|I||r[[|r|"|’

[
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WOODWARD-CLYDE CONSULTANTE
COMSULTING ENGINIERE, GLOLOGHTE AND ENYIRONMENTAL SCIENTIETE

LOGOF TEET KT o6 SHEET Y OF 1
Frea,E0T Anp LDCATION SANTEE COOPER CLEvATIQN AND Dl Topld *AQJECTY ND.
DIMATES N132169.0 E10903.5 TBIE f; Mﬁm [i]
ExtavdTiOn CONTRACTDR rammhn COMPLETION DEFTH, FT AFFRDL DIMCNBIONT, FT
R. Lewis R. Lewisx 12.0 ft 10 ft % 4 It
EXLavaTIQN CQUFMENT me, GF dAs® IE  [MET 3 ' WMEHET -
Cage 5BOC WATLA LEVEL,FT [FINET | £our =
patE dTawTLL BATE MMIBHEDR INFFEETOR
8/11/80 9/11/80 R. Blirkwedel
i FALPLE
FTH,
DESCRIFTION wl "l e Lveee | iz

Sandy SILT: Organic vich, roots, some clay, dark krown,

C dry=alightly Aamp Ucs = 1,26 — | 3
| 3 1 :
I Clayey SAND and clayey SILT: Gray, red=brown, mottled, alightly .
[ damp, with vortically ecriented pockets of white 7]
L fquartzr gand, fine-~med grained slightly damp 2 -

.

N

[TT TR T YT T

[Ny}

Bilty SAND: Yellow-tan, mostly fine-very fine grained, guarte
glightly damp to moist at base, thin CLAY seams
common especially hear base,

m

||:||1|||!J|11r||r||||_|J|L:||
AN

=+

[l=]

Interlayered green a8ilty SAND and light hrown CLAY: Thin
dispontinuous beds, laminated, slightly moist.
Sand ie very fine-fine grained, becomlng
coarser at base

b
[=]

N

=
=1

1llr[l|11ler'|r'|||'T1'|tI1'I'1l1r'|'|

]

T ST T LN N Y

* 0.2 £t wWater after 20 ninutes

0.2
0.5 £t water after 2 hours
2.4 £t water aftexy 20 hours

|—|r|!|-l
Irlll'Irrl'[TT_IrII'|!I|IIIIfrII:llllfrI'I'IITIT'lTT'FTTrlI-IllIIIIrlIi1IIi’TrIII|Il|[l1i|




WDODWARD-CLYDE CONSULTANTS

CONEULYING ENGINBERE GREOLOOIETE AMD ENVIRCHMEMTAL SCIINTIETE

SAND: Quartz, coarse, wWat

I L0k

rJ

+

0.2 ft warer influx immediately
0.4 ft water after 20 min.

'''r"l"l"f‘l"l"l""‘.r

NENE NNl EETNIBE BN

LOG OF TEST FIT _TF-7 o BHEET 1 OF _1
F=SCJICT AND LDCATION GAMTEE COOPER ELE vk Tiown and DATyum FRGJLET WO
mgnAT 4 N13131%.5  E11202.5 77.2 MSL BOC4090C02
LEiaviTiy CAnTRAATAR Fakudn EOMPLETION DEFTH, FT AFPENDE.OIMERIIONE, FY
L_E u E. Lowig, 12.1 f+ 12 f+ x E £+
ERZAvAT i EQLIFRENT k. DF SAMPLEY |mt1‘. 4 ¢ UNDIET.
Case SBOC WATER LEvEL,FY [mlﬂ - SLHrh, -
GATL WTARTED DATE FIMIFNED INRFECTOR
8/11/84 9/11/80 R. Blickwedsel
i glll:.l’.l
=l preTh,
NESCRIFTION IE rr. ' o | vese | wize
- sandy SILT: Dary gray, brown, crganlcs, some clay, dry to i :,,":""
L slightly damp, med hard, slightly plastic USC = 3.2%F — - ../
[ " 1 2
- Silty=-sandy CLAY: Gray, yellosw, red=brown, Silty or clayay L ]
5 tand pockets common, firm-mod hard - -
. | 7.
F UCs = 2.0 ~It
: -
r [ 3]
- )
- ucs = ;.0 .
i _—] 4]
. Ucs = 7.0 - I
: b -1//6//
L .. =« _ e e — A Es3xm
A
_ 5ilty CLAY: Yollow—green, gray, laminated, some vary fine=fine n 6 3
- grained guartr sand /‘ .
' UES m 1.5 u 71
- 77
o — — — — p— — B ]
I Grades to interlayerod sllty SANR and CLAY: Green to light F oo ,.-""_.
[~ brown, fine-med grained quartz sand, some coarse ~
- gand, meist, very fimm r ]
i
C - 0.7
o -
- -
3 ©8 = 2.0 i~
- Y ™ [0
r b
- 1
C
E —
o




WOCDWARD-CLYDE CONSULTANTS
CONEULTING ENGINEERS, QEOLOGIETE AND ENVIRONMENTAL ECTENTIETE

LOG OF TEST MT _TP-8 BHEET 1 oF 1
TomguECT ANl LEBEATKIN SANTEE COOFER LLLYATION AMD DAYUM FROJECT Wi,
AR RATLCS KN13088.0 E11375.5 77,4 MsL aoc40anco?
TaldviTiDh CORTAACTOR [ LT COMPMLEYiON GLATH, FT AFFNGE QUMTMEIORE, FT
R. Lewis B. Lawis 11,0 £t 10 ft x 4 £+
[advdYiie [OLIFWENT Wil GF samr. T |I:ﬂl‘|'. 1t UMGIST, -
Caze SB0C WATER LEVEL, FT |rimgT Fowk, —
DAL BTARTESD GATE FrnidnEE IHEFECTON
G5/11/80 9/11/80Q R. Blickwedel
BAuFLEY
DEECHIPTION i

Sandy CLAY: Dark gray, with organics, fine grained sand, dry, hard

TTrras

uos = 1.2

LCS = 4.5 — 1=
[ Silty CIAY: Brown, gray, some fine grainsd sand, slightly P;
- damp T o
s N
[ Ucs = 1.75 - 3;
[ Az abnve but reddiszh=hrown and gray, trace sand .
: mottled 7
i 4
- -
o =
S N, — R
- CLAY: Yellow-gray, some sand, moist € j;;
o '%
L 4
- ucs = 1.2 — o <4
o
—
— Interlayered SAND and CLAY: Green, brown, fine to vary fine
i grained aand, damp,slightly moist #;f#

[

—
M
LtlllI.IlllII‘IIIJIt!IIIIIIIII1?II|_|.‘€II_I._IEIIII.

* Mo initlal water 1nflux
D.05 ft water aftear 30 minutes

.T'lrlrll1l'|llT
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WODDWARD-CLYDE CONSULTANTS

CONEULTING ENGINEERS, QEQLOUIFTE AND ENVIACHMENTAL BCIENTIETE

LOGOF TEESTHT _TE=3 BHEET Y oF 1
I==nJtct awt LEEATIN R NTER COOPER ELEWATION ANO DATUW FROJERT MO,
e N12999.0 Ellatz.& 77.9 MSeL BOC4080001
LECAVATIZn EORTRAETOA FORMAN EFMPLETION PEFTH, PT drRDE. DIMENS O S, F]
R. Lawis R. Lewis 31.0 £t 12 ft x 4 ft
EacavaTion EQumrsinT W, OF JAWPLES |DMET i} t UNEIETY, -
Case S80C WATEA LLVEL,FT |Fim3T ' COME. -
fATE XTARTED BATT FisipHED WEFLETOR
9/11/80 9/11/80 R, Blickwedsl
wr T
DESCRIPTION M RroALl I BN -
[ Sandy SILT: Abundant tree rootg, Bome clay, very loosaly 4
:- held, dry, slightly plagtic 1;‘
- -
L Silry ELAY: Raddigh=brown, qray-black, aome sandy patches, 5
I mottled, =&lightly damp .
72—

s = 2.6

UCE = Z,2hF =

LU B I

§ilty SAND: Yellewish gray-green, mostly fine grainad,
pce méd grain, damp

ves = 1.75

[

Interlayersad SAND and CLAY: Green, mostly very fine to fine
grained gsand, moist, thin discontinuous clay units
UCcs = 1,2

r1llr'|'|f11!llll'|l

=N

(=
lIIIIllIIIILIJ_IJII11IIIITIIII:TIIIJ'.TII'llafIIII_I‘fll_ljsﬁl.lllufllll‘irj__[_[|hi_]|I_l

* No water infiltration after 20 minutas
0.) £t water infiltpation after 24 hoors

.11||I|T[F.ll
||'I||l!rer1|||Tl_l||ll1r|1rlfI'lIIllrr11TrlrT|r1I‘I||||||1I|l|erI|l|J||i|r||1rl!




WOODWARD-CLYDE CONSULTANTS

CONEULTING ENGINEERE, GEDLOGIETE AND ENYIRONMENTAL BCIENTISTE

L LN B

LOG OF TESTHT ___ TEZ10 SHEET_§ OF 1
|FHOJ[CT AND LOEATION SANTEE COOFER B vl eiry AMD GbT o FROJELT KD
HETEE §12950.5 E11055 78,1 MZL
. .AWATIOM COKTRACTOR FORM AN COMPLETION DEFTH, FT AFFROE QIHNE Sy, P
. Lewis R. Lewls 12.0 fe 17 fe x 4 £t
LRCAvATION EQUIFMLIHT No. oF sAwk Pl [T ot wHBIST. .
Case 580C WATEA LEVEL, FT [FRAT . towe. -
OATE ATARTED DATE FiMIBHED NIFECTRR
a/11/80 =®/11/80 R. Blickwedel
o o BAUFLEY
DESCRIPTION il I LY FRAN
T Sandy SILT: Brown, porous, locsely held, roots common, Sohe [ ]
- organic hlack clay, dry-damp, slightly plasxtic. C
-1 -
Silty CLAY: Gray, red-brown, mottled, seme fine grained sand, N ]
damp C ]
e 7
o -
-
o -
ucs = 1.5 — 31—
— -_.ql -
Siley CLAY: As above but silty sand layers becoming common, fine " :
tey med grained, 8lightly moist, very cléan sand C ]
in plages o
HCS = 1.5 -
E—E -—
e 4F 3
silty SAND and zilty CLAY: Gradational centact, vellow=gray, fine " 7 ]
grained quart?, ofc muscovite, some discantinusus S
light greer clay seams common near base, damp, =]
ucs = 1.0 — 0 -
M-
C -
. -9
. uos=1.5 { B
- Light ggren silty SAND and green-brewn CLAY: Discontinuous lensed; \\ - 7
= very fine grained, gquartz sand, firm-hard, damp at :—10—
[ 11.0 f¢=12.0 f+ clay layers deminate with some L j
L sandy pockets - .
o 13
- B N
2 [ 123
L 3
n -
L -
-
- 4
o —
i A

* No inltial water influx
0.2 ft water after 24 hours




CONEULTING ENGINEERE, GEDLO@ETE AMD ENVIRDNMENT AL BCIENTIETS

WOODWARD—CLYDE CONSULTANTS

LOG OF TEST MT _TP=11 ___ FPHEET t OF 1
FTIECT GMD LOCATHN CANTEE COODER LLEVAT (O ANG RAT WM FRGIELT WO
, AQINATLS H12806.0Q E11366 T3.0 ML LocdinoCaz
LZICAvATION SCMTRAETOA FORWA R coMrLErIgN BEFTR, FT AFFROL. BralNBION, FT
E. Leawis F. Lewia 11.1 £t 10 e x 4 ft
EXCAVATION LGP HINT Wl OF BAMPLES  |D4ET a } WMDIET.
Case SBOC wATEM LEVEL, FT [rimsT _ . Cawin. _
DATE »TAKTEEG BATE FiMiFHED \mERECTAR
a/11/B0 9/11/80 F. Blickwadel
RAMFLEY
DESCRIFTION lg BERTH: :;J,,,, g

rryrrri

grainad sand, very hard, decaying leaves and ropts

at top

ues » 4.5

Silty CLAY-5ilty SAND: Dry, light gray, fine grained, occ coarse

A

(]

—  TE—

LELELELE LLELEL A LR |

As above but tracs gandy QLAY prescnt, black hard, drey

ues » 4.5

-~

L

nard, dry

Sandy SI1LT: Light gray, reddish-brown in places, occ mica,

ugs > 4.5

-~

Lt

I RN I EWET] NUY

g

Silty CLAY: Gray-dark gray, some yellowish, reddish-brown,
hard, slightly damp, occ organiecs, oge sandy lensed

uLs =3, %%

—te

T1||l|1:|r|llrrr1:|il'l'll'l'1l

gradaticnal contact te silty SAND: Yellow, gray, gquartz,

abundant miga, fine-med grained, thin clay lenses
common ¢spegially near Dage, Eipm, damp,

slightly molgt

-

Ln

AT ST El EEEEE N

~d

apnizh gray Bl1ty SAND interlayered with green CLAY: Generally

fine grained, some med grained, weak-firm, moigt

T||r1||'|1l!

* Ho jnitial water influx
1.1 ft water after 18 hours

III1|||IFlI'II'I'Irl'lI[llllI'III]FTT'ITIIF'IHr!I!II|ITT'I_TT-I'1I'I_TI']"|'FT'I'IIITTT'I'TTI_IIFF'I:l
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WOODWARD-CLYDE CONSULTANTS
CONSULTING ANGINEENRS, GEOLOGIETE AND ENVIRONMENTAL REIENTIETS

10G OF TESTHT __TP=12 SHEET ) OF 1
JECT AMD LOEATION SANTEE COOPER ELTYATIDW AND DATUN SRAJECT WD,
L JORGINATES KIAEL3. D ELlZ25. 5 77.6 MSL BOC4090002
ExCAvATiON CONTRAACTOA o by COMPLETION DEPFTH. TT AFPRGE DINENSIONY FT
R. Lawls R. Lawis 12.0 ft 12 £t x 5 ft
[CECAVATIDN FRLIFML NT W, OF MAWpLEl JO3T o WNDIFT,
cﬂ.ﬂ-& EBDC WATEA LEVEL,FT FiRET - ! (41 1 8 -
CDATE ATARTED GATE FIRIZHER INSFECTOR
2/11/80 2/11/80 R. Blickwedel
DEZCRIPTION e T
H O PR R IR Y

[ DECAY MATERIAL: _ Leaves and roots

Bilty CLhY-sllty SAND;: Hard to very hard, 3" thigk beds of
gray-black slay at base; sand/silt iz 1t gray,
pﬂﬂrly sorted, very fine to coarsg grained guartz .f'f

uee > 4.5

CLAY and silty SAND: Lt gray, reddish-brown pateches, ¢lay
Inereasing downwards, mod hazd and blogky, soma
mica, abundant decaying wood and roots, noarly all
¢lay at basde with minor sand stringers; fine
grain, quarte

_

RS

(=
III

LERLELE B
1

ha

F-1

L BRI L

CLAY: Yellow-dark gray, sandy or zilty, firm, zome mie:a_,ucs 4.5 i -
locally reddish=brown :

Grades into yellowish green—gray fine grainaed, silty SAND,
oee yellow-green <lay lenses, mod loose

NN

CLAY: Green, lenxes of very fine-fino grained guartz sand,
molst

[
LJIi?IIJJTllII?11||TJ|||r

Interlavered graen silty SAND and lignt beown CLAY: Sand
mogtly very fine grained, oec clagey, moist

'Ilrl1ll:|'l!|.||Ilfl'l1!!lr11FT1l

I:II]I

N

EAND: Yellow, ccarse graln, loocse, aome CLAY

[
| A ]

* Water flowing lnteo pit immediately caving
gides at bottom - 0.6 ft deep aftor 20 minutces
3.2 ft deep after 18 heurs

ST

Tr!l[r'lIIIIrllllIlilrrllrl_l'llirl1l'|Ier[T‘l|||.|I|r
=
[ =]
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WOODWARD-CLYDE CONSULTANTS
CONSULTING ENGINEERE, QUOLOGISTE AND ENVIRDNMENTAL SCIENTIETS

LOGOF TESTHIT __7P-13 EHEET 1 OF _ )
ILCT AND LOCATION EANTEE COOPER ELEVATIGM AuD QAT FAGJELT M.
o BROINATES Nlz2gl2.0 B 11079.0 78.0 £t M5L BOC4LIRC02
[xCAVATION COWTRACTDA FoRMAN EOMPLETION DEFYH FT AFPAQE CiWENTIONL, FY
R. Lowlia R, Lewis 2.2 fc 10 ft x 4 ft
[ idvaT D LOUIFGLNT wh. OF LAMP X |mﬂ'. g k MMDIET. _
case SBOC WATER LEVEL,FT [tiRET 4 couK, -
GATE BTARTED OATE PIMIEWLD INE*LCTONR
9fl2/B0 u/12/80 E. Blickwedel
r BAMPFLLE |
QEETH,
DESCRIFTION L IR LT R
'FEWEHER Llayey - .
Clayey SAND: Light gray, fine grained, dry, very hard, =lightly -~ -
2 plastic. Ucs = 4.5 o 1_‘
" As abowve with daryk gray CLAY as maicy congtltunnt - ]
[ | 2 -
[  S8ilty CLAY: PRed-brown, gray, zpme zand; clean, fine guartz in - ]
- vertical stringerk, traca o somer organigk, trace i ]
L mica, firm, slightly damp 3=
[ UCE = 2.8 [ 4]
r n ]
- e
r L ]
L I -
—t B "
L Silty SAND: Yallowish gray, mostly fine grained, micaceous, n f
,__ yellgw—gray glay *eams coMnon naar base — £
: -
~- - 7
L — | F ad
[ CLAY: Light green to light brown )aminated with layers of -
- fine, gray sand, micageous, firm -]
I - - o
T A5 ahove: Clay becoming blue-green, sandy, firm=mod hardg N .
- =] ()=
] 11
| SAND: Light krewn, coarse, occ gravel size, some silt or clay. -
e -12-:
- —13—_:
s ¥ Ho initlal water intlux - =
0.1 ft water after &0 minutes n ]
I
N .
C ]
- -3




WOODWARD—CLYDE CONSULTANTS
CONEULTING ENGINEERS, GEOLOGIETE AND ENVIRONMENTAL SOV ENTITTE

LOG OF TEST PIT e TPl SHEET t OF 1
F=SDJECT AHD LGEATIGN SRNTEE CDDPER ELEYATION AND DATUN FAQJELT MO,
AOINATES N12506&,.0 ELG9ll. & JB_.2 £+ MSL BC40920C02
LACAYATION EONMTRACTOR L4 P CEOMFLETION DEFTH, FT AFFROE, s ENLIDN, FT
R. Lewin R, Lewlis Iz.0 fr 10 Ft x 4 ft
ENCAVAT HIN COMFMENT ND. OF EAMPLES IDIIT. v} 4 whiidr, -
Case S8OC wWATER LEVEL,PT [rmaT - T toMr. -
SATE MTakTED DATE FiBigHED INABLCTaR
9/12/8B0 4/12/80 E. Blickwedel
] BAMPLE L
=l orern,
DESCRIFTION ¥ i"l'.“ I."ﬂ?l:. vree| sz
[ gilty CLAY-31lty SAND: White=light grey, friabla to firm, fine C ]
C grained, dzy UCE = 3.4 C 7
- 1
| Silty CLAY: Gray, reddish brown, mettled, zilty fine grained sand C
l': Btringers common near top, firm, slightly damp E ]
L Z —
" L B
- - -
- UCE = 2.5 mmme—— 3 =
o - -5
: W
= f— il -
. S Y
CLAY and SANR: Interbedded, vellow, greenish gray: sand is ucses . T N
. clean, fine grainad, some dark gray clay ’ o -
— _
SR T S T - -
- 7 ]
i N -
: %ilty Shib: Yellow=brown, fine grained, trace to some [ -
- clay, damp - 8 .
9 - .-
[ interlayered CLAY and SAND: Light green=blue, brown, thin = 5.
N ditcontinudua lénges; sand 1 fine grained, N -
i vlean quartz -
L 20
- Uzs = 1.76 .
- :.'I_l L
I C
= — — — B N
i EAND: Coarxc, wet, trace t& Adhe sllt or clay ';12_'
F * 0.1 ft water aftter 30 minutas - A
- ¢.6 ft water after 3 hours "]
t 2,0 ft water after 20 haurs = -
L 3




WOODWARD-CLYDE CONSULTANTS

COMEULTING WGINEERS, GEQLOGIETE AND ENVIRONMENT AL SCIENTIETS

LOG OF TEST Pt _TP_1G FHEET 1 OF 1
TamGJLCT AND LOGATION S ANTEFICCOPER LLEVAT IBG ARD OATUM FMOJECT Bp
JRBIHATE] Mlzslo G Eil053.0 777 Pt Met g0 4880002
EXCAVATION COKTharYDN FRmAN COUMFLETION DEMYH, FT AFFRON. DiMENEIGNE, FY
F. Lawis R. Lewig 12.2 fe 10 f£ = 4 ft
EkGavaTiomw LoubuEnt WD OF RAMPLES ipl:T. o l uimintt -
Caga 580C waAT® LEVEL, PT [fmsT  — COME =
RATE KTANTED BATE FitiknIb mirttton
9/12 /80 8/12/80 R. Blickwedal
i ﬂilll.!!
=] pxrTH,
DESCAIPTION e LT
;_Mbmumwu“hrin L]
[ 5ilty SAND: Tan-gray, predominately fine grained, firm -]
- - tc hard, dry ~ 1+
[~ Silty SAND as abwove with gray, red-brown clay layers, o 2__
- grades to silty-zandy CLAY: FRad-brown, gray, - -
[ very firm, blocky, =lightly damp, mottled L 4
= L 3 —
[ [ ]
3 [ 4]
L 3 -
= - 5
[~ Interbedded CLAY and silty SAND: Clay ig yellow=gray: sand is — 6=
- fine grained, mlicacecua, yellaw-gray - =
" b
- — 7
- UCE=3, 25 ] r ?
[ | Bosez g [
= iInterkedded light green silty SAND and llght brown CLAY: ] L 2l
- Clay ip in thin, discontinuous seams; sand is fine .
- grained and thinly lansed, -]
L — 9—
[ ves w175 | b
. — o 10—
F  Interbedded £ilty SAND and CLAY: Az above but clay most B 1
- abundant, sand iz fing grained A—_—
= " 11
[ SAND: Med-coarse grained, some silt or clay, oo pabble L .
L glze, wet, loose 12
L
F * No initial water influx i
X 0.5 £t water after 15 hours -]
A
b— -4




WODDWARD-CLYDE CONSULTANTS
CONELILTING ENQINEERE, QEOLGAIITE AND ENYIRONMENTAL SCIENTIRTS

LOG OF TESTHT _TP-16 EHEET } OF 1
T T R I ————— ¥ X VATION AND DAY L PACIELT kG,
ADINATTH H12509.0 E11715.0 17,5 ft MSL S0C4030C0 7
LICAVATIEON COBRTRACTYON - UL CONE LTION “P'H.fl’ HFFHD!.QIHIHIIQI‘,FT
R. Lewie R, lewis 12,0 fc 10 £+ % 4 £t
{ERCAVATION CQUIF Mg NT NG, OF RAMPLES |oixT. g [} WNBITY, .
cage 530C WATER LEVEL,FT L[FIRST _ . CONF. _
BATE ATARTED BATE FIMISHED 1B PECTON
2/12 /84 S9/12/80 K. Blickwedel
H_ [T
DESCRIPTION 0| e | rvne | e

Silty SAND-gandy SILT: Light gray-dark gray, abwndant roots,
mostly fine-med grained quartz, hard, friable,

'|l|1r

- blocky, DonQug
t ks above but hard gray CLAY is major censtitusnt ucs » 4.5

[N}

'...
:|||l||j‘{.._|1|_1
N

Eiley CLAY: Gray, rod-brown, some black slightly damp, firm-
mad hard, same yellowish clay near bage, vertlieal
clean quartz %and stringers common

L

ur
™

NN

BoE = 2.3

-

r':'r.r'rlr:rrr

wh
TN EEEN

N

Ll

Silty SAND and CLAY: Gradational contact, fine grained quartz,
misacecus, seams of ycllow-dark gray and red=-
brown clay

usc = 1.9

1]

[T=]

N

Interiayered white-light gresn, fine quartz SAND and green-brown
blue CLAY, thin discontinugus beda, filrm , damp

| |

1|-|||1-—r'|'1:|'111'rr1|lr'rrlllT

\.

BANDN Coarsse, some med grained to pebble slize, guartz, wet, oco
Fllt oF clay

oA d L

Ll

* No initial water influx
0,5 ft water after 20 hours

r!IE||'|'|
LU IUEN B L I LA L LIS LI L LB B BRI LA LN TN A L
=1
‘RSN SRy NENE!




CONBULTING ENGINEERE, QEQLDGIEYE AND ENVIRDNMENTAL BCIENTIETE

WOODWARP-CLYDE CONSULTANTS

LOG OF TESTPIT __TE-17 §HEET_ 1 OF 1
TPAcIeT ave wocation  SANTEE LOOPER Tl vk on dayl DA TN FADJICT WD
T N12537.5 Ell13a1. G 77.5 ft MSL BOC4090CH 2
cnbava¥)om COKTRECTON FoME AN EoMR ITIAN DIFTH,FT ARPFRAN DIMENZIONS, FT
E. Lewix R. Lewisg 12.0 ft A e w4 ft
EECAvATION COUFHLNT wQ, oF fAnP I IDIIT, 0 * [T R -
Cage HADC WATER (EVEL,FT [FimsT - M COP. _
DATE STARTED QATE FiminiD IN¥FICYOR
9/12/80 9/12/80 R, Bligkwedel
il gy et
DESCRIPTION Elorr ] e freee mze
F Organic QLAY layer N .
- - -
[ Hilty SAND: to silty CLAY: white-light gray, dry, black organie, C ;]
- gilry clay comnol hear baze, clightly plastic. B -
I S
i 2
L Silty CLAY and silty SAND: QOrange-brown, gray, occ black orgapics, I
[ slightly damp, mottled, some yellow-gray clay F_3 3
s near base, sand occurs primazlly as vertical stringers, - -
= 4 =
L - )
a ]
[ 3
- -
. o 2
—E —
Gradational contact to gilty-glayey SAND: Vellow, gray, - -
micacecusd, moatly fine grained, trace med grain, B -
clay is vellow=green, slightly damp [ =
W
- -
- -
—3 —
- L
| Lo
Interlaverad thick 1light ¢reen CLAY and thin=fine grained ailty = T
SAND: Rccomes more Bandy downwards, coarae grained [ ]
sand at L1.5 ft-12.0 fr with trace to some silt 10
or clay, xlightly molst ~ -
] 1=
-
— 12—
L
i
4+ No initia) water influx A E =
2.8 ft Water after 24 hours C ]
C ]
- -}
]
C ]




woODWARD-CLYDE CONSULTANTS

CONSULYING ENOINERRS, GEOLOQIETE AND ENVIRONMENTAL ECHINTIETS

LOG OF TEETPIT _TP-128 . EHEET 1 OF 1
"JLCT AND LOCATION ERNTEE CODEDR LLE Wi T ih ANG DATYM FAOJECT WO,
r— N12548.5 ElL30D8.0 77.7 £+ MSL BOC4 050002
LRCAVATION CONTAACTON FOALEN coMrL{TiOn DEFTH FT APFADN.DIMENAIDRE, FT
R. Lawis k, Lewis 12,4 It in £+ ¥ A ft
FacavaTIon EQUIFMLAT M, BF JAMFLES BT G l.' WwHOIRY,
cage GEOC WATER LEVLL,TT |FiM3T = ' tour
DATE wTARTED pATE PimvisLE INBFECTYOR
a/1z/80 9s12,/80 R. Blickwedesl
R Hur iy
DESCRIPTION ot Ol N0 |rree| mize

) A
s msLsrr B A gy w1l il g

dandy CLAY: Tan, fine grained, guartz, dry, slightly plastic

"'Ir

]

ngg = 1,75 |

= =
- -+

-

b g£i)ty-tandy CLAY! Gray, crange-brown, some organics, looge- -
" mod firm, mottled, laminated yellow=-green sandy B 3_;
- clay noar bage -
[ .
- — 31—
- UCs = 1.75 L ]
: - -
[ s = 2,0 —— | 4]
[ N
- -
3 [ ¢ ]
a B ) S
[ 5ilty SAND: Yellow, gray, fine grained, tr med grained, trace -]
- clay, damp, slightly moist - 7 =
L L B
[ tnterlayered grean-gray silty CLAY and silty SAND: Irreqular -
[ lenges, grades into Silty or clayey fipe grained — 3 —]
B sand, meiit N
- ues - 1. .
r_ - g ﬂ_’...-""f’rﬂ mi
L ues e 1,25 -
L C21 =
[ SAND: Coarse, Wet, 5ome silt or clay S
[ 13
[ 15 =

.

.

_!'—I'TI1|II|!II'I
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WOODWARD—LLYDE CONSULTANTS

CONEULTING ENGIWLERE, OEDLOGIETS AND INVIRONMENTAL SCHINTIETS

LOG OF TESTPIT __TP2d3d SHEET 1 OF _1
T =riCcT and Lﬂtl;lﬂli SANTEE COOTFER ELEWATION dxh 0T uis FROJLCT NO,
ADINAYE S ¥12872.% EL1hLB9 77.4 £t M5SL 80C4GH0C02
LECAVATION COkTRACTOR FOmM LN CoOMFLETION GEFTH, FT Ak kbny piufupipng, rt
R. Lewir E. Iawis 12.2 £t 10 ft % 4 £t
EXCAVET 10m EQUIFMLNT Wo. OF samrLif foat o % UNDIET
Case 580C wATL® LEVEL, 1T (HREY coWr _
nate RTARYTLD BATE FiliEWLD INBFECTRR
9/12/8¢ 9/12/80 R. Blickwedel
I L AdMWMFLLF
| oE P,
DESCRIPTION e V| e [reee | bz
s - . ; Y dry N ]
| Silty cLav-sandy SILT: %h;.t-:—ligﬁt gray, fine grained, - .
b — hard, &ry e 1L 13
i -— - — N -
L Ry - :
[ Silty CLAY: Gray-dark gray, -yallowiskh green, orange-brown, [ 3:
i sand packets of fine grained quartz common, i ]
[ slightly damp, firme=mod hard B .
- — 3
B - E
Y F
i -
- ucs = 4.} R [ S
- d
F g
5ilty SAND: Yellow-gray, fine graincd, quartz, somg mica, E .
o gge light bBrown clay lensesa, occ decayed — =
r material, damp-poist - .
i = 7=
2 i ]
"_ b e}
- -
[ _ ) — 9
L Interlaysrad silty SAND and hlue green—brown silty CLAY: thin i ;
C irreqular beds, loocge=glightly firm - ]
.-_ _"_,—-"".‘ 107
o - A
X Degel. 1 A
- = 1
L —11—
[ m-
[ EAND: Yellow-green, cCAYsR, wet, —12
: o
- =137
E * 3o initial water influx -
T
- S
- =




WOODWARD-—LCLYDE CONSULTANTS
CONIULTING ENGINECRS, GIOLOOISTE AND ENVIRONMENTAL KCIKNTINTE

LOG OF TESTPIT _TP-20 FHEET 1 OF1
L “IERT Amb LAEATIEN CANTRE ~OOPER ELEvihTiDim dWD Db Tus FIDJEE.T‘ [T}
__DimaTER N12331.0 E11067.0 77.9 ft 80CA090C02
LECAYATION EOKTRACTGH Ll F L COMPLETION DEPTH, FT AFFADY. BIMENHORE, FT
R. Lewis R. Lewis 120 f& 15 £ x 4 e
EXLAVATION COGUFEILNT W3, OF RAMPFLEY DIAT YNDITT.
Case SBOC wATEH LEvIL, P |FiNBY f‘)_ E Towr. -
DATE TARTLD &TE YIHIBHED IHRFECTOR
9/13/80 3/13,/80 k., Blickwedsl
DESCRIPTION H ) T &
=] FT§ Loc [TYRL] mEK

p_CRAAnls LAY Jayer: gilty, hlack, xoorg

Eilty ¢rAav-silty SAND: White-gray, generally fine graipea,

- i
[ acf coprse grained, quartz, dry, hard 1 -
7

5ilty S5AND: Gray, vrange=brown patches, mostly fine grained .
aome gray ailey clay, abundant stringers of glaan, 7

white., fine sand 3=

h.

1|1|i||rr|||-s[

he above but sandy-gilty CLAY is major congtituent, gray and
yellow=gréen laminae, mod firm, damp

n

Silty SAND and CLAY: Yellow, gray, fine grained, oo med grain
demnp, sofe thin beds of yellow-green clay, trace
decayed materipl, micacapug

ch

L
’FIIIITI_I_IUIIIIJ_IIJ.JIII1IIJ_!JII|_I._l_|_.|.!|III

~d

1a]

Interlaysrad light grean SAND and light brown CLAY: Ifregular
bedding, wery fine-fine grained sand: slay ix
laminar, flxm, slightly moist=moist

T'r‘l—T'I'ilTII'I'T'rrr'rr|||IT

=

(=]

As above but clay is blue green

llrlllTrT

(=
X

el FEEE

lll_l"lll

|r'l'|II!I‘IITTIIIIIIIIIIITIII[Irl[l'lr'llr!'l'l T1IF1I|[l'IrTIIFJl'IITTT_IIIrl[rTT—I'TIIII
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WOODWARD-CLYDE CONSULTANTS

CONBLLTING ENGINEERS, OEQLOGIETE AND ENVIAONMENTAL ECIENTETE

LOG OF TESTHT __TP-21 SHEET 1 OF 1
===kt Anb LOCATION SANTEE COOFFR KLAYATION hND GATUM FRAGJEET
GINATES Hlz2l:2 ELL297.5 77.7 £+ MSL BOC404H0C02
EMCAYATION CONTRACTON FaAud N COMF ETION DEFTH, FT AFWRCL.CIMLHEIONE, FT
R. Lewie E. Lewiy 12.0 £t 10 £fr x 4 £t
ExcavATiOn Eowifuin? ND. OF RAMPFLLF [DIST. I UMDIET -
Case 560C WATLR LEVEL,"T |wmET _ W COMP. -
DATE ATARTEE BATL FIMISHED INSFLETOR
9/13/80 %4/13/80 E. Blickwedel
r HuTLs
DESCRIFTION | il IT) NN
. Orgapic CLAY layer: Gray to black, siltv, abundspt posts
- Silty SAND=-mandy SILT: Light gray, mostly fine grained, 1
: hard, dry. clayey near bage, :llightly pl&!ltit
2 2
- 3
[ Silty-sandy CLAY: Gray, red-brown, mottled, slightly
= damp, Firm 4
r UCs = 4.5
5
CLAY and 5ilty S5AMD:  Yellow-gray, occ clean pure quartz sand
B stringexs, light gre=p-gray clay lenses, slightly
— moast / 3]
L
A UCE = 1.78
- - -1 7
| gilty SAND: As above but less clay, yellow-brown, firm grained,
3 £lightly melat to meist
- B

=

Intexlayoered toan-light graen, fine grained silty SAND and
green-light brown SLAY, meist firm, sowme mica

et

=

r'I1I_IITTTlT1rr1'III

[ =]

l_l_il_l_llilllllllllthlll!I:ITI.IItcf.l.ll.l..!:l..llll..llII.I.J!llIIII_-lJ_lIIl_ll_I.IJ.II:Illllllrlllll
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WOODWARD-CLYDE CONSULTANTS
CONEULTING RNGINE LR, GROLOGIETE AND ENVINONMENTAL SEIENTEETE

LOG OF TEST pIT _TE-22

EHEET 31 OF 1

*a E—
ECT AMD LOEATYON SANTEE COODER ELE AT 40N ANT DATUW BRAOJEET MO,
ADHATES ¥lz?31.0 E11588.0 77.5 £t MSL QC40o90C02
LECAVATION CONTAACTOR FORE AR CEUM ETIRN QLFTH, FT "".ﬂ‘.ﬂlﬂlﬂllﬁuhr'r
E. Lewis K. Lewis 12.0 £t 10 fr x 4 £t
e ————
EXCAVATION EQINFMENT MO, GF BAMELEE [BBT ) WML,
Casa S8OC WATER LEVEL,FT |FimET _ ! COm,
DATE FTARTED DATEL FIMIEHED INEFLCTDR
5/131/B0 o/13/80 R, Blickwodal
N EANFLL b
orPta.l o 1
DESCRIFTION ik T S -
[ sandy CLAY: Tan-gray, generally very fine-fine grained, some [
i medrcoArse grain, hazd, dry UCs = 4.5 C
- 17
[  Silty-sand CLRY: Abundant vertical sand stringers in glay S
= becoming more