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EXECUTIVE SUMMARY 

Introduction 

The purpose of this report is to provide information on the origin, extent and stability of 
"soft zones" in the carbonate bearing strata at the Savannah River Site (SRS). This 
report brings together the knowledge and experience of several SRS geologists, 
engineering geologists and geotechnical engineers that have been studying this issue.  
As part of this study, a comprehensive historical compendium of how soft zones have 
been addressed during the past 47 years at SRS is reviewed. The General Separations 
Area (GSA) is presented as a study area to address the origin and extent of soft zones.  
Finally, a review of the current state-of-practice regarding stability of the soft zones is 
presented, as well as recommended methods for subsurface investigations.  

The SRS has been the subject of many detailed subsurface geologic and geotechnical 
investigations since the early 1950's. A time line showing when major investigations 
occurred, as well as the locations throughout the SRS, is presented on Figure E-1.  
Across SRS the soil zone between approximately 100 to 250 feet below the ground 
surface is a marine deposit laid down during the Middle Eocene epoch, which occurred 
approximately 35 to 50 million years ago. Past geologic studies have characterized the 
upper middle part of this interval as having locally high concentrations of calcium 
carbonate.  

Often found within these sediments, particularly in the upper third of this section, were 
weak zones interspersed in stronger matrix materials. These weak zones, which varyin 
apparent thickness and lateral extent, have variously been termed as "soft zones", the 
critical layer", "underconsolidated zones", "bad ground", and "void". For this report, the 
preferred term used to describe these zones will be "soft zones".  

The initial Corps of Engineers (COE) characterization in 1952 identified soft zones as 
being the major concern for foundation design. This initial study made many important 
observations concerning the formation, geometry, distribution, and physical attributes of 
soft zones (and potential associated voids) within the Santee Formation. Some of the 
soft zone observations and hypotheses set forth by the COE report have remained 
unchanged to this day. However, several important aspects of early soft zone analyses 
run counter to current thinking on this subject.  

Historically, the soft zones were grouted as an expedient way of resolving any potential 
foundation stability issues. This method continued through the restart of the K-reactor 
where the project chose to grout the Santee formation beneath the cooling water lines 
to resolve a potential foundation stability issue. The results of that effort were carefully 
studied and it was found that the grout was not having the desired effect on the 
subsurface soft zones as was previously thought. The results showed that the grout 
traveled in thin sheets along preferential pathways. Soft zones that existed prior to
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grouting still existed after grouting was completed. The grouting provided limited benefit 

in reducing the potential settlement from the soft zones.  

More recently, technology improvements have allowed sampling and testing which have 

resulted in additional insight to the properties of the soft zone soils. With these 

properties, advanced analytical techniques have been used to resolve the foundation 
stability issues without requiring soil remediation. The information provided herein 

allows for a clearer understanding of the geologic underpinnings that established the 
carbonates and the attendant soft zones.  

Origin of Carbonates and Soft Zones 

The origin of the carbonates in the Santee Formation is fairly clear. The Santee 
formation carbonate content ranges from zero to approximately 90 percent. The 

presence of glauconite along with a normal marine fauna including foraminifers, 
molluscs, bryozoans, and echinoderms, indicates that the limestones and limy 
sandstones were deposited in clear, open-marine water of normal salinity on the inner 

to middle shelf. The abundance of carbonate mud (micrite) in the limestones suggests 

deposition in quiet water below normal marine wave base. The presence of abraded 

and well-worn skeletal grains indicates that bottom transport by currents or storm

generated waves alternated with quiet-water conditions in which the sediments 
accumulated.  

Viewing the Santee sedimentary package parallel to the shoreline, the carbonate-rich 

sediments would be concentrated in the areas furthest removed-from-the tidal-nlets at -----.......  

the shoreface where clastic sediments supplied by riverineinput-is concentrated;The-. 

clastic-rich sediments on the other hand would concentrate opposite the tidal inlet areas 

where clastic sediment is more readily available. The lateral facies transition of the 

sediments in the subtidal shelf environment from carbonate-rich to clastic-rich 
lithologies is therefore gradual and measures in the thousands of feet. Shifting locations 

of the tidal inlets at the shoreline has resulted in a complex sedimentary package where 

facies gradually transition from one lithology to another both laterally and vertically.  

Therefore both vertical and lateral lithologic variability in the Santee sequence is the 

rule rather than the exception. Locally the contact between carbonate sediments and 

laterally comparable clastic sediments is often sharply drawn, occurring over distances 
of only a few feet.  

The original thoughts were that the soft zones were the result of bio-herm dissolution.  

This premise has since been proven to be false. Significant study of the deposition of 

the Santee formation precludes the formation of bioherms. Several hypotheses exist 

conceming the origin of the soft zones. One being that these zones consisted of 

varying amounts of carbonate material that has been altered (solutioned) over geologic 

time leaving sediments that are now subjected to low vertical effective stresses due to 

arching of more competent soils above the soft zone intervals. Carbonate material still
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exists in the subsurface, however solutioning is so slow (if it is occurring at all) that it is 
not expected to affect any facility, present or future, at the SRS.  

A second hypothesis is based on recent studies that indicate the controls were 
available for silica replacement/cementation to occur. This results in the spatial 
geometry of the silicified "areas" being very irregular. The silicification of the enclosing 
sediment would follow and spread along bedding planes, along microfractures of varied 
orientations and along corridors of locally enhanced permeability. The resulting "soft 
zone" could be in the form of irregular isolated pods, extended thin ribbons or stacked 
thin ribbons separated by intervening unsilicified parent sediment. Soft zones 
encountered in one Cone Penetrometer Test (CPT) sounding could be absent in the 
neighboring CPT only a few feet away: Only where silicification has spread far enough 
away from the bedding planes and/or fractures along which the silica replacement has 
taken place, where all the intervening sediment is replaced, would the soft zones be 
large enough and coherent enough to pose a question for the siting of new facilities. In 
all likelihood this would be a most uncommon event.  

Our present thinking is that the soft zones result from a complex open-marine water 
deposition of carbonates along with post placement dissolution and replacement in 
complex combinations. After deposition complex water movement of both fresh and 
saline conditions allowed both dissolution and replacement to occur in varying 
proportions along complex facies.  

Extent of Carbonate and Soft Zones 

In general, where carbonates are found soft zones are likely to be found as well. This 
conclusion is based on a significant study of soil samples from borings, boring logs, 
geophysical logs, and cone penetration test soundings throughout the GSA. This 
review was instrumental in delineating the extent of both carbonates and soft zones.  
The data was studied in many different ways but resulted in the simple conclusion that 
although carbonates and soft zones are not found in every drill hole or CPT, they are 
generally found in every area we have investigated in the GSA.  

Isopach maps developed for this investigation reveal that carbonate thickness and 
concentration is directly related to the isopach thickness of the Santee interval. Where 
the Santee interval is thick, carbonate is more concentrated, where the interval is thin, 
carbonate thickness and concentration is reduced. It is further observed that where 
carbonate is concentrated in the Santee section the overlying "upland unit", Tobacco 
Road/Dry Branch section is generally structurally high, and where the carbonate content 
is reduced or absent the overlying 'upland unit", Tobacco Road/Dry Branch section is 
generally structurally low. This indicates that the removal of carbonate and the thinning 
of the Santee interval occurred in post Tobacco Road time.  

Since the thickness and distribution of soft zones is closely linked to the thickness and 
distribution of carbonate, those structurally low areas where a great deal of carbonate
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has been removed would be areas where soft zones may not be present. This however 
would not reduce the need to investigate these areas for potential siting of new facilities 
but would aide in siting and land use issues.  

Stability of Soft Zones 

The soft zones are stable under static conditions. The Santee section, in which the 
carbonate and soft zones are found, is generally in the saturated zone in the GSA 
(except near Upper Three Runs Creek) well below the water table. Here the sediments 
are in a stable chemical environment, and carbonate dissolution is minimal. The further 
dissolution and removable of the Santee carbonate (in the engineering sense i.e., the 
next 100 years) is a non-issue.  

For the types of facilities constructed at the SRS, the increase in load on the soft zone 
soils is negligible. However, potential load increase due to a seismic event needs 
consideration even though the geologic record shows that soft zones encountered 
today have withstood the earthquakes that have occurred since their formation. Based 
on the knowledge gained by the many investigations performed and due diligence we 
recommend that site specific investigations be performed and analyses be done to 
assess the impact soft zones may have on any new facility.  

Subsurface Investigations and Analysis 

Geotechnical investigation programs are performed routinely for new facilities at SRS.  
Detection of soft zones will not prevent the siting of newfacilities in these-areas:-
Exploration to locate soft zones should include soil borings and cone penetration test 
(CPT) soundings. Our experience indicates the CPT is the best tool to determine the 
presence of soft zones. However, exploration programs for critical facilities include 
combinations of soil borings, CPT soundings, surface and down-hole geophysical 
measurements, compression and shear wave velocity determinations, and sampling for 
laboratory testing. It is recommended that initial soft zone identification be determined 
using the CPT tip resistance and the SPT N-value. For depths between 100 and 150 
feet below the ground surface, the CPT criteria would be tip stress less than 15 tons per 
square foot (tsf) and the SPT criteria would be an N-value less than 5. The exploration 
program depth must be designed to penetrate through the layer where soft zones 
occur. In the GSA, that translates to depths of approximately 180 feet below ground 
surface.  

For critical facilities it is recommended that a phased investigation program be 
performed. This could be done in combination with a site selection program, if 
warranted. The phased program allows for determination of stratigraphy (particularly 
soft zones) early in the program, then targeting those critical layers that require 
sampling and laboratory testing. Generally, the initial phase relies heavily on the CPT, 
and the second phase relies heavily on drilling, sampling and laboratory testing.  
Because of the depth of the soft zones (100 to 150 feet in the GSA) there is no static
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stability issue. Dynamic settlement, on the other hand, requires evaluation. Analyses 
include dynamic settlement determinations from partial liquefaction and consolidation 
from load transfer due to a seismic event.
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1.0 INTRODUCTION 

The Savannah River Site (SRS) has been the subject of many detailed subsurface 
geologic and geotechnical investigations since the early 1950's. The soil stratigraphy at 

SRS within 200 feet of the ground surface is complex. The soils consist of many 
interbedded layers of predominantly clayey sands, silty sands and clean sands varying 
in thickness and composition. Across SRS the soil zone between approximately 100 to 

250 feet below the ground surface is a marine deposit laid down during the Middle 

Eocene epoch, which occurred approximately 35 to 50 million years ago. Past geologic 

studies have characterized the upper middle part of this interval as having locally high 

concentrations of calcium carbonate. In 1952, the United States Army Corps of 
Engineers (COE) focused much of the initial foundation investigation efforts on these 
marine deposits. At the time of the COE investigation, these sediments were assigned 
to the McBean formation. However, geologic strata in the SRS area have since been 
renamed due to additional geologic data obtained in the last 40 years. Based on 
current geologic designations, this marine deposit is included in portions of the Dry 
Branch and Santee Formations. To simplify this matter, "Santee" has been used as a 
common reference to the geologic interval where soft zones are discussed.  

Often found within these sediments, particularly in the upper third of this section, are 
weak zones interspersed in stronger matrix materials. These weak zones, which vary in 

apparent thickness and lateral extent, have variously been termed as "soft zones", "the 

critical layer", "underconsolidated zones", "bad ground", or "void". For this report, the 
preferred term used to describe these zones will be "soft zones". ----..  

The first major characterization at SRS (conducted by the COE in 1952) identified soft 

zones as being the major concern for foundation design. This initial study made many 
important observations concerning the formation, geometry, distribution, and physical 
attributes of soft zones (and potential associated voids) within the Santee Formation.  
Some of the soft zone observations and hypotheses set forth by the COE report have 

remained unchanged to this day. However, several important aspects of early soft zone 
analyses run counter to current thinking on this subject.  

The intent of this report is to provide a chronological summary of how soft zones have 
been addressed during the past 47 years, with particular focus on the origin, extent and 
stability of these soils. Section 2.0 summarizes the major findings of large foundation 
characterization and/or remediation programs that have been undertaken for important 
facilities at SRS. Section 3.0 provides a summary of soft zone criteria and indicators 
that have been used in previous SRS studies and what is considered technically 
reasonable based on current information. Section 4-0 presents the results of recent 
analysis and the current thinking on soft zones, including discussion of their origin and 
extent/geometry. Section 5.0 discusses soft zone stability and analysis. Section 6.0 
summarizes the conclusions of this study.
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1.1 Background 

Soft zones were initially recognized in the subsurface at SRS during the 1952 COE site 
characterization. Initial soft zone indicators the COE established were based upon: 

"* Low N-value (sum of blow counts from the 20d and 3r 6 inch interval of a Standard Penetration Test) 
"* Weight of rod during Standard Penetration Test 
"* Weight of hammer during Standard Penetration Test 
"* Rod or tool drops (quick advance of the drill string with little or no resistance) 
"* Fluid loss (substantial or total drill fluid loss into the formation during drilling activities) 

These indicators, or slight variations on them, remained largely unchanged for nearly 40 
years. The single most important change in soft zone delineation has taken place 
during the past decade, with the introduction of the Cone Penetrometer Test (CPT).  
This rapid and relatively inexpensive investigation technique allowed for significant 
improvements in characterization and definition of both soft zones and potential voids.  
Key improvements the CPT has over conventional drilling methods include: 

"* Higher frequency of data collection (vertical measurements made every 2 cm).  
"* CPT measures three independent parameters (tip resistance, sleeve resistance and pore pressure) 
"* CPT is 5 to 10 times faster in deep pushes than continuous SPT borings (for a 200 ft deep hole a CPT 

takes 1 day, whereas a continuous SPT boring might take 4-10 days).  
"* The CPT has superior (automatic and continuous) depth control characteristics relative to 

conventional SPT borings.  
o The CPT technique allows for direct and accurate testing of in situ soils (strength, shear wave, 

hydraulic, video, etc.).  
* The speed and cost of CPTs often allows for more penetrations than SPT's, yielding greater definition 

of the lateral extent of soft zones.  
* The CPT method has a high degree of reproducibility, with markedly less operator dependent variation 

(relative to the SPT technique).  
* The CPT is a quasi-static technique accurately measuring resistance against the cone and not the 

total force applied against a drill string and hammer. The SPT technique complicates determination of 
soft zone characteristics due to the substantial weight of rods (particularly at the depths in which these 

zones commonly appear) and introduction of large hydraulic heads associated with the drilling fluids.  

* The CPT has no large hydraulic heads associated with drilling fluids.  

These CPT attributes listed above have substantially influenced how foundation 
investigations have been carried out at the SRS during the past 6-8 years. The CPT 
has become a primary tool for subsurface investigations, and has allowed for a 
reduction and more focused use of conventional drilling techniques (WSRC, 1998c).  
The most recent advance in CPT technology is the ability to sample soils with much 
success in soft zone intervals.  

Eighteen geotechnical/geologic reports and studies have been identified in the historical 
record that address soft zones in a rigorous manner. These reports are summarized in 
Section 2.0 of this report. Numerous summary tables are also included. Note that the
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reference within these tables has been abbreviated to reduce the table size. The 
following list of the eighteen reports and the abbreviated reference is provided below.  

COE Geologic Engineering Investigations at SRS (1952) Ref:COE (1952) 
Foundation Investigations and Treatment at SRP (1963) Ref:MPMRCE (1963) 
Danger of Soil Liquefaction Caused by Earthquake at SRP (1976) Ref:Rutledge (1976) 
Geotechnical Report DWPF 200-S Area (1984) Ref:MRJD (1984)-DWPF 
Z-Area Saltstone Disposal (1986) Ref: MRCD (1986)-Salt 
K-Area Cooling Tower Reports (1990) Ref. MRCE (1986-1990)-Cool 
HWRF Phase I Geotechnical Study (1991) Ref: Law (1991)-HWRF 
K-Reactor Area Geotechnical Report For Seismic Issues (1991) Ref: GEl (1991)-K 
Integrated Geologic Analysis of the K-Reactor Area (1992) Ref. WSRC (1992)-K 
K-Area Soil Stabilization Program (1992) Ref. WSRC (1992)-KASS 
PAR Pond Dam Seismic Evaluation (1992) Ref: Ebasco (1992)-Par Pond 
Replacement Tritium Facility Geotechnical Investigation (1993) Ref: WSRC (1993)-RTF 
ITP Facility Final Report - Phase I and II CPT Studies (1994) Ref. Ebasco (1994)-ITP 
ITP and H Tank Farm Report (1995) Ref. WSRC (1995)-ITP 
TEF Geotechnical Summary Report (1998) Ref. WSRC (1998)-TEF 
Actinide Packaging and Storage Facility (1998) Ref. WSRC (1998)-APSF 
Use of the Cone Penetrometer at the SRS-Whitepaper (1998) Ref: WSRC (1998)-White 
F-area Northeast Expansion Report (1999) Ref: WSRC (1999)-NEC 

The A timeline of these reports and significant activities, including a project location 
map, is presented on Figure 1-1. Criteria and indicators used to identify soft zones 
during these investigations are chronologically summarized on Table 1-1. The criteria 
used during each respective program was based both on the nature of the work being 
performed (i.e., purely investigative or remedial) and technology available at the time.  

Table 1-1. Historical Soft Zone Criteria and Indicators Used at SRS 

Reference Conventional Drilling Criteria and Grouting or Backfill 
Indicators CPT Criteria Criteria 

COE (1952) Soft zones defined as: N/A Pressure grouted only holes 

• Low SPT blow count with rod drops or remarkable 

* Mud losses fluid losses.  

• Rod drops 
MPMRCE Soft zones defined as: N/A Ail borings at SRP, regardless 

(1963) 0 Low resistance to penetration of sampling of their purpose, should be 

toots (primary) grouted (with a thick viscous 

"• Loss of drilling mud (less indicative) mix) to prevent free seepage 

"* Presence of calcareous material into the solution zone from 
overlying soils.  

Necessity for foundation 
grouting determined by risk
based mabix that evaluated 
structure category, stress 
relationship to solution zone, 
depth/severity/frequency of 
subsoil defects, and 
consequence of differential 
settlements.  

Rutledge No criteria. NA N/A 
(1976) 

MRJD (1984) Soft zones defined as: N/A Low pressure (5 psi) foundation 

- DWPF , Low resistance to penetration of sampling grouting take ratios (actual take/
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Reference Conventional Drilling Criteria and Grouting or Backfill 
Indicators CPT Criteria Criteria 

tools theoretical) as follows: 
* Loss of drilling mud >6 voids or leached 
* Positive HCL reaction zones 

• 3-6 thin leached zones 
• <3 slightly enlarged 

borehole and waste/ 
overflow 

MRCE (1986) No soft zone discussion; low blow count N/A Backfill grout take ratio as 
- Salt zones and rod drops identified, but no criteria follows: 

given. * >6 voids or leached 
zones 

0 3-6 thin leached zones 
• <3 slightly enlarged 

borehole and waste/ 
overflow 

MRCE (1986- No exact criteria indicated. Extensive low blow N/A Significant void defined as a 
1990)-Cool count and rod drop zones identified. grout take of >100 cu/ft (grout 

take ratio of 10).  
Law (1991) - 0 Soft zone defined as SPT blow count = 0 * Soft zone = tip resistance of N/A 
HWRF (including rod drops and weight of hammer) <=15 tsf for at least a 1 ft 

0 Circulation losses, rapid Increases in drilling section.  
rate, calcareous material, and staged backfill 
grouting instances noted, but not made part 
of criteria.  

GEl (1991) -K Soft zone designated as: • Soft zone = tip resistance None 
"* N-value = 0 (including weight of rods or <200 psi (14-4 tsf) for a 

weight of hammer) distance >1 ft 
"* Hydraulic pressure <50 psi to push a shelby 

tube 
"* Rod drops during drilling 
* Start of a drilling fluid loss episode 
• Shear wave velocity of critical zone 

determined to be between 350-950 ft/s 
WSRC 1992)- • Direct Indication of soft zone = rod drop * Direct Indication of soft zone • Indirect indication of soft 
K 0 Indirect Indication of soft zone = drilling fluid = low tip pressures and zone = grout take 

losses sleeve resistance' 
WSRC (1992) Soft zones designated as: • Soft zone tip resistance Areas with borings having 
- KASS • Sedimentary sections w/ significant <200 psi grout takes of 300 cf or more 

percentage of carbonate-rich material at time interpreted to be associated 
of deposition, which subsequent dissolution with well-developed soft zone 
has removed leaving a high porosity (>60% complexes in the subsurface.  
[from density log]) zone containing fine 
grained material in an underconsolidated 
state.  

• Boreholecompensated density logs with 
readings below 108 Ib/ft3 

• Rod drops (evaluated but determined to be 
poor soft zone indicator) 

Ebasco (1992) Loose zones designated as: No CPT soft zone criteria 
- Par Pond • Corrected SPT N-values less than or equal indicated 

to 10 blows per foot 
WSRC (1993) Soft zones defined as: Soft zone = tip resistance <200 None 
- RTF * SPT N-value <= 4 psi (13.6 tsf) 

• Sampler advance due to weight of 
rodsfnammer 

* Loss of drilling fluid 
Ebasco (1994) N/A - CPT only investigation Soft zones defined as: N/A 
- ITP • Tip resistance <15 tsf, and 

* Sleeve resistance <1 tsf.  
and 

0 Zone thickness >= 6 inches 
Void identification logic tree 
developed. Voids must meet all
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Conventional Drilling Criteria and 
Indicators CPT Criteria

+ I
of the following criteria: 
* Tip resistance <15 tsf, and 
"* Sleeve resistance <1 tsf.  

and 
"* Pore oressure = hydrostatic

Grouting or Backfill 
Criteria

WSRC (1995) Soft zones defined as: Soft zones defined as: None 
- ITP • SPT N-Value < =5 * Tip resistance <15 tsf 

Void identification logic tree 
modified. Voids must meet all of 
the following criteria: 

' Tip resistance <=3 tsf, and 
* Sleeve resistance <=1 tsf, 

and 
* Pore pressure approximates 

hydrostatic 
WSRC (1998) Soft zones defined as: Soft zones defined as: None 
- TEF * SPT N-Value < 5 * Tip resistance <15 tsf, and 

* Zone thickness >2 ft 
(Some judgement used for layers 
approaching 2 ft in thickness).  

WSRC (1998) Soft zones defined as: Soft zones defined as: None 
- APSF * SPT N-Value < 5 * Tip resistance <15 tsf, and 

° Zone thickness >=2 ft 
(Some judgement used for layers 
approaching 2 ft in thickness).  

WSRC (1998) None. Use of SPT N-Value as soft zone criteria Soft zones defined as: None 
- White considered to be misleading, but still ° Tip resistance <15 tsf, and 

recommends SPT N-Value of < 5 as indicator. * Zone thickness >-2 ft 

WSRC (1999) Soft zones defined as: Soft zones defined as: None 
- NEC * SPT N-Value < 5 * Tip resistance <15 tsf, and 

* Zone thickness >2 ft

5
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2.0 CHRONOLOGICAL SUMMARY OF SIGNIFICANT INVESTIGATIONS 

The following sections summarize 18 reports considered to be the most significant 
investigations performed at the SRS where soft zones were encountered and discussed 
in some detail. The reports are reviewed in chronological fashion (from oldest to most 
recent). Only the key findings pertinent to soft zone issues are presented here. These 
summaries are historical accounts extracted from the reports and do not necessarily 
represent the most current thinking about soft zones. It should be noted to the reader 
that names of geologic stratum as well as engineering layers have changed since some 
of these older reports were issued. To simplify this matter, "Santee" has been used as 
a common reference to the geologic interval where soft zones are discussed.  

2.0.1 COE Geologic Engineering Investigations at SRS (1952) 

Reference: US Army Corps of Engineers (COE), Charleston District. "Geologic 
Engineering Investigations, Savannah River Plant", Volumes 2, Waterways Experiment 
Station, Vicksburg, MS, 1952.  

As a part of the initial construction phase at Savannah River Site (SRS), in 1951 and 
1952, the U.S. Army Corps of Engineers (COE) performed: (1) the original site wide 
geologic characterization, and (2) an extensive exploration and grouting program of the 
soft soil zones beneath the foundation areas of critical structures at the 5 reactors and 
both canyon facilities. This report, the precursor to all following investigations at SRS, 
made numerous key findings. These include: 

"* At a depth of about 100 to 200 ft below the surface [of the general SRS site], a zone of sandy marl 
and calcareous sand was found. This calcareous zone was identified as part of the McBean [Santee] 
Formation.  

" Although the Santee sediments have been subjected to consolidation by 100 to 150 ft of overburden, 
later solution of calcium carbonate destroyed some or all of the benefits of that compaction so that the 
soil may be more compressible than would normally be the case. Most of the major foundation 
problems were ascribed to be a result of solution in these calcareous soils, and a large scale grouting 
program in soft zones was recommended and undertaken.  

" Cavernous underground conditions were found to be extensive and widespread in the upper-middle 
part of the McBean [Santee] Formation in or just above the calcareous strata. Water collected in such 
beds was found to be relatively high in carbonates, whereas water in sandy layers above and below 
was very soft; thus proving active solution of lime at the present time. The distribution of calcareous 
materials, zones of low penetration resistance, and mud losses (the first soft zone criteria) were 
largely within this 50 to 70 ft thick zone. Zones of low penetration resistance were interpreted to 
reflect a skeletal structure resulting from leaching, while the mud losses reflected a more or less 
cavernous condition due to the same cause.  

" Solution cavities/voids of many feet in diameter were judged to be unlikely. It was deemed probable 
that the materials reflected a honeycombed structure of numerous small "rat holes" rather than a 
single large void. These cavities were not necessarily open, but probably were partly filled, to varying 
degrees, with soft, semiliquid clays or loose silts and sands.
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The COE presented evidence showing that many of the numerous "sinks" or shallow depressions on 
the surface resulted from the collapse of cavities in this zone of calcareous material. Explorations 
found openings beneath areas where no surface sinks exist, suggesting that although the surface has 
not collapsed, it may be in a state of unstable equilibrium.  

Soft zone strata in a state of unstable equilibrium might experience cavity collapse brought on by a 
slight additional loading, vibration, or sudden shock. The removal of the hard surface crust by 
excavations, which may be as deep as 50 ft, will reduce the arching strength of the soils. In some 
cases the weight of structures might exceed the weight of the soil removed, which might result in 
overloading the underlying strata beyond their arching strength. Under such conditions, it was 
believed that collapse of underground openings would be quickly transmitted to the surface or to the 
superimposed building.  

2.0.2 Foundation Investigations and Treatment at SRP (1963) 

Reference: Moran, Proctor, Mueser & Rutledge Consulting Engineers, (1963), 
"Foundation Investigations and Treatment at Savannah River Plant", April 19, 1963.  

This study was conducted to evaluate foundation investigation and treatment 
techniques at the Savannah River Site. General recommendations regarding 
subsurface characterization programs, engineering design for fill supported structures, 
and utilization and limitations of existing subsurface data were developed and 
discussed. This study was not intended to provide facility specific recommendations for 
foundation investigation and design; rather it provided general guides and 
considerations and cautioned that these were to be considered subordinate to 
application of professional engineering judgment as complex operational requirements 
for structures at the SRS introduce numerous special requirements. Major -..  
observations, recommendations, and conclusions of this report are: 

" Engineering and geologic studies performed for construction of the plant in 1951-52 established that 
the surface sinks present throughout the plant area result from subsurface solution of calcareous 
materials occurring in a relatively well-defined zone, 60 to 80 feet thick, in the McBean [Santee] 
Formation,'which is generally found at depths of about 100 to 200 feet. The extent of solution is 
variable and is more pronounced towards the southern and eastern portions of the project area. As a 
result of these investigations, and because the behavior of large and heavily loaded foundations in the 
Southeastern Coastal Plain was unknown, grouting was performed in 1951-52 beneath selected 
critical structures to permit their safe and immediate construction. The engineering and geologic 
studies disclosed that the surface sinks undoubtedly developed very slowly, over geologic time, but 
there was no assurance that this would continue to be true and, therefore, a conservative approach 
was adopted.  

" Adequate subsoil exploration and testing first must satisfy normal requirements for determining soil 
types, consolidation behavior, shear strength and other physical properties relevant to settlement, 
bearing capacity, slope stability and foundation design. For important structures, additional subsoil 
considerations are imposed by the solution zone underlying the project and it is frequently necessary 
to answer questions such as: 

a) Is it necessary to explore, by borings, the condition of the solution zone beneath the proposed 
structures? 

b) To what extent is exploration required of soils overlying the solution zone?
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c) When is grouting of the solution zone or of the overburden indicated? 

"The principal factors involved in planning a subsoil exploration program for new facilities are: (1) type 
of structure, (2) thickness of soil between subgrade elevation and the top of the solution zone, and (3) 

the expected prevalence and severity of subsurface solution induced defects in the solution zone and 

overlying materials. The importance of the thickness of soil between subgrade and the top of the 

solution zone with reference to the building or fill size cannot be overemphasized. Because of the 

southeast dip of the solution zone and the large variations in plant topography, the overburden 

thickness in one area of the plant may be sufficient to preclude difficulties from subsurface solution 
defects whereas the converse may be true elsewhere. Special care should, therefore, be exercised 

when constructing structures where the ground surface elevation is unusually low. Low ground surface 

elevations decrease the thickness of soil above the solution zone and may have resulted in locally 
accelerated solution rates. An unusually thin zone of natural soil between subgrade elevation and the 

top of the solution zone may not provide sufficient protection even for relatively non-critical structures.  
While voids may be found in the overburden above the solution zone, current knowledge indicates that 

solution induced defects are restricted to the solution zone in the McBean formation or the material 

immediately overlying it.  

" The equilibrium of soil overlying solution induced defects often decreases because of variations in 

surface or ground-water movement, whether resulting from pumping, natural causes, or construction 
of plant facilities. This was taken into account when the plant was constructed by locating water supply 

wells away from major structures. However, ground-water seepage from canals or storage ponds may 

eventually be responsible for some changes in the present equilibrium of soil over solution defects.  

Careful annual inspections of adjacent areas should provide adequate control, as major structures are 
not located adjacent to canals or storage ponds.  

" Acceptable Degree of Risk: The cost and delay of a comprehensive foundation investigation and 

treatment program must be balanced against: (1) structural requirements, (2) consequences of 

possible differential settlements, and (3) other factors such as contingent operational problems.  
Structural, operational, and economic considerations may warrant assuming a calculated risk, at least 

under some circumstances, -in lieu of adopting technically desirable and relatively safe foundation .  

exploration and treatment procedures. The successful behavior of structures constructed during the 

initial plant construction- program over ten years ago is of special interest because the locations and 
types of structures constructed at that time are probably as critical as may apply for future work.  

Structures were constructed at some locations, for example, in D-Area, where subsurface solution 

defects are relatively critical. Yet in this area, and beneath some major structures in other areas, 
subsurface grouting was not attempted and a modified foundation design and calculated risk were 
accepted instead. The successful performance of these structures is, therefore, reassuring and 

significant in indicating that existing solution defects are not highly active and that calculated risks can 

be assumed under some circumstances.  

" Subsurface solution apparently proceeds very slowly and limited voids or soft areas are expected to 
remain stable unless subjected to: (1) large stress increases resulting from construction activities, (2) 
major changes in surface drainage, (3) subsurface water movement resulting from pumping from 

wells, or (4) shocks such as earthquakes, blasting or explosions. The importance of these factors was 

recognized and taken into account when the plant was originally designed, except that parts of Item 4 
are of more recent significance.  

" Without attempting to formulate rigid design planning procedures, it appears desirable, as a means of 

promoting consistent design approaches, to classify structures as regards their sensitivity to possible 
results from subsoil solution defects. This can be done, of course, only by departments concerned 

with designing and using structures and involves operational and policy elements. General structure 
classification promotes a consistent basis for either omitting or undertaking foundation grouting at
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proposed structures, when used with other data available. The proposed structure categories, along 
with considerations for each, are given below.  

Category I - Non-sensitive or Minor Structures. Structures in this category would ordinarily not 
increase the stress at the top of the solution zone and would, therefore, not require subsoil 
exploration in addition to that for normal foundation design requirements. However, should such 
structures be placed on deep fills, or be sufficiently heavy to increase significantly the stress at the 
top of the solution zone, deeper subsoil explorations would be warranted. Typical structures 
would include office buildings, minor process structures, and service structures.  

Category I! - Structures of Medium Sensitivity or Large Cost. A basic requirement for 
structures to be placed in this category is that serious problems would not arise if cracks 
developed. Thus, the feasibility of repairing the structure would be one requirement for a structure 
to be placed in this category. A second requirement might be that loss of the contents of the 
structure would not present major hazards. Structures in this category should receive adequate 
exploration for normal design purposes and, in addition, fishtail type borings in the overburden 
above the solution zone to assure that an intact band of soil of adequate thickness separates the 
foundations of the structure and the top of the solution zone. The thickness of this zone should be 
sufficient to permit arch action to develop; capable of spanning solution induced defects. In 
general, a zone at least 75 feet thick between the subgrade and the top of the solution zone 
should be explored for structures in this category. This suggested thickness is, of course, variable 
and may be modified according to the size of the structure. At least one such boring should be 
made for small buildings; additional borings should be spaced on a grid approximately 100 feet 
square for larger buildings. Special precautions should be taken to observe and record: (1) 
dropping or slow settling of the drill rods, (2) gradual or sudden losses of drilling water, and (3) 
presence of calcareous materials. Typical structures would include power houses, evaporator 
buildings, and 244-H.  

Category III - Structures of Maximum Sensitivity. The subsoils beneath all structures placed in 
this category should be explored by fishtail borings to the bottom of the solution zone and all 
defects in the solution zone and in the overlying soils should be grouted unless they obviously are 
minor. The spacing of borings in the overburden and in the solution zone depends upon the size 
of the structure and the loads imposed by it on the subsoil. In general, boring spacing should not 
exceed the equivalent of a 100-foot square grid with a boring in the center and comers of each 
square. In areas where significant subsurface defects are revealed, closer spacing and additional 
borings should be used. Typical structures would include waste storage tanks, 105 and 221 
buildings, and major pump houses.  

The 1951-52 boring and grouting work indicated that sudden dropping of drill rods results primarily 
from displacement of soft material, rather than from the drill rods entering a relatively unfilled cavity.  
Borings made in grouted areas, where relatively large droppings of the drill rods had been observed, 
failed to reveal thick layers of grout and indicated that probably the most severe common subsoil 
condition existing throughout the solution zone is a porous, spongy, relatively open strata that has 
substantial structural competence. Consequently, it is concluded that the mere loss of drilling fluid 
when making a boring is not in itself indicative of major subsoil defects, automatically requiring 
remedial grouting. While this is believed to be generally true, there may be exceptional cases where 
solution has resulted in relatively large cavities, which pose more of a threat to overlying structures 
than has been revealed by borings to date. If these conditions exist on the project, they are 
considered most likely to be found where the ground surface is low and surface water has tended to 
concentrate, thereby accelerating the solution processes and tending to wash out previously formed, 
partially or completely filled cavities.  

* Losses of drilling fluid and their frequency and severity are considered less significant than the 
behavior of the drill rods during drilling and the observed resistance when recovering samples. Where
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no rapid dropping or slow settling of the drill rods occurs, and where the sampling penetration in the 

solution zone is high, a serious open solution cavity condition is not considered probable even though 

some borings may lose drilling fluid. However, if a large percentage of the borings freely lose drilling 

fluids, it would be necessary to re-examine critically this conclusion.  

"Borings made at the Savannah River Plant, regardless of their purpose, should be grouted to prevent 

free seepage into the solution zone from overlying soils as this might wash out existing cavities. The 

ground-water level is often at substantial depths below the ground surface (i.e. 50 feet), therefore; the 

grout will be under relatively high pressure. A thick viscous grout should be used to prevent excessive 

travel and careful records should be maintained of the quantity required to fill each boring. If drilling 

fluid was lost, some grout in addition to that required to fill the borehole may be anticipated. Where 

these quantities are small, a few cubic yards for example, a serious subsoil condition is not indicated 

especially if the loss of drilling fluid is the only abnormal event observed in the boring. Grouting the 

borings constitutes an important test of the solution zone and should be considered together with 

other data in evaluating the subsoil defects at the site.  

" Evidence of abnormally soft material, in the overburden above the solution zone, should be given 

special attention as such behavior indicates an upward development of subsurface defects from the 

solution zone, the presence of which, between the bottom of proposed structures and the top of the 

solution zone, would generally require further exploration and probably a need for remedial grouting.  

The thickness of intact soil between subgrade elevation and the solution zone, with respect to the size 

of structures and net loading, is considered of major importance.  

" Because surface sinks are believed to develop slowly over long periods of time, study of periodic 

settlement observations should enable appropriate corrective action to be taken, if required, before 

large settlements occurred. Settlement observations have value only if performed with unusual 

accuracy and should be referenced to at least two benchmarks; each located a minimum of 1, 000 

feet from the structure being observed.  

2.0.3 Danger of Soil Liquefaction Caused by Earthquake at SRP (1976) 

Reference: Rutledge, Philip C. of Meuser, Rutledge, Wentworth & Johnson, (1976), 

"Danger of Soil Liquefaction Caused by Earthquake at the Savannah River Plant", 

October, 1976.  

This study was undertaken to review previous liquefaction evaluations made for the 

Savannah River Plant (SRP). The review considered only the SRP installations on the 

higher ground of the Aiken Plateau (generally above Elev. 250). No review was made 

for any installation on recent sedimentary deposits along the Savannah River. For the 

areas reviewed the conclusion was that the danger of soil liquefaction caused by 

earthquakes is extremely remote for the following reasons: 

" The soil deposits on which the SRP installations reviewed are constructed are geologically old 

deposits of the Tertiary period. In the more than five million years since their deposition they probably 

have been subjected too much more severe earthquakes than can now be visualized. There are no 

records of soil liquefaction in such geologically old deposits causing damage to structures.  

" The soil deposits apparently have been subjected to both small and rather large scale distortions in 

their geologic history and continuity of lithologically similar soils over distances of one to two hundred 

feet in the upper eighty feet below ground surface is rare.
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" Soil liquefaction damage, from the records, is almost entirely confined to structures on sand fills or 
recent alluvium so located that there is a lower area toward which the temporarily liquefied soil can 
flow. This condition does not exist at or near SRP installations.  

" The assumption of earthquake causing ground surface accelerations as great as 0.2 g. in the area 
considered is highly conservative.  

" The criteria for soil liquefaction stated herein and utilized in this review are conservative interpretations 
of the actual records of soil liquefaction in earthquakes.  

" In the very large number of samples reviewed in the boring records for depths less than 60 ft below 
ground surface less than four per cent could be considered cohesionless sands or silts and in most 
cases these had standard penetration resistances greater than 20 blows per foot.  

" In the H area there are layers of cohesionless silty sand between depths of 7 feet to 12 feet. These 
sand layers are above the bearing level of the waste storage tanks. If these sand layers exist under 
the earth fill that has been placed around the tanks and if they could become saturated even though 
they are 10 feet or more above ground water level, the layers could lose shear strength under the 
effects of a major earthquake. The only consequence would be that the fill around the tanks, which 
extends above the existing ground surface, might tend to slump and move away from the tanks. This 
would have no effect on the tanks themselves.  

2.0.4 Geotechnical Report DWPF 200-S Area (1984) 

Reference: Mueser, Rutledge, Johnston, and DeSimone (1984), "Geotechnical Report, 
Design and Construction, Defense Waste Processing Facility, 200-S Area, Savannah 
River Plant," Aug. 7, 1984

This investigation evaluated subsurface conditions at the Defense Waste Processing 
Facility (DWPF) in S-Area. The scope of work included review of previous studies, a 
large-scale subsurface investigation, geophysical surveys, a laboratory testing program, 
and extensive engineering analyses. Significant findings and conclusions include: 

The soil profile in S-Area is generally similar to adjacent H-Area and consists of complexly 
interbedded clayey sand, sand, and stiff silty clay.  

The strata of major concern in foundation design for the proposed structures were the sand and clay 
layers within the Bamwell and McBean [Santee] Formations. The stresses imposed by the proposed 
structures on the soil mass were relatively insignificant at depths greater than 150 feet (the 
approximate depth of the base of the McBean [Santee] Formation).  

Strata within the Bamwell Formation had occasional N-values of less than 10 blows per foot (less than 
<7% of the samples). The McBean [Santee] formation was found to consist primarily of alternating 
layers of sand with some clay, and sand with trace of clay or silt, ranging in thicknesses from 60 to 70 
feet. The bottom of this formation ranges from elevation 125 to 135 ft, and includes isolated layers of 
calcareous sand. The calcareous sands are susceptible to solution resulting in soft skeletal soil 
structure or voids. Instances of low blow counts, low resistance during drilling; and loss of drilling fluid 
were noted at depths containing the calcareous sands, indicating voids or leached zones of limited 
extent are present beneath the DWPF.  

Clayey soils are generally heavily preconsolidated to stresses well above pressures induced by 
foundation loads from the proposed facility. The exception is a discontinuous clay layer up to 10 feet
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thick encountered 70 to 80 feet below ground surface. Some consolidation tests performed on 
samples from that layer indicate a preconsolidation pressure approximately equal to the existing 
overburden pressure.  

"All of the samples exhibiting low preconsolidation pressures and shear strengths were recovered 
below the Bamwell Formation in Stratum C2 and the underlying McBean [Santee] clayey sands.  
Occasional sandy samples from the McBean formation react with a weak hydrochloric acid solution 
indicating the presence of calcareous materials that are subject to leaching. None of the clayey soils 
exhibiting low preconsolidation stresses reacted with the acid. Previous investigations concluded that 
calcareous material may have existed within these clayey soils, but they may have been leached out 
by the downward flow of ground water into the lower, porous soils. This loss of material would 
increase the void space within the soil and reduce its ability to support vertical load, thereby lowering 
the apparent preconsolidation stress. These weaker zones are generally characterized as pockets 
rather than as continuous layers.  

" Because of the critical nature of the proposed structures, a grouting program (consisting of 39 grout 
holes) was performed to minimize the risk of irregular building settlements. Subsurface voids and 
leached zones were identified during the grouting program by examining grout take ratios (theoretical 
hole volume/volume of grout). Grout take ratios greater than six were interpreted as indicating the 
presence of voids or leached zones. Grout take ratios between three and six were interpreted as thin 
zones of leached materials. Grout take ratios up to three were attributed to boring diameters enlarged 
during the drilling process and wasted grout due to surface overflow. The grout take ratio in all the 
holes (with one exception) varied from 0.9 to 2.7 with most of the ratios close to 1.3, indicating 
enlarged holes during the drilling process or wasted grout, not large subsurface voids present beneath 
the Category I structures.  

" Total settlements, including soil heave plus settlements due to the net structural loads were estimated 
for all Category I structures. Ranges of settlement values calculated for various Category I structures 
are as follows: 

Excavation heave: 0.4 in to 1.2 in 
Foundation settlement: 0.8 in to 4-3 in 
Maximum differential settlement: 0.1 in/lO0 ft to 2.0 in/40 ft 

2.0.5 Z-Area Saltstone Disposal (1986) 

Reference: Mueser, Rutledge Consulting Engineers, (1986), Saltstone disposal, Z-Area 
SRP.  

This investigation was conducted in support of construction of new vaults at the 
Saltstone Disposal Facility. The proposed 21 reinforced concrete vaults were designed 
to receive liquid saltstone waste, which similar to a concrete pour, would harden within 
about 30 days (resulting in massive concrete blocks). The dimension of each cell 
(vault) was 100 ft x 600 ft x 25 ft deep.  

A geotechnical program for the initial eight vaults was undertaken, which included 25 
split spoon/shelby tube borings, 5 wellpoint piezometers, and laboratory testing.  
Significant findings and conclusions include: 

* Of the 23 borings extended through the calcareous layer, one significant void was encountered in the 
Santee Formation at elevation 180 ft (Boring Z-217, depth of 115.5 ft). The void was evidenced by an
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initial loss of drilling fluid followed by a drill rod drop of four feet. At completion, 1000 gallons of 

cement-bentonite grout were pumped into the borehole without grout return to ground surface. After 

allowing the grout to set for 8 days, the borehole was filled with grout. A six inch rod drop occurred in 

another boring at elevation 169 ft (depth of 119.1 ft); however there was no significant loss of drilling 

fluid nor unusual grout take.  

"The Santee Formation was broken into three substrata (from upper to lower, S3a, S3b, and S4). S3a, 
described as sand, some clay, had a few weight of rod/hammer soft zones. S3b, described as sand, 
trace clay and silt, had penetration resistances significantly higher than Stratum S3a (typically N of 40 

to >100). S4 was described as calcareous sand, some clay or silt, trace shells and limestone 

fragments with some limestone and siltstone layers. The surface of Stratum S4 is between elevation 

190 and 170 ft (approximately 95-115 ft depth). Drilling through this stratum was characterized by 

alternating low and high resistances indicating presence of limestone and siltstone layers within the 

calcareous sands. Penetration resistances were generally greater than 30 blows per foot; about 50 

percent of the N-values were greater than 100.  

" One consolidation test was performed on a sample recovered from Stratum S3a immediately below a 

split-spoon sample recovered under the weight of rods. The preconsolidation stress of this sample is 

two tons per square foot (tsf) below existing overburden stress. MRCE interpreted this sample as 

representing an isolated weak zone, possibly the result of leaching of calcareous soils. The low 

preconsolidation stress may have reflected arching by stronger soils around the weak zone.  

" There is no evidence of ground subsidence in the vicinity of the saltstone vaults, which are on top of a 

relatively flat plateau.  

2.0.6 K-Area Cooling Tower Reports (1990) 

Mueser Rutledge Consulting Engineers, (1990), "Foundation Investigation and Grouting 

Program K-Area Natural Draft Cooling Tower", February 5, 1990.  

Mueser Rutledge Consulting Engineers, (1988), "K-Area Cooling Tower Eastern Site", 

December 5, 1988.  

Mueser Rutledge Consulting Engineers, (1986), "K-Area Cooling Tower and Pump Pit", 
January 6, 1986.  

The K-Area cooling tower is a large concrete structure 348 feet in diameter presenting 

an established load of 15,000 tons on ninety 24 inch diameter columns bearing on a 

ring beam foundation. The foundation subgrade lies at elevation 178.5 ft, with original 
grade across the site ranging from elevation 205 to 225 ft. A geotechnical program was 
undertaken to: (1) investigate foundation conditions, (2) fill with grout any significant 
"voids" or leached zones in the McBean [Santee] Formation beneath the tower site, and 

(3) to obtain information concerning the depth, thickness and lateral continuity of any 

underlying loose sands potentially susceptible to liquefaction under the design 

earthquake. It is important to note that several alternative facility footprints were 

investigated during the various phases of study, and foundation conditions were 

different at each location. Significant findings and conclusions include: 

* The initial 1986 MRCE investigation found no calcareous soils, losses of drilling fluids, voids, rod 

drops or significant grout takes (only a few SPT tests encountered low blow counts).
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"During the 1987/1988 MRCE program, calcareous materials were encountered in the deep borings at 
the revised tower site. One of the five borings revealed the presence of a significant void within the 

calcareous stratum. The COE has previously identified large sinks immediately adjacent to the tower 
site. Therefore, a low pressure grouting program at the tower site was recommended to identify and fill 
voids or leached zones and minimize the possibility of long term subsidence.  

"In the 1988 MRCE report the McBean [Santee] Formation was subdivided into three substrata (from 
upper to lower, S3a, S3b, and S4). S3a, described as sand, some clay, had penetration resistances 
ranging from 6 to 92 blows per foot (averaging 31 blows per foot). Losses in drilling fluid circulation 
were noted within S3a at depths of 167 to 175 feet, 87.5 to 89 feet, and at 142 feet. S3b, described 

as a sand, trace silt or clay, had high N-values of between 25 and 174 blows per foot, averaging 89 
blows per foot. $4 was described as calcareous sand, some silt or clay, cemented particles, shells 
with occasional layers of limestone and calcareous sandy gravel. Drilling through this stratum was 

met occasionally with alternating low and high resistances indicating the presence of limestone layers 
within the calcareous sands. Penetration resistances range from 29 blows per foot to in excess of 100 

blows per six-inch increment. No significant voids evidenced by drill rod drops were noted in this 

stratum. However, there was a loss of drilling fluid circulation in one boring (K-501) in the calcareous 
zone from a depth of 147 to 153 feet (El 122 to El 116 ft).  

" During 1990, the drilling and grouting program identified and filled significant voids in the calcareous 
stratum beneath the tower footprint. Voids were indicated by sampling spoon and drill rod drops up to 
13 feet followed by loss of drilling fluid. Most of the significant voids were found beneath the 

southwest side of the tower. These observations indicated significant leaching of the calcareous 
material had occurred in the southwest portion of the site.  

" As had been done before, the McBean [Santee] Formation was subdivided into three different strata.  

S3a (uppermost unit at approximately 45 to 125 ft depth), was characterized as a sand, some clay, 

with penetration resistances in the upper portion of this stratum ranging from one to 22 blows per foot 

(averaging 10 blows per foot), and in the lower portion of S3a blow counts ranging from weight of rods 

for 18" to 89 blows per foot (averaging 21 blows per foot). The middle portion of the Santee (S3b) at 

approximately elevation 170 to 120 ft (approximately 50 to 100 ft depth) was described as a sand, 

trace clay or silt, with penetration resistances varying from weight of rods for 18" to 94 blows for nine .  

inches (averaging approximately 32 blows per foot). The lower portion of the Santee (S4) at elevation 
140 to 100 ft (approximately 80 to 120 ft depths) was described as calcareous sand, some clay, with 
shells and some interbedded limestone layers. Drilling through this stratum was often characterized 
by alternating low and high resistances indicating the presence of limestone layers within the 

calcareous sands. Penetration resistances ranged from weight of hammer for 18" to 100 blows for 

three inches (averaging approximately 57 blows per foot).  

During grouting the presence of a significant void was defined as a grout take of greater than 100 

cubic feet. Seventeen of the 89 primary holes (19%) had grout takes exceeding 100 cubic feet. The 

majority of primary holes experiencing rod drops, drilling fluid losses and grout takes exceeding 100 

cubic feet were located in the southwest portion of the site. The average grout take for all primary 
holes was 89 cubic feet. The average grout take for primary holes in just the southwest portion was 
170 cubic feet, while the average for the remainder of the primary holes was 52 cubic feet. Grout take 

ratios in all primary and secondary holes varied from 0.9 to 101.  

2.0.7 HWRF Phase I Geotechnical Study (1991) 

Reference: Law Environmental, Inc., and Law Engineering, Inc. (1991), "Savannah 
River Site Heavy Water Reactor Facility Phase I Geotechnical Study", Revision 1, SRS 
DCN PI-GE-210-1, June 10, 1991.
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The purpose of this geotechnical study was to provide information used to evaluate two 
locations within the "M12 Site" (located several miles south of H-Area), for construction 
of a heavy water reactor. This facility was part of the New Production Reactor effort to 
construct new reactors for the production of nuclear materials. The scope of work for 
the geotechnical study included drilling and sampling within 21 soil test borings (7 on 
the Northwest site, 14 on the Southwest site), performing 14 electric piezocone 
penetration tests (CPT) at the Southwest site, seismic testing in 12 of the CPT's, 
installation of 10 piezometers (a single piezometer cluster at both the Northwest and 
Southwest sites, consisting of five piezometers each), and laboratory testing. A 
summary of significant findings is as follows: 

" The subsurface soils at M12 Site were divided into three layers (upper, middle, and lower) based on 
differing geotechnical characteristics. The middle layer (the lithology of which correlates with that of 
the Dry Branch, Clinchfield, and Santee Formations) extends from an approximate elevation of 190 ft 
to elevation 90 ft (approximately 130 to 230 ft depths). Calcareous materials occur intermittently 
within this layer. The upper 40 feet generally consists of dense sands. Underlying this is a mixture of 
materials including sands, clayey or silty sands and some clay. Occasionally, calcareous soils, shells, 
and fossiliferous limestone fragments and layers were encountered. SPT N-values were widely 
variable, ranging from 0 too greater than 100.  

" The middle [Dry Branch/Clinchfield/Santee] layer had the lowest average shear wave velocities that 
ranged from 740 to 1530 fps. The interval shear wave velocities exhibited the greatest variability in 
this layer.  

" At the northwest of the two investigated sites, four of the seven borings encountered soft soils (SPT 
values of zero bpf), whereas six of the fourteen borings encountered soft soils at the southwest site.  
The borings on the northwest site encountered approximately 32 linear feet of soft soils within 
approximately 2040 linear feet of drilling (2 percent). Within the southwest site approximately 69 
linear feet of soft soil was encountered within approximately 4010 feet of drilling (2 percent).  
Aggregate (total) linear feet of zero blow materials in a single boring ranged from 4 to 21 feet.  

* Loss of drilling fluid circulation occurred in several soil test borings. Attempts were usually made to 
regain circulation by altering characteristics of the drilling fluid. On occasion a thicker bentonite slurry 
was used or materials such as mica flakes or cottonseed hulls were added. When these above 
methods were unsuccessful, or when a total circulation loss occurred, a temporary steel casing was 
set to reestablish drilling fluid circulation.  

* For the CPTUs, soft or loose soils were defined as materials exhibiting tip resistances of 15 tsf or less 
over a minimum of one foot. Sections in three CPTUs (M12A-22, M12A-28, and M12A-30) were 
identified as meeting these criteria, with minimum tip resistances of approximately 4 tsf.  

* One sample (out of seven consolidation tests) from a soil test boring M12-30 at elevation 98.5 to 96.5 
ft (227.5 to 229.5 ft depths) was underconsolidated with an overconsolidation ratio of 0.1.  

2.0.8 K-Reactor Area Geotechnical Report For Seismic Issues (1991) 

Reference: Geotechnical Engineers, Inc. (1991), "K-Reactor Area, Geotechnical 
Investigation for Seismic Issues, Savannah River Site (U), Volume 1: Seismic Structural 
Engineering," WSRC-TR-91-47, March 1991.
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This geotechnical investigation program characterized the soil properties and 

foundation conditions in the K-Reactor area, and was completed as part of the Reactor 

Seismic Qualification Program. The study included a large field effort (SPTs/CPTUs, 
down-hole shear wave and cross-hole tests, pore pressure dissipation tests), laboratory 

testing program (index and strength properties), and completion of a wide variety of 

engineering analyses. This was the first effort to attempt an engineering evaluation of 

the soft zones. Significant findings from this study include: 

"Soil stratigraphy within 200 feet below the ground surface was found to be complex, consisting of 

many interbedded soil layers of predominantly clayey sands, silty sands and clean sands varying in 

thickness and composition. In the K Area, the soil zone between El 159 and El -1 (approximately 110 

to 270 feet below the ground surface) is a marine deposit, which based on current geologic 

designations, is included in portions of the Dry Branch and Santee Formations.  

"*Within these marine strata a layer at El 154 to El 124 (approximately depths of 115 to 145 feet below 

ground surface) was found to contain weak zones ("soft zones") of clayey sand, interspersed in 

stronger matrix materials. The soft zones varied in apparent thickness and lateral dimension and 

caused fluid loss and rod drops to occur during drilling.  

" As with previous investigations at K-Area, subsurface strata in this report were broadly subdivided into 

different zones (upper, middle, and lower) on the basis of the exploration data. The middle zone at El 

154 to El 99 (about 115 to 170 feet depth) consists primarily of clayey sands (SC), and sands with 

varying amounts of clay and silt (SP-SC/SP-SW). The middle zone was the only zone in which some 

samples reacted positively to hydrochloric acid, indicating the presence of calcareous materials. The 

upper 30 feet of the middle zone contained isolated "soft zones" and is termed the "critical layer". SPT 

N-values in the middle zone ranged from weight of rods to >100 blows per foot. Shear wave velocity 

measurements were also erratic and ranged from about 350 to 2500 feet per second.  

" A detailed soft zone criteria was developed: 
- CPTU tip resistance less than 200 psi for a distance of at least one foot 
- SPT N-values equal to 0, corresponding to weight of rods or weight of hammer 
- Hydraulic pressure less than or equal to 50 psi to push a thin-walled sampling tube (3-inch 

diameter, 1116-inch wall thickness).  
- Rod drops during drilling.  
- Start of a drilling fluid-loss episode. Drilling fluid losses occurred in areas other than soft 

zones, but were more common in the vicinity of known soft zones.  

" Use of a series of widely spaced, as well as clustered, CPTUs combined with strategically located soil 

borings allowed for the determination that the soft zones in the critical layer at El 154 to El 124 

(approximately 115 to 145 ft below ground surface) were erratic in areal distribution and varied in 

thickness from 3 to 15 ft. with a least lateral dimension not exceeding about 15 ft.  

" The soft zones consist of soil rather than open water-filled cavities and appear to be elongated 

"channel-like" features that occupy only about 10 to 15 percent of the critical layer volume. Extensive 

sampling and specialized laboratory tests were performed to determine consolidation properties of the 

soft zone and matrix materials. This sampling was made possible by utilizing the CPTUs to identify 

locations and elevations were the soft material appeared. The soft material appeared approximately 

50% of the time (in 14 out of 32 CPTUs in the area surrounding the CWR and in 7 out of 15 CPTUs in 

a closely spaced pattern near the southwest comer of the CWR).
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" Soft zone CPTU resistances varied from 0 psi to 200 psi, and measured CPTU hydrostatic pressure 
ranged from about 25 to 40 psi. Some very low values of tip resistance may be too low because of 
locked-in tension created by the lodging of particles at the top of the cone tip. Soft zone sleeve friction 
measurements varied from 0 psi to greater than 3 psi.  

" Pore pressure dissipation tests were performed in soft zones to accurately define pore pressure 
conditions in soft zones. These tests showed that excess pore pressures generated in soft zones 
during advancement of the piezocone dissipated to hydrostatic pressure.  

" Down-hole shear wave velocity measurements performed in soft zones indicated velocities from about 
350 to 950 feet per second. The average of the lowest three velocities measured in the soft zones 
was 385 ftWs. Soft zone matrix materials have a best estimate shear wave velocity of 1,100 ft/s.  

" Detailed cone and boring logs in the soft zones indicate that soft zones consist of soil rather than open 
water-filled cavities. The soil in the soft zones was actually sampled in the borings, and the cone 
records indicate that one or more of the following indications of soil presence were obtained: 

- Tip resistance in excess of hydrostatic 
- Measurable sleeve friction 
- Piezometer responses other than hydrostatic pore pressure 
- Pore pressure dissipation tests that showed the expected gradual change towards 

hydrostatic, confirming the validity of the piezocone response, and 
- Down-hole shear wave transmission through the soft zones.  

" Samples of soft zone material were primarily clayey sand (SC), with some samples consisting of sand 
with clay (SP-SC). The sand fraction was primarily fine to medium grained. The amount of fines in 
soft zone samples varied erratically from about 6 to 50 percent. The fines content was typically highly 
plastic clay. Liquid limits of samples (after passing the sample through the No. 40 sieve) ranged from 
51 to 104 and plasticity indices ranged from 23 to 86. The liquid limit and plasticity index of the portion 
of one sample passing the No. 200 sieve was 234 and 165, respectively.  

" In situ dry unit weights of soft zone samples ranged from about 48 to 76 pcf. These low unit weights 
are consistent with the softness or looseness of the material.  

" Calcium carbonate cementation does not appear to be present in the soil immediately above soft 
zones. Calcium carbonate materials still exist in portions of the matrix material in the lower portion of 
the critical layer.  

" Some soft zone samples contained shells and some contained relatively hard, apparently cemented 
nodules. The nodules appeared to be closely spaced in a matrix of softer material. Shell fragments 
up to 3/4 inch and zones of cemented nodules 6 to 18 inches thick were observed. In general, the 
shells and nodules did not react positively with HCI. This may have been due to silicification of 
calcium carbonate materials. Some samples did react positively with HCI, and these were typically 
near the bottom of the soft zones.  

" An undisturbed sample of soft zone material that contained small fossils or shells was observed under 
a microscope. The sample contained an openwork structure and appeared to contain minute 
channels with rust colored staining on the channel walls. These observations are consistent with the 
low dry unit weights of the samples and the possibility that calcium carbonate material had once 
existed in the sample and was removed by dissolution.  

" An interpretation of the origin of the soft zone materials is that they were originally sedimentary 
deposits predominantly composed of quartz sand, silt, and sand-to-pebble-sized shell fragments 
(Price, 1991). With geologic time, percolating ground water removed much of the shelly material by
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dissolution, leaving highly porous but still self-supporting poorly compacted SC and SP-SC soils.  

Shell fragments were locally replaced by precipitated silica as they dissolved.  

" These processes have led to overall compression of the critical layer. Because of concentrations of 

soluble shells in certain zones of the layer, these zones would tend to compress more than the 

surrounding ground, causing arching of the ground above and around these zones. The reduction in 

vertical stresses due to arching would result in the formation of localized soft zones, consistent with 

what was encountered in subsurface explorations.  

" Compression ratios (CR) of consolidation test samples of soft zone material ranged from 16 to 47 

percent strain per log cycle change in effective stress. The average value of CR for the five 

consolidation tests was 29 percent. In general, the samples had high compressibilities which is 

consistent with their low dry unit weights and high plasticity. Compression indices (Cc) in terms of 

void ratio ranged from about 0.35 to 1.39, and averaged about 0.81. Results of the consolidation tests 

indicate that preconsolidation pressures on samples are in the range of about 12 to 43 percent of the 

average effective overburden stress at the depths of the samples. The average ratio for the five 

consolidation tests is 32 percent.  

" Fluid losses during advancement of borings through soft zones likely resulted from net drill fluid 

pressure at the bottom of boreholes exceeding the vertical effective stress in the soft zones, thus 

causing consolidation of the soft zone material.  

" Grout pumped into the ground during original construction of K Reactor compressed some, but not all, 

of the soft zones. A total of four borings in this investigation were performed at locations in the reactor 

area where grouting was performed by the COE. Grout was encountered in all of these borings below 

a depth of 90 feet.  

" Estimates of differential ground surface settlements resulting from deep volume changes were 

determined by using a model for estimating soil movement induced by soft ground tunneling (Attewell 

et al., 1986). Two soft zone cases were developed, including: 

1. a single 15 foot diameter soft zone of infinite length at a top depth of 115 ft (top of critical 

layer) with a volumetric compression of 0.22 percent, and 

2. ten 15 foot diameter soft zones spaced'20 feet center-too-center, also at a depth of 115ft and 

experiencing a volumetric compression of 0.22 percent.  

" The maximum differential settlement estimated to occur was 1/2000 or about 0.06 inches per 10 feet.  

To further study the potential for damaging settlements to the site structures several conditions were 

assumed to occur simultaneously: 
- Soft zones were assumed adjacent to material that exhibits no settlements 
- Lower bound shear wave velocity was taken as 750 fps 
- Multiple 15 foot diameter soft zones were spaced 20' on center 
- Strains were based on 25% distribution of soft material in the critical layer 

These more conservative (worst case) assumptions resulted in a maximum differential settlement of 

about 1/1200 or about 0.1 inch per 10 feet.  

" Liquefaction was assessed utilizing two separate approaches the cyclic strain approach (Dobry) and 

the empirical blow count assessment (Seed). The primary method used was the cyclic strain 

approach. Best estimate and lower bound analyses were conducted for this assessment. The results 

indicated no potential for liquefaction at resulting levels of strain and pore pressures. As a 

supplement to this analysis the empirical approach by Seed was employed and likewise resulted in no 

potential for liquefaction.  

Total ground surface settlements from design earthquake loading were estimated to be between 1.4 

to 1.75 inches, with most (85%) soil compression was computed to occur at depths greater than 90 ft.
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Analyses indicate that arching will be maintained by the matrix material, because cyclic strains and 

pore pressure increases in the matrix material will be small. Cyclic strains and pore pressure 

increases in other material layers in the soil profile will be very small.  

2.0.9 Integrated Geologic Analysis of the K-Reactor Area (1992) 

Reference: Westinghouse Savannah River Company, (1992), "Integrated Geologic 

Analysis of the K-Reactor Area (U)," Reactor Engineering Department, Document No.  

WSRC-TR-92-42-004, January, 1992.  

This investigation was conducted to define the occurrence, distribution, and areal extent 

of soft zones underlying the K-Reactor. Major findings include: 

" Soft zones underlying the K-Reactor area primarily occur in three intervals of the Santee Formation, at 

El 149 to El 139 (approximately 120-130 ft below land surface), El 134 to El 119 (approximately 135

150 ft below land surface), and El 114 to El 99 (approximately 155-170 feet below land surface). The 

El 134 to El 119 range (135-150 foot depth) is the primary interval in which soft zones were 

encountered.  

" Direct indications of soft zones (SPT rod drops, low CPT tip pressure/sleeve friction) were 

encountered in approximately 10% of the deep penetrations in the study area.  

" The most developed soft zone complexes are approximately 15 feet thick. The upper portion of these 

complexes is composed of a soft zone, approximately three to five feet thick, with porosities ranging 

from 65 to 75% (void ratios of 1.85-3.0). The lower zone is composed of underconsolidated silty 

sands and varies from eight to 10 feet thick, with porosities in the range of 50-65% (void ratios of 1.0

1.85).  

" Soft zones are distributed sporadically along three southwest trends. The areal extent of the most 

well developed soft zone encountered at K-Area measures approximately 200 feet long by 50 feet 

wide and exhibits a strong northeast to southwest orientation.  

" Soft zones at the K-Reactor are poorly developed, limited in size and areal extent, and poorly 

interconnected. Data obtained from the WSRC/GEI investigation shows that rapid lateral changes in 

the Santee can occur within five feet from closely spaced CPT soundings and within 25 feet from SPT 

borings.  

" Drilling fluid loss and grout take may be used as indirect methods of determining the presence of soft 

zones. These methods are unreliable for determining the extent of soft zones, since the pressure 

required to introduce fluids into the subsurface may hydrofracture the geologic materials past the 

extent of the soft zones.  

"* There are no documented occurrences of surface depressions (sinks) developing as a result of soft 

zone collapse at K-Area.  

2.0.10 K-Area Soil Stabilization Program (1992) 

Reference: Westinghouse Savannah River Company (1992), "K-Area Soil Stabilization 

Program (KASS)," Summary Overview and Volume I, Systems Engineering 

Department, Document No. WSRC-TR-92-299, Rev. 0, July, 1992.
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The purpose of this program was to provide stabilized foundation soils for the critical 

sections of cooling water piping in K Reactor area. This was accomplished by injecting 

a cement-sand grout mixture into the soil zones underlying the buried cooling water 

system piping from approximately elevation 110 to 210 ft (160 to 60 ft depths). The 

grouting operation included 260 to 330 primary and secondary grout holes.  

As part of the verification process, and prior to grouting, additional soil information 
concerning the existing condition of the soft zones was obtained by CPTU along the 

alignment of the cooling water piping. After the grouting operation was completed, 
another limited series of CPTU data in the same vicinity was planned to be collected to 

verify that the known soft zones had been sufficiently stabilized. This included 9 CPT 

paired holes in area L3, with locations adjacent to lower-grout-take holes and those 

adjacent to higher-grout-take-holes.  

Major findings from this very extensive program include: 

" Soft zones (intervals of low resistance to penetration) are not interconnected, average about 6 feet in 

thickness, and have an average lateral extent of less than 50 feet in any direction. Soft zones 

comprise less than 10 percent of the area that was grouted based on the distribution of holes taking 

more than 300 cubic feet of grout during the COE and KASS Programs. The injected grout 

propagated by means of hydrofracturing that was initiated during drilling and continued during 

grouting. Grout is estimated to have traveled at least 40 feet horizontally.  

" Grout takes did not appear to vary significantly due to any of the following factors, within the limited 

ranges used: 

- Use of sanded versus neat grout, 
- Use of bentonite versus Revert drilling fluid, 
- Use of casing advancer versus open hole drilling techniques, 
- Short interruptions (20 minutes or less) during grouting, or 
- Variation of grout age, temperature, or viscosity.  

Individual in situ grout seams from the KASS Program ranged from less than 0.5 inch to 6 inches in 

thickness. More than 80 percent of the injected grout, in both the COE and KASS Programs, is in thin 

seams less than 2 inches thick. Exploratory drilling and in situ testing showed that the soft zones 
.remain essentially unaltered after grouting.  

Based on an average thickness of soft zones of six feet in the grout zone and the fact that less that 

10% of the grout holes in K Area encountered a soft zone, it is estimated that less than one percent of 

the soil volume beneath K Area will accept a significant amount of grout (i.e. more that 300 cf per 

hole).  

" The benefit of compression due to grouting is very localized. The injected grout has had only a limited 

effect on the compressibility of the soft zones. In high take areas, in addition to a limited reduction in 

the compressibility, any potential pre-grouting settlement would be reduced, after grouting, by the 

thickness of the in situ grout.  

" The results of the post-grout investigation program indicated the presence of load transfer or arching 

around the soft-zone soils.
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" The soft zones follow an apparent NE-SW trend; however, the trend is not established well enough for 
precise prediction of soft zone locations.  

" The drilling and grouting program was an effective method of testing the response of the subsurface 
material and demonstrated its ability to resist deformation. Both the COE and KASS Programs 
subjected the subsurface soils to drilling and grouting fluid pressures higher than existing in situ pore 
pressures with no evidence of arch collapse or surface settlement.  

" Site specific exploration and independent analytical studies have indicated that the previous upper
bound estimate of soft zone compression of 42 inches is unduly conservative. Maximum compression 
due to complete collapse of the soil arches of the worst case soft zone encountered in the KASS 
Program is calculated conservatively as 17 inches.  

" Potential pipe settlement resulting from 17 inches of compression for both the upper bound soft zone 
width of 35 feet (plane strain condition), and the upper bound diameter for a circular soft zone of 50 

feet (axisymmetric conditions), is estimated to be less than 1.5 inches. The corresponding pipe 

flexural strain is less than 0.008%.  

" The results of the analysis of induced pore pressures from a design basis earthquake (DBE) and a 
seismic event with accelerations 50 percent greater than the DBE showed that the arching effect 

would be maintained. Resulting cooling water piping settlement will be 2.4 and 3.8 inches, 
respectively, and the corresponding pipe strains will be 0.005% and 0.0065%, respectively, for a 
continuous (plane strain) soft zone 50 feet wide.  

" This program demonstrated that it is neither necessary nor desirable to do more grouting at K Area.  

2.0.11 PAR Pond Dam Seismic Evaluation (1992) 

Reference: Ebasco Services Inc. (1993), "Par Pond Dam Supplemental Seismic 
Evaluation Final Report", Task 061, March, 1993.  

Par Pond Dam is an embankment structure located on the Lower Three Runs Creek at 
the Savannah River Site, near Aiken, South Carolina. Based on the criteria for dam 
safety evaluation established by the U.S. Army Corps of engineers, the dam is 

classified as a high-hazard structure. This program included three major components: 
(1) a geotechnical field investigation, (2) laboratory testing program and (3) engineering 
evaluation of seismic stability. Major findings are as follows: 

" The critical zone sands and silty sands comprising Par Pond Dam foundation materials are very loose 

at depth and the potential for liquefaction under seismic loading exists. The critical zone extends 
upward from approximately EL 37 ft to the base of the dam except in those cases where the dense 

upper foundation or the organic layer intervenes. Both zones include green, greenish gray, brown and 

yellowish brown clayey sand (SC), silty sand (SM), poorly graded sand (SP). well-graded sand (SW), 
silt (ML), and mixtures of these soils. Inorganic clays of low and high plasticity were also found 
occasionally. Corrected Standard Penetration Resistance within the Critical Zone ranged from 0 to 40 
blows per foot with the higher blow counts occurring where cementation was present. The majority of 
values fell between 1 and 10 blows per foot.  

" Cone penetration tests indicated that the Critical Zone had tip stresses that typically ranged from 10 to 
200 tsf, with a few harder layers with tip stresses up to 800 tsf. Plots of the in situ undrained steady
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state strength of critical zone soils versus elevation indicated there was no apparent relationship 
between the elevation at which the material was found and the strength of the material.  

" Preliminary seismic stability analyses indicated that both the downstream and upstream slopes might 
be susceptible to a seismically induced liquefaction flow slide. However, these previous studies were 
preliminary in nature and did not include an assessment of the earthquake intensity required to trigger 
failure.  

" Settlement analyses indicated the following: 
- The maximum dynamic settlement of Par Pond Dam after the design earthquake is estimated to 

be less than one foot.  
- Virtually all the calculated settlements were found to be related to settlement accumulated within 

the loose foundation sands.  
- The maximum settlement is expected to occur at the east and west abutment areas where the 

embankment overlays thicker deposits of loose saturated foundation sands. The settlement along 
the conduit at Station 41+40 is estimated to be less than six inches.  

2.0.12 Replacement Tritium Facility Geotechnical Investigation (1993) 

Reference: Westinghouse Savannah River Company, (1993), "Savannah River Site 
Replacement Tritium Facility (233H) Geotechnical Investigation (U)", Volume I, 
Document No. WSRC-RP-93-606, April, 1993.  

The scope of work for the RTF geotechnical investigation included a large subsurface 
investigation and laboratory testing program. The RTF geotechnical investigation was 
conducted to define the stratigraphy of the foundation materials underlying the facility, 
obtain eng.neering properties to assess the competence of the foundation under static 
and dynamic loads, derive properties for soil structure interaction studies, and relate 
site-specific geologic features to the general geology of the SRS. Major findings from 
this study include: 

" Soft zones at the RTF were identified based on the following criteria: SPT N-values of 4 or less, 
sampler advance under weight of rods (with or without hammer), loss of drilling fluid, low hydraulic 
pressure reading (<50 psi) when pushing a Shelby Tube/Piston Sampler, or low tip resistance (<200 
psi) from the CPT. It should be noted that the loss of drilling fluid might be an indirect indicator of soft 

zones; however, using this method to determine the extent of the soft zone is unreliable. Drilling fluid 
pumped into a boring may hydrofracture the geologic material, causing pathways for the fluid to flow 
away from the borehole. These pathways may coincide with soft zone intervals; however, it is likely 
that the hydrofractures may extend past the soft zones, yielding inaccurate estimates of the extent of 
the soft zone.  

" The soft zones at RTF ranged in thickness from 0.5 to 9.5 feet, with an average thickness of 2.2 feet.  

The thickness of soft zones at RTF is generally less than those identified at other locations at SRS.  

The formation of soft zones depends heavily on the amount of carbonate material that was originally 

present in the deposition of the Santee Formation. The RTF is located in the central portion of the 
SRS, in which less favorable conditions existed for the development of carbonate bodies than 

downdip areas, such as K-Area and PAR Pond. The lack of large carbonate deposits produced 
thinner soft zones that occur less frequently than those encountered in downdip locations of SRS.  

" The soft zones at RTF are overconsolidated (OCR=1.4-1.5). indicating that no stress transfers, such 
as arches, have developed at this location.
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A number of laboratory tests were performed to determine the physical properties of samples 
recovered from the Santee interval at RTF. The natural water content of the material was 29%, the 
total unit weight was 117 pcf, the liquid limit was 38%, and the plasticity index was 14%. The shear 
wave velocity as determined by crosshole and downhole methods was determined to be 1150 
feet/second.  

2.0.13 ITP Facility Final Report- Phase I and II CPT Studies (1994) 

Reference: Raytheon Engineers and Constructors, Ebasco Division, (1994), "In-Tank 
Precipitation Facility, Phase I and II Cone Penetrometer Studies", Final Report, March 
10, 1994

This CPT investigation was conducted to determine the site stratigraphy at the ITP, 
perform downhole seismic surveys to obtain shear wave velocities for the fill and 
foundation soils, and determines geotechnical parameters for the geologic formations 
underlying the site. Special emphasis was placed on the identification of soft zones or 
voids encountered during the investigation. The scope of work for this investigation 
called for CPT soundings and dilatometer tests, to be followed by a series of 
geophysical tests and a remedial alternative study. Important findings from this 
investigation include: 

* Soft zones were defined in CPT soundings where the measured tip resistance was less than 15 tsf 
over a minimum zone thickness of 6 inches. The sleeve data for these areas was then evaluated to 
identify zones where the sleeve resistance was less than 1 tsf. The pore pressure plots for zones 
meeting the three criteria were then examined to determine if these areas were filled with water, 
slurry, or soil. A pore pressure plot that closely approximates the hydrostatic pressure indicates the 
presence of water or slurry filled void, rather than a soft zone. A pore pressure plot that is elevated 
upon pushing the CPT indicates a soil filled zone (soft zone).  

* Four soft zones were identified from two CPT soundings within the ITP fill material. One sounding 
exhibited a single thin zone measuring about 9 inches thick, while the second CPT encountered three 
thin zones measuring between 7 and 12 inches thick.  

* Seven CPT soundings penetrating the ITP foundation soils encountered a total of 19 soft zones and 
four voids. The thickness of the soft zones ranged from 0.62 to 5.32 feet and the cumulative void 
thickness ranged from 1.16 to 6.95 feet. The largest interval (6.9 ft) which contained voids (identified 
on the basis of measured CPT pore pressure equals hydrostatic pressure) was located in CPT-26 at 
approximately El 169 (157 ft depth). The great majority of soft zones were identified in the eastern 
portion of the ITP area, where the total thickness of "soft zones" at individual test locations was over 
10 ft.  

2.0.14 ITP and H Tank Farm Geotechnical Investigation Report (1995) 

Reference: Westinghouse Savannah River Company, (1995), "In-Tank Precipitation 
Facility (ITP) and H-Tank Farm (HTF) Geotechnical Report", Site Geotechnical Services 
Department, Document WSRC-TR-95-0057, Rev. 0, September, 1995).
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The scope of the In Tank Precipitation (ITP) investigation was to define the site-specific 

geological conditions at the In Tank Precipitation (ITP) facility (including Tanks 48, 49, 

50, 51 and 21) and the general H-Tank Farm (HTF) area; obtain engineering properties 

for the assessment of the stability of the native soils and embankment under static and 

dynamic loads (i.e., slope stability, liquefaction potential, and potential settlements); and 

derive properties for soil-structure interaction studies. Primarily due to scheduling, but 

also due to funding, the report focused on the ITP Facility. Thus, the bulk of the 
analyses described were performed for the area immediately around and near the ITP.  

The geotechnical strategy was to perform analyses for ITP and apply the results to the 

HTF by comparing subsurface conditions at ITP with those in the balance of the HTF.  

General soft zone observations of this study include: 

" At ITP, soft zones (i.e., SPT-N < 5 bpf or CPT tip resistance < 15 tsf) are generally restricted to the 

lower Dry Branch Formation (DB4/DB5 layer) and the Santee/Tinker Formation (ST layer).  

" Consolidation properties of the DB4/DB5 layer show that the highly plastic clays (CH) are 

compressible, but on average, are normally consolidated to slightly overconsolidated. Thus, it was 

concluded that the soft zones in the DB4/DB5 layer pose no significant settlement threat to the ITP 

tanks.  

" Underconsolidated zones are also present in the predominately sandy soils of the Santee/Tinker 

Formation. Often, in conjunction with these soft zones, intervals of hard drilling, high penetration 

values (SPT-N > 50 bpf), and high tip resistances (q, > 200 tsf) were also found in the Santee/Tinker 

Formation. The hard zones appear to be a result of silicified and/or carbonate-cemented sediments 

that typically cap or are interlayered with the soft zones.  

To determine the size and location of the soft zones in the Santee Formation at ITP for engineering 

analyses, CPT and SPT logs were reviewed for all intervals meeting the following criteria: (1) CPT q, 

< 15 tsf or (2) SPT-N < 5. This review showed that the soft zones were stratigraphically/facies 

controlled (along the.flanks of the moldic limestone facies).  

Near the ITP tanks, the upper soft zone horizon has a maximum thickness of about 10 to 15 feet and 

is typically found between elevations 160 to 175 feet (about 110 feet below the tank mudmat). The 

lower horizon is thinner, less continuous, and has a maximum thickness of about 5 feet. It is typically 

found between elevations 133 to 138 feet.  

Soft zones appear to occur as discontinuous pockets, lenses, or stringers. The high degree of 

variability in penetration resistance is probably a result of rapid lateral and vertical changes in the 

carbonate deposits and subsequent diagenetic changes such as dissolutioning/solutioning and 

silicification.  

Statistics performed on the Santee/Tinker Formation shows that the soft zones are relatively thin (less 

than 4 feet on average) and are not laterally continuous for distances greater than a few tens of feet 

(smaller than 35 feet on average, and likely on the order of 10 to 20 feet).  

To check the conclusions of the geostatistical analyses, penetration resistances from paired CPT-SPT 

boreholes were also analyzed. The CPT tip resistances, qc, and SPT N-values were paired by 

elevation for all CPT and SPT boreholes that are separated by approximately 10 feet (or less) 

horizontal distance. In pairing the CPT data with the SPT N-values, measurements of qc were 

averaged over a 2-foot interval, starting 6 inches above the top of the SPT sampling interval. The 

results indicated that there is poor lateral correlation, even for these closely spaced boreholes and 

indicates large heterogeneity in penetration resistance over relatively short horizontal distances.
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Observations of potential voids in relation to soft zone intervals at ITP are: 

" The ITP void criteria was established as: CPT q, < 3 tsf, CPT sleeve < 1 tsf, and piezocone pore 
pressure measurements approximately equal to hydrostatic pressure. Five CPT soundings measured 
relatively thin intervals of potential void, four of which were on the eastern side of the ITP (where 
carbonate sediments are present). The interval at which these conditions are noted corresponds to 
the top of the Santee Limestone and the bordering Facies 2. Individual thicknesses of potential void 
range from 0.5 feet to 4-3 feet thick.  

* It is impossible to determine the lateral extent of a possible void from the existing borehole data.  
However, it is possible to generalize about a maximum likely dimension using statistical analyses, 
which suggests that the maximum lateral dimension of a soft zone is no greater than 35 feet and is 
probably between 10 and 20 feet.  

* Boring and CPT data (SPT N-values and qc) pertinent to the HTF were reviewed, applying the same 
soft zone and void criteria as described for ITP. It was determined that soft zones are present in the 
remainder of HTF, and that these zones occur in the same horizons as found at ITP. Also, the 
relationship between carbonates and soft zones appears to be analogous to that of ITP.  

Findings and assumptions of soft zone modeling at ITP were: 

" Site-specific investigations at ITP have revealed that soft zones within the Santee/Tinker Formation 
are found at depths approximately 130 to 170 feet below natural ground surface (about 110 to 150 
feet below the foundations of the ITP tanks). These soft zones act as local, underconsolidated 
pockets with overburden stresses arching around the underconsolidated zones. Because the soft 
zones have formed over a considerable period of time (late-Eocene, or about 40 mybp) and have 
survived for millions of years and have apparently persisted through several pre-historic earthquakes, 
it is reasonable to assume that for all practical purposes, they are of no engineering concern to the 
dynamic stability of the ITP tanks.  

" However, settlement analyses have been done at other SRS facilities assuming that these 
underconsolidated zones are "arched" by more competent material and that the arch is broken during 
an earthquake. The KASS analyses suggest that the matrix sandy soils are incapable of arching 
zones larger than about 50 feet in diameter.  

" In this report the initial dynamic settlement modeling was done assuming a constant soft zone 
thickness of 10 and 15 feet. However, as the development of the geological model proceeded, it 
became clear that a variable thickness representation of the soft zones was more realistic. For these 
analyses, it was assumed that the entire soft zone thickness was underconsolidated and that a 
complete transfer of effective vertical stress would occur after the earthquake (i.e., the arch would 
break). Post-earthquake compressions at depth using best-estimate values of the compressibility and 
consolidation state of the soft zone material and analytical modeling were used to estimate the 
resulting differential settlement by numerically propagating the deep-seated compressions to the tank 
foundation level.  

" In the numerical analyses, a best estimate OCR of 0.7 was used for the soft zones. Data showed 
average moisture content for the soft zones and matrix material of 44.3 percent and 30.2 percent, 
respectively. A site-specific void ratio versus moisture content relation was used to estimate average 
void ratios of 1.285 and 0.928, respectively, for the soft zone and matrix material. A site-specific 
compression ratio versus moisture content relation was used to estimate an average compression 
ratio of 0.24 for the soft zone material. Calculated soft zone compressions at depth of 4-5 and 7 
inches were indicated using these parameters.
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Total and differential settlements of the tanks at ITP due to dissipation of excess pore pressure and 

potential compression of the soft zones as a result of the Evaluation Based Earthquakes (EBE) and 

the 84th percentile motion were computed. In areas where soft zones were indicated by the borehole 

data these zones were assumed to be laterally continuous, underconsolidated, and were compressed 

using full effective vertical stresses (i.e., no post-earthquake arching was assumed). These worst 

case analyses assumed a soft zone thickness of up to 15 feet thick, resulting in a maximum soft zone 

compression at depth of 7 inches. Based on this result, estimated total settlements at the tank 

foundation level range up to 5 inches for variable soft zone thicknesses and up to 7 inches for a 

constant soft zone thickness of 15 feet thick. However, in all cases reported, the maximum differential 

settlement across a half-width of a tank (i.e., center to edge) is about 1 inch or about 2 inches across 

a full tank diameter (i.e., edge to edge).  

2.0.15 TEF Geotechnical Summary Report (1998) 

Reference: Westinghouse Savannah River Company, (1998), "Commercial Light Water 

Reactor Tritium Extraction Facility Geotechnical Summary Report (U)", Site 

Geotechnical Services Department, Document No. K-ESR-H-00010, Rev. 0, May, 1998.  

The purpose of the investigation was to establish site-specific geologic conditions at the 

TEF site, obtain representative engineering properties of the subsurface and potential 

fill materials, evaluate the lateral and vertical extent of soft zones encountered, and 

perform engineering analyses for slope stability, bearing capacity and settlement, and 

liquefaction potential. The program included a subsurface investigation, laboratory 

testing, and engineering analyses. Major findings include the following: 

* The soft zone criteria at TEF was SPT N-values less than 5 or CPT tip resistances less than 15 tsf 

over an interval of two feet or greater. Of the seven boreholes and 17 cone soundings only one SPT 

borehole and one CPT sounding indicated soft zones greater than two feet thick.  

* One SPT boring (HTEF-B2) had a 36 inch interval of rod drop at El 148 ft (depth of approximately 144 

feet). Confirmatory CPTUs were pushed approximately 20 feet away in three opposing locations to 

attempt to delineate the extent of the soft zone. The two CPTUs to the south showed no indication of 

soft material and the CPTU to the north encountered early refusal. Two additional CPTUs were 

pushed at distances of 10 and 30 feet from the boring. The one at 10 ft distance showed a soft zone 

2.6 feet thick, and the other showed no signs of a soft zone. Based on these CPTUs, the soft zone 

was constrained, fairly small in size (3 ft thick by 40 ft diameter), and consistent with soft zones seen 

at RTF, In-Tank Precipitation Facility (ITP), and the Actinide Package and Storage Facility (APSF).  

* A total of 6 SPT and 13 CPT intervals were identified at TEF which contained soft material, but failed 

to meet the two-foot length criteria for recognition as soft zones. These intervals ranged from 0.16 to 

1.62 feet in thickness and occurred in three distinct horizons within the soil profile: the "tan clay" 

interval of the Dry Branch Formation, upper Santee Formation, and lower Santee Formation.  

* Assumptions for TEF settlement calculations were that the soft zone materials were 

underconsolidated isolated pockets of soil that are bridged by dense overconsolidated layers of clayey 

sand. A compression ratio of 0.24 and overconsolidation ratio 0.7 were used (the same as in soft 

zone modeling at ITP and APSF). The ratio of the settlement seen at the surface to the soft zone 

compression at depth in the APSF and ITP analyses ranges from approximately 0.5 to 1.0 inch.  

Using an average ratio of 0.75, the settlement observed at the surface at CLWR-TEF in the soft
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location will be less than one inch. For the purpose of design, it is recommended that a soft zone total 

settlement of one inch and a soft zone differential settlement of one half inch be used.  

2.0.16 Actinide Packaging and Storage Facility Geotechnical Report (1998) 

Reference: Westinghouse Savannah River Company, (1998), "APSF Packaging and 
Storage Facility Soft Zone Settlement Analysis (U)", Site Geotechnical Services 
Department, Calculation No. K-CLC-F-00034.  

During 1998 a geotechnical investigation was undertaken to support design activities at 

the Savannah River Site (SRS) Actinide Packaging and Storage Facility (APSF). This 
new facility, located in F-Area, will largely be a below-grade structure requiring removal 
of soil to a depth of 30-35 ft below grade across the facility footprint. Tasks completed 
for this project included a large field effort to characterize subsurface conditions 
(including soft zone delineation), a laboratory testing program, and calculation of soft 
zone settlement redistribution and propagation through the soil profile to the ground 
surface during the design basis earthquake. Significant findings related to soft zones 
from this study are as follows: 

* Two weak "soft zones" are located in the Santee Formation (at elevation 140 ft and elevation 170 ft).  

They consist of underconsolidated sandy/clayey soils interspersed in a stronger matrix material, with 

thicknesses varying from 3 1/2 to 8 ft. The in situ principal stress distribution in the matrix material 

above the soft zones forms a 'soil arch" which supports the full overburden pressure and allows the 
soft zones to remain underconsolidated.  

* The areal distribution of APSF soft zones was both highly and moderately well constrained. Soft 

zones on the southern side of the site were highly constrained, with the largest having a short 

dimension of between 25 to 45 ft and the long dimension of about 195 ft. Soft zones on the northern 

half of the site was less well constrained, with the largest having a short dimension of about 40 ft and 

a long dimension of about 230 ft.  

* APSF soft zones showed a strong bias in orientation, with the long axes trending west-northwest to 

east-southeast (somewhat perpendicular to the overall northeast-southwest trend of Coastal Plain 

sediments).  

* The major assumption for this report was that during the design earthquake event, the soil arch above 

the" soft zones weakened and the soft zone material was subjected to the full overburden pressure 
and compressed to the normal consolidation stage.  

* Results from the Fast Lagrangian Analysis of Continua (FLAC) analysis showed an average of about 

2.2 inches of foundation settlement across the profiles, with a maximum computed settlement of 3.25 

inches. The magnitude of settlement was greatly reduced (typically less than 0.1 inch) in this 
foundation model at horizontal distances of approximately 100 feet from the nearest soft zone.  

* To address the potential danger due to uncertainties in the soil and soft zone properties, selected 

parametric studies on the variation of different property parameters were also performed. It was 

decided that the profile with the most severe settlement at ground surface would be selected for the 

parametric studies. For limited cases, the effects of dilation angles and compression ratios were 
investigated. It appears that dilation angle has no major effect on the ground surface deformation.  

However, the increase of compression ratio increases quite significantly the ground settlement. It is 
therefore very critical to determine the properties of the soft zone soils.
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2.0.17 Use of the Cone Penetrometer at SRS Whitepaper (1998) 

Reference: Westinghouse Savannah River Company, (1998), "Use of the Cone 

Penetration Test at the Savannah River Site", Site Geotechnical Services Department, 

Document No. K-ESR-F-00005, Rev.0, May, 1998. Also referred to as the "White 

Paper".  

The purpose of the White Paper was to describe the use of the CPT as it relates to 

geotechnical evaluations. In particular, this report described the use and history of the 

CPT during subsurface investigations at the Savannah River Site, and the philosophy of 

its inclusion in exploration programs (including exploration design and implementation).  

Although no fieldwork was completed for this task, significant soft zone observations 

and conclusions of this study include: 

Of particular importance at the SRS is the detection of soft zones usually encountered at depths 

exceeding 100 feet. These zones have been characterized from previous investigations as SPT 

"weight of rod" intervals, lost circulation zones, or a CPT tip resistance less than 14-4 tsf (200 psi).  

"Weight-of-rod" advancement can be a misleading indicator of a soft soil zone. At depth, the weight of 

the rods alone is imparting a significant stress on the soil at the sampler location. For instance, at a 

depth of one hundred twenty feet, the weight of the rods alone acting between the soil and the end 

area of the SPT spoon sampler would be approximately 30 tsf. Adding the weight of the hammer (140 

Ibs) would increase this pressure to over 35 tsf.  

* The CPT has provided valuable information within soft zones. The multiple parameters measured by 

the CPT indicate the presence of material where a mud rotary boring may lose circulation-in the 

interval resulting in no recovery of material. One application in CPT technology, which has recently 

been used at the SRS, is the CPT sampler, which has attained excellent recovery of soft zone soils 

where conventional drilling/samplers have failed. However, due to the relatively small diameter of 

these samples, they are best suited for index testing and visual soil classification. Disturbance issues 

and the use of a smaller diameter sample must be resolved (possibly by a comparative testing 

program) prior to their use for other types of strength or compressibility testing.  

2.0.18 F-Area Northeast Expansion Geotechnical Investigation 

Reference: Westinghouse Savannah River Company (1999), "F-area Northeast 

Expansion Report (U)", Site Geotechnical Services Department, Document No. K-TRT

F-00001, Rev.0, May, 1999.  

This program investigated the subsurface conditions for the area known as the 
"northeast expansion" located in the F-Area. The primary focus was to gather 

subsurface information within the expansion area and tie this information with the 

detailed studies completed for the Actinide Packaging and Storage Facility (APSF) 

located southwest and adjacent to the northeast expansion area and the balance of F

Area. The program consisted of field exploration including Standard Penetration Test 

(SPT) borings and Seismic Piezocone Penetration Test (SCPTU) soundings; a 

laboratory testing program and an evaluation of subsurface conditions.
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One of the specific objectives of the investigation was to evaluate the presence, 
thickness and stratigraphic position of soft zones. Significant findings relative to soft 

zones are summarized below: 

" Nineteen CPT soundings and five SPT borings had tip resistances and N-values meeting soft zone 

criteria however thirteen of these CPT soundings were pushed to delineate a soft zone within the 

APSF area. Four of the remaining six represented isolated hits in the APSF area and the other two 

were within the northeast expansion area. Of the five SPT borings, one was located in the APSF area 

while the other four were located in the northeast expansion area.  

" Soft zone intervals were noted in only two of the soundings pushed for the F-Area northeast 

expansion investigation (soundings 103 and 157). Sounding 103 had a soft zone between El. 177.6 

and El. 171.2 feet MSL with a cumulative soft zone thickness in this interval of about 2.9 feet thick.  

Revisions made to the boundary of the northeast expansion area placed sounding 103 outside of the 

investigation area; therefore this area was not investigated further. SPT boring FB-19 had measured 

soft zones from El. 189.6 to about E;186.6 feet MSL. CPT Sounding 114 was pushed adjacent to FB

19 (prior to FB-19 being drilled) with no measured soft zones.  

" Sounding 157 had two soft zone intervals. The upper most interval was between El. 215.1 and 211.2 

feet MSL with a cumulative soft zone thickness of about 3.4 feet thick. The lower soft zone interval 

was between El. 179.8 and El. 173.5 feet MSL with a cumulative soft zone thickness of about 6.2 feet.  

SPT boring FB-17 was drilled about ten feet away from sounding 157. The upper soft zone interval 

between El. 215.1 and 211.2 feet MSL was not encountered in the SPT boring. In fact, N-values of 

about 10 were measured through this interval. The lower soft zone interval was encountered in FB

17. An interval of low blow counts, including weight of rod, corresponding to the lower interval 

measured in sounding 157 was encountered between El. 183.1 to El. 176.1 feet MSL. In SPT boring 

FB-17, a lower interval with low blow counts and weight of rods was also encountered from El. 157.6 

to 151.6 feet MSL. This interval corresponds to a low tip resistance interval in CPT sounding 157 

however tip resistances are higher than 15 tsf (about 20 tsf).  

" Additional indications of soft zones were noted in SPT boring FB-20 and FB-20A. FB-20 was drilled 

adjacent to sounding 179 for the purpose of obtaining a paired sounding and SPT boring. At about El.  

179, a weight of rod over 37 inches was measured in boring FB-20. Drill fluid circulation was lost and 

the hole was abandoned. FB-20A was drilled adjacent to FB-20 and the interval from El. 194.9 to El.  

181.4 was sampled with measured N-values greater than 20. At El. 181.4 however, circulation was 

lost in FB-20A and the hole was abandoned. These intervals in FB-20 and FB-20A correspond to a 

low tip resistance interval in sounding 179 which has thin layers of tip resistances measuring less than 

15 tsf but have a cumulative thickness less than 2 feet.  

* The shallow stratigraphy and average engineering properties determined for the F-Area northeast 

expansion are directly comparable to those determined for the Actinide Packaging and Storage 

Facility (APSF) area as well as the balance of the F-Area. Geologic conditions are also directly 

comparable between these two areas.  

Conclusions pertinent to the presence of soft zones included: 

* Soft zone intervals detected in the F-Area northeast expansion area are consistent with soft zone 

sediments encountered at the APSF area. Siting and design of new facilities in this area should 

account for the presence of these soils either by avoiding the placement of critical facilities where 

these zones are known to exist, or determining the potential settlement and designing the facility to 

accommodate the estimated movement. A thorough review of the data included in this report is 

recommended for planning further investigations.  

0 Design and construction of new PC-3 and higher facilities, heavily loaded structures or capital 

investment projects in the F-Area northeast expansion area should not require extensive geotechnical 

characterization. However, structure specific investigations for foundation design and construction, as 

well as, proper characterization of soft zone intervals are required. Foundation specific investigations 

should consider structure size. geometry, foundation type and depth, performance classification and

29



WSRC-TR-99-4083 

Significance of Soft Zone Sediments Rev. 0 

at the Savannah River Site September, 1999 

functional classification, etc. A limited program of field testing to confirm dynamic soil properties may 

be required to obtain baseline subsurface information such that a site-specific comparison with results 

of this investigation can be made.  

2.1 Outside Reviewer Comments For Soft Zone Technical Approach in SRS 

Reports 

Beginning in the early 1990's, several major geotechnical programs, summarized in the 

previous sections, were peer reviewed by outside experts. Those reviews pertinent to 

soft zone investigation and/or analysis are summarized in the following sections.  

2.1.1 K-Reactor Area Geotechnical Report For Seismic Issues (1991) 

Peer Review for: Geotechnical Engineers, Inc. (1991), =K-Reactor Area, Geotechnical 

Investigation for Seismic Issues, Savannah River Site (U), Volume 1: Seismic Structural 

Engineering," WSRC-TR-91-47, March 1991.  

An outside technical review of the adequacy and completeness of the geotechnical 

investigation at K-Area (see Section 3.0.8) was conducted by W. Clough (professor) 

and J. Martin (Ph.D. student) at Virginia Polytechnic Institute and State University. The 

Clough and Martin review found that the 1990-91 geotechnical investigation of the K

Reactor Site was generally thorough and accurate. The writers found some issues that 

bear further study, but is doubtful that the primary conclusions of the report would be 

affected since most of the assumptions used in the design studies were conservative.  

A summary of the issues that they concluded could gain from further study included: 

"* An attempt should be made to assemble data on the existing depressions and sinkholes at the SRS to 

determine if this information is consistent with the -postulated effects from the analytical studies.  

" The predictions of the one-dimensional study of potential seismic settlements should be reassessed in 

view of the fact that the lowest density sample in the cyclic load tests (73 pcf) was in the upper range 

of those reported for the soft zone (46-76 pcf). Notably, consolidation tests, which were not used for 

the settlement calculations, showed the low density soils from the soft zone were considerably more 

compressible than those at higher densities. The issues are how much more compression would be 

found in the cyclic tests using low density soils, and how much of the soft zone is in the low density 

range? 

"* As to the latter issue, it was suggested that a histogram format be used for display of the blow count 

and cone tip resistance data. This would be useful in assessing the relative amounts of different 

levels of densities in the soft zone.  

The need for additional grouting at the site was considered unlikely. However, in the event that 

additional grouting is recommended, the original procedures are not appropriate. Compaction 

grouting should be considered. Even this procedure would likely only be effective in localized areas 

where critical facilities are located and the soft zones can be reasonably defined. In larger areas, the 

random location of the soft zones makes grouting of any kind ineffective.
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2.1.2 Replacement Tritium Facility Geotechnical Investigation (1993) 

Peer Review (W.F. Marcuson III, Ph.D.; J.K. Mitchell, Sc.D.): Westinghouse Savannah 

River Company, (1993), "Savannah River Site Replacement Tritium Facility (233H) 

Geotechnical Investigation (U)", Volume I, Document No. WSRC-RP-93-606, April, 

1993.  

A review of the investigation techniques, subsurface characterization and engineering 

analysis was performed for the Replacement Tritium Facility (RTF). See Section 

3.0.12. The review as submitted is summarized below: 

We have reviewed the general approach that the Department of Energy (DOE), 

Westinghouse, and Bechtel used for evaluation of seismically induced liquefaction 

potential and associated settlements under the Replacement Tritium Facility (RTF) at the 

Savannah River Site, South Carolina. Overall, we agree with Bechtel's method to 

evaluate the potential for seismically induced liquefaction and associated settlements in 

the Tobacco Road (TR) formation under the RTF and the conclusions that have been 

developed. Specific comments follow: 

Methods Used 

In order to evaluate the liquefaction potential of a deposit, one must determine both the 

strength of the material under cyclic loading and the stresses induced in the material by 

the postulated design earthquakes. Bechtel used both laboratory test data and empirical 

correlations to evaluate the strength of the TR formation. We believe that the laboratory 

data are more useful for evaluation of the TR formation based on factors that are 

discussed later in this letter report.  

Bechtel used the computer program, SHAKE, to evaluate potential earthquake-induced 

stresses. We consider the soil parameters used for the SHAKE analyses, which were 

derived from comprehensive boring and sampling operations and shear wave velocity

measurements, to have provided reasonable estimates of these stresses. For purposes 

of this evaluation, the lower-bound strengths determined by the laboratory cyclic load 

tests were chosen, as representative of the TR deposit, which we believe, is conservative.  

The upper-bound stresses produced by SHAKE were also used by Bechtel. Again, we 

believe this is conservative.  

During all stages of the analyses, we believe either reasonable or conservative 

assumptions were made during this evaluation. In general, factors of safety are 

satisfactory, indicating that initial liquefaction will not occur in the TR formation except in 

some small localized zones if the postulated design earthquakes occur.  

It is important to note that for purposes of this project. Bechtel has defined liquefaction as 

100 percent pore pressure response measured in stres controlled, undrained cyclic 

triaxial tests. Post-liquefaction, undrained triaxial shear tests indicate that the TR material 

is expected to dilate during undrained shear. Thus, we conclude that large strains and 

flow will not occur, even if high pore water pressure is developed during the design 

earthquake.  

To estimate seismically induced settlements, Bechtel assumed 100 percent pore 

pressure buildup if the factor of safety against liquefaction was <1.15. If the factor of 

safety was >1.15, Bechtel followed an upper-bound pore pressure versus factor-of -safety
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curve. Differential settlements under the RTF are predicted to be less than a couple of 

inches. We believe this to be conservative since the computed values are, in general, 
less than 1 in.  

Why do we believe the lab data are more useful than the empirical correlations? 

The database used to develop the widely used empirical correlation developed by Seed 

and his colleagues is based on recent (Holocene) deposits. The TR material is of 

Miocene age. The empirical correlations are based on data for transported material with 

non-plastic fines. The TR material is gap graded with primarily plastic fines. The TR 

material has been formed by weathering. Mineralogical and petrographic studies indicate 

that the TR formation is composed of quartz particles surrounded by clay (kaolinite and 

illite). This partially explains the relatively low N values and high shear-wave velocities 

obtained in the TR formation under the RTF. To use the empirical correlations for the TR 

deposit at the RTF would be an extrapolation of the method to materials and conditions 

for which it was not derived, which we believe would be inappropriate.  

Discussion of Sample Disturbance 

In any subsurface, undisturbed sampling investigation, some sample disturbance is 

unavoidable. Owing to their significant clay content, the TR formation samples possessed 

a substantial cohesion. This permitted sampling and specimen preparation for cyclic load 

testing with much less disturbance than is experienced by most liquefiable sands. During 

this investigation, special care was taken to minimize sample disturbance. The criteria 

used for electing specimens for cyclic load testing in the laboratory included: 

* Low N values in adjacent borings.  
• More sandy (less clayey) material.  

* Volume change calculations that indicated the samples used for laboratory 
specimens expanded (as opposed to consolidated) during sampling and 
shipment.  

Except for sample consolidation, which we believe was small in the specimens tested, all 

other sample disturbance should reduce the material strength. Additionally, Bechtel drew 

curves through the lower bound of the test data. As a result of these criteria, we believe 

Bechtel's use of these laboratory test data is a conservative estimate of the cyclic strength 
of TR material.  

In summary, we agree with the approach Bechtel used to evaluate the potential for 

seismically induced liquefaction and associated settlements in the TR soil under the RTF.  

2.1.3 Senior Seismic Advisory Panel (1994) 

Peer Review (R.J. Budnitz, J.W. Reed; J.M. Roesset; J. Schmertmann): Letter 

Following First Meeting of the "Senior Seismic Advisory Panel", December, 19-20, 

1994

In 1994, a panel of experts was assembled to provide as needed review and 

consultation of geotechnical issues at the SRS. A summary of comments relative to soft 

zone issues are provided below.
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The potential effects of soft zones at depth 

The evidence seems convincing that the so-called "soft zones" found primarily in the 

Santee Formation, at depths of approximately 100 to 150 feet, are the result of millions of 

years of dissolution of the shells found therein. This has resulted in zones of lower density 

and strength, with consequent higher compressibility, surrounded by still relatively intact 

parts of the formation. These areas act as local, underconsolidated, "soft zones", with the 

overburden stresses arching around these weakened zones. The extensive exploration 

seems to indicate convincingly that they are very local, and not extensive either vertically 

or horizontally. The concem is that during an earthquake the stress arching over these 

zones might collapse and reintroduce the overburden stresses with the resulting 

settlements migrating to the surface to cause differential settlement of the tanks.  

Our review of the methodology used by WSRC to investigate the above problem indicates 

that they have taken a very conservative approach, perhaps overly conservative. They 

defined a "soft zone" as sands with N < 5 or qc, < 15. N _< 5 is very conservative 

considering the weight of rods + hammer. qc < 15 seems suitable. They used a 

reasonable best-estimate OCR = 0.7 in a larger-than-measured-anywhere soft zone layer 

15 ft thick and of large lateral extent, located at various potentially critical locations under 

the tanks. They then assumed that the arching collapsed completely to reestablish the 

overburden pressure, and used "FLAC" to force the resulting settlement at depth to 

distribute upward to the level of the base of the tanks. The combined effect is very 

conservative and is only justified because the resultant contribution to the tank differential 

settlement is small. We therefore believe that the "soft zones" issue is relatively 

unimportant and agree that it probably does not justify any less conservative refinements 

in the overall ITP investigation.  

2.1.4 ITP and H Tank Farm Geotechnical Investigation Report (1995) 

Peer Review (W.F. Marcuson III Ph.D., P.E.; James K. Mitchell, Sc.D., P.E.; G.F.  

Sowers, P.E., P.G.): Westinghouse Savannah River Company, (1995), "In-Tank 

Precipitation Facility (ITP) and H-Tank Farm (HTF) Geotechnical Report", Site 

Geotechnical Services Department, Document WSRC-TR-95-0057, Rev. 0, September, 
1995).  

This panel was assembled to review the characterization and analysis of soft zones 

relative to the ITP facility in the H-area. Results of the review are summarized below.  

In accordance with the memorandum from the U.S. Department of Energy (DOE) 

Savannah River, geotechnical peer review panel was established for the geotechnical 

investigation at the In Tank Precipitation Facility (ITP) and H-Tank Farm (HTF) Savannah 

River Site (SRS), South Carolina. Our panel's general assignment was to review the 

approach, methods, and results of the seismic stability evaluation of the facilities' 

foundation and embankments performed by DOE, Westinghouse, and Bechtel for the 
Seismic Safety Issues Resolution Program.  

During the period October 1993 through September 1995 six peer review meetings were 

held. The first two meetings were held at SRS, October 13, 1993, and December 6-7, 

1,993. Professors Mitchell and Sowers attended an ad hoc program meeting in San 

Francisco, April 12-13, 1994, which preceded the third peer review meeting held in 

Atlanta, April 26-27, 1994- The fourth meeting was at SRS, September 27-28, 1994. The 

fifth and then the final meeting were held in Atlanta, December 20, 1994 and September
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11, 1995, respectively. These meetings and resulting correspondence allowed us to 
adequately review the approach, methods, and results developed throughout this 
investigation, culminating with our review of the final Draft report, "in Tank Precipitation 
Facility (ITP) and H-Tank Farm (HTF) Geotechnical Report", WSRC-TR-95-0057.  

Review Summary 

The specific objectives of our panel were to review (1) characterization of the subsurface, 
with special attention to the carbonate feature, (2) sampling, (3) testing, (4) interpretation 
of results, (5) liquefaction potential analyses, (6) settlement estimates, and (7) stability of 

the fill surrounding the tanks. During the two year duration of this project, we have visited 

the site, examined outcrops of the upper formations, listened to verbal presentations of 
the methods adopted, and have been furnished interim reports addressing the objectives 

of the ITP/ HTF investigation. We have responded verbally in the meetings and in writing 
to the reports submitted and to the draft of the final report. Our criticisms and comments 
have been acted upon and many of our recommendations have been incorporated in the 
final report.  

We agree with the approach, methods, and findings presented in the final report. The 

approach used state-of-the-knowledge and state-of-the-art engineering, with appropriate 
and reasonably conservative assumptions where needed.
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3.0 SOFT ZONE INDICATORS AND CRITERIA 

As outlined in the summaries of subsurface investigations summarized in Section 2.0, 
loss of drilling fluid, grout take volumes, weight of rod, rod drops, low SPT N-values, 
and low CPT tip resistances have been used to identify soft zones in various 
geologic/geotechnical reports for the SRS. Some of these changes reflect the nature of 
the program, such as whether it is a pure subsurface characterization or a remedial 
effort where foundation grouting takes place (thus allowing for grouting 
parameters/results to be used as a soft zone criteria). Other changes in soft zone 
criteria are related to improvements in technology, such as the introduction of the CPT 
in geotechnical investigations during the past decade. Some suggested changes in soft 
zone criteria involve a rethinking of whether conventional drilling techniques provide a 
good/bad, direct/indirect method of soft zone delineation.  

Historically and typically, soft zones have been identified by one or more of the 
following critieria: 

"* Partial or total loss of drilling fluids 
"* Grout take volumes 
"* Rod drops (observed during drilling of the borehole) 
"* Low SPT blow counts (including weight of rods and/or weight of hammer) 
"* Low CPT tip resistances 

A discussion of these criteria including the history and current criteria, is given in the 

following sections.  

3.0.1 Loss of Drilling Fluid 

Borings deeper than about 75 feet deep at the SRS are typically drilled using mud 
rotary techniques. Loss of drilling fluid or lost circulation was one of the indicators of 
soft zones noted by the COE during the initial subsurface investigations. Significant 
water losses occurred in 52 of the 418 K-Area grout holes drilled in the COE 1951-1952 
grouting program (11% of the total number of holes drilled). These holes were drilled 
using a tricone bit and drilling fluid injected into the drill string. Drilling operations during 
KASS (see Section 2.0.10) recorded surface pressures as high as 70 to 100 psi, and 
the 1951-1952 COE program was likelyperformed in a similar fashion.  
Once fluid losses start, they generally continue until the hole is completed. Drilling fluid 
loss generally occurs at depths of 100 feet or more, which corresponds to intervals 
within the Dry Branch and Santee Formations. This continued loss of fluid is interpreted 
to indicate that hydrofracturing of the formation has commenced and continues 
throughout drilling of the hole.  

Zones in which water losses were noted in the 1951-1952 grout program appear to 
correspond to depths at which soft zones occur. This is due most likely to bottom hole
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pressures exceeding the effective vertical stress. Based on consolidation test results 

the calculated effective vertical stress at the general level of the soft zones is about 

3,800 psf (Geotechnical Engineers, Inc., 1991). Assuming a pump pressure of only 20 

psi, the net effective bottom hole pressure at the depth of the soft zones (100-150 ft) 

would be approximately 6,700 psf, which is significantly higher than the effective vertical 

stress. By exceeding the vertical stress, hydrofracturing of the section would likely 
occur.  

Since hydrofracturing occurs with the application of significant and continued pressure, 

the fracture zone may extend well beyond the boundaries of the soft zone. Therefore, 

the volume of lost fluids does not accurately represent the amount of additional pore 

space or extent of the underconsolidated sediments. Thus, the current position 

regarding the use of loss of fluid as an indicator of soft zones is that it is only a tertiary 

indicator at best. It is not recommended for primary identification of soft zone intervals.  

3.0.2 Grout Take Volumes 

Borings drilled at the SRS to depths that penetrate the water table are abandoned by 

tremie grouting the borehole. The amount of grout used to abandon the hole as well as 

the amount of grout pumped during past grout remediation programs have been used in 

various investigation/remediation reports as indications of soft zones. Although no 

specific grout volume criteria was reported, the COE made numerous observations of 

grout communication between boreholes during grouting operations.  

Some soft zone criteria were developed during the DWPF and Saltstone remediation 

programs for grout take ratios. For these programs, the following ratio of actual grout 

take to theoretical grout take (GA/GT), were used: 

>6 voids or leached zones 
3-6 thin leached zones 
<3 slightly enlarged borehole and waste/ overflow 

Mueser Rutledge Consulting Engineers developed a "significant void" criteria based on 

their grouting experiences at the K-Area Cooling Tower (1988-1990). Voids were 

defined as holes in which grout takes were more than 100 cubic feet (cf). A grout take 

of 100 cf represents a grout take ratio of approximately 10, based on a four-inch 

diameter drill hole about 125 ft deep. When this value (100 cf grout take) was observed 

in two adjacent primary holes it was considered a "conservative trigger" for adding 

secondary grout holes. During the 1992 KASS studies, areas with grout takes of 300 cf 

or more were interpreted to be associated with well developed soft zone complexes in 

the subsurface and required secondary grout holes be added.  

Hydrofractures induced by grouting exhibit the same behavior as those induced by the 

drilling fluids. The presence of the thin seams indicates that the grout initiated 

hydrofractures immediately above the soft zone and propagated for considerable
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distances along horizontal bedding surfaces, with no apparent benefit to the soft zone 

itself. The fact that grout behaves in this fashion is evident from the confirmatory 

borings drilled during the KASS program. Numerous thin seams of grout were 

observed in split spoon and core samples directly above identified soft zones.  

The calculated effective grout pressure at the depth of the soft zones, based on 

information from the COE 1952 grouting report, was about 14,400 psf (100 psi). This 

calculation assumes a grout pressure of 40 psi at the ground surface (surface 

pressures actually ranged up to 100 psi), a total unit weight of 109 pcf for the grout, and 

a ground water depth of 40 feet. As stated, the effective vertical pressure in the soft 

zone averages 3800 psf, therefore the computed bottom hole grout pressure is 

approximately 3.8 times the effective average vertical stress. The observation by the 

COE that grout vented from nearby borings when grout was being injected in a given 

boring is, therefore not considered a direct indication of either the interconnectedness 

or the volume of a soft zone. As with drill fluid loss, the volume of grout does not 

necessarily represent the amount of pore space filled by the grout since it may be 

traveling great distances in thin seams along planes of weaker material. Therefore, our 

current position regarding the use of grout take volume as an indicator of soft zones is 

that like fluid loss, it is a tertiary indicator at best. It is not recommended as a primary 

indicator, or remedial technique at the SRS.  

3.0.3 Rod Drops 

Rod drops pertain to relatively quick advance of the drill string through some interval 

while actually drilling mud rotary borings. Not to be confused with "weight of rod" from 

Standard Penetration Tests. Drill rigs which are not chain drive derricks probably note 

this occurrence more often. The fact that drill fluid is being injected at a pressure to 

circulate the fluid from the bottom of the hole to the surface means the exit pressure at 

the drill bit is relatively high. The force of the drill fluid most probably jets loser material 

ahead of the bit resulting in a perceived drop in the drill string or the weight of the drill 

string exceeds the shear strength of the soil and the rods fall.  

Because rod drops during mud rotary drilling are a factor of the down pressure applied, 

rotary force and fluid pressure, it is considered a secondary indicator of soft zones at 

best.  

3.0.4 Low SPT N-Values or Blow Counts 

The Standard Penetration Test (SPT), has been used extensively in geotechnical and 

characterization studies at SRS since the early 1950's. The SPT soft zone criteria has 

been modified numerous times. Table 3-1 below shows how various investigations 

have used this criterion.
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Table 3-1. SPT Criteria Used During Various SRS Geologic/Geotechnical Investigations.  

Author/Report SPT/N-Value Criteria 
COE (1952) Low SPT blow count (no specific value given) 

MPMRCE (1963) N/A 
Rutledge (1976) N/A 
MRJD (1984) - DWPF No specific value/criteria 
MRCE (1986) - Salt No specific value/criteria 
MRCE (1986-1990) - K Cool No specific value/criteria 
Law (1991) - HWRF SPT blow count = 0 (including rod drops and weight of hammer) 

GEl (1991) - K N-value = 0 (including weight of rods or weight of hammer) 

WSRC (1992) - K Direct indication of soft zone = rod drop 

WSRC (1992)- KASS Rod drops (evaluated but determined to be poor soft zone 
criteria) 

Ebasco (1992) - Par Pond Corrected N1.60 SPT values less than or equal to 10 blows per 
foot 

WSRC (1993) - RTF SPT N-value < 4 or sampler advance due to weight of 
rods/hammer 

Ebasco (1994) - ITP N/A 
WSRC (1995) -. ITP SPT N-Value < 5 

WSRC (1998) - TEF SPT N-Value < 5 

WSRC (1998) - APSF SPT N-Value < 5 

WSRC (1998) - Whiter Use of SPT N-Value as soft zone criteria considered to be 
misleading.  

WSRC (1999) -NEC SPT N-Value < 5 

Sections of strata in which these low SPT blow counts or rod drops occurred were 

noted as being substantially softer (less consolidated) than overlying/underlying 

materials, thus earning the designation of "soft zone" or "weak zone". Most of the soft 

zones were thought to be filled with low strength soils, and even open spaces ("voids" 

or "cavities") were described. These observations seemed to suggest the presence-of 

very poor ground conditions, and were the primary criteria for identification of soft zones 

for several decades.  

Most soft zones at SRS lie at approximately 100 to 150 feet below the ground surface.  

At a depth of 130 feet, the effective unit bearing pressure at the end (over the cross 

sectional area) of a standard split spoon sampler (using N drill rods) is more than 80 

ksf. It is not surprising that settlement of the drill string occurs under its own weight 

resulting in a weight of rod or weight of hammer during an SPT. Thus, very low N

values or weight of rod or weight of hammer may exaggerate, albeit in a dramatic 

fashion, the subsurface conditions of soft materials. Most likely this represents the 

condition where the weight of the drill string simply exceeds the strength of the soil.  

Because the SPT is a standard test, and much data for the SRS and published 

engineering properties exists, the SPT N-value, weight of rod and weight of hammer are 

considered a primary indicator of soft zones. Currently, N-values of 5 and less, weight 

of rod and weight of hammer are considered as soft zone criteria. Further, when these 

criteria are met in the field, SPT measurements are taken continuously until the soft 

zone interval is fully penetrated.
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3.0.5 Low CPT Tip Resistances 

During the past decade the CPT technique has been used extensively for SRS 
subsurface investigations. This technique has proven very useful for the identification 
ad characterization of foundation soils, and particularly soft zone intervals. The 
attributes include: 

"* high frequency of data collection, 
"• automatic and continuous depth control, 
"* lower cost as opposed to conventional drilling, 
"* high degree of reproducibility with minimal operator dependent variability, and 
"* a variety of measurements to determine physical and mechanical properties of in

situ soils (tip and sleeve resistance, pore pressure, soil velocities, resistivity, etc.).  

Table 3-2 shows how the CPT soft zone criteria have evolved during the past decade.  
Currently, the tip resistance measurement is considered the primary soft zone indicator, 
however, relative measurements of sleeve resistance, pore pressures and shear wave 
velocity are also considered when evaluating soft zone intervals.  

Table 3-2. CPT Criteria Used During Various SRS Geologic/Geotechnical Investigations.  

Author/Report CPT Criteria 
COE (1952) N/A 
MPMRCE (1963) NIA 
Rutledge (1976) N/A 
MRJD (1984) - DWPF N/A 
MRCE (1986) - Salt N/A 
MRCE (1986-1990) - K Cooli N/A 
Law (1991) - HWRF Tip resistance of < 15 tsf for at least a 1 ft section.  
Geotech Engrs (1991) - K Tip resistance <200 psi (14-4 tsf) for a distance >1 ft 
WSRC (1992) - K Low tip pressures and sleeve resistance 
WSRC (1 992b) - KASS Tip resistance <200 psi 
Ebasco (1992) - Par Pond No CPT soft zone criteria indicated 
WSRC (1993)- RTF Tip resistance <200 psi (13.6 tso 
Ebasco (1994) - ITP Tip resistance <15 tsf. and 

Sleeve resistance <1 tsf, and 
Zone thickness > 6 inches 

WSRC (1995) - ITP Tip resistance <15 tsf 
WSRC (1998) - TEF Tip resistance <15 tsf, and 

Zone thickness >=2 ft 
(Some judgement used for layers approaching 2 ft in thickness).  

WSRC (1998)- APSF Tip resistance <15 tsf, and 
Zone thickness > 2 ft 
(Some judgement used for layers approaching 2 ft in thickness).  

WSRC (1998) - White NIA 
WSRC (1999) - NEC Tip resistance <15 tsf, and 

Zone thickness > 2 ft 
I_(Some judgement used for layers approaching 2 ft in thickness).
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The CPT is a quasi-static test meaning the measurements are independent of the push 
stress. This is accomplished by the cone tip resistance being measured by a load cell 
located directly above the tip. Therefore, the CPT does not have the same inherent 
problems that the SPT has with the weight of the drill rods bearing on the sampler end.  
Also, the electronic sampling rate, during penetration, results in a vertical resolution of 
about 1.2 inches. The quasi-static measurements, vertical resolution and other 
attributes of the CPT result in it being a primary indicator of soft zones. The current 
criteria for soft zone intervals are: 

"* Tip resistance measurements < 15 tsf 
"* Continuous intervals < 2 feet thick 

3.0.6 Miscellaneous Indicators 

Several other techniques associated with conventional drilling techniques have been 
used as soft zone criteria. These include: 

"• a hydraulic pressure of less than 50 psi to push a thin walled sampler (shelby) tube, 
"* borehole compensated density logs, 
"* cross-hole shear wave velocity survey, and 
"* cross-hole seismic tomography.  

Although these criteria can be used to provide information regarding the in situ 
properties of subsurface soils, they suffer from short failings. The shelby tube criteria 
(used during K-Area investigations in 1991) is not a rapid technique that can be easily 
applied over the complete length of the soft zone interval (much less the entire boring).  
It is a selective sampling tool ordinarily used when some other-criterion has indicated 
that soft soils are present.  

The density log can quickly generate a complete borehole profile but it is infrequently 
used on geotechnical jobs thus there is not a base of experience to make a reliability 
assessment of the technique.  

Cross-hole shear wave velocity survey cannot be easily or rapidly applied as a 
screening tool in a large number of borings since the investigation is limited to the area 
between the cross-hole borings. In addition, it requires drilled and cased borings which 
result in some degree of damage to the formation especially soft zone intervals.  

Another cross-hole technique is seismic tomography. This has been used on three 
investigations at the SRS. First during the K-Reactor Soil Subsidence Program where it 
was used to image the extent of a construction mud mat and loss materials. Second, it 
was used during the KASS investigation where it was utilized to identify grout location 
or plumes in order to help determine grouting effectiveness. The large number of 
sampled borings and high contrast between the cured grout P-wave velocity and that of 
the surrounding soils made for good conditions to test the technique. The seismic
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tomography program effectively imaged some of the details of the grout plumes and 
detected changes in before-and-after surveys. The most sensitive results of 
tomography were visible in the difference image created by subtracting velocity 
tomograms after grouting from those taken before grouting. However, very thin layers 
of grout (<3 in) were undetectable because of the relative dimensions of grout layer 
thickness and the wavelength of the seismic energy used to sense the grout layer. The 
latest application of the tomographic technique was for the ITP investigation where it 
was used to image soft zone intervals beneath existing tank structures where other.  
exploratory methods like borings and CPT's were not possible. The tomographic 
images acquired from this investigation were directly correlated with pre-construction 
SPT borings.  

Depending on the field conditions of the investigation area, some of the above 
techniques may be useful. However, calibration with CPT and SPT measurements is 
required.  

3.1 Current Soft Zone Identification Criteria 

Although most investigations have relied extensively upon, fluid losses, grout takes, rod 
drops, low SPT N-values and low CPT tip resistances as primary soft zone criteria, the 
above discussion leads to the following general conclusions: 

1. The loss of drilling fluids is not a reasonable indicator that soft materials have been 
intercepted by the borehole. Also, it is not a reliable indicator of soft zone size or 
extent. Fluid losses are a routine occurrence in sediments below 100 feet depth, 
and likely indicate hydrofracturing has occurred. In addition, identifying the location 
of leakage into the formation is notoriously difficult. Typically the only definitive 
information that can be obtained from fluid loss is the depth to its first occurrence 
and the depth of any marked increases in loss (or total loss of circulation).  

2. During grouting programs it has been found that while significant quantities of grout 
were injected into the sediments, a substantial quantity of the grout resides probably 
in thin seams. Thus, the volume of grout-take in a boring is not a reliable indicator 
of the location or extent of a soft zone.  

3. Rod drops recorded from historical drilling accounts require some knowledge of the 
drilling rig, type of bit and pump pressure. Therefore, rod drops during drilling 
operations are not considered primary indicators of soft zones 

4. SPT N-values less than 5 (including weight of rods and weight of hammer) are 
considered to be primary indicators of soft zones. Also, when these criteria are met 
during SPT sampling, continuous SPT sampling is required until the soft zone 
interval is passed.
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5. The CPT has none of the limitations associated with sampler mass or fluid injection 
into the formation. Because of its high data sampling frequency and array of test 
parameters and reliability of the measurements, it is the primary tool for detecting 
and locating soft zone intervals. The primary criterion is a tip resistance less than 15 
tsf over a continuous 2 feet thick interval. Further, the sleeve resistance, pore 
pressure and shear wave velocity measurements should be acquired and evaluated.  

6. Depending on the type of investigation, field conditions and other circumstances, 
other techniques including cross-hole seismic tomography or other geophysical 
techniques may be used. These techniques must, however, be calibrated to more 
standard soft zone identification criteria such as the CPT and SPT measurements.
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4.0 ORIGIN AND EXTENT OF SOFT ZONES 

This section will present past and present understanding of the origin and extent of both 
carbonates and soft zones found in the Tinker/Santee (Utley) sequence at SRS. The 
primary focus will be on the General Separations Area (GSA) with a limited discussion 
of the remainder of SRS (Figure 4-1). Specifically the following will be presented.  

* Background of soft zones and carbonates.  
* Geologic setting of the carbonate and soft zone sequence at SRS and the GSA 

in particular.  
& The depositional environments of the carbonate-rich sediments.  
* The post-depositional diagenetic alteration of the carbonate-rich sediments, and 

the timing of the alteration events.  
• Review of past hypotheses for the origin of soft zones 
* Hypothesis for the origin of soft zones based on current studies.  
* Analysis of the extent (stratigraphic and geographic distribution) of the areas of 

carbonate concentrations and attendant soft zones in the GSA.  
* Significant findings and observations 

4.1 Background 

Rod drops, during drilling, commonly occur in the carbonate-rich sediments in the 
Tinker/Santee (Utley) and Dry Branch formations (Figures 4-2 and 4-3). Historically the 

rod drop (including low blow counts in SPT borings) was assumed to indicate the 

presence of a "soft zone." The prevailing assumption of the causal mechanism for the 
"rod drops" has been dissolution of the carbonate-rich sediments in the zone, resulting 

in vugular porosity where the drill rod meets little or no resistance to penetration. An 

alternative hypothesis for this phenomenon is that the drill rod was pushed into 
uncemented sands where the overburden is supported by dense or semi-cemented 
beds that overly the uncemented sands. A third alternative hypothesis from data 
accumulated in this study (Parker, 1999) is that soft zones form where carbonate has 

been largely replaced by opal-CT (amorphous silica). The uncertainty of the origin and 

extent of soft zones has lead to very conservative engineering analyses of this 
subsurface condition.  

Due to the depth at which soft zones occur (typically greater than 100 ft below the 

ground surface) there has been no opportunity for direct visual observations of their 
nature and geometry. Conclusions that have been drawn on soft zone size are based 

on the limited penetrations of geotechnical/geophysical borings and CPT's. Despite 

these limitations, there has been a remarkable amount of data collected from a variety 

of sources that serve to outline soft zone geometry, distribution, and genesis. Table 4-1 

presents, in summary form, the findings of major geotechnical investigations with 

respect to soft zone characterization.
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Table 4-1 Historical Observations of Soft Zone Geometry and Distribution.  

Report Observations of Soft ZoneNoid Geometry and Distribution 
COE (1952) Soft zones reflect a skeletal structure resulting from leaching: mud losses reflect cavernous conditions.  

Cavities (voids) are unlikely to be 'many feet in diameter"; likely they are characterized by a 
honeycombed structure of numerous small *rat holes' and are probably partly filled with soft semiliquid 
ldays or loose silts and sand. Report related soft zone collapse to surface depressions.  

MPMRCE (1963) Most severe common subsoil condition in solution zone is a porous, spongy, relatively open strata that 
has substantial structural competence.  

Rutledge (1976) N/A 
MRJD (1984) - DWPF No soft zone geometry discussion given. Numerous instances of low SPT counts, fluid losses, and 2-8 

feet thick rod drop zones observed. However, continuous layers of loose material were not identified.  
Voids/leached zones identified where grout take ratios were between 3 and 6.  

MRCE (1986) - Salt An isolated highly plastic day layer with an N-value of weight of hammer was encountered in Boring Z
211U at Elev. 195. In Boring Z-210, at Elev. 193, a void was encountered with a three feet thick rod drop 

and loss of drilling fluid. However, in subsequent borehole grouting at completion, the grout take was 

only slightly greater than normal indicating the lateral extent of the void is small.  

Of the 23 borings extended through the calcareous layer, one significant void was encountered at the top 

of Stratum S4 in Boring Z-217 at Elev. 180. The void was evidenced by an initial loss of drilling fluid 

followed by a drill rod drop of four feet. At completion, 1000 gallons of cement-bentonite grout were 

pumped into the borehole without grout return to ground surface. After allowing the grout to set, the 

borehole was filled with grouL A six inch rod drop occurred in Boring Z-210 at Elev. 169; however there 

was no significant loss of drilling fluid nor unusual grout take.  

MRCE (1986-1990) - K Cool Several K-Area sites were characterized during these three studies. The first found encountered virtually 
no soft ground, with only an isolated weight of rods interval in the McBean [Santee) Formation. The 1988 

investigation identified only a few rod drop, lost circulation, and high grout-take ratio intervals. The last 

(and largest) investigation found extensive soft zone conditions within the McBean [Santee] Formation.  
These soft zones were identified on the basis of low N-values, rod drops (up to 13 feet). drilling fluid 

losses, and high grout take ratios, and occurred between El 175 and El 100. No real analyses of soft 

zone geometry or size were completed, although the problem areas were not uniformly distributed, and 
were mostly confined to the southwest portion of the site.  

Law (1991) - HWRF Very little stated on soft zone dimensions. Some general statistics on soft zone materials encountered 
are as follows: 
"* NW site had 32 linear ft of soft soils in 2040 linear feet of drilling (2 percent) 
"* SW site had 69 linear ft of soft soils In 4010 linear feet of drilling (2 percent) 
"* Aggregate (total) linear feet of zero blow materials in a single boring ranged from 4 to 21 feet 

"* Appx. 5% of CPTs had blow counts of zero, while 7-8% had blow counts of 5 bpf or less.  
"* NW site had arculation-losses In 6 of-7 soil test-borings (86 percent).  

"* SW site had circulation losses in 8 of 14 borings (57 percent).  
* NW site had complete circulation loss during installation of 2 of 5 piezometers.  

* CPT soft/loose soils (defined as <=15 tsf over a minimum of one foot) were identified in 3 CPT's.  

GEl (1991) - K Significant efforts made to determine soft zone geometry. Results include: 
CPT Data 
• Soft zones encountered between El 152 and 123 (depth of about 117 to 146 feet below ground 

surface).  
* Of 32 CPTrs. about half (14) encountered soft zones. Fifteen of the CPT's were performed in a 

closely spaced pattern to investigate the lateral and vertical distribution of soft zones. Seven out of 

15 CPT soundings encountered soft zones. The areal and vertical distribution of soft zones appears 
to be erratic.  

0 10 CP`Ts were performed in the area surrounding the reactor. Only 3 penetrated the critical layer, 

and 1 encountered a soft zone. There are no indications that soft zones are concentrated in the 

upper or lower portion of this depth range. Soft zones appear to occur at random within the critical 

layer. For analyses, the crtical layer was assumed to be 30 feet thick. Soft zone size and elevation 

varies even within horizontal distances of 5 feet 
. Soft zone thickness ranged from 3 to 15 feet, with an average thickness of about 6 feet. The shorter 

lateral dimension of soft zones does not appear to exceed 15 feet. The longer lateral dimension is, 
however, undefined. Observations made during the grouting program in 1951 indicated that grout or 

water sometimes vented from boreholes located hundreds of feet from the location being grouted.  
Thus the soft zones appear to be elongated. "channel-like" features and not isolated spheres or 

spheroids. The channel-like shape is consistent with the geologic history of the deposit.  
Concentrations of shells that probably led to the development of the soft zones would tend to occur 

in elongated depressions in the surface of the coastal deposits.  
• The chances of encountering a soft zone at any particular exploration location is about 50 percent.  

I regardless of whether the explorations are performed hundreds of feet apart or only 5 feet apart.
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WSRC (1992) K

WSRC (1992)- K

• The total thickness of soft zones encountered in CPT's divided by the total of CPT penetration 
depths into the critical layer is 84 feetf790 feet, or 10.6 percent.  

• Assuming that the soft zones are elongated "channel-like" features, it appears that the soft zones 
comprise about 10 to 15 percent of the critical layer by volume. A 'best estimate" value of 13 
percent was used for analysis. Thus the matrix material comprises about 87 percent of the critical 
layer.  

Boring Data 
* Indications of soft zones were usually seen in borings at about the same elevation range as soft 

zones encountered in adjacent CPT soundings. This is additional evidence that the critical layer 
thickness and depth indicated by CPT's is reasonable. Soft zones were not encountered 
consistently within a localized area, with some CPT/SPT pairs located 20-30 feet apart not 
encountering the same soft zone.  

* Soft zones still exist in areas which have been wrouted.
Significant efforts made to determine soft zone geometry. Results include:.  
* Soft zones under K Reactor occur primarily in three intervals (interpreted to be originally carbonate

rich) of the Santee Formation, at depths of 120 to 130, 135 to 150, and 155 to 170 feet below the 
present surface grade of 270 feet.  

"* Soft zones are distributed sporadically along three southwest trends. Direct indications of soft 
zones are encountered in approximately 10% of the deep penetrations in the study area.  

"• The most well developed soft zone complexes are approximately 15 feet thick composed of an 
upper soft zone 3 to 5 feet in thickness, and a lower zone of underconsolidated silty sands 8 to 10 
feet thick.  

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

"• Soft zones in the K Reactor area are poorly developed, limited in size and areal extent and poorly 
interconnected.  

"• Five of 14 SPT borings drilled in the GEIIWSRC program encountered intervals in which the drill 
string advanced with the weight of the rods or hammer. The GEI/WSRC program was specifically 
targeted at sampling these zones and yet had only a 36% contact ratio.  

• No open voids or cavities were encountered in any of the borings.
Extensive review of previous K-Area data and new large scale investigations were completed. Results 
include: 
"• Soft zone intervals underlying K-Area occur in the Tobacco Road and Santee Formations. These 

intervals are at approximate depths of 82 to 90. 108 to 120 feet, and 125 to 145 feet below the 
present surface grade of 270 feet. The critical layer at K-Area was defined at depths of about 115 to 
145 feet below ground surface.  

"* Soft zone geometry is controlled by formerly carbonate-rich bioherm and associated 
underconsolidated layers immediately above and below. A vertically stacked sequence of soft zone 
intervals form a 'soft zone complex". A typical soft zone interval is composed of a formerly 
carbonate-rich zone 3 to 5 feet in thickness, with an upper underconsolidated layer one foot or less 
in thickness and a basal underconsolidated layer 10 to 12 feet thick.  

* Soft zones Investigated in K-Area are limited in size and areal extent and are poorly interconnected.  
The soft zones follow an apparent NE-SW trend; however, the trend is not established well enough 
for precise prediction of soft zone locations.  

"* In general, very few CPT's contained thick soft zones. The total thickness of all soft zones in a CPT 
sounding throughout the entire depth range varied from 0 to 15 ft. The majority (64%) of CPT's did 
not contain any soft zones. The average thickness of soft zones per CPT for all OPTs was 2.1 feet.  
Only 8 CPT soundings had cumulative soft zone thickness >6 feet. These are clustered between 
top depths of 115 and 139 feet.  

"• Of the total 105 CP'rs performed in K Area which provided useful data, 36% indicated CPT
defined soft zones. However, CPT distribution was not uniform, and were more concentrated in 
areas where soft zones were previously detected and in areas of high grout take during the KASS 
program. If CPT's had been performed using a uniform grid spacing, less than 36 percent of CPT's 
may have penetrated soft zones.  

"* Based on an average thickness of soft zones of six feet in the grout zone and the fact that less than 
10% of the grout holes in K Area encountered a soft zone. It is estimated that less than one percent 
of the soil volume beneath K Area will accept a significant amount of grout (i.e. more that 300 cf per 
hole).

Ebasco (1992) - Par Pond *Critical zone" identified as being between 70 and 135 feet in thickness; dimensions of soft zones within 
the critical zone not discussed. Rod drops, low SPT N-values, and low CPT sleeve/tip observed.  

WSRC (1993) - RTF Fifteen Individual soft zones were identified within the Santee formation. Thicknesses ranged from about 
0.5 feet up to 9.5 feel The average soft zone thickness was 2.2 feet with a standard deviation of 2.2 
feet.  

Ebasco (1994) - ITP Numerous soft zones identified via CPT, particularly in eastern portion of ITP site. Total thickness of 
"" soft zones' within individual CPT soundings were over 10 ft.  

WSRC (1995) - ITP Soft zone maximum thickness of 20-30 feet (day layer): 10-15 ft thickness near ITP tanks. Geostatistical
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analyses suggest lateral continuity of soft zones smaller than 35 feet, more likely on the order of 10 to 20 Ifp•,t

WSRC (1998) - TEF Soft zone identified with dimensions of about 40 feet diameter by 3 feet thick. No voids identified.  

WSRC (1998) - APSF • Soft zones on the southern side of APSF site were highly constrained, with the largest having a 
short dimension of between 25 to 45 ft and the long dimension of about 195 ft. Soft zones on the 
northern half of the site were less well constrained, with the largest having a short dimension of 
about 40 ft and a long dimension of about 230 ft.  

"• APSF soft zones showed a strong bias in orientation, with the long axes trending west-northwest to 
east-southeast (somewhat perpendicular to the overall northeast-southwest trend of Coastal Plain 
sediments).  

"* Soft zones were modeled along sections with maximum width set to appx. 50 feet and thickness of 
3-8 feet.  

- No voids were identified.  

WSRC (1998)- White N/A. No investigations conducted.  
WSRC (1999)-NEC N/A No investigation conducted for soft zone geometry

Issues specific to the soft zones delineated in the GSA and their relationship to the 
nearby and enclosing carbonate sediment that are addressed in this section include the 
following: 

"* Typically soft zones occur within or proximate to carbonate bearing sediments.  
Therefore understanding the distribution, relative stratigraphic position and 
carbonate sediment type associated with the soft zones is addressed.  

"* Geologic and depositional setting of the soft zones and enclosing sediments are 
generally constrained to the middle Eocene Dry Branch-Tinker/Santee (Utley) 
(Figure 4-2) portion of the geologic section. Understanding the depositional setting 
in which these sediments were deposited is critical to understanding the distribution, 
thickness and continuity of the soft zones and their enclosing sediments. It is also 
necessary for evaluating post depositional alteration (dissolution/mineral 
replacement) of the calcareous sediments commonly associated with the soft zones.  

"• A perplexing problem with the distribution of soft zones is the limited lateral extent of 
individual soft zones. Resolving this issue-requires an understandingof the --.....  
depositional and diagenetic history of the soft zone and enclosing sediments. The 
type and degree of dissolution/recrystallization/replacement of different mineral 
phases is discussed using existing data and data acquired in two petrographic 
studies that detailed the lithologies, environments of deposition and diagenetic 
alteration of the sediments.  

"• To assist in addressing the above issues, a data base was established that includes 
all data retrieved from core, geophysical logs, CPT logs and geotechnical (SPT) 
borings related to the stratigraphy and presence of carbonate and soft zones in the 
GSA. The data base was queried in order to map the extent (stratigraphic and 
geographic distribution) of the carbonate zones and soft zones.  

4.2 Geologic Setting 

The Savannah River Site (SRS), covers approximately 300 mi2 in the upper Atlantic 
Coastal Plain of southwestern South Carolina (Figure 4-1). Sediment underlying the 

SRS forms a wedge of sedimentary strata that thickens from about 700 ft in the 
northwest to almost 1400 ft at the southeastern boundary of the site (Plate 4-1),
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measuring, on average, 900 ft in thickness in the GSA. Regional dip is to the southeast 
and decreases upward from about 48 ft/mi at the base of the Cretaceous-aged strata to 

about 15 ft/mi at the top of middle Eocene-aged strata.  

Three distinct geologic provinces are delineated beneath the SRS: Paleozoic 
metamorphic and igneous rocks; a Mesozoic rift-basin (Dunbarton Basin) sequence 
comprising lithified mudstones, sandstones, and conglomerates of probable Triassic 
age; and unconsolidated Atlantic Coastal Plain sediments of Late Cretaceous and 
Tertiary age (Figure 4-2).  

The Paleozoic basement rocks and the Triassic/Jurassic-age sedimentary rocks 
(Dunbarton Basin) have been leveled by erosion (Plate 4-1) and are unconformably 
overlain by unconsolidated to poorly consolidated Late Cretaceous and Tertiary Coastal 

Plain sediments. The Coastal Plain sediments form a mostly clastic wedge that 

thickens, and dips to the southeast. The sedimentary wedge represents depositional 
environments ranging from fluvial to shallow marine shelf (Figure 4-4). Fluctuating 
depositional conditions account for the observed complex variations in sediment 
lithology in the area.  

In the GSA the Upper Cretaceous sediments (91 to 66 mybp) overlie Paleozoic 
crystalline basement rocks (Figure 4-2). The Cretaceous sequence is about 550 feet 

thick in the GSA, and consists of quartz sand; pebbly sand and sandy clay generally 
deposited in lower to upper delta plain environments (Figure 4-4). Following a drop in 

sea level that resulted in erosion of the underlying exposed Cretaceous section at the 

Cretaceous/Tertiary unconformity, Tertiary sediments were deposited when sea level 
rose onto the unconformable erosion surface.  

Tertiary sediments average about 350 feet in thickness in the GSA (Figure 4-2), range 

in age from Early Paleocene to Miocene (?)/Oligocene (?) and were deposited in fluvial 
to marine shelf environments (Figure 4-4). The soft zone and calcareous sediment in 
the GSA, is specifically concentrated in the Tinker/Santee (Utley) interval, with minor 

occurrences noted in the Dry Branch Formation beneath the Tan Clay (Figure 4-3).  
Thus the distribution of carbonate and attendant soft zones is stratigraphically confined 
to an interval averaging approximately 80 feet in thickness in the GSA and constrained 

geographically to the areas where the depositional environments were conducive to 
carbonate sedimentation (Figure 4-4).  

4.2.1 Chronology of Tertiary Geologic Events in the GSA 

The chronology of events and the depositional setting that characterized deposition of 

the Tertiary sequence in the GSA is presented here.
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Oldest 

The Snapp Formation (Figures 4-2 and 4-3) and older Paleocene sediments 
(Sequence Stratigraphic unit I) were deposited in shallow clastic shelf and delta 
plain environments (Figure 4-4). Shallow shelf (platform) carbonate deposition 
was restricted to coastal areas of South Carolina at this time.  
Sequence I deposition was followed by erosion of the section (Lang 
Syne/Sawdust Landing unconformity) (Figure 4-3).  
A rise in sea level initiated deposition of the Congaree/Fourmile sands 
(Sequence Stratigraphic unit II) in shoreline to shallow shelf depositional 
environments (Figure 4-4). Shallow shelf (platform) carbonate deposition rapidly 
expanded landward and reached the southern boundary of SRS, but remained to 
the south and east of the GSA.  
Sea level continued to rise resulting in deposition of the Warley Hill clays 
(Sequence Stratigraphic unit II) in deeper shelf depositional environments 
(Figure 4-4).  
A lowering of sea level and/or the increased rate of sediment supply int6 the 
environment resulted in deposition of the Santee (and Utley) carbonates and 
clastics in shallow shelf depositional environments. This completed deposition of 
the Sequence Stratigraphic unit I! sedimentary package (Figures 4-2 and 4-3).  
A retreat of the sea resulted in substantial erosion of the Tinker/Santee (Utley) 
(Sequence 11) section (Santee unconformity).  
Deposition of the Dry Branch Formation (Sequence Ill) including the Griffins 
Landing limestone member was deposited over the Tinker/Santee (Utley) 
section, in shoreline to Iagoonal/marsh depositional environments. Thus the 
shoreline depositional setting shifted southward from its position in Santee time 
(Figure 4-5). This was followed- by-deposition of the Tobacco Road Formation -..  
(Sequence Ill) probably in a moderate to high-energy lagoonal/open bay 
environments (Figures 4-4 and 4-5). The shallow shelf (platform) carbonates that 
had reached their most northwesterly updip position in Santee (Utley) time 
retreated far to the south and east of SRS in Tobacco Road/Dry Branch time.  
A dramatic increase in sediment supply and a retreat of the shoreline towards 
the southeast, resulted in deposition of the "upland unit" sand and gravel 
(Sequence IV) in fluvial to upper delta plain environments (Figure 4-4).  

Youngest 

In conclusion, the deposition of shallow shelf carbonates generally remained to the 
south and east of the Savannah River Site during the Tertiary with the exception of 
middle Eocene Santee/Utley time when deposition of the carbonates extended as far 
inland as the GSA (Figures 4-3 and 4-5).
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4.2.2 Distribution and Depositional Environments of Carbonates at SRS 

The regional distribution of the Tinker/Santee (Utley) carbonate-rich sequence is 

illustrated in Figure 4-6. Carbonate content in the sequence is minimal in northwestern 
SRS and predominates near the southeast boundary of the site. The GSA is in that part 
of the mixed clastics/carbonate zone where the clastic sediments generally constitute a 
greater percentage of the section than the carbonates. Figure 4-5 illustrates the 
environments of deposition of the Tinker/Santee (Utley) sediments in the SRS region. In 
northern SRS the Tinker/Santee (Utley) sediments are mostly sands and muddy sands 

deposited in shoreline to lesser lagoonal and tidal marsh environments. In the central 
SRS the sequence was deposited in middle marine shelf environments resulting in a 

varied mix of lithologies from carbonate-rich sands and muds to sandy and muddy 

limestones (Figure 4-7). In southern SRS the Tinker/Santee (Utley) sediments were 
deposited further offshore, further removed from riverine clastic input into the shelf 
environment resulting in deposition of carbonate muds.  

4.2.3 Stratigraphy of the Carbonate Sediments in the GSA 

The carbonates and carbonate-rich clastics are restricted essentially to two horizons in 

the GSA, the Dry Branch Formation and the Tinker/Santee (Utley) interval. The upper 
most horizon includes the carbonates of the Griffins Landing Member of the Dry Branch 
Formation found below the "tan clay" interval that occurs near the middle of the Dry 
Branch (Figures 4-2 and 4-3). The isolated carbonate patches of the Griffins Landing 
are the oyster banks that formed in the back barrier marsh zone behind the barrier 
island system (Figures 4-4 and 4-5). Underlying the Dry Branch, directly below the 

regionally significant Santee unconformity, is the Utley Limestone Member of the 
Clinchfield Formation. Without the benefit of detailed petrographic and paleontological 
analysis, the Utley carbonates cannot be systematically distinguished from the 
carbonates of the underlying Tinker/Santee Formation. Thus the carbonate-rich 
sediments between the Santee unconformity (Figure 4-3), and the Warley Hill 
Formation are referred to as the Tinker/Santee (Utley) sequence in this report.  

Approximately 40-50% of the wells that drilled through the Tinker/Santee (Utley) interval 

in the GSA penetrated quantities of carbonate ranging from 5-78% of the sediment 
sampled. The calcareous sediment in the GSA consists of calcareous sand, calcareous 
mud, limestone, sandy limestone, muddy limestone, and sandy muddy limestone.  

The Dry Branch sediments overlying the Tinker/Santee (Utley) interval in the GSA, were 

deposited in shoreline/lagoonal/tidal marsh environments (Figure 4-5). The shoreline 

retreated from its position in northern SRS during Tinker/Santee (Utley) time to the 

central part of SRS in Dry Branch time. Progradation of the shoreline environments to 

the south resulted in the sands and muddy sands of the Dry Branch being deposited 

over the shelf carbonates and clastics of the Tinker/Santee (Utley) sequence.
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4.3 Origin of Carbonate Sediments in the GSA 

The average carbonate content of the Dry Branch-Tinker/Santee (Utley) sediments 
sampled in the GSA is approximately 31 percent with a large standard deviation of ±25 
percent (Thayer and others, 1994). The carbonate content ranges from zero to 87 
percent. The presence of glauconite along with a normal marine fauna including 
foraminifers, molluscs, bryozoans, and echinoderms, indicates that the limestones and 
limy sandstones were deposited in clear, open-marine water of normal salinity on the 
inner to middle shelf (Figure 4-5). The abundance of carbonate mud (micrite) in the 
limestones suggests deposition in quiet water below normal marine wave base. The 
presence of abraded and well-worn skeletal grains indicates that bottom transport by 
currents or storm-generated waves alternated with quiet-water conditions in which the 
sediments accumulated.  

The presence of varying percentages of fine, subangular quartz sand and terrigenous 
mud in the carbonate lithologies indicates the varying but ever presence proximity of the 
carbonates to riverine input (Figures 4-4 and 4-5). Occasionally the Warley Hilt 
Formation includes calcareous mud in isolated patches that were deposited in the 
deeper shelf environments (Figure 4-3).  

Viewing the Tinker/Santee (Utley) sedimentary package parallel to the shoreline 
(Figures 4-4 and 4-5), the carbonate-rich sediments would be concentrated in the areas 
furthest removed from the tidal inlets at the shoreface where clastic sediments supplied 
by riverine input is concentrated. The clastic-rich sediments on the other hand would 
concentrate opposite the tidal inlet areas where clastic sediment is more readily 
available. The lateral facies transition of the sediments in the subtidal shelf environment 
from carbonate-rich to clastic-rich lithologies is therefore gradual and measures in the 
thousands of feet. Shifting locations of the tidal inlets at the shoreline has resulted in a 
complex sedimentary package (Figure 4-7) where facies gradually transition from one 
lithology to another both laterally and vertically. Therefore both vertical and lateral 
lithologic variability in the Tinker/Santee (Utley) sequence is the rule rather than the 
exception.  

Locally the contact between carbonate sediments and laterally comparable clastic 
sediments is often sharply drawn, occurring over distances of only a few feet. In the 
past three hypotheses have been invoked to explain the rapid lithologic transition.  

"* First, the carbonate was deposited as discrete bioherms i.e., carbonate buildups 
surrounded by clastic sediments. The subtidal marine shelf environment of 
deposition of the Tinker/Santee (Utley) carbonates and clastics precludes the 
hypothesis that the sediment was deposited as discrete bioherms since bioherms 
are deposited in back barrier marsh environments (Figure 4-5).  

"* Second, rapid changes in sea level and the relative position of the shoreline resulted 
in erosion of the carbonate-rich sediments and deposition of channel clastics prior to 
deposition of the overlying Dry Branch and Tobacco Road clastics. Sediments
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typical of channel environments have not been demonstrated in the Tinker/Santee 
(Utley) sequence in the GSA.  
Alternately the carbonate is interpreted to be the remains of more continuously 
deposited beds (Thayer and others, 1994: Parra and others, 1998) where post 
depositional dissolution and removal of carbonate left isolated remnants over time.  
Here the overlying Dry Branch/Tobacco Road ("Upland" unit ?) clastics are 
interpreted to have slumped downward compensating for the removal of the 
carbonate (Figure 4-8). Slumping into the lows left by the removal of the 
Tinker/Santee (Utley) carbonate indicates that the consolidation of the 
Tinker/Santee (Utley) section post-dates deposition of the Dry Branch and Tobacco 
Road sands.  

4.3.1 Diagenesis of the Carbonate Sediments and Formation of Soft Zones 

Diagenesis is the sum of the physical, inorganic, chemical or biochemical changes that 
occur in a sedimentary deposit after its initial accumulation. The carbonate-bearing and 
carbonate-rich Tinker/Santee (Utley) sediments underwent extensive diagenesis, being 
very susceptible to post-depositional alteration due to dissolution and/or precipitation of 
calcite, silica.and other minerals. Post-depositional events affecting the limestones and 
limey sandstones occurred in both the marine and freshwater phreatic (saturated) 
environments.  

Events occurring in the marine phreatic environment include: 1) boring and micritization 
of skeletal grains (Figure 4-9), mainly by endolithic algae and fungi; and 2) precipitation 
of subsea cements, including pyrite and glauconite.  

Glauconite precipitates under slightly reducing conditions in water depths greater than 
10 m; its presence indicates slow sedimentation rates (Nystrom and others, 1989, 
1991) in marine shelf environments. The pervasive presence of glauconite in the 
Tinker/Santee (Utley) sediments corroborates the interpretation that the sediments were 
deposited in subtidal marine shelf environments based on fossil content and sediment 
fabric analysis.  

Pyrite precipitates and is associated with organic matter within the carbonate mud 
(micrite) matrix of the limestones indicating that it formed under localized reducing 
conditions in areas containing putrifying tissue where sulfate-reducing bacteria were 
abundant (Scoffin, 1987).  

The limestones commonly underwent minor post-depositional compaction within the 
first few hundred feet of burial as shown by the presence of broken pelecypod and 
other shells (Figure 4-10).  

The Tinker/Santee (Utley) sediments were flushed by fresh water. The first 
demonstrable episode of fresh water flushing probably occurred soon after burial 
following the drop in sea level at the Santee unconformity. The diagenetic changes that
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occurred that materially effected the mineralngy and/or the engineering properties of 
the sediments include the following: 

"* Skeletal grains, mostly pelecypods (clams), dissolved to create molds (Figures 4
10, 4-11, 4-12; and 4-13). The molds underwent solution-enlargement to form 
vugs and channels. This was an important porosity-creating process in the 
limestones and limey sandstones because pelecypods formed up to 20 percent of 
the original unconsolidated sediment (Thayer and others, 1994). Locally the molds 
and vugs collapsed due to compaction following the dissolution of the fossil debris 
(Figures 4-14 and 4-15).  

"* Some of the carbonate derived from dissolution of the fossil shell debris described 
above was precipitated nearby as pore-reducing or pore-filling calcite cement 
(Figure 4-16). This was a minor process in the limestones and limey sandstones.  
Most of the carbonate material released from dissolution of fossil shells was 
exported out of the system as indicated by the small number of pores that are 
lined or filled with sparry calcite cement (Moore, 1979). Where it occurred 
however, the carbonate was often lithified (cemented) into hard limestone.  

"* Biogenic opal-A in the form of sponge spiculesand diatom valves dissolved to 
create silica-rich pore water. Some of the silica was precipitated as 2-5 Aim sized 
opal-CT lepispheres that replace carbonate mud (micrite) matrix (Figure 4-10), 
precipitated within molds and vugs and in micropores in the lime mud matrix. Opal
CT formation generally postdates solution of skeletal grains because the silica 
lines the interiors of some molds [rare to pervasive].  

The amount and selectivity of the Opal-CT and chalcedony precipitation and 
replacement of carbonate is variable in the Tinker/Santee (Utley) sediments.  
Precipitation of the opal-CT silica varies from rare to pervasive where the entire 
precursor carbonate sediment was 100 percent replaced by silica (Figures 4-17 and 4
18). The main limiting factor for silica precipitation and replacement of carbonate 
depends on the quantity and availability of amorphous biogenic opal-A (sponge spicules 
and diatom valves) that dissolved to create silica-rich pore water for mobilization and 
precipitation of the silica into the nearby sediment (Figure 4-10). The silicification 
process ceased when the silica supply (diatom and sponge-spicule biogenic opal-A) 
was exhausted.  

Fibrous chalcedony precipitates locally as rim cements on detrital quartz grains (Figures 
4-17 and 4-19). Cement stratigraphy indicates that chalcedony formed after 
precipitation of opal-CT.  

The carbonates and limey sands of the Tinker/Santee (Utley) sequence underwent a 
complex combination of deposition of diverse lithologies, post-depositional 
dissolution/precipitation/replacement of calcite, silica and other minerals. The result is 
sediment often far removed from its initial depositional fabric and mineralogy. Local 
dissolution is so pervasive that the precursor sediment is no longer identifiable.
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For a more comprehensive review of the carbonate sediments and their diagenesis the 
reader is referred to Thayer and others, 1994; Rine and Engelhardt, 1999; and Parker, 
1999.  

4.3.2 Timing of Diagenetic Events 

The Tinker/Santee (Utley) sediments were deposited in the subtidal "normal" marine 
environment where marine phreatic waters bathed the newly deposited sediment.  
Diagenetic events occurring in the marine phreatic environment included: 1) boring and 
micritization of skeletal grains to form micrite envelopes (Figures 4-9 and 4-13), mainly 
pelecypods, and 2) precipitation of subsea cements, including pyrite and glauconite.  

The initial dissolution/erosion of the middle Eocene Tinker/Santee (Utley) sediments 
occurred soon after burial, when sea level dropped (Santee unconformity) resulting in 
fresh water flushing of the Tinker/Santee (Utley) sediments (Figure 4-26). This is also 
the probable time frame when siliceous replacement and cementation of the clastics 
and carbonates in the Tinker/Santee (Utley) section was initiated. With dissolution of 
carbonate and precipitation and replacement of carbonate by silica, soft zones began 
forming.  

The clastic sediments of the Dry Branch Formation (Sequence Ill) including the Griffins 
Landing limestone member were deposited over the Tinker/Santee (Utley) section in 
shoreline to lagoonal/marsh depositional environments. This was followed by deposition 
of the Tobacco Road Formation (Sequence Ill) probably in a moderate to high-energy 
lagoonal/open bay environment (Figures 4-4, and 4-5).  

During deposition of the Tobacco Road and Dry Branch sequence, where the 
sediments were deposited in the shoreline environments, the underlying Tinker/Santee 
(Utley) section would be alternately flushed by the meteoric phreatic zone (fresh 
water)/marine phreatic zone (salt water) mixing zone (Figure 4-20). Here further 
dissolution of the Tinker/Santee (Utley) carbonates occurred albeit at a reduced rate, 
and siliceous replacement and cementation of the clastics and carbonates progressed, 
and soft zones continued to develop until the supply of silica was exhausted.  
Eventually, as Dry Branch and especially Tobacco Road sedimentation continued, the 
Tinker/Santee (Utley) sediments were buried more deeply and the mixing zone waters 
could no longer reach the section (Figure 4-26). Here the sequence remained in the 
marine phreatic environment for extended lengths of time and diagenetic alteration of 
the sediments was reduced to a minimum or essentially ceased.  

A dramatic increase in sediment supply and a retreat of the shoreline seaward to the 
southeast, resulted in deposition of the "upland unit" sand and gravel (Sequence IV) in 
fluvial to upper delta plain environments (Figure 4-4). This is the time frame of the 
further dissolution and removable of the Tinker/Santee (Utley) carbonate due to 
renewed fresh water flushing of the sequence. Here the overlying Dry Branch/Tobacco 
Road ("Upland" unit ?) clastics are interpreted to have slumped downward
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compensating for the removal of the carbonate (Figure 4-8). Slumping into the lows left 
by the removal of the Tinker/Santee (Utley) carbonate corroborates the assertion that 
the consolidation of the interval post-dates deposition of the Dry Branch and Tobacco 
Road sands.  

Rine and Engelhardt, 1999, noted that at least two generations of spar cements appear 
to be present in the carbonates in HBOR-50 at the ITP in H Area, both related to 
separate episodes of dissolution. They noted vugs containing sand and silt sized 
limestone fragments and quartz grains are present in thin sections from HBOR-50 
(Figure 4-22) and concluded that the detritus was probably derived from leaching and 
collapse of rock adjoining the vug. The voids not containing the detritus are probably 
molds of single shells and are not connected to other large pores. These limestone and 
quartz debris filled vugular limestones formed during the "collapse" and consolidation of 
the Tinker/Santee (Utley) carbonates in "upland unit" time.  

Today, the Tinker/Santee (Utley) section is generally in the saturated zone in the GSA 
(except near Upper Three Runs Creek) well below the water table. Here the sediments 
are in a stable chemical environment, and carbonate dissolution is minimal. The further 
dissolution and removable of the Tinker/Santee (Utley) carbonate (in the engineering 
sense i.e., the next 100 years) is a non-issue.  

In conclusion, two primary episodes of freshwater flushing of the Tinker/Santee (Utley) 
section resulting in two (or more) stages of fossil shell dissolution are hypothesized 
based on the multiple episodes of erosion/dissolution of the section. The first occurred 
at the time of the Santee unconformity, the second at the time of deposition of the "upland unit" following the Upland unconformity. During the interim period between the 
two primary episodes of fresh water flushing of the Tinker/Santee (Utley) section, 
dissolution of carbonate and precipitation and replacement of carbonate by silica 
continued albeit at a slower rate during deposition of the Dry Branch and Tobacco Road 
sands.  

4.4 Origin and Delineation of Soft Zones 

Until recently, sediment from soft zones as defined by SPT N-values, rod drops and lost 
circulation are never recovered. Conventional coring methods were unable to recover 
sediment from the intervals. Therefore, the soft zone sediment, and certainly the 
precursor sediment to the final soft zone sediment was unknown.  

Nearby sediments (often fossiliferous) to the soft zones, whether they are carbonate
bearing to carbonate-rich clastics or limestones have been observed to have undergone 
minor to extensive carbonate dissolution. Often, the result is the fossils (especially 
mollusks) were dissolved leaving voids that were often enlarged to form vugs (Figures 
4-11 and 4-12). Silicification was commonly noted where the precipitation of silica was 
minor to extensive (replacing and cementing much of the original sediment). Only minor
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carbonate cementation has been noted in near-by sediments (Thayer and others, 1995; 
Rine and Engelhardt, 1999 and Parker, 1999).  

It has generally been assumed that the carbonate in the sediment in the soft zones has 
undergone extensive if not complete carbonate dissolution leaving behind vugular, 
moldy clastic debris. Thus a soft zone occurs in the "end member" sediment where the 
carbonate dissolution noted in varying degrees in the nearby non-soft zone sediments 
was complete.  

4.4.1 Soft Zone Study at APSF 

It has often been observed in the GSA and elsewhere, that rod drops, "soft zones" and 
zones of no conventional core recovery occurred beneath carbonate cemented and/or 
silica replaced/cemented hard layers that are difficult to penetrate with the drill (Figure 
4-23). Once through the hard cemented layer the drill rod was pushed into what was 
assumed to be uncemented silts and sands that were supported by the overlying 
indurated beds and/or by laterally competent beds.  

Localized zones of silica cementation of sand sequences and of indurated limestones 
are common in the Tinker/Santee (Utley) section and the overlying lower Dry Branch 
Formation. Silica cementation varies from a trace to more than 30% of the sediment 
analyzed, and individual hard silica cemented layers can vary from less than 1 foot to 
more than 10 feet in thickness. The silica cementation occurs in all the various 
lithologies found in the Santee and Dry Branch sections.  

Evidence from the soft zone study at the APSF suggests that the sediment in the rod 
drop/no recovery zone had not undergone extensive carbonate dissolution. Instead, the 
precursor carbonate sediment underwent extensive opal-CT (amorphous silica) 
replacement much like the silica replacement/cementation that commonly occurs in 
overlying and nearby indurated layers.  

A series of closely spaced CPT's were pushed at the APSF Site in the northern portion 
of F Area (Figure 4-21). One purpose of the investigation program was to aid in 
establishing the stratigraphic and lateral distribution of soft zones in the area. Using the 
defining criteria of tip stress values less than 15 tsf to define the presence of soft zones, 
it was determined that soft zones vs. non-soft zones occurred at comparable 
stratigraphic horizons in CPT pushes spaced less than 10 feet apart. A 8 feet thick soft 
zone occurred in CPT-1 57S3 at the top of the Tinker/Santee (Utley) section 
immediately beneath the Santee unconformity that could not be carried to the 
surrounding CPT pushes only a few feet away. The soft zone was continuously cored 
and the interval was analyzed in detail in the SGS core Analysis Lab. Three sediment 
types were delineated under petrographic microscope examination of the soft zone 
sediment (Parker, 1999); sandy, biomoldic chert; siliceous sandy mud and terrigenous 
sand.
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The sandy, biomoldic chert and the siliceous, sandy mudstone were originally sandy 
lime mud (micrite)-supported fossiliferous limestone and sandy, lime mudstones. The 
carbonate mud was replaced molecule for molecule with authigenic opal-CT 
lepispheres and chalcedony without any loss in sediment volume (Figures 4-10, 4-17, 
4-18, 4-24 and 4-25). The original sandy fossiliferous limestone sediment was 
deposited in clear, open-marine water of normal salinity on the inner to middle shelf 
(Parker, 1999). The opal-CT matrix was originally lime mud (micrite) matrix, and its 
abundance indicates deposition in quiet water below normal marine wave base. In short 
the precursor soft zone sediment was typical of the Tinker/Santee (Utley) carbonate 
deposited in the GSA.  

Thus this sediment in the soft zone is not a distinct microfacies separate and distinct 
from the sediments that comprise the surrounding carbonate, but is diagenetically 
altered where the initial carbonate matrix was completely replaced with opal-CT 
(Figures 24 and 4-25). The silica was precipitated as 2-5 gim opal-CT lepispheres that 
replaced carbonate mud (micrite) matrix, and precipitated as linings within molds .and 
vugs and in micropores in the lime mud matrix (Figures 4-10 and 4-17). The opal-CT 
formation postdates solution of the fossil shells because the opal-CT and chalcedony 
line the interiors of some molds.  

Since the carbonate in the soft zone sediment defined in CPT-1 57S3 at the APSF area 
underwent complete siliceous replacement, the working hypothesis would be that opal
CT silica replacement of carbonate sediments may be one of the crucial events in the 
formation of the soft zones. Where carbonate has been replaced by silica the soil 
properties of the resulting diagenetically altered sediment is such that it has neither 
cohesion nor very much compressive strength. Here the tip resistance to the CPT push 
would be low (less than 15 tsf over a two foot interval), rod drops would be encountered 
during conventional drilling and the surrounding unaltered carbonate sediment supports 
the overburden. The soil properties and characteristics of the opal-CT silica "mud" is 
currently under investigation (Miles Denham, personal communication) 

If the replacement of carbonate by amorphous silica was a controlling factor in the 
development of soft zones, then the controlling mechanisms for soft zone development 
would include (Folk and Pitman, 1971): 

Adequate supply of amorphous silica in the form of sponge spicules and 
diatoms for the continued precipitation of the opal-CT.  
Adequate permeability to flush the sediment with the volumes of silica 
saturated pore waters needed to maintain the precipitation of the silica.  

• Chemistry and mineralogy of the host sediment.  
* Bulk pore-water ph.  
* Presence of organic matter.  
* Concentration of silica and certain other ions, such as sulfate.
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Assuming the above mentioned controls are available for silica replacement/cementation 
to occur; the spatial geometry of the silicified "areas" would be very irregular (Figure 4
21). The silicification of the enclosing sediment would follow and spread along bedding 
planes, along microfractures of varied orientations, along corridors of locally enhanced 
permeability etc. The resulting "soft zone" could be in the form of irregular isolated 
pods, extended thin ribbons or stacked thin ribbons separated by intervening unsilicified 
parent sediment. Soft zones encountered in one CPT could be absent in the 
neighboring CPT only a few feet away. Only where silicification has spread far enough 
away from the bedding planes and/or fractures along which the silica replacement has 
taken place, where all the intervening sediment is replaced, would the soft zones be 
large enough and coherent enough to pose a question for the siting of new facilities. In 
all likelihood this would be a most uncommon event.  

4.5 Extent of Carbonate Zones and Soft Zones 

A database was established that cataloged all data retrieved from core, geophysical 
logs, CPT logs and geotechnical (SPT) borings related to the stratigraphy and the 
presence of carbonate and soft zones in the Dry Branch-Tinker/Santee (Utley) interval.  

4.5.1 Stratigraphy of Dry Branch-Tinker/Santee (Utley) interval 

The stratigraphic data from the 158 cored and geophysically logged wells analyzed in 
the Site Geotechnical Services (SGS) Core Analysis laboratory and 375 CPT logs were 
queried to map the stratigraphy of the Dry Branch-Tinker/Santee (Utley) interval. Three 
geologic top maps, the top surface of the Dry Branch, the top surface of the Santee 
Unconformity and the top surface of the Warley Hill, were created to constrain the 
stratigraphic and geographic distribution of the carbonate and soft zones to the lower 
Dry Branch/Warley Hill interval.  

4-5.2 Delineation of the Extent of The Carbonate Zones 

The primary sources of data for mapping the extent (stratigraphic and geographic 
distribution and "concentration") of the carbonate zones were the Core Laboratory core 
descriptions, CPT logs and borehole geophysical logs. The percentage of carbonate 
was recorded on a foot by foot basis from core described in the core lab. The thickness, 
distribution and percentage of carbonate were mapped from the core data. Mapping the 
stratigraphic and lateral extent of the carbonate was augmented with lithologic data 
interpreted from the geophysical logs.  

Due to the absence of a common standardized descriptive format, lithologic data from 
the geotechnical (SPT) field logs were not used for estimating carbonate content 
(percentage) in this investigation. Lithologic data from the geotechnical (SPT) boring 
reports were used to supplement the borehole geophysical and core description data to 
further delineate the geometry of the carbonate zones.
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Lithologic information gleaned from 525 SPT logs includes indications of the presence 
of carbonate from positive HCI reactions, and other lithologic characteristics indicative 
of carbonates, such as the presence of calcareous sediment, and the presence of 
calcareous fossils. Since the reliability of the data varied according to the quality of the 
field data recorded by the logger, the database includes a ranking from 1 through 4 with 
1 having the most reliable lithologic descriptions.  

Generally those SPT logs considered most reliable were used to augment the query of 
the core data. Where carbonate was indicated the interval was given a designation of 1 
for the data base query and 0 where carbonate was not indicated.  

4-5.3 Delineation of Soft Zones 

CPT logs were the primary data source queried to determine the presence, geographic 
distribution and stratigraphic position of the soft zones in the GSA. Where the tip stress 
was less than 15 tsf, a soft zone was defined. In addition, a search of the data from the 
field logs from the SPT boring reports was conducted for indications of "soft zones" 
encountered during drilling in the GSA. These data included blow count N values, 
where N values less than 5 are considered evidence of soft zones. In addition, rod drop 
intervals, lost circulation zones were considered to further delineate the areal extent of 
the soft zones. These last two, rod drop intervals and lost circulation zones proved of 
little value in delineating soft zones and were not included in the final data base 
queries. The blow count data from the SPT boring logs were queried as backup to the 
primary data source, namely the tip stress measurements from the CPT pushes.  

All CPT pushes in the GSA that penetrated most of the Tinker/Santee section down to 
the Warley Hill Formation were queried for tip stress values less than 15 tsf. The CPT 
pushes are generally limited to a shorter vertical interval than the SPT borings, 
monitoring wells and geophysically logged borings due to the depth limitation of the 
direct push technology. CPT's will not penetrate lithified clastic or carbonate sediments, 
or stiff "fat" clays. Consequently, the CPT logs generally bottom in the Tinker/Santee 
Formation without reaching the green clays of the Warley Hill Formation. The 
stratigraphic and geographic distribution of the soft zones was established by querying 
simply for the presence of soft zone material (designated 1), and for the absence of soft 
zone material (designated 0).  

The blow count data derived from the SPT borings were queried and blow counts less 
than 5 blows/ft (designated one 1) were flagged as indicators of soft zones. The blow 
count data is considered complementary to the establishment of the soft zones based 
on and defined by tip stress data derived from the CPT pushes. The results of the blow 
count query were compared with the data from the CPT pushes for consistency (i.e., 
are the same stratigraphic horizons and geographic areas delineated by the two 
methods). The blow count data further refined the geographic distribution of the soft 
zones, and added to the delineation of soft zones especially in the lower part of the 
Tinker/Santee where CPT pushes often could not penetrate.
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4.5.4 Delineation of the Extent of Carbonate Zones/Soft Zones 

The lithostratigraphic and hydrostratigraphic position of the "calcareous zone(s)" in the 
GSA was first documented in the U.S. Department of Energy (DOE) 1990 application 
for a hazardous waste post-closure permit for H-Area (Aadland and others, 1990). The 
DOE report (1990) listed all wells and boreholes penetrating carbonate strata in the 
GSA and provided isopach maps of the calcareous sediments, dividing the distribution 
into upper and lower zones relative to hydrostratigraphic units in the area (Figure 4-27).  
The maps only illustrate the gross thickness of the carbonate present not the 
percentage or concentration of carbonate on a foot by foot basis. The isopach maps in 
the DOE (1990) report indicate a somewhat irregular areal distribution of the 
"calcareous zone" in the GSA. The lower zone, which includes the Tinker/Santee 
(Utley) carbonates is present in three separate areas of the GSA and follows a 
northeast-southwest trend. Beds within this zone were thought to thicken and thin over 
short distances.  

Recent work by Richardson (1995) confirms the irregular distribution of calcareous 
strata in the GSA (Figure 4-28). He suggests that the distribution is the result of post
depositional, subsurface leaching of carbonate sediment. An isopach map of 
calcareous sediment within the "lower" aquifer zone (Thayer and others, 1994) shows 
that the carbonate strata are laterally discontinuous and are present as isolated patches 
in the central, eastern and western parts of the GSA (Figure 4-29). Aadland and others, 
1995, mapped the distribution and thickness of the calcareous sediment in the GSA 
(Figure 4-30) further refining the geometry of carbonate sediment in the GSA.  
Comparison of the various isopach maps suggests a lack of understanding of the 
distribution and causal mechanisms that contributed to the stratigraphic and geographic 
distribution of the calcareous sediment in the GSA. As more data has accumulated, the 
configuration of the calcareous zone(s) has changed and continues to change 
dramatically.  

4.5.4.1 Present Study 

A series of maps were created to illustrate the extent (stratigraphic and geographic 
distribution) of soft zones and carbonate zones in the GSA. Plate 4.2 is the base map 
of the GSA and includes the location of all CPT pushes, geotechnical (SPT) borings, 
cored and geophysically logged wells and borings queried for the study. The color filled 
core and boring (SPT) symbols encountered carbonate.  

A file was assembled with stratigraphic information from core and geophysical log data 
that includes picks for the top of the Dry Branch Formation, top of the Tinker/Santee 
(Utley) section (i.e., top surface of the Santee unconformity) and top of the Warley Hill 
Formation for the GSA area. The top surfaces were mapped and used to constrain the 
data query for the presence of calcareous zones and soft zones to the stratigraphic
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interval between the top of the Santee unconformity and the top of the Warley Hill 

Formation where the zones are located.  

4.5.4.2 Results 

The initial pass used to establish the geographic distribution, and concentration of 
carbonate sediment in the Tinker/Santee (Utley) section in the GSA was by querying 
the footage of carbonate greater than or equal to 5% found in the cored wells and SPT 
borings (Plate 4.3). Three areas stand out where several cored wells indicated 
appreciable thicknesses of carbonate. From east to west they include the ITP area (#1 
on the map), the "H" Basin area (#2 on the map) and the Burial Grounds area (#3 on 
the map). In "F" Area at the APSF site (#4 on the map) and the F Basin area (#5 on the 
map) extensive SPT boring data is available indicating concentrations of carbonate.  
Neither area has concentrated core data that is needed to verify the SPT findings. In 
other areas carbonate is encountered in isolated cored wells. Here the extent of the 
carbonate is indeterminate.  

The color filled core and boring (SPT) symbols on the base map (Plate 4.2) indicated 
locations where carbonate was encountered. Locally, e.g. at ITP (area #1) where the 
SPT data overlaps with the core data (Plates 4.2 and 4.7) the constraints on the lateral 
extent of the carbonate is greatly improved. Here the distribution of carbonate cannot 
be construed to be an artifact of the data distribution and reflects the actual geographic 
extent of the carbonate in the area. In areas #2 and #3 SPT data is sparse and did not 
help further constrain the lateral extent of the carbonate-rich areas delineated with core 
data. Large areas of sparse data precludes making the assumption, as was done in the 
past, that the carbonate is concentrated only in the areas indicated on the map.  
Historically these were assumed to be the areas where carbonate was concentrated 
(Figures 4-27, 4-28, 4-29 and 4-30).  

The average percentage of carbonate in each core was mapped (Plate 4.4). In general 
where the carbonate is thickest, as in areas #1, #2 and #3 the average carbonate 
percentage is greatest. Again isolated cored wells include carbonate-rich zones in 
areas other than those noted above. These may indicate sizeable carbonate 
concentrations but they cannot be confirmed at this time.  

Plate 4.5 is a hybrid map of the "total percent" carbonate present. Here the total 
thickness of the carbonate in the core was multiplied by the average percent carbonate 
in the core, and the resulting value was delineated. Carbonate concentrations concur 
with the observations noted on Plate 4.3 in areas #1, #2 and #3 that the concentrations 
are directly related to total thickness of the carbonate.  

The extent and distribution of soft zones based on CPT data was mapped (Plate 4.6).  
Comparing the extent and lateral distribution of the soft zone "hits" with the distribution 
of carbonate (Plates 4.3, 4.4 and 4.5) from both core and SPT data indicates that soft 
zones are generally thicker and more concentrated where carbonate is thickest and
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most concentrated (highest average percentages). Where the various data types (core, 

CPT and SPT) overlap as at ITP in map area #1 the concentration of soft zone hits 

(Plate 4.8) overlaps with the areas of carbonate concentration (Plate 4.7).  

The thickness of the Tinker/Santee (Utley) interval in the GSA is variable. The thickness 

and concentration of carbonate is directly related to the thickness of the Tinker/Santee 

(Utley) interval. Where the Tinker/Santee (Utley) interval is thick carbonate is more 

concentrated, where the interval is thin carbonate thickness and concentration is 

reduced. It is further observed that where carbonate is concentrated in the 

Tinker/Santee (Utley) section, the overlying "upland unit" and Tobacco Road/Dry 

Branch section are generally structurally high (Figure 4.8). Where the carbonate content 

are reduced or absent, the overlying "upland unit" and Tobacco Road/Dry Branch 

section are generally structurally low. This indicates that the removal of carbonate and 

the thinning of the Tinker/Santee (Utley) interval occurred in post Tobacco Road time.  

Since the thickness and distribution of soft zones is closely linked to the thickness and 

distribution of carbonate those structurally low areas where a great deal of carbonate 

has been removed would be areas where soft zones are less likely to be present.  

4.6 Significant Findings and Observations 

"* The CPT is the preferred method for identifying soft zones.  

"* Soft zones are pervasive throughout the GSA and typically occur within or 

proximate to carbonate bearing sediments.  
" Geologic and depositional setting of the soft zones and enclosing sediments are" 

generally constrained to the middle Eocene Dry Branch-Tinker/Santee (Utley) 

portion of the geologic section.  
"* The carbonates and limey sands of the Tinker/Santee (Utley) sequence 

underwent a complex combination of deposition of diverse lithologies, post

depositional dissolution/precipitationlreplacement of calcite, silica and other 

minerals. The result is a sediment often far removed from its initial depositional 

fabric and mineralogy. Local dissolution is sometimes so pervasive that the 

precursor sediment is no longer identifiable.  
"* All degrees of carbonate dissolution from minor to complete are observed in the 

Tinker/Santee (Utley) sediments.  
"* Two primary episodes of freshwater flushing of the Tinker/Santee (Utley) section 

resulting in two (or more) stages of fossil shell dissolution are hypothesized 

based on the multiple episodes of erosion/dissolution of the section. The first 

occurred at the time of the Santee unconformity, the second at the time of 

deposition of the "upland unit" following the Upland unconformity. During the 

interim period between the two primary episodes of fresh water flushing of the 

Tinker/Santee (Utley) section, dissolution of carbonate and precipitation and 

replacement of carbonate by silica continued albeit at a slower rate during 

deposition of the Dry Branch and Tobacco Road sands.
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"Today, the Tinker/Santee (Utley) section is generally in the saturated zone in the 
GSA (except near Upper Three Runs Creek) well below the water table. Here the 
sediments are in a stable chemical environment, and carbonate dissolution is 
minimal. The further dissolution and removable of the Tinker/Santee (Utley) 
carbonate (in the engineering sense i.e., the next 100 years) is a non-issue.  

"* Evidence from the soft zone study at the APSF site suggests that the carbonate 
sediment in the soft zone defined by CPT tip stress underwent extensive opal-CT 
(amorphous silica) replacement much like the silica replacement/cementation 
that commonly occurs in overlying and nearby indurated layers. Elsewhere, 
carbonates and carbonate-rich clastics have been described that have 
undergone minor to extensive, to complete amorphous silica 
replacement/cementation.  
The original sediment in the soft zone at the APSF Site was sandy lime mud 
(micrite)-supported fossiliferous limestone and sandy, lime mudstones where the 
carbonate mud was replaced molecule for molecule with authigenic opal-CT 
lepispheres and chalcedony. Thus this sediment in the soft zone is not a distinct 
microfacies separate and distinct from the sediments that comprise the ' 
surrounding carbonate. The soft zone sediment is typical of the surrounding 
sediments, but was diagenetically altered where the initial carbonate matrix was 
completely replaced with opal-CT.  

* The silica was precipitated as 2-5 pim opal-CT lepispheres that replaced 
carbonate mud (micrite) matrix, and precipitated as linings within molds and vugs 
and in micropores in the lime mud matrix. The opal-CT formation postdates 
solution of the fossil shells because the opal-CT and chalcedony-line the interiors 
of some molds.  

"* Since the carbonate in the soft zone sediment defined in the APSF area 
underwent complete siliceous replacement, the working hypothesis would be that 
opal-CT silica replacement of carbonate sediments may be one of the crucial 
events in the formation of the soft zones.  

"* The spatial geometry of the silicified "areas" would be very irregular and the 
lateral and vertical extent of the silicified zone (s) would not conform to any 
rational geometric pattern. The silicification of the enclosing sediment would 
follow and spread, for example, along bedding planes, and along microfractures 
of varied orientations, and along corridors of locally enhanced permeability.  

"* The resulting "soft zone" can be in the form of irregular isolated pods, extended 
thin ribbons or stacked thin ribbons separated by intervening unsilicified parent 
sediment. Soft zones encountered in one CPT could be absent in the 
neighboring CPT only a few feet away.  

"* Where carbonate has been replaced by silica the soil properties of the resulting 
diagenetically altered sediment is such that it has neither cohesion nor very 
much compressive strength. Here the tip resistance to the CPT push would be 
low (less than 15 tsf), rod drops would be encountered during conventional 
drilling and the surrounding unaltered carbonate sediment supports the 
overburden.
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"* In general where carbonate is thickest in cores the average carbonate content 
(percentage) is greatest.  

"* Where carbonate is concentrated in the Tinker/Santee (Utley) section, the 
overlying "upland unit", Tobacco Road/Dry Branch section is generally 
structurally high.  

"* Where the carbonate content is reduced or absent the overlying "upland unit", 
Tobacco Road/Dry Branch section is generally structurally low.  

"* Structurally low areas where a great deal of carbonate has been removed would 
be the location where soft zones are less likely to be present.  

"* The size and distribution of soft zones appears to be geographically and 
stratigraphically associated with the presence and concentration of carbonate; 

"* The formation of soft zones appears to be closely linked to the diagenetic 
alteration of carbonate whether the development of soft zones is attributed to 
either carbonate dissolution and/or to silica replacement/cementation.  

"* As a preliminary screening tool where soft zones are an issue when siting new 
facilities in the GSA, those areas that are structurally low at the "upland unit", 
Tobacco Road/Dry Branch level, and/or where the presence of carbonafe is 
minimal, would be favored.  

"* It is observed that the concentration of carbonate is directly related to the total 
thickness of the carbonate.
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5.0 STABILITY OF SOFT ZONES 

Engineering practice at the SRS has had two clearly distinct phases of thought 
regarding soft zone investigation, analyses, and treatment. The first phase stretches 
from 1951 to about 1991, and the second phase from about 1991 to the present.  
Differences between these two phases reflect advances in technology brought about by 
advances in subsurface investigation techniques and computer-based solutions. A 
summary of the major differences in these phases is given below: 

Table 5.0 Comparison of Investigation Methods and Analysis of Soft Zone Sediments 

Category 1951-pre 1991 About 1991 to present 
Nature of Geotechnical penetrations consist largely of SPT/UD boring technique remains virtually 
subsurface mud rotary borings with SPT and UD unchanged; however the CPT method greatly 
investigation sampling, with a limited suite of downhole expands the quantity and quality of subsurface 
tools, geophysical tools. data that can be collected. An extensive array of 

new sensor technology e.g. (SCPTU, cross hole 
tomographic arrays and dilatometer) allows for 
collection of physical property data o'f in situ 
soils.  

Type of Engineering analyses largely consist of hand A large number of computer programs are 
engineering calculations of a limited number of cases. developed for desktop computers, including 
analyses Liquefaction and settlement analyses, if highly specialized programs such as SHAKE, 

conducted, rely upon empirical relationships. FLAC, PCSTABL 5M; DESRA-2C, etc. These 
programs allow for development of much more 
detailed, realistic, and site-specific models.  
Parametric analyses become possible, with 
variables that traditionally were held constant 
now open to bounds/range checking. ..  

Understanding Understanding of soft zone genesis and Extensive soft zone characterizations, including 
of soft zones properties were somewhat understood. Soft field studies, laboratory testing, and modeling of 

zones correctly attributed to carbonate soft zones, greatly refines the genesis, 
dissolution and distribution/association across geometry, and physical properties of soft zone 
the SRS in discrete stratigraphic horizons materials. Although true voids spaces are 
pretty well established. However, low SPT N- confirmed, they probably represent a small 
values (weight of rods, weight of hammer), fraction of instances where low SPT N-values 
loss of drilling fluids, rod drops, and high grout (weight of rods, weight of hammer), loss of 
takes/grout take ratios were incorrectly drilling fluids, rod drops, and high grout 
interpreted as being related to presence of takes/grout take ratios are observed.  
cavities/voids.  

Understanding Soft zones and associated voids may present Soft zones are considered to represent clusters 
of soft zone a collapse condition; they are hypothesized to of relatively small areas where extensive 
collapse have failed in the past, and strained the dissolution of oyster banks/shell material took 

overlying sediments to the extent that shallow place. Soft zone materials are shown to be in 
depressions 'sinks" formed on 'the ground various states of consolidation, and 
surface. modeling/laboratory tests indicate that arching 

effects, where present, will not fail under the 
Design Basis Earthquake or under static loading 
conditions. Nonetheless, conservative models 
for soft zone performance postulate soft zone 
failure to compute settlements.  

Overall Grout It Do Nothing 
approach to 
foundation fix 
Understanding Grouting is assumed to compact soft zone Understanding of results of grouting significantly 
of grouting materials and fill in voids. No definitive improved due to extensive post grout verification 
results verification of grouting results is possible. programs. Grout is largely found to travel along
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Category 1951-pre 1991 About 1991 to present 
weak interfaces resulting in thin ribbons to sheet 
like emplacements. Improvement to soft zone 
materials (overall consolidation) is considered to 
be minimal.  

The three sections that follow build upon the information contained in the above table 
and focus on the engineering properties and analytical techniques that are 
recommended for use, and the techniques and methodologies to be used for future 
subsurface investigations for soft zones at the SRS.  

5.1 Properties 

Sampling soft zone soils has been a difficult task. On one hand, obtaining an 
undisturbed sample has been problematic. On the other hand, once a sample has 
been obtained we continually ask ourselves "is this sample representative, or were we 
able to obtain a sample because it was the most competent soil within the soft zone 
and therefore not representative of the entire soft zone interval?" What we have seen 
however, is that the measured properties (index and mechanical properties) of soft 
zone soils have been remarkably consistent.  

The results indicate the following; 

* Soft zones consist predominately of silty and clayey fine sands to fine sand, 
SM, SC and SP-SC, SP-SM, however, there can be very fine-grained clays 
(CL) and occasional shell fragments 

* The fines content ranges from less than 10% up to about 50% 
• The liquid limit (LL) ranges from about 50 to 100% 
• The plasticity index (PI) ranges from 20 to 90% 
• The moisture content ranges from about 25 to 75% 
* The total unit weight is about 90 to 110 pcf 
• The dry unit weight ranges from about 50 to 80 pcf 
* The compression index (Cc) ranges from 0.15 to 1.2 
* The void ratio (eo) ranges from 0.3 to 1.4 
• The recommended compression ratio (CJl+eo) is 0.24 
* The soft zones are underconsolidated; values of OCR range from about 0.3 

to 1.0. A best estimate value of 0.7 is recommended.  

The single breakthrough that has occurred over the past 1 to 2 years is the use of the 
CPT sampler. The sampler is a nominal 1.4-inch diameter tube, made of either clear 
plastic (lexan), brass or stainless steel. The sampler is up to 4 feet in length and results 
to date have shown that very good recoveries of soft soils have been obtained, nearly a 
100% recovery rate.
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The sampler has allowed us to obtain more and better quality samples of the soft zone 
soils. Although the sample diameter is smaller than required for undisturbed sampling 
and testing, we have performed a consolidation test on material recovered from the 
APSF project area. Also, numerous index tests that have been performed. The results 
confirmed the consolidation parameters given above. However, because conventional 
laboratory testing is performed on nominal 3-inch diameter undisturbed samples, 
additional testing is recommended as an effort to correlate the results of strength and 
consolidation testing from small diameter (nominal 1.4 inch) samples to the results from 
larger diameter (nominal 3 inch) samples.  

Site-wide correlations relating the results of index tests with compressibility parameters 
have been generated. Index testing of the soft zone soils has shown the same strong 
correlation with compressibility parameters, although the data is limited. For example, 
Figure 5-1 shows the relationship between the Compression Index Cc and moisture 
content. Although the results are no substitute for actual compressibility tests on soft 
zone soils, the correlations have proven to be very representative, as evidenced by the 
results of the recent consolidation test performed on the CPT sample (referenoed 
above) for the APSF project. The laboratory determined results and the calculated 
values from the site-wide correlations are shown below: 

Table 5-1 CPT Sample at APSF Laboratory Data Compared to Calculated Data 

Parameter Laboratory Moisture: Fines: PI: 
Measured Calculated Calculated Calculated 
Value Values Values Values 

Moisture content 25% 25% -
Fines content 51.7% - 51.7% 
Plasticity index 24% - - 24% 
e0 0.59 0.77 0.94 0.87 
Cc 0.26 0.21 0.36 0.3 
Cc/l+e 0  0.16 0.12 0.18 0.16 

The results show that the calculated values of compression index (Cc) and 
compression ratio (Cc/l +eo) closely match the laboratory measured values, while the 
calculated values for void ratio (eo) all overpredict the laboratory values. Overall 
however, the results are very encouraging. As budgets allow, additional laboratory 
testing will be performed to further refine these relationships and, as discussed 
previously, to correlate the small diameter CPT sampled soils with the larger diameter 
undisturbed sampled soils.  

5.2 Analysis 

The soft zones in question are at depths greater than 100 feet below the ground 
surface. As such, they are not subject to significant static loads, based on the size and
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loading of structures historically constructed at the SRS. Thus, issues such as bearing 
capacity and static settlement are generally not a concern.  

As indicated in Table 5-2, analyses of soft zone soils have evolved over the years from 
essentially no analysis to very sophisticated modeling using the latest techniques. The 
current analysis has focused on settlement due to a seismic event, which can manifest 
itself in one of two ways. First, dynamic settlement due to liquefaction or partial 
liquefaction of the soils, and second, static consolidation settlement due to full 
overburden pressure coming to bear onto the soft zone soils. The second scenario is a 
result of a seismic event, which weakens the postulated arch and causes the full weight 
of the overburden soils to act on the soft zone soils. The current methodology for each 
scenario is discussed below.  

Table 5-2. Summary of Analytical Methods Used To Determine Soft Zone Stability During SRS 
Geologic/Geotechnical Investigations.  

Recommended Soft Zone.  
Author/Report Analytical Methods Used Treatment(s)/Monitoring Programs 
COE (1952) • No specific engineering analyses of soft zones * Grout all holes with significant rod 

performed. Qualitative results from subsurface drops or fluid losses.  
investigations of soft zones and "sinks".  

MPMRCE (1963) a Review of previous foundation investigation and . Recommended various investigation 
treatment programs at SRS. and remedial treatments based on 

category of structure, geologic 
conditions, risk trade-off, and 
professional engineering judgement.  

Rutledge (1976) a Review of previous liquefaction studies * No soft zone discussion; most soils 
at SRS are not liquefiable.  

MRJD (1984) - e Settlements: estimated assuming one- . Grout all holes on a grid pattern.  
DWPF dimensional consolidation of the soil profile • Install settlement monitoring points 

under applied loads where excavation was on structures.  
treated as a negative loading to determine 
heave of the excavation bottom. Change in 
stresses through the soil mass resulting from 
applied loads were computed using a 
Boussinesq solution.  

MRCE (1986) - • Settlements: estimated assuming one- Backfill grouting of boreholes; no 
Salt dimensional consolidation of the soil profile foundation grouting even in light of 

under applied loads where excavation was expected large settlements because 
treated as a negative loading to determine vaults were not considered sensitive 
heave of the excavation bottom. Used to settlements and cracking.  
consolidation parameters developed for S-Area, 
except for two strata where compression 
properties were derived from lab testing.  

MRCE (1986- • Liquefaction: analysis conducted for shallow Foundation grouting on grid pattern, 
1990) - K Cool sands at 20-80 ft depth (not soft zone materials). with need for secondary holes 

Settlements: assumed one dimensional determined by grout takes >100 
consolidation of the soil profile under applied cu/ft (indicating a 'significant void") 
loads with excavation treated as a negative in two adjacent primary holes.  
loading to determine heave of the excavation 
bottom.  

Law (1991) - • No specific engineering soft zones analyses * Grouted borings; some required 
HWRF performed. General characterization study. several stages of grouting over a 

period of a few days.
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Recommended Soft Zone Author/Report Analytical Methods Used Treatment(s)/Monitoring Programs 
GEl (1991) - K Many engineering analyses performed, including: * Grout project borings.  

" Measuring reaction under simulated cyclic • Further soils analysis should be loading to evaluate the potential for liquefaction considered based on a site specific 
and to compute the estimated settlements of spectra. This analysis should 
various soil layers. incorporate convolution techniques 

"• Computer program SHAKE used to compute and parameter variation to 
seismic shear strains throughout the soil profile, determine the margin to failure for 
using field measured values of shear wave the reactor facility with respect to 
velocity, settlement and liquefaction.  

• Strains associated with the Design Basis • No treatment needed for soft zones.  
Earthquake used to evaluate average ground No further grouting necessary.  
surface settlements. Laboratory tests performed 
to measure volumetric strains of soft zone and 
matrix materials due to reconsolidation after 
cyclic loading.  

a Differential settlement: evaluation used empirical 
studies for soft ground tunneling, using worst 
case criteria of 15 foot diameter soft zones 
spaced on 20 ft centers at 115 ft depth.  

0 Liquefaction: assessed utilizing two separate 
methods, including the Dobry cyclic strain 
approach and Seed empirical blow count 
assessment.  

WSRC (1992) - No engineering analyses performed. Summary N/A 
K geologic analysis.  
WSRC (1992) - * Extensive review of grouting data and post * Large scale grouting program 
KASS grouting verification data to assess grouting and implemented.  

soft zone phenomenon. • Heave monitoring during foundation 
• Cooling Water Pipe (CWP) ground settlement grouting included surface surveys, 

analyses based on two empirical relationships, borros heave monitoring points, and 
including: tiltmeters.  
- Peck soft ground tunneling analogy = Based on KASS analyses the soft 
- Bals coal mine subsidence analogy zone arches were shown to not 

• CWP deformation analysis using computer collapse under the DBE. The 
program FLAC maximum expected strain in the 

• Computer program SHAKE used to estimate straight segments of the CWP 
pore water pressures during DBE. indicated that no foundation 
C computer program DESRA-2C used to treatment was warranted.  
independently estimate pore water pressures 
during DBE.  

• Qualitative laboratory-model grout tests to study 
grout penetration into clay and sand.  

Ebasco (1992) Seismic stability analysis, including the following: C conceptual remedial design 
- Par Pond • Preliminary seismic stability evaluation used considered soft zone soil 

static and pseudostatic-type analyses. improvements via compaction 
Computer program PC STABL5M utilized. grouting, vibratory piles, dynamic 

• Liquefaction flow failure analysis followed the compaction, and stone columns.  
method of Poulos, Castro, and France (1985). Stone columns was determined to 

0 Dynamic response analysis was performed be the preferred treatment.  
using computer program SHAKE. • Project boreholes grouted.  

• Triggering analyses used strain approach of 
Castro et al. (1989).  

• Dynamic settlement analysis following DBE 
followed that of Castro (1987).  

WSRC (1993) - a Primary focus of work on liquefaction • No foundation improvement 
RTF susceptibility of 30-75 ft depth, Tobacco Road necessary.  

Formation (not soft zones) 2 Project boreholes grouted.
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.I 
Author/Report Analytical Methods Used 

Santee samples found to be normally to slightly 
overconsolidated (no arching), so evaluations 
completed only concerned recompression of 
material upon dissipation of seismically-induced 
liquefaction. Potential for excess pore water 
pressure evaluated using data of Dobry et al.  
(1982). Settlement phenomenon, including 
sensitivity analyses, performed using computer 
program FLAC.  

Ebasco (1994) No analyses performed; data report
-I I r 
WSRC (1995) 
ITP 

WSRC (1998) 
TEF

• Geostatistical (kriging) analyses were completed 
on CPT data.  

* Santee/Tinker liquefaction analyses included 
use of the Chinese Criteria, and stress and 
strain approaches.  
Settlement based on dissipation of seismically
induced pore pressures for the Santee/Tinker 
was estimated based on laboratory volumetric 
and threshold strain test results.  
Future settlement from filling ITP tanks to 
maximum were computed using classical one
dimensional consolidation theory, with vertical 
pressure for the soil layer calculated using 
Boussinesq theory.  

* Soil-structure interaction analyses were 
performed using the computer program SASSI.  

* Settlement analyses were performed using the 
computer program FLAC.  

* Ground response analyses utilized the computer 
program SHAKE (Schnabel, Lysmer, and Seed, 
1972; Idriss and Sun, 1992) 

" Probabilistic liquefaction assessment at the ITP 
used the Advanced Seismic Hazard/Uquefaction 
Evaluation (ASHLE) method (Bechtel, 1991; 
Ostadan et al., 1991; Arango, I. And Ostadan, 
F., 1995).  

"* Earthquake spectra were generated by the 
computer program RASCAL (Silva et al., 1987).  "* Cross-hole seismic velocity survey, cross-hole 
tomography survey and downhole seismic 
refraction survey performed.  

" Static settlement was calculated based on one 
dimensional consolidation theory with 
Boussinesq stress distribution to determine 
stress increase due to foundation loading.  

" Liquefaction and dynamic settlements were 
evaluated using existing SRS methodology.  
This includes use of the computer program 
SHAKE and two time histories (PC3 random 
phase, and a Charleston 5 0 h percentile random 
phase).  

" Qualitative liquefaction evaluation included the 
Chinese Criteria for clayey soils and the 
empirical shear wave velocity of Seed; Kayen; 
and Stokoe and others.  

" CR and OCR used for settlement analyses were 
assumed to be the same as at ITP and APSF

r
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Recommended Soft Zone 
Treatment(s)/Monitoring Programs 

N/A 

* Recommended that all tanks in the 
HTF be periodically monitored for 
settlement.  

* Project boreholes grouted.  
* No foundation grouting program 

needed.  

* Project boreholes grouted.  
* No foundation grouting program 

needed.
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Recommended Soft Zone 
Author/Report Analytical Methods Used Treatment(s)/Monitoring Programs 

(0.24 and 0.7, respectively). Estimates of 
settlement at TEF were based on FLAC runs 
completed for ITP and APSF studies.  

WSRC (1998) - . Settlement analyses were performed using the • Project boreholes grouted.  
APSF computer program FLAC. 0 No foundation grouting program 

0 CR and OCR used for settlement analyses were needed.  
assumed to be the same as at ITP (0.24 and 
0.7, respectively).  

WSRC (1998)- No analyses completed; summary of CPT usage at N/A 
White Paper SRS.  
WSRC (1999)- No analyses completed N/A 
NEC 

5.2.1 Liquefaction 

Analyses have demonstrated that the cyclic shear strains calculated as a result of an 
earthquake in the soft zones soils and the matrix material surrounding the softzones 
(depths greater than 100 feet, in the Santee formation) are small, less than 0.1 % (Ref.  
GEl, 1991 and WSRC, 1995) for the earthquake loading analyzed. Laboratory tests on 
representative samples of these materials indicate pore pressure ratios generally in the 
range of 0.1 to 0.2 for these cyclic shear strains, far less than would be required to 
cause liquefaction. In addition, measured shear wave velocity within the soft zone 
intervals would indicate that liquefaction would not occur. However, settlement 
(volumetric strain) will occur once these "excess" pore pressures dissipate.  

The current and recommended analysis related to liquefaction for the soft zone soils 
and material surrounding the soft zones is to assume that volumetric strain 
(recompression) occurs upon dissipation of excess pore pressures after the design 
seismic event. A site-speicific shear strain versus pore pressure relationship for the 
Santee formation was developed specifically for the SRS utilizing data from the ITP and 
RTF (Ref. WSRC, 1995 and WSRC, 1993, respectively) investigations. The resulting 
compression is computed using the following relationship (Seed, et al, 1975): 

S =(H) C logI 
l+eo 1 r) 

Where: S is the computed settlement in feet 
H is the layer thickness in feet 
Cr is the recompression ratio 
e0 is the void ratio 
ru is the pore water pressure ratio 

The resulting settlement is increased by a factor of 1.2 (site standard 01060, Revision 
4) and then used for design purposes.
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5.2.2 Consolidation Due to Full Overburden Pressure 

The underlying premise for this scenario is that an arch actually exists. This is based 
on two supporting facts. First, laboratory consolidation tests indicate that the soft zone 
soils are underconsolidated. Second, field SPT and CPT data confirm that these soils 
are in a very loose or very soft state, incapable of supporting the overburden pressure 
above. However, there has been no manifestation of surface movement as a result of 
these soft and loose soils. Thus, an arch of a denser material above the softer/looser 
soils must exist and must be taking load.  

Prior to about 1991, settlement analysis of these soils was not performed. Net 
foundation loads were kept to a minimum and the zones that contained these soils were 
remediated with cement grout. As discussed in earlier sections of this report, beginning 
in the early 1990's a more critical look was made of these zones in terms of 
investigation and analysis.  

From the analytical point of view, the question has always been "will these soft zones 
contribute to settlement of facilities near the ground surface?" Two extensive studies 
were done to answer this question. The first was the work performed for the K Reactor 
Restart Program and the second for the In Tank Precipitation (ITP) Facility. Analyses 
included; 

"* Empirical analysis using a soft ground tunneling analogy 
"* Empirical analysis using a coal mine subsidence methodology 
"* Numerical analysis using FLAC 

In all cases a fundamental assumption was made; that the arch, or dense soils taking 
load, would weaken during a seismic event resulting in full overburden pressure being 
transferred to the softer soils. This is a conservative assumption that we continue to 
make today even though analyses indicate cyclic shear strains are not high enough to 
generate pore pressures, which would reduce the strength of the arch or denser soils.  

Based on the previous work for K Reactor and ITP, the current recommended approach 
for settlement analysis of soft zone soils is: 

"* Determine lateral and vertical extent of soft zones greater than 2 feet thick, 
"* Assign values of OCR and compression ratio (0.7 and 0.24, respectively), 
"* Assume the arch transfers full overburden pressure to the soft zone soils, due to an 

external load (seismic), 
"* Compute settlement of the soft zone using conventional Terzaghi consolidation 

theory, and 
"* Model and analyze using the finite difference program FLAC and determine surface 

expression of soft zone settlement at depth.
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The numerical analysis using FLAC has the benefit of being able to account for; 

"* Large strains, 
"• Non-linear soil properties, 
"* Dilation, and 
"* Soil-structure interaction effects.  

The methodology was validated for the ITP project by comparing the measured 
settlement of 1.5 to 2 inches for the tanks with the predicted settlement of 1.5 to 2.5 
inches using FLAG. In our view, the agreement between measured and predicted 
movement validates the model, including the soil properties and overall methodology.  

The resulting settlement is increased by a factor of 1.2 and then used for design 

purposes.  

5.3 Subsurface Investigations 

Foundation exploration at the SRS consists of a combination of drilling and direct push 
technology along with surface and downhole geophysical methods. Specific exploration 
techniques for a given project depend on all or some of the following: 

"* Data required, e.g. environmental or geotechnical, 
"• Quantity and quality of existing data, 
"* Anticipated field conditions, including ground water, 
"• Performance and functional classification of the facility under investigation, 
"* Geometry of the facility under investigation 
"* Anticipated loading, 
"* Depth of foundation, 
"* Location of above and below ground obstructions, and 
"* Type of exploration program, e.g., reconnaissance, preliminary design or final 

design.  

Thus, each investigation program will be unique. However, the goal of all investigation 
programs is the same i.e., to determine the subsurface conditions for design and 
construction purposes. In relatively new or unexplored areas exploration programs for 
large facilities are usually implemented in two phases. The Phase 1 (reconnaissance 
phase) program is used to determine overall stratigraphy, including any soft zones, and 
preliminary engineering properties for feasibility studies and order of magnitude cost 
estimates. The Phase 2 (final phase) program is used to perform detailed sampling 
and laboratory testing as well as finalize stratigraphy, including thickness and extent of 
any soft zones encountered for final design.  

The primary tool for the Phase 1 investigation program is the CPT, while both the CPT 
and soil borings are used during the Phase 2 program. The CPT is particularly useful in
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locating and identifying soft zone soils. Currently, soft zone soils are identified as 
having a CPT tip resistance less than 15 tons per square foot (tsf) over a continuous 2
foot interval and SPT N-values less than 5. Additional CPT attributes that can be used 
to refine the soft zone interval, include; 

"* Sleeve stress, 
"* Pore pressure, and 
"* Shear wave velocity 

Other criteria, such as rod/tool drops, and drilling fluid loss, are also used but in a 
secondary and tertiary role respectively.  

Investigations in the future will continue to utilize drilling and direct push technologies.  
However, the CPT will be the primary tool for locating, identifying and determining the 
extent of the soft zone soils. Determining the lateral and vertical extent of a soft zone 
will depend on the facility-specific requirements. For critical facilities every effort will be 
made to locate the facility in areas where soft zones are not present or where they are 
at a minimum. If that is not possible, the facility will be designed to accommodate the 
potential adverse effects of any soft zones encountered.
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6.0 SUMMARY AND CONCLUSIONS 

Subsurface explorations at the SRS show that soils within about 200 feet of the ground surface consist mainly of sands, clayey sands, silty sands. In less than 50% of the penetrations, a zone of low penetration resistance, rod/tool drops, and/or drilling fluid loss is encountered. Within the GSA of the SRS this corresponds to a depth of approximately 100 to 150 feet below ground surface. These zones have and still are 
referred to as "soft zones." 

The extent and thickness of these zones vary and are not predictable. In fact, they are erratic. Our experience indicates that they are elongated, channel-like features that range in thickness from less than a few inches up to about 10 feet thick, with an average least dimension of 10 to 20 feet. Based on extensive investigations in the K area, they make up approximately 10 to 15% of the soil volume within the geologic layer (Santee formation) where they are found. Typically, these zones consist of very fine silty and clayey sands, with occasional fine shell fragments.  

The origin of the soft zones is not precisely known, however several hypotheses exist.  The most probable being that these zones consisted of varying amounts of carbonate material that has been altered (solutioned) over geologic time leaving sediments that are now subjected to low vertical effective stresses due to arching of more competent soils above the soft zone intervals. Carbonate material still exists in the subsurface, however solutioning is so slow (if it is occurring at all) that it is not expected to affect any facility, present or future, at the SRS. Further, there is no evidence of surface settlement due to any defects in the subsurface, such as soft zones.  

Soft zones occur throughout the SRS, but are more prevalent as you move across the site to the southeast. Detection of soft zones is critical to the siting of new facilities.  Where possible, new facilities should be sited in areas of no or little soft zone occurrence. If this is not possible the facility should be designed taking into account the 
potential effects on a facility.  

Exploration to locate soft zones should include soil borings and cone penetration test (CPT) soundings. Our experience indicates the CPT is the best tool to determine the presence of soft zones. However, exploration programs for critical facilities include combinations of soil borings, CPT soundings, surface and downhole geophysical measurements, compression and shear wave velocity determinations, and sampling for laboratory testing. The exploration program depth is designed to penetrate through the layers where soft zones occur. In the GSA, this requires depths of approximately 180 feet below ground surface to be investigated.  

It is recommended that initial soft zone identification be determined using the CPT tip resistance and the SPT N-value. For depths between 100 and 150 feet below the
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ground surface, the CPT criteria would be less than 15 tsf and the SPT criteria would 
be an N-value less than 5.  

For critical facilities it is recommended that a phased investigation program be 
performed. This could be done in combination with a site selection program, if 
warranted. The phased program allows for determination of stratigraphy (particularly 
soft zones) early in the program, then targeting those critical layers that require 
sampling and laboratory testing. Generally, the initial phase relies heavily on the CPT, 
and the second phase relies heavily on drilling, sampling and laboratory testing.  

Because of the depth of the soft zones (100 to 150 feet in the GSA) there is no static 
stability issue. Dynamic settlement, on the other hand, requires evaluation. Analyses 
include dynamic settlement determinations from partial liquefaction and consolidation 
from load transfer due to a seismic event. Partial liquefaction is evaluated based upon 
induced cyclic shear strain. Results at K Reactor and ITP (representative of conditions 
at SRS) indicate the maximum shear strain is in the range of 0.1 to 0.2%. Based on 
laboratory testing the pore pressure increase in these layers is expected to be about 0.2 
times the existing effective stress. Thus, the matrix material is not expected to loose 
strength as a result of a seismic event.  

It is conservatively assumed, however, that the arch does loose strength and 
consolidation settlements occur. Consolidation of the soft zone soils is evaluated using 
conventional Terzaghi consolidation theory. The affect this settlement at depth has on 
surface structures is evaluated using a numerical model (FLAC).  

Properties of the soft zone material are well established, however site-specific 
investigations are required. It is recommended that laboratory testing be done on 
samples obtained from the CPT sampler and compared to tests performed on larger 
(shelby) tubes.
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Figure 4-9 Diagrammatic Summary showing Steps in Solution and Precipitation of Calcium 
Carbonate by Fresh Water.
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Figure 4-10 Diagrammatic Representation of the Interpreted Diagenetic History of the Sandy 
Biomoldic Chert Microfacies.
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Micrite Envelope Shell Fragment

Figure 4-13 Photomicrograph of Quartz-Rich Skeletal Packstone that has been Diagenetically 
Altered to Sandy, Molluscan-Mold Microsparite. Tinker/Santee (Utley) Section, GSA SRS. Well 
BGO-14A, 122 ft. Crossed Nicols. Note: Micrite Envelopes Around Shell Fragments. Blue Area 
Void Space Filled with Blue Epoxy Glue.
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Micrite 
Envelopes 

Quartz Grain

Figure 4-14 
Extensive dissolution of fossil fragments in a 

Skeletal Grainstone (?) resulting in Vugular Porosity.  
Only micrite envelopes of shell fragments remain.  
Tinker/Santee (Utley), General Separations Area, 

Savannah River Site Well HBOR-50 @165 ft. Crossed nicols.  
Void space filled with blue epoxy glue.  

SPG5821
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Fractured Shell 
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Collapsed 
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Figure 4-15 
and fractured Shell Fragments 
Skeletal Grainstone (?).

Tinker/Santee (Utley) 
General Separations Area, Savannah River Site 

Well HBOR-50. @ 179 ft. Crossed nicols.  
Void space filled with blue epoxy glue.  

ISPG5822
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Figure 4-16 
Sandy, Pelecypod, Pellet Packstone, 

Skeletal Packstone Microfacies.  
Tinker/Santee (Utley) section 

General Separations Area, Savannah River Site.  
Crossed nicols. Void Space filled with blue epoxy glue.  
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Figure 4-17 Photomicrographs of Sandy Biomoldic Chert Microfacies Tinker/Santee (Utley) 
section, Core CPT-157S3 at 109.85 Feet Below Land Surface, Top Picture Crossed Nichols, 
Bottom Picture Plane-Polarized Light. Amorphous Silica (Opal-CT) Replacement of Calcite 
Micrite (mud) Matrix.
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Quartz grain

Figure 4-18 Photomicrograph of Sandy Siliceous Mudstone, Siliceous Mudstone Microfacies, 
Tinker/Santee (Utley) Section, General Separations Area, SRS. Well BGX-2B, 151.2 ft (Thin 
Section BGX-2B-1 52A). Crossed Nicols. Tinker/Santee (Utley) Section Calcite Micrite (Mud) 
Matrix Replaced by Amorphous (Opal-CT) Silica.
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Chalcedony Silica Cement 
A Quartz Grain

0.1 mm

Figure 4-19 
Chalcedony-cemented, Quartz Arenite, 

Terrigenous Sand and Sandstone Microfacies.  
Tinker/Santee (Utley) section 

General Separations Area, Savannah River Site 
Well YSC-2A @ 109 ft. Crossed nicols.  

ISPG5827



Significance of Soft Zone Sediments 
at the Savannah River Site

Hope 
Gate 

formation

Z 70 
S~Falmouth formation ' 

Metori Marinei phroneon 

? _----- -.------ - -- _

Figure 4-20 Schematic Cross Section Showing the Contact Relations Between the Medeoric 
Phreatic Zone/Marine Phreatic Zone in the Hope Gate and Falmouth Formations in the Bahamas.  
The Truncated Marine Terrace Underlain by the Falmouth Formation is Capped by a Well 
Lithified Caliche-Like "Caprock" (dotted pattern). Small Amounts of Water (Vertical Arrows) 
Percolate Through the Vadose zone to the Water Table. Most of the Meteoric Water is Derived 
from the Water Table Aquifer of the Island, however. (After Land, 1973).
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Figure 4-21. Diagram illustrating the stratigraphic and lateral distribution of soft zones due to silica replacement 
of carbonate in the GSA. Replacement/precipitation of silica occurs along bedding planes, microfracture systems, 
and zones of enhanced permeability resulting in highly irregular pods, stringers, and sheets of silica replaced 
carbonate (i.e., soft zones).
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Figure 4-22 
Quartz-rich, Skeletal Grainstone, 

with carbonate/quartz detritus present in Vuggy Pores.  
Skeletal Grainstone Microfacies, 

Tinker/Santee (Utley) section 
General Separations Area, Savannah River Site 

Well HBOR-50 @ 166 ft. Crossed nicols.  
Void spare filled with blue epoxy glue. SPG5828]
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Figure 4-24 Diagrammatic Representation of the Interpreted Diagenetic History of the Siliceous 
Sandy Mudstone Microfacies.
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I
Amorphous Silica 

Figure 4-25 Photomicrograph of Siliceous Sandy Mud Microfacies Tinker/Santee (Utley) Section 
from Core CPT-157S3 at 108.35 Below Land Surface, Plane-Polarized Light. Amorphous (Opal
CT) Silica Replaced Calcite Micrite (Mud) Matrix.
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mixing zone

As rainwater infiltrates the subsurface beneath the beach ridge(s) into the underlying Tinker/ 
Santee (Utley) sediments the mixing zone interface between the indigenous marine waters and 
the fresh water will "wash" the sediments. The result is dissolution and silica replacement of the 
carbonate in the Tinker/Santee (Utley) section. As the beach shifts position through time the 
entire Tinker/Santee (Utley) sequence within the geographic range of the shifting shoreline 
environment will be affected by the changing mixing zone.  

Tobacco Road/fe 
Dry Branch 
Sedrients 

Tinker/ 
Santee (uftle) 
sediments 

mixing zone 

As time passes and the thickness of Dry Branch and Tobacco Road sediments increases the 
Tinker/Santee (Utley) sediments will be buried deeper eventually residing below the reach of 
the mixing zone. Here diagenetic alteration of the sequence will essentially cease.

Figure 4-26. Model for development of facies and softzones at the Savannah River Site.
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1. GENERAL 

1.1 SCOPE 

This Specification provides the technical and quality assurance requirements for 
performing geotechnical drilling and sampling for a subsurface investigation to be 
performed at a proposed Mix Oxide Fuel Fabrication Facility (MFFF) site. The MFFF 
Facility site is located on the United States Department of Energy (DOE) Savannah 
River Site (SRS), near Aiken, South Carolina.  

The Scope of Work covers all work necessary to perform geotechnical drilling and 
sampling. The work shall additionally include backfilling the test borings with cement 
grout. The attached Figure I is considered part of the Specification and shows the 
proposed locations of the test borings and estimated drilling and sampling depths.  
Casing will be installed in five borings to a depth of approximately 200 feet for 
geophysical testing, as shown on Figure 1. It is anticipated that pre-augering will be 
required to loosen the upper layer of compacted soils at approximately seven (7) CPT 
hole locations.  

This work shall consist of providing personnel, supervision, equipment, materials and 
services requested to accomplish the geotechnical drilling and sampling as directed by 
Duke Cogema Stone & Webster, LLC (DCS), and as defined herein, in an expeditious, 
competent and professional manner.  

The following task is required to be performed by the Subcontractor as part of this 
Specification. The schedule for completion of this scope of work is described in 
Section 4.3.  

1. Drill approximately 12 test borings at the locations indicated in Figure 1. The test 
borings will be drilled depths ranging from approximately 150 to 200 feet, as shown 
on Figure 1. Borings may be added or deleted, and locations changed in the field by 
the DCS Field Engineer.  

2. Perform Standard Penetration Test (SPT) and/or Shelby tube sampling at intervals 
to be determined by the DCS Field Engineer, normally every five feet. Some 
continuous sampling may be required. Depending on the soil conditions found 
during drilling, some sampling with double-tube samplers such as the Denison 
sampler or fixed-piston samplers (Hvorslev- or Osterberg-type) may also be 
required. Soil sampling will not be performed within the upper 15 to 20 feet of the 
borings located on top of the berm fill.  

3. Install and grout 4 inch diameter PVC casing to a depth of approximately 200 feet 
in five designated borings.  

4. Backfill all borings to ground surface with grout as specified in Section 2.5.  

5. Predrill test holes at locations designated by DCS to loosen soil for in situ testing by 
others.
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The Subcontractor shall select and provide equipment that suits the existing access and 

subsurface conditions and sampling requirements, subject to approval by DCS.  

1.2 SITE CONDITIONS 

This section briefly explains surface and subsurface conditions at the site.  

1.2.1 Surface Conditions 

The site is accessible by truck and no new road construction will be required. Any 
necessary timber clearing will be provided by DCS.  

1.2.2 Subsurface Conditions 

The approximate subsurface geologic profile for the MFFF Site is represented by 
Figure 2, Geologic Cross Section. Figure 2 describes the anticipated subsurface 
profile and presents representative CPT and exploration borings.  

The site is overlain with varying thickness of clayey silt and fine sand fill which is not 
shown on the cross section. The ground water table is estimated to be approximately 
EL. 225 ft msl. The soundings will be driven through the "Green Clay" below the 
Santee/Tinker formation into the Warley Hill geologic unit approximately EL.140 ft 
msl.  

1.3 SPECIAL SUBSURFACE CONDITIONS/SOFT ZONES 

Numerous borings at the SRS have encountered soft zones within the Santee 
Limestone. These soft zones, which may cause rod drop during drilling, appear to 
result from dissolution of carbonate materials in the subsurface. Carbonate materials 
and soft zones have been identified in numerous borings in the F-Area. Soft zones 
were also identified within the lower Dry Branch Formation.  

1.4 DEFINITIONS 

Approved - This word, when. applied to the Subcontractors' drawings or documents, 
indicates that the drawings or documents are satisfactory in that DCS has not 
observed any statement or feature that appears to deviate from the requirements. The 
Subcontractor shall retain the entire responsibility for complete conformance with all 
of the requirements.  

Approved as Revised - These words, when applied to the Subcontractor's documents, 
indicate that the drawings or documents are approved as defined above, except that 
the changes shown are necessary to be in conformance with the requirements. On the 
basis that the Subcontractor shall retain the entire responsibility for compliance with
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all of the requirements, the Subcontractor shall either incorporate changes into its 
document and resubmit to DCS, or inform DCS that the changes cannot be made 
without prejudice to the Subcontractor's responsibility under warranty and resubmit 
with full explanation of the reasons therefore.  

Subcontractor - The company to whom the contract is issued by DCS to perform the 
work. Said company accepts the overall responsibility for fulfilling the requirements 
of this Specification.  

DCS- Duke Cogema Stone & Webster 

DCS Field Engineer - Engineer(s) from DCS's Geotechnical Division, representing 

DCS in the field.  

Performance Audit - An activity to determine through investigation the adequacy of 
and adherence to established procedures, instructions, codes, and other applicable 
contractual and licensing requirements and the effectiveness of implementation.  

SRS - The Department of Energy (DOE) Savannah River Site.  

1.5 PERMITS 

The work will be performed on DOE land. Work clearance permits and approval for 

access to the site shall be obtained from DCS prior to beginning work.  

1.6 APPLICABLE DOCUMENTS 

The following documents are applicable to the work: 

"* American Society for Testing and Materials D 420-98; "Standard Guide to Site 
Characterization for Engineering, Design and Construction Purposes." 

"* American Society for Testing and Materials D 1452-80; "Standard Practice for 

Soil Investigation and Sampling by Auger Borings." 

"* American Society for Testing and Materials D 1586-99; "Standard Test Method 
for Penetration Test and Split-Barrel Sampling of Soils." 

"* American Society for Testing and Materials D 1587-94; "Standard Practice for 
Thin-Walled Tube Sampling of Soils." 

"* American Society for Testing and Materials D 4220-95; "Standard Practices for 
Preserving and Transporting Samples." 

Should there be a conflict between these documents and any referenced documents in 

the technical portion of the Specification, the matter shall be referred to DCS for 
resolution.
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2. REQUIREMENTS 

2.1 TEST BORINGS 

2.1.1 General 

All field work described herein shall be performed by a firm licensed to perform such 
work, as required, in the State of South Carolina.  

Borings shall be advanced by the rotary drilling method using water or drill mud to 
remove the cuttings. Drilling and sampling methods shall in general, conform to 
ASTM D420. Drill rod of N size shall be used unless otherwise approved by the DCS 
Field Engineer. The fluid ports in the drill bit shall be arranged to prevent jetting 
action of the drilling fluid ahead of the bit. Before taking a sample, the boring shall be 
cleaned in a manner that will not disturb the material to be sampled. Test borings shall 
have a minimum diameter sufficient to allow sampling as described in Sections 2.2 
and 2.3. Subject to the approval of DCS, other means of advancing the borings may be 
used for drilling and sampling above the anticipated groundwater elevation.  

It is the responsibility of the Subcontractor to select the most appropriate rig and 
equipment for the conditions encountered. The DCS Field Engineer may require a 
change of rig and equipment if the Subcontractor selected rig or equipment is seen as 
unnecessarily delaying the work or adversely affecting the performance and 
fulfillment of this specification in a timely and professional manner.  

A water supply location near the site will be designated as a source for drilling water 
only. Hauling of water for drilling will be the Subcontractor's responsibility. The use 
of additives or drilling fluids other than water shall be approved by DCS. In all cases, 
the drilling fluid level shall be maintained near the top of the casing to maintain a 
positive head while drilling and soil sampling unless high water losses occur during 
drilling. The drilling water should be thickened with bentonite to minimize water loss 
as required.  

The Subcontractor shall provide the necessary equipment and supplies to re-circulate 
and/or clarify return water. Pump supply lines shall be equipped with a bypass valve 
so that when pumped water is not being used for drilling, it may be discharged at a 
suitable storage location. All drilling fluids and cuttings shall be contained during 
drilling and disposed of as directed by DCS. If a loss of drilling fluid occurs, the 
Subcontractor shall note the depth at which fluid is lost, the amount of loss and the 
range of depth over which such losses occurred.  

The Subcontractor shall assist the DCS Field Engineer with recording required data for 
sampling and testing performed in the borings.
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2.1.2 Setup 

The Subcontractor shall be responsible for setting up all drilling, pumping and 
associated equipment at each test boring location. The Subcontractor shall obtain 
approval from DCS before attempting to gain access to any location. The 
Subcontractor shall provide a platform to maintain the drill rig level when making 
vertical borings on sloped ground, and other equipment as required, to maintain the'rig 
in proper position.  

2.2 STANDARD PENETRATION TEST (SPT) SAMPLING 

2.2.1 Sampling Procedure 

Equipment for obtaining "spoon-type" samples shall be the split-barrel sampler 
("standard split-spoon"), conforming to the requirements of ASTM D 1586. Driving 
shoes shall have provision for inserting a spring-type or trap-valve sample retainer, 
which shall be used when requested by the DCS Field Engineer. Damaged driving 
shoes shall be replaced as requested by the DCS Field Engineer, and an ample supply 
of replacement driving shoes shall be maintained for this purpose. The sampler head 
shall have a check valve that will-permit the escape of drilling fluid trapped above the 
sample as the sampler is driven into the soil, but will close as the sample is withdrawn.  
The exit drain ports shall be suitably sized to relieve fluid pressure during sample 
retrieval. Before the start of drilling operations, the DCS Field Engineer shall examine 
the samplers and driving shoes to ensure they meet the requirements of the Scope of 
Work.  

The drive hammer assembly shall consist of a 140-pound hammer manufactured 
specifically for SPT testing and a guide permitting a free fall of 30 inches. The guide 
shall be marked to clearly indicate the required 30" fall. The Subcontractor shall 
provide, prior to mobilizing to the field, a signed certificate, stating the weight of the 
hammer measured by a standard traceable to the National Institute of Standards and 
Technology, that indicates that the hammer weight falls within the range of 140± 2 
lbs.  

Precautions shall be taken to ensure that the energy of the falling hammer is not 
reduced by friction between the hammer and the guide. The DCS Field Engineer shall 
examine all drive hammers prior to the start of sampling and will reject any damaged 
equipment.  

Samples shall be taken at depths designated by DCS, normally every five feet. Before 
taking a sample, the boring shall be cleaned in a manner that will not disturb the 
material to be sampled. The drill bit shall be withdrawn slowly to prevent loosening 
of the soil around the borehole. The level of drilling fluid in the boring shall be kept at 
the top of the boring or casing during sampling operations. When casing is used, the 
casing shall not be advanced below the top elevation of the next sample.
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With the sampler resting on the bottom of the borehole, and the rod marked by the 
Subcontractor in 6" increments, the sampler shall be driven with blows from the drive 
hammer falling 30 inches ± 1 inch unimpeded. If the rope and cathead method is 
employed no more than 2 ¼ turns may be used. The sampler shall be driven 18 inches 
or until the equivalent of 100 blows have been applied for a penetration of six inches 
or less, and the number of blows required to advance the sampler each six inches of 
penetration shall be recorded. The sampler shall not be allowed to rotate while driving.  
DCS may request deviations from the above procedures and such deviations from 
standard SPT procedures will be noted on the field boring log by the DCS Field 
Engineer.  

2.2.2 Sealing and Marking SPT Samples 

When the SPT sampler is brought to the ground surface, it shall be carefully removed 
from the drill rods and opened. The top of the sample will generally be disturbed due 
to the cleaning out of the borehole and shall be discarded. The best eight-inch length 
of the soil sample shall be cut to be retained by the DCS Field Engineer, as indicated 
in Section 2.4.  
Each sample shall be placed immediately in a Subcontractor-provided glass or clear 
plastic jar. If more than one type of soil is found in the sampler (for instance, part sand 
and part clay), samples of each soil type shall be placed in separate jars. Sample jars 
shall be of a size to receive comfortably the standard sample. Large jars with room for 
the sample to tumble or slide in transit shall not be used.  

The top of each jar shall be wiped clean of soil and tightly sealed with a white metal 
screw cap. Each jar shall be labeled with the DCS job number (08716.1502), boring 
number sample ID from bore log, depth interval of the sample below ground surface, 
and the number of blows for each 6 inches of penetration or fraction thereof.  

2.3 THIN-WALLED TUBE SAMPLES 

2.3.1 Sampling Procedure 

Thin-walled tube sampling methods shall conform to ASTM Test Method D 1587.  
Sampling shall be performed using three-inch-diameter thin-walled tubes (Shelby 
tubes) that are capable of recovering 24-inch-long samples, unless otherwise 
specified by DCS.  

All sample tubes shall be in new condition and shall consist of hardened extruded 
steel with a smooth coating of epoxy, TeflonrM or an approved equal. The wall of 
the sampling tube shall not be thicker than 16 gauge, unless otherwise specified by 
DCS. The bottom of the sampling tube shall be carefully and uniformly sharpened 
to form a cutting edge at its inside circumference. The area ratio, defined as 100% x 
((Do2 - De2)/De2) [Das], shall not exceed 13 percent where:
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Do = the outside diameter of the tube and 
De = is the inside diameter of the cutting edge.  

The inside diameter of the cutting edge may be changed by DCS if the condition of 
the recovered samples is unsatisfactory. Sample tubes may be rejected if deemed 
unsatisfactory by the DCS Field Engineer.  

The sample tube shall be fastened to the drill rod with a coupling head containing a 
check valve that will permit the water trapped above the sample to escape as the tube 
is forced into the soil, and will close as the tube and soil sample are withdrawn to 
prevent the development of hydrostatic pressure on top of the soil sample during 
recovery. The length of sample taken in one sampling operation shall not exceed 24 
inches.  

Before taking thin-walled tube samples, the boring shall be cleaned out as described 
under Section 2.1.1. The Subcontractor shall make sure that the truck jacks are 
carrying the load of the truck when load is applied to the sampler to push it into the 
soil. The sampler shall be advanced at a uniform rate of approximately two inches 
per second using the hydraulic ram of the drill.  

After the sampler has been advanced, the Subcontractor shall wait approximately 
two minutes, or as directed by the DCS Field Engineer before beginning withdrawal.  
If directed by the DCS Field Engineer, the sampler shall be turned two revolutions to 
shear off the soil sample at the bottom of the tube. The sampler shall be withdrawn 
in a smooth motion pulling the sampler at a rate of about one inch per second. After 
a sampler has pulled free from the bottom of the test boring, withdrawal shall stop 
for about 30 seconds to allow the drilling fluid to flow around the bottom of the 
sampler, before continuing to withdraw the sample at a uniform rate. Drill rod joints 
shall be broken carefully during withdrawal in as large sections as can be safely 
handled to minimize sample disturbance.  

Upon removal from the test boring, the bottom of the sampler shall be immediately 
capped to prevent any loss of material. The sampler shall be removed with the tube 
remaining in as near vertical a position as possible.  

The sampler shall be cleaned, inspected, and reassembled, with care being taken to 
note the condition of all parts. Repair or replacement of any malfunctioning part 
shall be made before further sampling.  

2.3.2 Sealing and Marking Samples 

No soil or water shall be removed from the sampling tube until all information 
required by the DCS Field Engineer has been obtained. The only material removed
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from the tube shall be loose cuttings or wash and obviously disturbed material.  
Disturbed material may be sealed in glass jars, as described in Section 2.2.2.  

If undisturbed soil extends to either end of the tube, it shall be removed for a length of 
approximately one inch and the void filled with melted non-shrink microcrystalline 
wax, Mobil 2300 or approved equal. If the soil does not extend to within one inch of 
either end of the tube, melted microcrystalline wax shall be poured directly against the 
soil to fill the tube completely. In cases where this distance is excessive, a plug of 
melted microcrystalline wax not less than two inches long shall be poured against the 
soil and allowed to cool. The empty portion of the tube may be filled with an 
approved bulk filler. The interior surface of the tube shall be cleaned of soil and 
foreign matter and dried before the wax plug is poured to ensure a watertight contact 
between the wax and the metal. Both ends of the soil sample shall be sealed with wax 
in this manner immediately after the sample is taken.  

Alternatively, the tube ends may be sealed using an expandable packer. In the case of 
sand samples, two holes, 1/32 to 1/8 inch in diameter, shall be drilled in the 
expandable packer before insertion in the tube, to allow capillary forces to develop.  
Both ends of the tube shall be capped with a plastic cap manufactured specifically for 
this purpose, taped to the tube with waterproof plastic tape and sealed by dipping in 
melted microcrystalline wax.  

Each tube shall be permanently marked to show which end is the top, the DCS job 
identification number, the boring number, the sample number, and the depth interval 
below ground surface of the sample.  

2.4 PACKING AND STORING SAMPLES 

The Subcontractor shall be responsible for preserving all samples in good condition 
until final acceptance by DCS. All samples shall be protected from rough handling, 
freezing temperatures, and excessive heat. Samples permitted to freeze, even partially, 
shall be replaced by the Subcontractor at his expense. The Subcontractor shall keep all 
descriptive labels and designations on sample jars and boxes clean and legible.  

All samples shall be carefuilly packed according to ASTM D 4220-95 to prevent 
damage during storage or shipment. Thin-walled tube samples shall be carefully 
packed in wooden boxes, each tube being surrounded with sawdust, excelsior, or other 
resilient material approved by DCS, to prevent its shifting position in the box and to 
protect it from vibration in transit. Packages containing jar samples and thin-walled 
tube samples shall be marked "Fragile and Perishable - Keep Away From Heat and 
Cold" and shall be labeled with the DCS job number and test boring number(s).

C:\WINDOWSMTEMPMG00002 Geotechnical Boring Spec Rev A.doc Form PP9-9c-I



C:)• Specification for Geotechnical Test Borings and Sampling 
STO'4E & WES DCSOI-WRS-DS-SPE-G-00002-A Page 13 of 26 

STrONE & WEBSTERPae1 of2 

2.5 BACKFILLING TEST BORINGS 

2.5.1 General 

All test borings shall be backfilled to ground surface with cement/bentonite grout, as 
directed by the DCS Field Engineer. Borings shall not be backfilled without prior 
approval from the DCS Field Engineer. Upon completion of backfill operations, each 
boring location shall be identified with a wooden stake marked with the boring 
number as designated by the DCS Field Engineer.  

2.5.2 Grouting of Boreholes 

2.5.2.1 General 

All borings shall be backfilled with cement-bentonite grout. Grouting records will 
be kept by DCS and the Subcontractor shall assist the DCS Field Engineer in 
obtaining the data required.  

2.5.2.2 Materials and Mixes 

The grout mix shall consist of Portland cement, pulverized sodium bentonite, and 
potable water. Portland cement and bentonite shall be furnished in original 
packaging and shall be stored and protected to prevent contamination, exposure 
and formation of lumps. Only potable water from the approved local water source 
may be used to mix the grout.  

The ratio of water to cement in the grout mix shall be expressed in pounds of 
water to pounds of cement. The water/cement ratio tremie grouting shall be varied 
only as directed by the DCS field engineer.  

All grout shall contain a proportion of pulverized sodium bentonite equal to 
approximately two percent of the weight of cement. A smooth slurry shall first be 
prepared by mixing the bentonite and water, and the cement added to this slurry.  

The pre-approved mix shall be as follows; 

* 94 Lbs. ( 1 sack) of Cement Type I or II 

* 6.5 to 7.5 Lbs. of water 

* 2 Lb. of sodium bentonite 

Bentonite and water shall be mixed smooth prior to adding the cement. Field 
adjustments to this mix to facilitate pumping shall be approved by the DCS 
Engineer prior to being implemented.
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2.5.3 Equipment 

A suitable grout mixer of the venturi (funnel or hose type) or mechanical type (mortar 
mixer) shall be used to obtain a mixed, uniform and flowable grout mixture. Hand 
mixing will not be allowed. A pump in good working condition and of suitable 
capacity, approved by DCS, shall be used to pump the grout mixture.  

2.5.4 Grouting Procedure 

All grout backfill shall be tremied into the boring. All tremie grouting shall be 
accomplished by lowering the drill rod or other suitable pipe or hose to the bottom of 
the hole and pumping the grout until it flows out the top of the casing or borehole.  
The grout pipe shall then be slowly withdrawn as the grout is placed so that the hole is 
filled as evenly as possible to the ground surface, or as otherwise designated by the 
DCS Field Engineer.  

2.6 INSTALLATION OF CASING FOR GEOPHYSICAL TESTING 

The Subcontractor shall furnish and install a nominal 4 inch diameter PVC casing in 
approximately five (5) exploration borings for geophysical testing by others. The 
locations of borings to receive casing installation are shown on Figure 1. Casing shall 
be installed to a depth of approximately 200 feet, after completing the exploration 
boring The analysis between the casing and bore hole wall shall be fully grouted as 
described in Section 2.5 or as directed by the DCS Field Engineer. The bottom of the 
casing shall be capped and the casing joints shall be water tight. The casing can be 
filled with clear water as it is installed. The Subcontractor shall anchor the casing so 
that is does not float up as the hole is grouted. The casing shall be of adequate 
thickness to withstand the hydrostatic pressure from a full column of grout.  

It is anticipated that the exploration borings to be cased will require a borehole diameter 
of approximately 8 inches so that effective tremie grouting can be accomplished around 
the casing. The Subcontractor can choose to ream and clean the borehole to the 
required diameter, after completion of drilling for SPT and other soil sampling, or the 
boring can be drilled to the required diameter initially. The proposed method for 
exploration, sampling and casing installation for these designated boreholes will be the 
responsibility of the Subcontractor and the method will be approved by the DCS Field 
Engineer.  

2.7 PREDRILL HOLES FOR OTHER TESTING 

It is anticipated that some test locations will require predrill by auguring through 
compacted fill or hard soils for testing by others. The Subcontractor will be required to 
predrill holes at locations designated by the DCS Field Engineer to assist in site testing 
by others. The holes will be drilled using approximately a six-inch diameter auger, to a
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depth designated by the DCS Field Engineer. The auger will be backed out of the hole, 
leaving loosened soil in place within the hole. The predrill holes will not extend below 

limited for use above the groundwater level.  

3. QUALITY ASSURANCE 

3.1 QUALITY ASSURANCE PROGRAM REQUIREMENTS 

The Subcontractor shall have a Quality Assurance Program (QAP) that implements 
the following elements of ASME/NQA-1, 1994:

Criteria 1 
Criteria 2 

Criteria 5 
Criteria 6 
Criteria 11 
Criteria 12 
Criteria 15 
Criteria 16 
Criteria 17 -

Organization 
Quality Assurance - (1) specifically having trained and qualified 
personnel and (2) surveillance or audit process 
Instructions, Procedures and Drawings 
Document Control 
Test Control 
Calibration 
Nonconformances 
Corrective Action 
Records

DCS will implement a field engineer oversight and documentation program to ensure 
that the field work and CPT and DMT equipment meet the requirements of this 
Specification and federal regulations 10CFR50, Appendix B, and IOCFR72. The 
Subcontractor is required to execute the work in accordance with this specification 

and their QAP. The QAP and oversight implemented by DCS does not relieve the 
Subcontractor of his obligations to ensure the quality of his work is in compliance 
with contract requirements. DCS and its designees shall have access at any 
reasonable time to all offices, work locations, and records pertaining to this 
Specification for the purpose of engineering oversight and performance audits.  

It is expected that some portions of the work specific to the CPT equipment may be 
performed in accordance with the Subcontractor's procedures, as discussed in Section 

2.1. In these cases the procedure governing the activity shall be provided to DCS for 
review and approval prior to the start of work.  

3.2 DEVIATIONS AND NONCONFORMANCE 

No deviations or nonconformance from this Specification or applicable federal, state, 

and local codes and standards invoked by this Specification shall be accepted unless 

approved by DCS. The Subcontractor shall promptly document any 
nonconformances or deviations in accordance with their QAP and refer them to DCS 
with suggestions for corrective action before continuing work. Further testing after 

detection of any deviation or nonconformance prior to DCS's approval shall be at the 
Subcontractor's risk.
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No changes to this Specification shall be binding on any party until an addendum or 
revision to the Specification is issued by DCS. No deviation from this Specification 
shall be accepted by DCS's Field Engineer until it has been approved by DCS.  

3.3 CHANGES TO SPECIFICATION 

Changes to this Specification shall be in writing and these changes shall be filed with 
the original Specification. Changes to this Specification shall be agreed upon in 
advance by the Subcontractor and DCS.  

3.4 ACCESS TO FACILITIES 

DCS shall have the right of access, including witnessing, to field facilities and 
operations for auditing all phases of the operation, and documentation relative to this 
Specification.  

3.5 AUDITS 

DCS reserves the right to perform planned or unplanned audits of the Subcontractor's 
work during any and all phases of that work. Such audits may include the 
examination of documentary evidence of activities affecting quality and would be 
conducted to verify compliance with all the requirements of this Specification. As 
such, the Subcontractor shall be required to provide DCS with access to all facilities 
and documents concerned with this contract for the purposes of performing said 
audits. DCS will make every attempt during these audits not to disrupt the 
Subcontractor's operations any more than is necessary for them to perform the audits.  
Where a planned audit is scheduled, DCS will notify the Subcontractor of its intention 
to proceed with the audit of the Subcontractor at least 24 hours in advance of the 
audit.  

3.6 TRAINING 

A brief (1 to 2 hr) training session for the QAP and any SRS Site Clearance Permit 
requirements will be held at the site or at the Subcontractor's shop prior to the start of 
work. If field personnel are changed during the course of this work, the 
Subcontractor shall perform the required training of such persons before they start 
work on this project. Training shall be documented in accordance with the 
Subcontractor's QAP.  

3.7 SPECIFICATION AVAILABILITY 

The Subcontractor shall ensure that a copy of their QAP Specification (latest revision), 
with all addenda and appropriate work instructions and copies of ASTM D420-93, 
D1452-80, D1586-84, D1587-94, and D4220-95 are readily available where work
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covered by this Specification is in progress.  

3.8 OVERSIGHT 

Authorized representatives of DCS shall be allowed access to the Subcontractor's job 
location at all times for the purpose of performing audits and engineering oversight.  
Such reviews will be based on the technical and quality assurance requirements of 
this Specification and will include examination of documentary evidence of activities 
affecting quality. Reviews may be carried out on a planned basis during the course of 
work to verify compliance with this Specification.  

The Subcontractor shall cooperate with DCS's Field Engineer in establishing when 
various engineering oversight will be required during the progress of the work and 
shall provide all tools, instruments, etc., necessary to facilitate this surveillance.  
DCS's Field Engineer shall designate which work activity requires surveillance and 
the Subcontractor shall furnish an agreed-upon amount of notification. The DCS 
Field Engineer shall discuss with the Subcontractor anything noted during oversight 
surveillance that may lead to rejection of the work.  

The presence or activity of DCS's Field Engineer shall not relieve the Subcontractor 
in any way of his obligations under this Specification. Furthermore, the fact that the 
DCS Field Engineer may inadvertently overlook a deviation from some requirements 
of this Specification shall not constitute a waiver of that requirement, nor of the 
Subcontractor's obligation to correct the condition when it is discovered, nor of any 
other obligation under this Specification.  

The specific duties assigned to DCS's Field Engineer are as follows: 

" Equipment 
Verify that the drilling equipment, upon arrival at the site, conforms with the 
technical requirements of this Specification.  

" SPT and Undisturbed Soil Sampling 
Witness each SPT and undisturbed sampling to verify that procedures, equipment, 
and data acquisition conform with the requirements of this Specification.  

"* Backfilling 
Verify that backfilling procedures used by the Subcontractor conform with the 
requirements of this Specification. Prepare a backfill record for each CPT 
location upon the completion of backfilling.  

" Documentation Check 
Check to ensure that the documentation required of the Subcontractor for 
exploration and has been submitted before that testing begins. Verify and 
approve the Subcontractor's Daily Progress and Cost Reports.
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Documentation of the above engineering oversight shall be accomplished by DCS's 
Field Engineer. The form in DCS procedures or other standard project forms may be 
used to document engineering oversight. DCS's Field Engineer shall sign and date all 
oversight documentation forms.  

3.9 DOCUMENTATION BY SUBCONTRACTOR 

3.9.1 Submittals With Proposal 

The Subcontractor shall submit with his proposal the following information: 

"* A description of the drilling equipment proposed for the work to be performed.  

"* Resumes and experience records of personnel that will perform the work. This 
includes documentation of South Carolina Certification of Drill rig operator(s).  
The key personnel identified shall be the only people utilized by the 
Subcontractor for the project without the prior approval of DCS.  

" A listing of projects and Owner's for which the Subcontractor has recently 
performed similar work.  

Sample Daily Progress and Cost Reports.  

3.9.2 Submittals Prior to Start Of and During Field Work 

Prior to beginning any work, the basic documentation required of the Subcontractor is 
as follows: 

Document Distribution and No. of Copies 

Field Mailed 

SPT Hammer Weight Certificate 

Certification of Flowmeter Calibration 1 
ASTM D420, D1452, if applicable, D1586, 1 
D1587, and D 4220-95 
Daily Progress and Cost Reports 

One copy of the above documentation shall be submitted to the DCS Field Engineer, 
as indicated.  

The Certification of Calibration is documentation to ensure that the equipment used 
was properly calibrated and adequate to perform its function. As a minimum, this 
certification shall include the following: 

1. Equipment general and unique identification (name and serial number) 

2. Name and signature of person performing calibration and date 
performed
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3. Calibration procedure used and documentation of traceability to NIST 
standard 

4. Acceptance criteria (calibration limits) and, if required, conversion 
tables or curves 

5. Date recalibration is due 

Certain test equipment, requiring high precision and not easily calibrated in the field, 
shall be calibrated prior to use on this project by a testing laboratory acceptable to 
DCS. In this case, the certification of calibration shall include the calibration 
standard used and its traceability to the National Institute of Standards and 
Technology or a natural physical constant. DCS will give the Subcontractor advance 
notice of any such calibrations that may be required. Tests or calibrations that are 
performed by the Subcontractor shall be documented to include the same information 
as required for calibration certificates 

The Subcontractor shall maintain all data sources in such order as to provide 
assurance of traceability for all data by uniquely identifying each data record with: 

* Project name (Mix Oxide Fuel Fabrication Facility) 
* DCS Job Order number (08716.1502) 
• Boring location and identification 
* Date and time of each test conducted 

Specific description of test and depth performed 
* Assumptions made 
* Initials of personnel performing test 

Page No. and, on page 1 of each set of separately numbered pages, the 
total number of pages 

The Subcontractor shall submit Daily Progress and Cost Reports to DCS's Field 
Engineer for verification and approval on forms approved by DCS by noon of the 
workday following the date of the report. These reports shall detail the work done 
during the day by each crew, with a breakdown for each test boring location. These 
reports shall also detail the number of hours (measured to the nearest one-quarter 
hour) that each drill rig and crew are out of production for any downtimes affecting 
the progress of the work.  

DCS will not be responsible for payment delays resulting from the Subcontractor's 
failure to submit accurate progress reports on schedule. No payment will be made for 
work that has not been verified by DCS's Field Engineer.  

3.10 DOCUMENTATION BY DCS 

The DCS Field Engineer shall record soil sampling and test data, instrumentation 
installation and borehole backfill information on the appropriate forms. Field 
calibration data and any additional items as may be required to ensure complete
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documentation of the work performed by the Subcontractor shall be recorded. DCS's 
Field Engineer shall verify that the test borings were performed in accordance with the 
requirements of this Specification by signing the Subcontractor's Daily Progress and 
Cost Reports.  

3.11 STOP WORK DIRECTIVE 

DCS may issue a Stop Work Directive (SWD) in any situation where, in the judgment 
of DCS, either: 

• the Subcontractor is performing work contrary to the conditions and terms of 
the Contract documents, or 

* where continued operations could cause damage, preclude further inspection, 
or render remedial action ineffective for any product or service provided by 
the Subcontractor.  

Upon receipt of a SWD from DCS, the Subcontractor shall cease operations, including 
shipments, on any specified product or service to the extent stipulated by the SWD.  
Operations shall not resume until the Subcontractor has obtained a written authorization 
from DCS.  

4. SUPPLEMENTAL PROVISIONS 

4.1 FURNISHED BY DCS 

DCS will furnish the rights of access to all property on which work is to be performed 
prior to commencement of work on such property. DCS shall also furnish testing of 
soil samples, timber clearing and survey of boring locations. A water supply for 
drilling water will be furnished near the site.  

4.2 FURNISHED BY THE SUBCONTRACTOR 

The Subcontractor shall furnish the following: 

" All materials, tools, equipment, supplies and services to drill the test borings, 
collect soil samples, and backfill borings in accordance with this Specification, 
within the scheduled time, and shall remove the same from the site at the 
completion of the work.  

"* Proof of certification of the drill rig operator(s) in the state of South Carolina, if 
required.  

" Drilling crews and other personnel experienced in all phases of test boring work 
specified herein. In the event DCS is dissatisfied with the work of any drilling 
personnel, the Subcontractor shall immediately replace them with a person whose 
experience and performance are satisfactory to DCS.  

"* Delivery of drilling water to the site, as required, to perform the services required 
by this Specification.
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The Subcontractor shall mobilize and continuously utilize drill rigs of a design and 
condition acceptable to DCS, completely equipped, manned, and maintained from the 

commencement of the work until the completion of all drilling or until otherwise 
relieved of this minimum requirement by DCS. If additional drill rigs are required to 
complete the work, the Subcontractor shall mobilize such additional equipment.  

4.2.1 Reports 

The Subcontractor shall submit Daily Progress and Cost Reports to the DCS Field 

Engineer for verification and approval. These reports shall detail the work done 
during the day, including the total footage drilled by each crew by boring number, 
with a breakdown for each test boring describing the type of drilling, the number of 

tests performed, materials used, the number of hours (measured to the nearest one
quarter hour) that each rig and crew is used or is out of production for the purpose of 
any special testing or special sampling, as well as any downtime affecting the progress 
of the work.  

Progress reports shall be submitted to the DCS Field Engineer on forms approved by 
DCS by noon of the work day following the date of the report. DCS shall not be 
responsible for any payment delays resulting from failure to submit accurate progress 
reports on schedule. No payment will be made for work that has not been verified by 
the DCS Field Engineer.  

4.3 SCHEDULE 

On the premise that notification to proceed will be received by the Subcontractor not 
later than May 5, 2000 and field access granted on May 8, 2000, the field work shall be 
completed by June 16, 2000.  

The DCS Field Engineer shall direct the order in which borings and subsurface testing 

are made.  

5. MEASUREMENT FOR PAYMENT 

5.1 GENERAL 
Measurement for payment for items included in this Specification shall be as defined in 

the following subsections. Payment will be made in accordance with the lump sum and 
unit prices indicated on the Commercial Data sheets. All quantities, which are either 
stated or implied on the Commercial Data sheets or on the DCS drawings, are estimated 
and are not firm nor guaranteed. The final contract price shall be determined by actual 
quantities times applicable lump sum and unit prices. The actual quantities shall be 

determined by DCS as defined in this section. Any additional work not specified or 
approved in writing by DCS shall be at the expense of the Subcontractor.
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5.2 MOBILIZATION AND DEMOBILIZATION 

A lump sum will be paid for mobilization and demobilization. The contract lump sum 
shall be full compensation for moving in each rig and all materials, tools, equipment, 
facilities, and supplies necessary for performance of the specified work at the site and 
removal of the same from the site at the completion of the work. The lump sum price 
shall be full compensation for initial mobilization of equipment and personnel to the 
site, setup on the first hole to be drilled, site restoration, and return of equipment and 
personnel to Subcontractor's home office.  

A separate per rig rate will be paid for mobilization and demobilization of additional or 
different drill rigs, if requested in writing by DCS.  

5.3 TEST BORINGS 

Unit prices for test borings shall be full compensation for providing all materials, 
equipment, tools, and labor required to drill test borings of a size equal to or larger than 
the minimum size specified to the required depths, to recover, preserve, identify and 
label samples as required by DCS and otherwise handle soil samples, including 
supplying jars and thin-walled sample tubes, to DCS in obtaining pertinent information 
as the borings are made, and to provide other records as required by this Specification.  
Unless otherwise specified herein, no separate payment will be made for supplying and 
pumping drilling fluid, for drill tool or bit loss or wear, for casing left in the borings, or 
for any reaming or redrilling needed to reach the specified depths with the required size 
of boring.  

5.3.1 Setup 

A unit price will be paid for setting up all drilling, pumping and associated 
equipment at each boring location, except no separate payment will be made for the 
initial setup on the first boring location after mobilization to the site. The quantity to 
be paid for will be a lump sum for each setup as determined from daily reports. No 
additional payment will be made under this item if more than one attempt is required 
to complete a boring. The contract unit price shall be full compensation for moving 
to a new boring location, building platforms, setting up and dismantling all 
equipment at borehole locations, and all other related setup work.  

Setup shall be considered complete when the rig is in position and ready to start 

drilling and sampling at a new location.  

5.3.2 Soil Drilling 

The unit of measurement for drilling six-inch minimum diameter soil borings will be 
the linear foot. The quantity to be paid for will be the number of linear feet drilled in 
soil, as measured along the borehole axis. Separate unit prices will be paid for depths
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from 0 to 100 feet and for depths greater than 100 feet. The depths will be measured 
from the existing ground surface at the boring location.  

5.3.3 Split-Barrel Samples 

A unit price will be paid for each split-barrel soil sample. The quantity to be paid for 
will be the number of satisfactory samples recovered. This price will include the cost 
of providing sample jars, as specified in Section 2.2.2.  

5.3.4 Thin-Walled Tube Samples 

A unit price will be paid for each thin-walled (Shelby or piston type samples) tube 
sample. The quantity to be paid for will be the number of satisfactory samples 
recovered. If, in the judgment of DCS, the sample was not satisfactory due to the 
materials encountered, full payment for the attempt shall be made. This cost will 
include the cost of packing and storing the thin-walled tubes, as specified in Section 
2.4 

5.4 CASING INSTALLATION FOR GEOPHYSICAL TESTING 

Casing installation in the five (5) designated borings will be installed and grouted at a 
lump sum price for each, after the drilling and sampling program for each boring is 
completed. The casing will be installed to a depth of approximately 200 feet, as 
described in Section 2.6. The Subcontractor shall furnish all equipment, casing, 
installation and grouting of the hole for this unit lump sum price.  

5.5 PREDRILL HOLES FOR TESTING BY OTHERS 

The Subcontractor shall predrill holes at locations and depths directed by the DCS Field 
Engineer. The predrill cost will be on a unit price basis per lineal feet of drilling 
performed. The cost for drill rig setup will be included in the unit price drilling rate for 
predrilling of designated holes. The setup unit rate described in Section 5.4 will only 
be applicable for drill rig setups at exploration boring locations.  

5.6 HOURLY WORK AND STAND-BY TIME 

The unit of measurement for hourly work an stand-by time will be the hour. The 
quantity to be paid will be the number of hours, to the nearest one-quarter hour, that the 
drilling rig and crew are used or are out of production during the progress of a boring 
for the purpose of stand by time, special sampling (not specified) or similar purposes 
directed by DCS. The quantity to be paid for shall be based on the daily time report.  
The rig and crew time paid shall be full reimbursement for the drilling equipment, 
manned and maintained, including such auxiliary equipment and tools as are normally 
used in the test boring operation. Incidental materials required for special testing and 
sampling will be paid for at cost.
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5.7 BACKFILL OF TEST BORINGS 

The unit of measurement for furnishing and placing grout in borings will be the lineal 
foot. The quantity to be paid for will be the number of lineal feet of test borings 
grouted, as reported on the Daily Progress and Cost Reports. The contract unit price 
per lineal foot of boring grouted shall be full compensation for furnishing all labor, 
equipment, and materials, including water, sand, cement and bentonite for the grout 
mix as directed, and mixing and injecting the grout as specified herein or as directed by 
DCS. No payment will be made for grout or its constituents wasted due to negligence 
on the part of the Subcontractor or for grout that is rejected by DCS because of 
improper mixing.  

Grouting of bore holes for the installation of the casing for geophysical testing will be 
included in the lump sum unit price determined for Section 5.4.
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1 GENERAL 

1.1 SCOPE 

This Specification provides the technical and quality assurance requirements for 
performing laboratory testing, including reporting requirements, for a geotechnical 
investigation to be performed at a proposed Mix Oxide Fuel Fabrication Facility (MFFF) 
site. The MFFF site is located on the United States Department of Energy (DOE) 
Savannah River Site (SRS), near Aiken, South Carolina.  

The Scope of Work covers work necessary to perform laboratory testing, process the data 
and report test results to aid in developing index and engineering properties of the soils 
tested.  

This work shall consist of providing personnel, supervision, equipment, materials and 
services requested to accomplish the laboratory testing as directed by Duke, Cogema, Stone 
& Webster, LLC (DCS), and as defined herein, in an expeditious, competent and 
professional manner.  

The Subcontractor as part of this Specification shall perform the following work. The 
schedule for completion of each task is described in Section 4.2. The laboratory tests 
covered by this Specification are listed below with the relevant ASTM standards: 

Laboratory test ASTM Standard 
Particle Size Analysis ASTM's; D422-63R98, D2487-98 
%Fines (%Finer than #200) ASTM D13140-97 
Moisture Content ASTM D2216-98 
Plasticity Index, Liquid Limit, Plastic Limit LASTM D4318-98 

Unit Weight IN/A 
Specific Gravity ASTM D 854-98 
Hydrometer ASTM D422-63R98 
Consolidation suite ASTM D2435-96 
Resonant Column ASTM D4015-92 
Triaxial test-Cyclic ASTM D3999-91 
Triaxial test-Consolidated, Undrained ASTM D4767-95 

Each consolidation test will include a specific gravity, hydrometer, particle size analysis, 

moisture content, Atterberg limits, and unit weight.  

1.2 DEFINITIONS 

Approved - This word, when applied to the Subcontractor's drawings or documents, 
indicates that the drawings or documents are satisfactory in that DCS has not observed any
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statement or feature that appears to deviate from the requirements. The Subcontractor shall 
retain the entire responsibility for complete conformance with all of the requirements.  

Approved as Revised - These words, when applied to the Subcontractor's documents, 
indicate that the drawings or documents are approved as defined above, except that the 
changes shown are necessary to be in conformance with the requirements. On the basis 
that the Subcontractor shall retain the entire responsibility for compliance with all of the 
requirements; the Subcontractor shall either incorporate changes into its document and 
resubmit to DCS, or inform DCS that the changes cannot be made without prejudice to the 
Subcontractor's responsibility under warranty and resubmit with full explanation of the 
reasons therefore.  

DCS - Duke, Cogema, Stone & Webster.  

DCS Engineer - Engineer(s) from DCS's Geotechnical Division, representing DCS at the 
laboratory.  

Performance Audit - An activity to determine - through investigation - the adequacy of and 
adherence to established procedures, instructions, codes, and other applicable contractual 
and licensing requirements and the effectiveness of implementation.  

SRS - The Department of Energy (DOE) Savannah River Site.  

Subcontractor - The company to whom the contract is issued by DCS to perform the work.  
Said company accepts the overall responsibility for fulfilling the requirements of this 
Specification.  

1.3 APPLICABLE DOCUMENTS 

The following documents are applicable to the work:

ASTM D422-63R98 

ASTM D854-98 

ASTM DI 140-97 

ASTM D2216-98 

ASTM D2435-96 

ASTM D2487-98

"Standard Test Method for Particle-Size Analysis of Soils" 

"Standard Test Method for Specific Gravity of Soils " 

"Standard Test Method for Amount of Material in Soils Finer than 
the No. 200(win) Sieve" 

"Standard Test Method for Laboratory Determination of Water 
(Moisture) Content of Soil and Rock by Mass " 

"Standard Test Method for One-Dimensional Consolidation 
Properties of Soils " 

"Standard Practice for Classification of Soils for Engineering 
Purposes (Unified Soil Classification System)'"

DAMy Documn iEOTECHqLabspec Rev A .doc Formn PP9-9C-1



Specification for Laboratory Testing of Soils 
DCS01-WRS-DS-SPE-G-00003-A Page 7 of 20

ASTM D2488-93 

ASTM D3999-91 

ASTM D4015-92 

ASTM D4318-98 

ASTM D4767-95

"Standard Practice for Description and Identification of Soils 
(Visual-Manual Procedure)" 

"Standard Test Method for the Determination of the Modulus and 
Damping Properties of Soils Using the Cyclic Triaxial Apparatus" 

"Standard Test Method for Modulus and Damping of Soils by the 
Resonant Column Method" 

"Standard Test Method for Liquid Limit, Plastic Limit, and 

Plasticity Index of Soils " 

"Standard Test Method for Consolidated Undrained Triaxial 
Compression Test for Cohesive Soils "

Conflict between these documents and any referenced documents in the technical portion 
of the Specification shall be referred to DCS for resolution.  

2 REQUIREMENTS 

2.1 GENERAL 

DCS will deliver samples to the Subcontractor's laboratory. The samples shall 
immediately be removed from the shipping containers and stored in an environmentally 
controlled humidity room. All samples will be marked in the field to indicate the project 
number, test boring number and the depth of the sample.  

DCS will provide the Subcontractor with a list of samples to be tested and the type of tests 
to be performed. DCS will also provide instructions for any deviations that may be made 
from the ASTM standard test methods. The Subcontractor shall document all deviations 
from applicable ASTM standards. Some samples may be scheduled for several tests. As 
soon as possible, after receiving a list of samples to be tested, the Subcontractor shall 
advise DCS if any of the scheduled tests cannot be performed on a particular sample for 
reasons of insufficient or disturbed sample. DCS will reschedule the tests as appropriate.  
All samples, especially undisturbed samples, should be carefully trimmed to conserve as 
much material as possible for possible further testing.  

2.2 WATER CONTENT TESTS 

Water content shall be determined in accordance with ASTM Test Method D 2216.  
Specimens shall be oven dried for a period of at least 15 hours, unless tests indicate that a 
shorter drying period will yield a constant dry weight.
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2.3 ATTERBERG LIMITS TESTS 

Atterberg limits tests shall be performed in accordance with ASTM Test Method D 4318.  
Procedures A and B shall be used to determine liquid limit. The specimen for the plastic 
limit determination shall be taken from the liquid limit specimen.  

2.4 PARTICLE SIZE ANALYSIS TESTS 

Particle size analysis of soil samples shall be determined in accordance with ASTM Test 
Method D 422 with the following clarifications: 

" If any particle sizes exceed 75 mm, the maximum size particle of the sample shall be 
measured and reported.  

" The material passing the No. 4 sieve shall be washed over a No. 200 sieve using 
ASTM Test Method D 1140 procedure to determine the amount of material passing 
the No. 200 sieve. The material retained on the No. 200 sieve will be sieved through 
a nest of sieves containing as a minimum the following sizes: No. 4, 8, 16, 30, 50, 
100 and 200.  

" Hydrometer analysis, if requested by DCS, shall be performed to determine the 
distribution of soil particle sizes smaller than 75 microns. Hydrometer analysis shall 
be performed in accordance with ASTM Test Method D 422, Sections 7 through 11.  
Calculations shall be made as described in Sections 12 through 16.  

" The results shall be presented on a graph and report showing the percentage passing 
each sieve in accordance with ASTM Test Method D 422, Sections 17 and 18. If 
hydrometer analysis is performed, the report shall also include the specific gravity 
and indicate any difficulty in dispersing the soil and the dispersion device used.  

2.5 SOIL DESCRIPTION 

Report the USCS (Unified Soil Classification System) soil designation for each appropriate 
test sample in accordance with ASTM Test Method D 2487 and present the results in the 
tables with the results from tests of Sections 2.3 and 2.4.  

2.6 UNIT WEIGHT TESTS 

Unit weight shall be determined by measuring the dimensions and weight of the specimens 
prepared for other laboratory tests, such as a consolidation, compression or density test.  
The measurement and computations for the determination shall be recorded on the data 
sheet for that particular test.  
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2.7 SPECIFIC GRAVITY TESTS 

Specific gravity determinations on selected soil samples shall be performed in accordance 
with ASTM Test Method D 854.  

2.8 ONE-DIMENSIONAL CONSOLIDATION TESTS 

One-dimensional consolidation tests shall be performed on undisturbed samples.  
Consolidation tests shall be performed either to establish a load-settlement relationship for 
a soil and/or to assess the collapsibility or swelling characteristics of the test samples. The 
DCS Engineer shall identify any disturbed or otherwise non-representative soil samples 
prior to testing so that the testing program can be modified, if required.  

Consolidation tests shall be performed either by Method A or by Method B, as defined by 
DCS. The tests shall be performed in accordance with ASTM Test Method D 2435 with 
the following exceptions or clarifications: 

" In ASTM Test Method D 2435 Section 9.3, the specimen shall be hand trimmed 
directly into the consolidometer ring. The consolidometer ring should be designed 
for this purpose, having a sharpened beveled cutting edge.  

" Each consolidation test shall be loaded to the overburden pressure, as determined by 
DCS, allowed to saturate, unloaded, and then reloaded in accordance with the load 
increments for the consolidation test 

"* Load increments or decrements shall be specified by DCS and shall be applied in 
accordance with ASTM Test Method D2435, Section 11.4. Time-deformation 
curves will be required for each load increment and should be recorded as specified 
in ASTM Test Method D 2435, Section 11.5. The Subcontractor shall plot 
deformation versus square root of time and log of time.  

"* The specimens shall be wetted during the test, as indicated by DCS, by adding 
distilled water. Settlement/swelling deformation versus time readings shall be taken 
after wetting until the deformation has practically ceased.  

" DCS will specify whether an unload-reload cycle is to be included in the test for 
each specimen and the range of loads to be used.  

" DCS may require that a specific load be sustained on the specimen for a prolonged 
period of time.  

" The test report shall include the items specified in ASTM Test Method D2435, 
Section 13. All load-settlement (e-log p) curves shall be plotted at the same scale.
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2.9 TRIAXIAL SHEAR CONSOLIDATED UNDRAINED TESTS 

Triaxial shear, consolidated, undrained tests shall be performed in accordance with ASTM 
Test Method D4767. The confining pressure for each test shall be supplied by DCS.  

2.10 RESONANT COLUMN TESTS 

The resonant column tests will be strain-controlled longitudinal tests performed in 
accordance with ASTM Test Method D4015. DCS will provide criteria for each sample 
tested. The sample will be tested as a solid (rod specimen) and not a hollowed out (tube 
specimen) specimen.  

2.11 CYCLIC TRIAXIAL TESTS 

Cyclic triaxial tests will be performed on undisturbed samples in accordance with ASTM 
D3999, Method A (stress controlled) or Method B (strain-controlled). DCS will indicate 
test method and provide confining stress to be used for each test.  

2.12 PRESENTATION OF RESULTS 

Laboratory test results shall be submitted to DCS in draft form on a weekly basis during the 
course of the laboratory testing.  

The Subcontractor shall also be responsible for preparing and submitting a draft and final 
report presenting the results of the testing program. All test reports shall be presented as 
outlined in the appropriate ASTM test procedures and in accordance with industry practice.  
All graphical data shall be presented in an appropriate scale in an easily readable format. All 
data shall be presented on 8-½/"xl 1" paper to the extent possible. Large tables and plots may 
be presented on 11 "x 17" paper. Each draft and final laboratory test report shall include: 

"* The project name and project number.  

"* A description of the methods used for each type of test.  

"* A description of each sample tested.  

"* Identification and serial number of any calibrated equipment used on each test.  

"* Where applicable, a table showing the range of values and average value for each 
measured or calculated parameter and number of samples upon which these values 
are based.  

"* A table summarizing all test results.  

"• Date of test and initials of technician performing test.
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2.13 SAMPLE STORAGE 

Unused material from all samples, shall be stored for a period of 90 days following the 
completion of testing. DCS will instruct the Subcontractor concerning storage, shipment or 
disposal of samples during this period.  

3 QUALITY ASSURANCE 

3.1 QUALITY ASSURANCE PROGRAM REQUIREMENTS 
The Subcontractor shall have a Quality Assurance Program (QAP) that implements the 
following elements of ASME/NQA-1, 1994:

Criteria 1 
Criteria 2 

Criteria 5 
Criteria 6 
Criteria 11 
Criteria 12 
Criteria 15 
Criteria 16 
Criteria 17 
Section 2.7 -

Organization 
Quality Assurance - (1) specifically having trained and qualified 
personnel and (2) surveillance or audit process 
Instructions, Procedures and Drawings 
Document Control 
Test Control 
Calibration 
Nonconformances 
Corrective Action 
Records 
Computer Software Control

DCS will implement an engineering oversight and documentation program to ensure that 
the laboratory work and equipment meet the requirements of this Specification and federal 
regulations 10CFR50, Appendix B, and 10CFR72. The Subcontractor is required to 
execute the work in accordance with this specification and their QAP. The QAP and 
oversight implemented by DCS does not relieve the Subcontractor of his obligations to 
ensure the quality of his work is in compliance with contract requirements. DCS and its 
designees shall have access at any reasonable time to all offices, work locations, and 
records pertaining to this Specification for the purpose of engineering oversight and 
performance audits.  

It is expected that some portions of the work specific to the laboratory testing equipment 
may be performed in accordance with the Subcontractor's procedures, as discussed in 
Section 2.1. In these cases the procedure governing the activity shall be provided to DCS 
for review and approval prior to the start of work.  

3.2 DEVIATIONS AND NONCONFORMANCE 

No deviations or nonconformance from this Specification or applicable federal, state, and 
local codes and standards invoked by this Specification shall be accepted unless approved 
by DCS. The Subcontractor shall promptly document any nonconformance or deviations
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in accordance with their QAP and refer them to DCS with suggestions for corrective action 
before continuing work. Further testing after detection of any deviation or nonconformance 
prior to DCS's approval shall be at the Subcontractor's risk.  

No changes to this Specification shall be binding on any party until an addendum or 
revision to the Specification is issued by DCS.  

3.3 CHANGES TO SPECIFICATION 

Changes to this Specification shall be in writing and these changes shall be filed with the 
original Specification. Changes to this Specification shall be agreed upon in advance by 
the Subcontractor and DCS.  

3.4 ACCESS TO FACILITIES 

DCS shall have the right of access, including witnessing, to laboratory facilities and 
operations for auditing all phases of the operation, and documentation relative to this 
Specification.  

3.5 AUDITS 

DCS reserves the right to perform planned or unplanned audits of the Subcontractor's work 
during any and all phases of that work. Such audits may include the examination of 
documentary evidence of activities affecting quality and would be conducted to verify 
compliance with all the requirements of this Specification. As such, the Subcontractor 
shall be required to provide DCS with access to all facilities and documents concerned with 
this contract for the purposes of performing said audits. DCS will make every attempt 
during these audits not to disrupt the Subcontractor's operations any more than is necessary 
for them to perform the audits. Where a planned audit is scheduled, DCS will notify the 
Subcontractor of its intention to proceed with the audit of the Subcontractor at least 24 
hours in advance of the audit.  

3.6 TRAINING 

A brief training session for the QAP, appropriate work instructions, this specification and 
any addenda will be held at the Subcontractor's laboratory facility prior to the start of work.  
If laboratory personnel are changed during the course of this work, the Subcontractor shall 
perform the required training of such persons before they start work on this project.  
Training shall be documented in accordance with the Subcontractor's QAP.  

3.7 SPECIFICATION AVAILABILITY 

The Subcontractor shall ensure that a copy of this Specification (latest revision), with all 
addenda and appropriate work instructions and copies of the latest revisions of all relevant
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ASTM standards are readily available where work covered by this Specification is in 
progress.  

3.8 OVERSITE 

Authorized representatives of DCS shall be allowed access to the Subcontractor's job 
location at all times for the purpose of performing audits and engineering oversight. Such 
reviews will be based on the technical and quality assurance requirements of this 
Specification and will include examination of documentary evidence of activities affecting 
quality. Reviews may be carried out on a planned basis during the course of work to verify 
compliance with this Specification and discuss test results.  

The Subcontractor shall cooperate with DCS in establishing when various engineering 
oversights will be required during the progress of the work and shall provide all tools, 
instruments, etc., necessary to facilitate this surveillance. DCS shall designate which work 
activity requires surveillance and the Subcontractor shall furnish an agreed-upon amount of 
notification. The DCS shall discuss with the Subcontractor anything noted during 
oversight surveillance that may lead to rejection of the work.  

The presence or activity of DCS shall not relieve the Subcontractor in any way of his 
obligations under this Specification. Furthermore, the fact that the DCS may inadvertently 
overlook a deviation from some requirements of this Specification shall not constitute a 
waiver of that requirement, nor of the Subcontractor's obligation to correct the condition 
when it is discovered, nor of any other obligation under this Specification.  

The specific duties assigned to the DCS Engineer are as follows: 

"* Equipment 
Verify that the laboratory equipment conforms to the technical requirements of this 
Specification.  

"* Documentation Check 
Check to ensure that the documentation required of the Subcontractor for the laboratory 
testing has been submitted before that testing begins.  

"* Review Testing Procedures and Test Results 
Review testing procedures and test results and discuss any unusual results observed 
with the Subcontractor. Define modifications to testing procedures that may be 
required to obtain representative results.  

Documentation of engineering oversite shall be accomplished by a DCS Engineer. The 
form in DCS procedures or other standard project forms may be used to document 
engineering oversite. The DCS Engineer shall sign and date all oversite documentation 
forms.
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3.9 DOCUMENTATION BY SUBCONTRACTOR 

3.9.1 Submittals with Proposal 

The Subcontractor shall submit with his proposal the following information: 

"* Any Subcontractor standard test procedures that deviate from ASTM 
standards.  

"* Certification of Calibration, current and traceable to the National Institute of 
Standards and Technology (NIST), indicating that the testing equipment to be 
used in this testing program has been calibrated in accordance with the 
requirements of the relevant ASTM. A responsible party with knowledge and 
experience in materials testing and quality assurance must certify these 
records as correct. Calibration records shall be provided for all instruments to 
be used in this program.  

"* A description of the data acquisition systems and readout devices, including 
their degree of accuracy and evidence of current calibration.  

"* Resumes and client references of similar projects for the personnel that will 
perform the work. The key personnel identified shall be the only people 
utilized by the Subcontractor for the project without the prior approval of 
DCS.  

The Certification of Calibration is documentation to ensure that the equipment used 
was properly calibrated and adequate to perform its function. As a minimum, this 
certification shall include the following: 

"• Equipment general and unique identification (name and serial number).  

"* Name and signature of person performing calibration and date performed.  

"* Calibration procedure used.  

"* Calibration standard used and its ability to be traced to the NIST or a natural 
physical constant.  

"* Acceptance criteria (calibration limits) and, if required, conversion tables or 
curves.  

"* Date re-calibration is due.  

3.9.2 Submittals Prior to Start Of and During Work 

Copies of equipment calibrations shall be provided to DCS, prior to start of 
laboratory work. As applicable, these calibrations shall also assess temperature
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effects for zero and calibration shifts. Calibrations that are performed by the 
Subcontractor shall be documented to include the same information as required for 
Certification of Calibration, as well as adjustments made, instrument accuracy after 
adjustments, and calibration data.  

It is the responsibility of the Subcontractor to ensure that proper calibration is 
maintained throughout the laboratory program. A post investigation calibration shall 
be provided to ensure the equipment was in good working order throughout the 
testing campaign. Tests that show loss of calibration after performance will be 
performed again by the Subcontractor after re-calibrating the existing equipment or 
by calibrating replacement equipment. Re-tests due to this type of equipment failure 
will be done at the Subcontractor's expense.  

The Subcontractor shall maintain all data sources in such order as to provide 
traceability of all data from the in situ testing by uniquely identifying each data 
record with: 

"* Project name (Mixed Oxide Fuel Fabrication Facility) 

"* DCS Job Order number (08716.1502) 

"* Laboratory test identification 

"* Date and time of test 

"* Specific description of test 

"* Test device identification 

"* Assumptions made 

"* Initials of personnel performing test 

"* Page No. and, on page 1 of each set of separately numbered pages, the total 
number of pages 

"* Identification of graph axes 

The Subcontractor shall submit the preliminary results of laboratory tests completed, 
on a weekly basis, to the DCS Engineer. Final test results shall be submitted in a 
draft and final report to DCS at the completion of the laboratory testing program.  

DCS will not be responsible for payment delays resulting from the Subcontractor's 
failure to submit accurate weekly submittals of preliminary test results. No payment 
will be made for work that has not been verified by the DCS Engineer.  

A verification and validation (V&V) package shall be submitted by the 
Subcontractor, in accordance with their QAP, for all software utilized that performs 
analyses, provides input to the results or conclusions of the investigation, or 
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otherwise affects the quality of results of the investigation. This requirement does 
not apply to standard word-processing and desktop publishing applications. The 
Subcontractor shall contact DCS should errors in the software utilized be detected 
during or after the completion of the investigation.  

3.9.3 Submittal Schedule 

The basic documentation required of the Subcontractor is as follows: 

Section Description Distribution & No. of Copies 
With Wih PAt Lab EFI Mailed Proposal 

2.1 Procedures not included in relevant ASTM Standards 1 1 

3.9 Certification of Calibrations 1 1 

3.9 Description of calibration procedures for each test type 1 1 

3.9 Description of the data acquisition system and readout devices 1 

3.9 Resumes and client references of similar projects 1 1 

3.7 Specification, and current revisions of relevant ASTM 1 
Standards 

3.9 Weekly submittals of completed tests 1 1 

3.9 Table of results for each test In Reports 

2.1 Deviations from relevant ASTM Standards 1 In Reports 

3.9 Draft report of test results 3 

3.9 Final report of test results 5 

3.9 Procedures goveming Subcontractor activities not expected in 1 
accordance with DCS procedures 

3.9 Verification and Validation package for all analysis software 1 
utilized 

3.10 DOCUMENTATION BY DCS 

DCS will provide a test program with the shipment of samples. DCS will provide 
instructions for any deviations from ASTM standards with the order for that test.  

3.11 STOP WORK DIRECTIVE 

DCS may issue a Stop Work Directive (SWD) in any situation where, in the judgment of 
DCS, that either: 

"* the Subcontractor is performing work contrary to the conditions and terms of the 
Contract documents; or 

"* where continued operations could cause damage, preclude further inspection, or 
render remedial action ineffective for any product or service provided by the 
Subcontractor.  
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Upon receipt of a SWD from DCS, the Subcontractor shall cease operations, including any 
specified service stipulated by the SWD. Operations shall not resume until the 
Subcontractor has obtained a written authorization from DCS.  

4 SUPPLEMENTAL PROVISIONS 

4.1 FURNISHED BY THE SUBCONTRACTOR 

The Subcontractor shall furnish the following: 

"* All materials, tools, equipment, supplies, and services necessary to perform 
the testing, data acquisition, data evaluation, in accordance with this 
Specification, within the scheduled time.  

"* Laboratory technicians and other personnel experienced in all phases of 
laboratory work specified herein. In the event DCS is dissatisfied with the 
work of any lab personnel, the Subcontractor shall immediately replace him 
with a person whose experience and performance are satisfactory to DCS.  

"* Data reduction and presentation of all test results in a format suitable to DCS.  

The Subcontractor shall continuously utilize laboratory testing equipment of a design and 
condition acceptable to DCS, from the commencement of the work until the completion of 
all testing or until otherwise relieved of this minimum requirement by DCS. If additional 
testing equipment is required to complete the work, the Subcontractor shall obtain, by 
rental or purchase, such additional equipment, to meet the schedule and requirements.  

The Subcontractor shall not subcontract testing to other parties 

4.2 SCHEDULE 

On the premise that notification to proceed will be received by the Subcontractor not later 
than May 19, 2000, laboratory will commence during the week of May 30, 2000. Testing 
is expected to be conducted through July 7, 2000, with all testing completed and final 
results issued by July 14, 2000.  

5 MEASUREMENT FOR PAYMENT 

5.1 GENERAL 

Measurement for payment of items included in this Specification shall be as defined 
below. Payment will be made in accordance with the lump sum and unit prices 
indicated on the Commercial Data Sheets. All quantities that are either stated or 
implied on the Commercial Data sheets are estimated and are not firm or guaranteed.
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The final contract price shall be determined by actual quantity multiplied by the 
applicable lump sum and unit prices. The actual quantities shall be determined by 
DCS and will be based on the final test results presented and approved by the DCS 
Engineer. Any additional work not specified or approved in writing by DCS shall be 
at the expense of the Subcontractor.  

Unit prices indicated below for laboratory tests performed per the requirements of 
Section 2 shall include all sample handling and preparation before and during tests 
for: a) compatibility with the testing apparatus; and b) conformance to specification 
requirements and test standards. The unit price will also include test setup, 
calculations, review and analysis of test results and documentation and presentation 
of results as appropriate to the test, in a DCS approved format.  

If one test method is more costly to perform than the other, and they are not treated 
separately in this specification, the Subcontractor can submit alternate unit pricing 
for consideration in bid evaluation. The Subcontractor is still responsible to respond 
to requested unit pricing listed in the Commercial Data Sheets.  

5.2 STORAGE 

A lump sum will be paid to the subcontractor for receipt of, inventory and storage of 
samples in an environmentally controlled room as in Section 2.1. This will also 
include storage of excess material as described in Section 2.12.  

5.3 WATER CONTENT TESTS 

Water content tests specifically requested for an individual sample will be paid at a 
unit price. Water content tests performed as part of any other testing requirements 
shall be included as part of the unit cost for that test. Tests shall be performed in 
accordance with Section 2.2.  

5.4 ATTERBERG LIMITS TESTS 

A unit price will be paid for each requested Atterberg limits test and shall include 
determination of liquid limit, plastic limit and plasticity index, as defined in Section 
2.3.  

5.5 PARTICLE SIZE ANALYSIS TESTS 

A unit price will be paid for each particle size analysis test performed per Section 
2.4. A separate unit price will be paid for each hydrometer analysis requested.
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5.6 UNIT WEIGHT TESTS 

Unit weight tests will be paid at a unit price when specifically requested for an 
individual sample. Unit weight tests performed as part of any other testing 
requirements shall be included as part of the unit cost for that test. Tests shall be 
performed in accordance with Section 2.6.  

5.7 SPECIFIC GRAVITY TESTS 

Specific Gravity tests will be paid at a unit price when specifically requested for an 
individual sample. Specific Gravity tests performed as part of any other testing 
requirements shall be included as part of the unit cost for that test. Tests shall be 
performed in accordance with Section 2.7.  

5.8 ONE-DIMENSIONAL CONSOLIDATION TESTS 

A separate unit price will be paid for Method A and Method B one-dimensional 
consolidation tests performed in accordance with Section 2.8. The Subcontractor 
shall be paid a unit price for any additional unload-reload tests requested by DCS.  

5.9 TRIAXIAL SHEAR CONSOLIDATED UNDRAINED TESTS 

A unit price will be paid for each triaxial shear, consolidated undrained test 
performed in accordance with Section 2.9.  

5.10 RESONANT COLUMN TESTS 

A unit price will be paid for each resonant column test performed in accordance with 
Section 2.10.  

5.11 CYCLIC TRIAXIAL TESTS 

A separate unit price will be paid for Method A and Method B for each cyclic 
triaxial test performed in accordance with Section 2.11.  

5.12 DATA ANALYSES AND REPORTING 

A lump sum will be paid for providing the presentation of test results as described in 
Section 2.12. The contract price shall be full compensation for providing draft test 
results on a weekly basis, and a draft and final report. This compensation shall also 
include compensation for other deliverables referenced in this document, such as 
electronic copies of required data collected during the testing or generated as part of 
the evaluation of those data and preparation, review, and reporting of any supporting 
calculations.
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5.13 VERIFICATION AND VALIDATION PACKAGE 

A lump sum will be paid for providing the software verification and validation 
(V&V) package, in accordance with the last paragraph of Section 3.9.2.
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1 GENERAL 

1.1 SCOPE 

This Specification provides the technical and quality assurance requirements for 
performing cone penetration testing (CPT), dilatometer testing (DMT), data acquisition, 
and reporting requirements for a subsurface investigation to be performed at a proposed 
Mix Oxide Fuel Fabrication Facility (MOX Facility) site. The MOX facility site is located 
on the United States Department of Energy (DOE) Savannah River Site (SRS), near Aiken, 
South Carolina.  

The Scope of Work covers all work necessary to perform cone penetration and dilatometer 
testing, and process the field data to provide profiles of soil behavior type and develop 
engineering properties of the soils tested. The work shall additionally include backfilling 
the CPT/DMT holes with cement grout. The attached drawing (Figure 1) is considered part 
of the Specification and shows the proposed locations of the CPT's and DMT's.  

This work shall consist of providing personnel, supervision, equipment, materials and 
services requested to accomplish the CPT and DMT as directed by Duke Cogema Stone & 
Webster, LLC (DCS), and as defined herein, in an expeditious, competent and professional 
manner.  

The following work shall be performed by the Subcontractor as part of Specification. The 
schedule for completion following scope of work 4.2.  

1. Perform approximately 37 CPT soundings. The approximate locations of the CPT 
soundings are shown on drawings in Figure 1. The locations of the CPT's may be 
moved with the approval of the DCS Field Engineer to facilitate access by the 
CPT rig, or if obstructions are encountered during the initial start of the hole.  

2. Provide capability to preauger test holes to a depth of at least 30 ft. through 
compacted fill, subgrade or hard upper soil layers, as required, to facilitate CPT 
and DMT testing. If hard soil strata below this depth requires loosening to 
perform CPT and DMT testing, necessary hole preparation will be performed by 
others.  

3. Perform approximately 37 CPT's during the program. It is estimated that 14 of 
these CPT's will include measurements of compression (P) and shear (S) wave 
velocities at depth intervals of approximately 5 feet, in addition to standard CPT 
data. It is anticipated that approximately 17 of the CPT soundings will include 
measurements of electrical resistivity for the full depth pushed. Where saturated 
fine-grained soils are found, dynamic pore pressure dissipation will be measured 
at intervals defined by the DCS Field Engineer. The depth of each CPT sounding 
is estimated to range from approximately 140 to 150 feet.
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4. Provide a printed log of each CPT sounding in the field indicating depth of CPT, 
tip resistance, sleeve friction, friction ratio, compression and, shear wave 
velocities and pore pressure. Seismic data shall be provided in the field in a 
standard digital format, such as, Seg-Z, Seg-Y, Seg-D. The CPT's shall be 
evaluated in the field to determine the extent and thickness of the various layers 
tested.  

5. Backfill all CPT holes to ground surface with grout as specified in Section 2.2.5.  

6. Perform approximately 6 dilatometer soundings (DMT holes) at locations near 
other CPT test holes, as determined by DCS Field Engineers. The DMT hole 
locations will be determined upon the evaluation of initial CPT results. The 
Subcontractor shall assist DCS in identifying the extent and thickness of the softer 
soils to be tested to permit a smooth transition from cone testing to dilatometer 
testing without demobilizing the CPT rig from the general test hole location.  
Backfill all DMT holes to ground surface with grout as specified in Section 2.2.5.  

7. Reduce field data and provide a draft and final report of the test results and data 
interpretations as specified in Section 2.  

1.2 SITE CONDITIONS 

This section briefly explains surface and subsurface conditions at the site.  

1.2.1 Surface Conditions 

The site is accessible by truck and no new road construction will be required.  

1.2.2 Subsurface Conditions 

The approximate subsurface geologic profile for the MFFF Site is represented by 
Figures 2, Geologic Cross Section. Figure 2 describes the anticipated subsurface profile 
and presents representative CPT and exploration borings.  

The site is overlain with varying thicknesses of fill consisting of clayey silt and fine sand 
fill which is not shown on the cross section. The ground water table is estimated to be at 
approximately El. 225 ft msl. The CPT soundings will be pushed through the "Green 
Clay" below the Santee/Tinker formation into the Warley Hill geologic unit at 
approximately El. 140 ft msl.
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1.3 SPECIAL SUBSURFACE CONDITIONS/SOFT ZONES 

Numerous borings at the SRS have encountered soft zones within the Santee Limestone.  
These soft zones, which may cause rod drop during drilling, appear to result from 
dissolution of carbonate materials in the subsurface. Carbonate materials and soft zones 
have been identified in numerous borings in the F-Area. Soft zones also were identified 
within the lower Dry Branch Formation.  

1.4 DEFINITIONS 

Approved - This word, when applied to the Subcontractors' drawings or documents, 
indicates that the drawings or documents are satisfactory in that DCS has not observed any 
statement or feature that appears to deviate from the requirements. The Subcontractor shall 
retain the entire responsibility for complete conformance with all of the requirements.  

Approved as Revised - These words, when applied to the Subcontractor's documents, 
indicate that the drawings or documents are approved as defined above, except that the 
changes shown are necessary to be in conformance with the requirements. On the basis 
that the Subcontractor shall retain the entire responsibility for compliance with all of the 
requirements, the Subcontractor shall either incorporate changes into its document and 
resubmit to DCS, or inform DCS that the changes cannot be made without prejudice to the 

Subcontractor's responsibility under warranty and resubmit with full explanation of the 
reasons therefore.  

Subcontractor - The company to whom the contract is issued by DCS to perform the work.  
Said company accepts the overall responsibility for fulfilling the requirements of this 
Specification.  

SRS - The Department of Energy (DOE) Savannah River Site.  

DCS- Duke Cogema Stone & Webster 

DCS Field Engineer - Engineer(s) from DCS's Geotechnical Division, representing DCS in 
the field.  

Performance Audit - An activity to determine through investigation the adequacy of and 
adherence to established procedures, instructions, codes, and other applicable contractual 
and licensing requirements and the effectiveness of implementation.  

Sounding - A series of cone penetration readings performed at one location over the depth 
that the cone is pushed.  
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1.5 PERMITS 

The work will be performed on DOE land. Work clearance permits and approval for 
access to the site shall be obtained from DCS prior to beginning work.  

1.6 APPLICABLE DOCUMENTS 

The following documents are applicable to the work: 

" American Society for Testing and Materials D5778-95, "Standard Test Method for 
Performing Electronic Friction Cone and Piezocone Penetration Testing of Soils," 
Philadelphia, PA, January 1996.  

"* Schmertmann, J. H., "Suggested Method for Performing the Flat Dilatometer Test," 
Geotechnical Testing Journal, GT-JODJ, Vol 9, No. 2, June 1986, PP 93-101 (ASTM 
Subcommittee D18.02 on Sampling and Related Field Testing for Soil Investigations).  

Conflict between these documents and any referenced documents in the technical portion 

of the Specification shall be referred to DCS for resolution.  

1.7 APPLICABLE DRAWINGS 

The approximate locations of CPT's to be performed are shown in Figure 1.  

2 REQUIREMENTS 

2.1 GENERAL 

The Subcontractor shall perform, at the locations specified by DCS, cone penetration 
testing in accordance with ASTM Test Designation D5778-95 and dilatometer testing in 
accordance with Schmertmann (1986). Any deviations from these standards shall be 
documented in written procedures provided by the Subcontractor with their proposal. The 
Subcontractor's procedures shall include a listing of individual sequences and device 
operations to be conducted, measurements to be recorded, and applicable acceptance 
criteria.  

All specified tests on all items shall be performed by the Subcontractor. The 
Subcontractor's representative shall perform each step of the test, record the required 
information, and initial the test form upon satisfactory completion of each step.  
Acceptance criteria shall be as indicated in the referenced documents or as otherwise 
specified herein.  

Nonconformity to specification and data sheets, omission of any test, or lack of properly 
identified test reports shall be cause for rejection.  
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Waste or spoil materials generated during the course of the work, shall be disposed of as 
directed by DCS.  

2.2 CONE PENETRATION AND DILATOMETER TESTING 

The Subcontractor shall select and mobilize CPT and DMT equipment suitable to measure 
the desired properties of the site soils. All equipment shall be maintained in good working 
order. If in the opinion of DCS, the equipment is not performing satisfactorily, it shall be 
replaced at no additional cost to DCS.  

2.2.1 Cone Penetrometers and Dilatometers 

Cone penetrometers shall conform to the standards specified in ASTM Test Designation 
D5778-95. Damaged cone penetrometer components shall be repaired or replaced prior 
to each test. Seismic cone penetrometers shall be capable of measuring seismic waves to 
permit determination of both compression and shear wave velocities. Resistivity cone 
penetrometers shall be capable of taking continuous resistive measurements.  
Dilatometers shall conform to the requirements specified in Schmertmann (1986).  

2.2.2 Penetration Equipment 

Push rods shall consist of high strength steel and shall have a constant diameter not 
greater than the diameter of the penetrometer cone. Each push rod shall have a 
minimum length of at least three feet. The rods shall be fitted with a friction reducer, as 
necessary, in order to advance the CPT to the required depths.  

The enclosed CPT truck shall provide a minimum thrust capacity of 20-tons and a 
continuous stroke over a distance greater than one push rod length. The machine shall 
advance the penetrometer tip at a constant penetration rate equal to approximately two 
centimeters per second (cm/sec), even if the magnitude of the required thrust fluctuates.  
Reaction provided by the machine shall be static, stable and perpendicular to the ground 
surface.  

2.2.3 Data Acquisition 

CPT test data shall be monitored and recorded electronically such that each sounding has 
a digital record of data. Independent electronic signals shall be recorded for the 
following: 

"* Depth of CPT 
"* Tip Resistance 
"* Sleeve Friction 
"* Pore Pressure
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"* Seismic Wave Amplitude vs. Time 
"* Electrical Resistivity 

The data acquisition system shall be capable of accurate and consistent measurement of 
these signals. The tip resistance, sleeve friction, pore pressure and resistivity shall be 
recorded at depth intervals not exceeding two inches. Seismic CPT's shall be performed 
at depth intervals of approximately five feet. Where directed by DCS, dynamic pore 
pressure dissipation tests shall be conducted at depth intervals of about five feet.  
Dilatometer tests, which shall include measurements of Dilatometer A, B, and C
pressures, shall be performed at depth intervals of approximately one foot, as directed by 
the DCS Field Engineer.  

2.2.4 Calibration and Field Performance Checks 

This work shall be performed in accordance with the quality assurance requirements of 
Section 3. Refer to Section 3.9 for identification of required calibration documentation.  
In addition, at each CPT location, a field performance check shall be performed to 
assure that the load cells, pressure transducers, instruments, and data acquisition system 
are functioning as expected. After each test, the penetrometers and dilatometers shall be 
checked and, if damaged, shall be repaired or replaced before proceeding with the next 
test.  

Penetrometer baseline readings shall be determined before and after each sounding while 
the penetrometer is hanging freely. If the change in initial and final baseline values is 
greater than the standards established in ASTM D5778-95, §10.1.2.1, the equipment 
shall be repaired or replaced and the sounding repeated at no additional cost to DCS.  

2.2.5 Soft Zone Sampling 

Thin wall samples shall be obtained by the Subcontractor in CPT holes, where soft zones 
are detected, as directed by the DCS Field Engineer. The sample shall be obtained by 
the use of a thin wall sampler pushed in CPT hole. An acceptable sampling technique 
will be determined by the driller and the DCS Field Engineer.  

2.2.6 Backfilling of CPT / Dilatometer Holes 

Holes resulting from the advancement of the cone penetrometer or dilatometer shall be 
backfilled to the ground surface with grout. The grout shall be placed through the cone 
tip as it is removed. The pre-approved grout mixture shall be proportioned using 
approximately: 

* 94 Lbs. (1 sack) of Cement Type I or 11 
* 6.5 to 7.5 Lbs. of water
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2 Lb. of sodium bentonite 

Bentonite and water shall be mixed smooth prior to adding the cement. Field 
adjustments to this mix to facilitate pumping shall be approved by the DCS Field 
Engineer prior to being implemented.  

Upon completion of backfilling operations, each test hole location shall be marked with 
a wooden stake with the CPT and, if applicable, the DMT identifier (e.g., CPT-20 or 
DMT-5).  

The DCS Field Engineer will prepare backfilling records and the Subcontractor shall 
assist in obtaining the data required.  

2.3 SURVEYING SERVICES 

Surveying services to locate the CPT's shall be provided by others.  

2.4 REPORTS 

Upon completion of the test program the Subcontractor shall submit to DCS three copies of 
a draft report for review. The Subcontractor shall incorporate resolutions to all review 
comments provided by DCS into a final report, five copies of which shall be provided.  

The reports shall include the following: 

"* A site plan identifying the approximate test locations. A reproducible drawing or 
electronic files in Microstation SE or AutoCAD R14 format will be provided by DCS 
for use in the report.  

"* Description of test equipment, including drawings of the cone penetrometers and 
dilatometers used for testing, showing dimensions, filters, elements, and load cell 
locations.  

"* Description of test procedures used in performing the CPT and dilatometer tests, 
detailing any deviations from the requirements of ASTM D5778-95 or Schmertmann 
(1986).  

"* Description and results of calibration tests.  
"* Presentation of test data, on 8V2 x 11-inch paper or, where required, 11 x 17-inch 

paper.  
"* Discussion of field test results.  
"* Description of data interpretation, assumptions and the methods used to determine 

engineering properties of the soils, identifying applicable references.  
" Digital records, including a description of how the data are formatted in the electronic 

files, containing all unedited field test data, including dilatometer A, B, and C
pressures vs. depth. In addition, digital records of all engineering properties plotted 
vs. depth, identified below. Shear and compression wave data shall be presented in a
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standard seismic digital format, such as, Seg-Z, Seg-Y, or Seg-D. An ASCII file, 
with data presented in a time, value format is also acceptable. Then data shall be 
provided in Microsoft Excel 97 format, ASCII format, or DCS approved equal, on 
IBM PC-compatible CD-ROM (preferred), e-mailed electronic files, 3Y2" diskettes, or 
DCS approved equal.  

The Subcontractor shall present the results of each test performed in plots, utilizing the 
same scale for the depth axis on each plot: 

1. Corrected total cone resistance, qt, versus depth.  
2. Sleeve friction versus depth.  
3. Excess and static pore pressure versus depth.  
4. Friction ratio versus depth.  
5. Seismic wave amplitude versus time for each seismic cone penetration test.  
6. Compression and shear wave velocities versus depth.  
7. Pore pressure dissipation versus log-time curves, if applicable.  
8. Pore pressure parameter ratio, Bq, (defined as Bq=AU/(qt - a,); where Au is the 

excess pore pressure measured behind the tip, qt is the tip resistance, corrected for 
pore pressure effects, and cro is the total overburden stress, versus depth.  

9. Horizontal permeability and horizontal coefficient of consolidation versus depth, 
as applicable.  

10. Drained friction angle, overconsolidation ratio, undrained shear strength, and 
compressibility versus depth, as applicable.  

11. Soil behavior type and equivalent SPT value. The correlation method or 
standards used to determine these parameters shall be identified.  

12. Electrical resistivity versus depth.  
13. Temperature readings.  

Items 1-4, 6 and 8-12 shall also be provided in tabular format.  

The data acquisition system shall be capable of accurate and consistent measurement of 
these signals. The tip and sleeve resistance shall be recorded at intervals of depth not 
exceeding 2 inches. Seismic CPT's and pore pressure dissipation shall be performed in 
designated holes at intervals of approximately 5 feet.  

Pore pressure dissipation testing shall be performed in other test holes, at depths specified 
by the Engineer.  

The Subcontractor will provide in the field at the end of each days preliminary logs on all 
CPT soundings, conducted that day, which will include results of all test performed. These 
results will be evaluated in the field to determine patterns of similarities and differences 
(varying materials, constant or varying resistances with depth, etc.). Based on the results of 
the CPT soundings, adjustments to the field program may be made by the DCS Field 
Engineer.
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3 QUALITY ASSURANCE 

3.1 QUALITY ASSURANCE PROGRAM REQUIREMENTS 

The Subcontractor shall have a Quality Assurance Program (QAP) that implements the 
following elements of ASME/NQA-1, 1994:

Criteria 1 
Criteria 2 

Criteria 5 
Criteria 6 
Criteria 11 
Criteria 12 
Criteria 15 
Criteria 16 
Criteria 17 
Section 2.7 -

Organization 
Quality Assurance - (1) specifically having trained and qualified 
personnel and (2) surveillance or audit process 
Instructions, Procedures and Drawings 
Document Control 
Test Control 
Calibration 
Nonconformances 
Corrective Action 
Records 
Computer Software Control

DCS will implement a field engineer oversight and documentation program to ensure that 
the field work and CPT and DMT equipment meet the requirements of this Specification 
and federal regulations 1OCFR50, Appendix B, and 10CFR72. The Subcontractor is 
required to execute the work in accordance with this specification and their QAP. The 
QAP and oversight implemented by DCS does not relieve the Subcontractor of his 
obligations to ensure the quality of his work is in compliance with contract requirements.  
DCS and its designees shall have access at any reasonable time to all offices, work 
locations, and records pertaining to this Specification for the purpose of engineering 
oversight and performance audits.  

It is expected that some portions of the work specific to the CPT equipment may be 
performed in accordance with the Subcontractor's procedures, as discussed in Section 2.1.  
In these cases the procedure governing the activity shall be provided to DCS for review and 
approval prior to the start of work.  

3.2 DEVIATIONS AND NONCONFORMANCE 

No deviations or nonconformance from this Specification or applicable federal, state, and 
local codes and standards invoked by this Specification shall be accepted unless approved 
by DCS. The Subcontractor shall promptly document any nonconformances or deviations 
in accordance with their QAP and refer them to DCS with suggestions for corrective action 
before continuing work. Further testing after detection of any deviation or 
nonconformance prior to DCS's approval shall be at the Subcontractors risk.
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No changes to this Specification shall be binding on any party until an addendum or 
revision to the Specification is issued by DCS. No deviation from this Specification shall 
be accepted by DCS's Field Engineer until it has been approved by DCS.  

3.3 CHANGES TO SPECIFICATION 

Changes to this Specification shall be in writing and these changes shall be filed with the 
original Specification. Changes to this Specification shall be agreed upon in advance by 
the Subcontractor and DCS.  

3.4 ACCESS TO FACILITIES 

DCS shall have the right of access, including witnessing, to field facilities and operations 
for auditing all phases of the operation, and documentation relative to this Specification.  

3.5 AUDITS 

DCS reserves the right to perform planned or unplanned audits of the Subcontractor's work 
during any and all phases of that work. Such audits may include the examination of 
documentary evidence of activities affecting quality and would be conducted to verify 
compliance with all the requirements of this Specification. As such, the Subcontractor 
shall be required to provide DCS with access to all facilities and documents concerned with 
this contract for the purposes of performing said audits. DCS will make every attempt 
during these audits not to disrupt the Subcontractor's operations any more than is necessary 
for them to perform the audits. Where a planned audit is scheduled, DCS will notify the 
Subcontractor of its intention to proceed with the audit of the Subcontractor at least 24 
hours in advance of the audit.  

3.6 TRAINING 

A brief (1 to 2 hr) training session for the QAP and any SRS Site Clearance Permit 
requirements will be held at the site or at the Subcontractor's shop prior to the start of work.  
If field personnel are changed during the course of this work, the Subcontractor shall 
perform the required training of such persons before they start work on this project.  
Training shall be documented in accordance with the Subcontractor's QAP.  

3.7 SPECIFICATION AVAILABILITY 

The Subcontractor shall ensure that a copy of their QAP and this Specification (latest 
revision), with all addenda and appropriate work instructions and copies of ASTM D5778
95 and Schmertmann (1986), are readily available where work covered by this 
Specification is in progress.
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3.8 OVERSIGHT 

Authorized representatives of DCS shall be allowed access to the Subcontractor's job 
location at all times for the purpose of performing audits and engineering oversight. Such 
reviews will be based on the technical and quality assurance requirements of this 
Specification and will include examination of documentary evidence of activities affecting 
quality. Reviews may be carried out on a planned basis during the course of work to verify 
compliance with this Specification.  

The Subcontractor shall cooperate with DCS's Field Engineer in establishing when various 
engineering oversight will be required during the progress of the work and shall provide all 
tools, instruments, etc., necessary to facilitate this surveillance. DCS's Field Engineer shall 
designate which work activity requires surveillance and the Subcontractor shall furnish an 
agreed-upon amount of notification. The DCS Field Engineer shall discuss with the 
Subcontractor anything noted during oversight surveillance that may lead to rejection of the 
work.  

The presence or activity of DCS's Field Engineer shall not relieve the Subcontractor in any 
way of his obligations under this Specification. Furthermore, the fact that the DCS Field 
Engineer may inadvertently overlook a deviation from some requirements of this 
Specification shall not constitute a waiver of that requirement, nor of the Subcontractor's 
obligation to correct the condition when it is discovered, nor of any other obligation under 
this Specification.  

The specific duties assigned to DCS's Field Engineer are as follows: 

"* Equipment 
Verify that the CPT equipment, upon arrival at the site, conforms to the technical 
requirements of this Specification.  

"* Cone Penetration and Dilatometer Tests 
Witness each cone penetrometer and dilatometer sounding and verify that procedures, 
equipment, and data acquisition conform with the requirements of this Specification.  

" Backfilling 
Verify that backfilling procedures used by the Subcontractor conform with the 
requirements of this Specification. Prepare a backfill record for each CPT location 
upon the completion of backfilling.  

" Documentation Check 
Check to ensure that the documentation required of the Subcontractor for the CPT has 
been submitted before that testing begins. Verify and approve the Subcontractor's 
Daily Progress and Cost Reports.  

Documentation of the above engineering oversight shall be accomplished by DCS's 
Field Engineer. The form in DCS procedures or other standard project forms may be
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used to document engineering oversight. DCS's Field Engineer shall sign and date all 

oversight documentation forms.  

3.9 DOCUMENTATION BY SUBCONTRACTOR 

3.9.1 Submittals with Proposal 

The Subcontractor shall submit with his proposal the following information: 

"* Detailed drawings of the cone penetrometers and dilatometers to be used, showing 
appropriate dimensions, penetrometer type, and the location and size of the 
penetrometer elements.  

" Certification of Calibration, current and traceable to the National Institute of 
Standards and Technology (NIST), indicating that the cone penetrometers to be used 
in this testing program have been calibrated in accordance with the requirements of 
ASTM D5778-95, ANNEX §Al., "Calibration Requirements on Newly 
Manufactured or Repaired Electronic Friction Cone and Piezocone Penetrometers." 
These records must be certified as correct by a registered Professional Engineer or 
other responsible engineer with knowledge and experience in materials testing for 
quality assurance in accordance with the requirements of ASTM D5778-95, § 10.1.1.  
Calibration records shall be provided for all instruments to be used in this program, 
including electrical resistivity probes, seismic geophones, and dilatometers.  

" A description of calibration procedures for each penetrometer type and calibration 
curves for tip, sleeve, pore pressure, electrical resistivity, seismic geophones, and 
dilatometers shall be provided. If applicable, the calibrations shall also assess 
temperature effects for zero and calibration shifts.  

"• A description of the proposed thrust equipment.  

"* A description of the data acquisition system and readout devices, including their 
degree of accuracy and evidence of current calibration.  

" Resumes and client references of similar projects for the personnel that will perform 
the work. The key personnel identified shall be the only people utilized by the 
Subcontractor for the project without the prior approval of DCS.  

"• Sample Daily Progress and Cost Report.  

"* A draft outline of the final report, including sample figures, tables and calculations.  

The Certification of Calibration is documentation to ensure that the equipment used was 
properly calibrated and adequate to perform its function. As a minimum, this 
certification shall include the following:
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* Equipment general and unique identification (name and serial number).  

* Name and signature of person performing calibration and date performed.  

* Calibration procedure used.  

* Calibration standard used and its traceability to the NIST or a natural physical 
constant.  

* Calibration data to include results of calibration with standards of acceptability. If 
required, conversion tables or curves shall be provided.  

* Date recalibration is due.  

3.9.2 Submittals Prior To Start Of and During Field Work 

Copies of equipment calibrations shall be provided to DCS, prior to start of field work.  
As applicable, these calibrations shall also assess temperature effects for zero and 
calibration shifts. Calibrations that are performed by the Subcontractor shall be 
documented to include the same information as required for Certification of Calibration, 
as well as adjustments made, instrument accuracy after adjustments, and calibration 
data.  

It is the responsibility of the Subcontractor to ensure that proper calibration is 
maintained throughout the field testing program. A post investigation calibration shall be 
provided to ensure the equipment was in good working order throughout the testing 
campaign. Tests that show loss of calibration after performance will be performed again 
by the Subcontractor after re-calibrating the existing equipment or by calibrating 
replacement equipment. Re-tests due to this type of equipment failure will be done at the 
Subcontractor's expense.  

The Subcontractor shall maintain all data sources in such order as to provide 
traceability of all data from the in situ testing by uniquely identifying each data record 
with: 

• Project name (Mixed Oxide Fuel Fabrication Facility) 
* DCS Job Order number (08716.1502) 
* Sounding location and identification 
* Date and time of test 
* Specific description of test and depth performed 
* Test device identification 
* Assumptions made 
* Initials of personnel performing test 
* Page No. and, on page 1 of each set of separately numbered pages, the total number 

of pages 
* Identification of graph axes
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The Subcontractor shall submit Daily Progress and Cost Reports to DCS's Field 
Engineer for verification and approval on forms approved by DCS by noon of the 
workday following the date of the report. These reports shall detail the work done 
during the day by each crew, with a breakdown for each CPT test. These reports shall 
also detail the number of hours (measured to the nearest one-quarter hour) that each CPT 
rig and crew are out of production for any downtimes affecting the progress of the work.  

DCS will not be responsible for payment delays resulting from the Subcontractor's 
failure to submit accurate progress reports on schedule. No payment will be made for 
work that has not been verified by DCS's Field Engineer.  

A verification and validation (V&V) package shall be submitted by the Subcontractor, in 
accordance with their QAP, for all software utilized that performs analyses, provides 
input to the results or conclusions of the investigation, or otherwise affects the quality of 
results of the investigation. This requirement does not apply to standard word-processing 
and desktop publishing applications. The Subcontractor shall contact DCS should errors 
in the software utilized be detected during or after the completion of the investigation.  

3.9.3 Submittal Schedule 

The basic documentation required of the Subcontractor to be provided or maintained in 
the field is as follows:

Section Description Distribution & No. of Copies 
With On Wit On EFI Mailed 

Proposal Site 

2.1 Procedures not included in ASTM & Schmertmann (1986) 1 

3.9 Detailed drawings of the cone penetrometers and dilatometers I 

3.9 Certification of Calibrations 1 

3.9 Description of calibration procedures for each penetrometer 1 
type 

3.9 Description of the proposed thrust equipment 1 

3.9 Description of the data acquisition system and readout devices 1 

3.9 Resumes and client references of similar projects 1 

3.9 Draft outline of the final report 1 

3.7 Specification, ASTM D5778,Schmertmann (1986) and approval 1 
_ procedures 

3.9 Daily Progress and Cost Reports 1 1 

1.1 Profiles of engineering properties (CPT Logs) In Reports
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2.4 Draft data analyses and report 3 

2.4 Final data analyses and report 5 

3.1 Procedures governing Subcontractor activities not expected in 
accordance with DCS procedures 

3.9 Verification and Validation package for all analysis software 1 
utilized 

3.10 DOCUMENTATION BY DCS 

DCS's Field Engineer shall verify that cone penetration and dilatometer tests were 
performed in accordance with the requirements of this Specification by signing the 
Subcontractor's Daily Progress and Cost Reports.  

3.11 STOP WORK DIRECTIVE 

DCS may issue a Stop Work Directive (SWD) in any situation where, in the judgment of 
DCS, that either: 

"* the Subcontractor is performing work contrary to the conditions and terms of the 
Contract documents, or 

"* where continued operations could cause damage, preclude further inspection, or 
render remedial action ineffective for any product or service provided by the 
Subcontractor.  

Upon receipt of a SWD from DCS, the Subcontractor shall cease operations, including any 
specified service stipulated by the SWD. Operations shall not resume until the 
Subcontractor has obtained a written authorization from DCS.  

4 SUPPLEMENTAL PROVISIONS 

4.1 FURNISHED BY THE SUBCONTRACTOR 

The Subcontractor shall furnish the following: 

" All materials, tools, equipment, supplies, and services necessary to perform the 
cone penetration and dilatometer testing, data acquisition, data evaluation, and 
backfilling of soundings, in accordance with this Specification, within the 
scheduled time, and shall remove the same from the site at the completion of the 
work.  

" Personnel experienced in all phases of the CPT and Dilatometer work specified 
herein. In the event DCS is dissatisfied with the work of any personnel, the 
Subcontractor shall immediately replace him with a person whose experience and 
performance are satisfactory to DCS.  
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"* Cone penetration and dilatometer testing, under the engineering oversight of the 
DCS's Field Engineer.  

"* Deliver water required to perform the services required by this Specification from 
locations directed by DCS.  

"* Data reduction, analyses, evaluations, and presentation of all test results in a 
format suitable to DCS and submit a draft and final reports.  

"* Sampling Equipment 

The Subcontractor shall mobilize and continuously utilize a CPT rig of a design and 
condition acceptable to DCS, completely equipped, manned, and maintained, from the 
commencement of the work until the completion of all testing or until otherwise relieved of 
this minimum requirement by DCS. If additional CPT rigs are required to complete the 
work, the Subcontractor shall mobilize such additional equipment.  

4.2 SCHEDULE 

On the premise that notification to proceed will be received by the Subcontractor not later 
than May 5, 2000 and field access granted on May 8, 2000, the field work shall be 
completed by June 16, 2000 and the draft report shall be completed by July 21, 2000. The 
final report shall be submitted within one week of receipt of comments from DCS on the 
draft report.  

4.3 MEASUREMENT FOR PAYMENT 

4.3.1 General 

Measurement for payment of items included in the Specification shall be as defined 
below. Payment will be made in accordance with the lump sum and unit prices 
indicated on the Commercial Data Sheets. All quantities that are either stated or implied 
on the Commercial Data sheets or DCS drawings are estimated and are not firm or 
guaranteed. The final contract price shall be determined by actual quantities times 
applicable lump sum and unit prices. The actual quantities shall be determined by DCS 
based on the Daily Progress and Cost Reports approved by the DCS Field Engineer.  
Any additional work not specified or approved in writing by DCS shall be at the expense 
of the Subcontractor.  

4.3.2 Mobilization and Demobilization 

A lump sum will be paid for mobilization and demobilization. The contract lump sum 
shall be full compensation for furnishing and moving in each CPT rig and crew and all 
materials, tools, labor, and equipment necessary for performance and completion of all 
specified work. This item shall include compensation for removal of same from the site 
and cleanup of the premises at the completion of the work.
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4.3.3 Standard Cone Penetration Testing 

The unit of payment for performing standard cone penetration testing (CPTu) shall be on 
a per foot basis. The per foot cost shall be full compensation for performing the 
sounding, recording measurements, backfilling the sounding hole, inspecting and 
cleaning the penetrometer, and providing a copy of the test data upon completion of the 
sounding. This compensation shall also include moving between test sites grouting the 
hole, and restoring the site to the pre-test condition. Pushing the cone through a 
preaugered hole depth will not be included as a unit price per foot of testing.  

4.3.4 Electrical Resistivity Testing 

The unit of payment for performing standard CPT sounding with soil electrical 
resistivity testing (RCPTu) shall be on a per foot basis. The per foot cost shall be full 
compensation for performing the sounding, recording measurements, backfilling the 
sounding hole, inspecting and cleaning the penetrometer, and providing a copy of the 
test data upon completion of the sounding. This compensation shall also include moving 
between test sites grouting the hole, and restoring the site grouting the hole, to the pre
test condition.  

4.3.5 Seismic Cone Penetration Testing 

The unit of payment for performing seismic measurements (SCPTu) in a standard CPT 
shall be on a per foot basis, assuming seismic tests will be performed at intervals of 5 
feet. The per foot cost shall be full compensation for performing the seismic tests, 
recording measurements of both P and S-waves at depth intervals of approximately five 
feet, inspecting and cleaning the penetrometer, and providing a copy of the test data 
upon completion of the sounding. This compensation shall also include moving between 
test sites grouting the hole, and restoring the site to the pre-test condition.  

4.3.6 Thin Wall Sampling of Soft Zones 

The thin wall samples will be obtained by the Subcontractor at the established hourly 
rate plus actual cost of incidental materials used.  

4.3.7 Dilatometer Testing 

The unit of payment for performing dilatometer soundings shall be on a per foot basis.  
The unit cost shall be full compensation for calibrating the instrument, for performing 
the sounding, recording measurements, backfilling the sounding hole with grouting, 
inspecting and cleaning the penetrometer, and providing a copy of the test data upon 
completion of the sounding. This compensation shall also include moving between test 
sites and restoring the site to the pre-test condition. If predrilling below the groundwater
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level was required in order to perform the DMT testing, the preaugered section of the 
hole will be grouted on an hourly basis or the grouting backfill will performed by 
others. This determination will be made by the DCS Field Engineer.  

4.3.8 Hourly and Standby Time for Equipment and Crew 

The unit of payment for hourly work and standby time incurred at the direction of DCS 
shall be by the hour, measured to the nearest one-quarter hour. This contract unit price 
shall be complete compensation for all labor and equipment required to complete the 
work. The Subcontractor, at the direction of DCS, may suspend testing until DCS 
deems it appropriate to continue. During these occasions, the Subcontractor will be paid 
standby time. The DCS Field Engineer may direct the Subcontractor to perform special 
studies, not included in other unit rates work activities, at this hourly rate. Any 
incidental materials re3quired to perform the special studies will be paid at actual cost of 
material. Standby time will not be paid to the Subcontractor, if suspension results due to 
unacceptable Subcontractor work effort, adverse weather conditions, equipment 
breakdowns.  

4.3.9 Data Analyses and Reporting 

A lump sum will be paid for providing draft and final reports. The contract price shall 
be full compensation for providing draft and final reports in accordance with the 
requirements of this Specification. This compensation shall also include compensation 
for other deliverables referenced in this document, such as electronic copies of required 
data collected during the testing or generated as part of the evaluation of those data and 
preparation, review, and reporting of any supporting calculations.  

4.3.10 Verification and Validation Package 

A lump sum will be paid for providing the verification and validation (V&V) package 
for computer software used, as described in the last paragraph of Section 3.9.2.  

5 REFERENCES 

Schmertmann, J., "Suggested Method for Performing the Flat Dilatometer Test.", 
Geotechnical Testing Journal, GT-JODJ, Vol. 9, No. 2, June 1986, pp 93-101, (ASTM 
Subcommittee D18.02 on Sampling and Related Field Testing for Soil Investigation).
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