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Description of Revision 1

Revision 0 of this report was written for an earlier concept of the Waste Solidification
Building (WSB). The older concept was primarily a steel-framed building containing a
smaller reinforced concrete confinement structure. The current concept has the entire
WSB structure of reinforced concrete on a mat foundation. This change required
additional field investigation and engineering analysis.

For revision 1 the first 5 pages have been changed, but have not been marked using a
change-bar. Appendix A has been changed, but has not been marked using a change-bar.
Appendix B has had additional log pages added but has not been marked using a change-
bar.

Description of Revision 2
For revision 1 of this report, the bearing pressure of the mat foundation was assumed to

be 3.0 ksf for the purposes of static settlement calculation. For revision 2, the static
settlement computation was revised to reflect the actual building load of 1.35 ksf.
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1.0 Introduction

The Waste Solidification Building (WSB) is part of the Plutonium Disposition Facility
complex, consisting of the Plutonium Disassembly and Conversion Facility (PDCF) and
the Mixed Oxide Fuel Fabrication Facility (MFFF). The purpose of the WSB is to
process waste streams from the PDCF and MFFF. The WSB is located adjacent to the
PDCEF along the current F-Area perimeter road (Figure 1).

The structure, based on preliminary design, is approximately 165 feet by 190 feet in plan.
It will consist of a reinforced concrete confinement structure. The foundation for the
WSB is expected to be a reinforced concrete mat. The performance category (PC) for the
facility is PC-3.

As mentioned above, the WSB will be located adjacent to other facilities included in the
Plutonium Disposition complex. As such, the area has been extensively investigated as
part of several geotechnical programs (WSRC, 1996; WSRC, 1998a; WSRC, 1999;
WSRC, 2001; Law, 2001 and WSRC, 2005) including an exploration completed
specifically for the WSB footprint (ARA, 2004). Geotechnical data beneath, and in the
immediate vicinity of, the WSB footprint has been used to determine subsurface
conditions as well as provide data for engineering analyses. This report summarizes
these results and provides engineering soil properties for design as well as foundation and
earthwork recommendations for the WSB. Specifically, this report provides the
following:

e Description of subsurface conditions, including representative subsurface cross
sections,

e Estimate of allowable bearing pressures, expected static settlement and modulus of
subgrade reaction,

e Evaluation of liquefaction potential and dynamic settlement due to liquefaction and/or
partial liquefaction, including an estimate of dynamic settlement due to soft zone
compression, and

e Development of an appropriate dynamic profile.

1.1  Summary of Previous Investigations

The area surrounding and including the WSB site has been investigated as part of
separate, but related, geotechnical programs in the past several years. In 1995, a
geotechnical program was initiated to characterize subsurface conditions for the F-area
(WSRC, 1996). Following this, a phased geotechnical program for siting several new
facilities (Plutonium Disposition complex) northeast of F-area was completed (WSRC,
1998a and WSRC, 2001). Also, a geotechnical exploration program for the Pit
Disassembly and Conversion Facility (PDCF) was completed (Law, 2001) in this same
area, which includes the WSB footprint. In addition, a field exploration consisting of six
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seismic cone penetration test soundings were pushed specifically for the WSB to augment ‘ A
existing data and provide coverage of the current WSB footprint (ARA, 2004). This
report includes extensive laboratory testing, and analysis. All of the information
referenced above was used for the geotechnical evaluation described herein for the WSB. | A

2.0 Field Exploration

Altogether over 200 borings and cone soundings have been drilled and/or pushed in the A
immediate area of the WSB, broken down for the larger investigations as follows:

9 standard penetration test (SPT) borings (WSRC, 2001)

39 seismic piezocone penetration test (SCPTu) soundings (WSRC, 2001)

4 piezocone penetration test (CPT) soundings (WSRC, 2001)

48 SPT borings for PDCF, (Law, 2001)

61 SCPTu soundings for PDCF, (Law, 2001)

39 CPT soundings for PDCF, (Law, 2001)

6 new SCPTu soundings added specifically for Revision 1 of this report (ARA, 2004) | A

Figure 2 shows the WSB footprint and the distribution of exploration holes in the
immediate vicinity. Geotechnical field data used specifically for the WSB analyses
consisted of the following:

32 deep seismic piezocone penetration test (SCPTu) soundings
3 deep piezocone penetration test (CPTu) soundings A
9 standard penetration test (SPT) soil borings

2 undisturbed sample borings

Logs and data sheets from these field tests are contained in Appendix B.

3.0 Subsurface Conditions

The shallow subsurface (surface to about 170 feet deep) has been divided into
engineering layers based on interpreted cone penetration test (SCPTu and CPTu) ‘ A
soundings and soil boring data (WSRC, 2007¢). The layering system was adopted from

the PDCF investigation, which included the exploration points encompassing the WSB
footprint. This approach provided a means to directly compare the subsurface conditions

and engineering soil properties determined from these previous geotechnical programs
(WSRC, 1999 and Law, 2001) and apply them to the WSB.

Two subsurface cross-sections were developed through the WSB area and are included in
Appendix A. Both the north-south and east-west sections were extended through the | A
WSB footprint and into the PDCF area to demonstrate the continuity of the engineering
stratigraphy. Further, the presence of soft sediments, defined as zones with measured



K-ESR-F-00012
Revision 2
June 2008

cone (CPT, CPTu or SCPTu) tip resistances less than 15 tons per square foot (tsf) and/or
SPT N-values less than 5 blows/foot (bpf), were evaluated. Groundwater conditions were
determined from nearby monitoring well information, as well as reports regarding the
regional water table.

3.1  Engineering Stratigraphy

The engineering stratigraphic layering system is based on observed changes in the SCPTu
measurements and SPT borings that are correlative between soundings and nearby
borings. It is used to differentiate units based on similar engineering characteristics that
can be mapped in the investigation area. Typical stratigraphic layering is shown on the
subsurface sections included in Appendix A. The layer nomenclature follows an
alphanumeric system with layer numbers increasing from top to bottom. Subdivided
layers are identified with a letter designation (e.g., TR1A). Figure 3 shows a generalized
profile determined from 24 CPTu soundings in the WSB area. For a detailed discussion
of the physical attributes used to delineate each layer, refer to the WSB subsurface
stratigraphy calculation (WSRC, 2007c), the F-Area Northeast Expansion Report
(WSRC, 2001) and the Pit Disassembly and Conversion Facility Geotechnical Report
(Law, 2001).

Some layer boundaries correspond to geologic formations. Layer TR1 is most probably
the Altamaha Formation. In fact, some upper portion of Layer 1A may also be Altamaha.
However, due to the similar material properties and an irregular erosional surface, which
separates these units, defining the contact between the Altamaha and Tobacco Road
formation is difficult. In some parts of the F-Area, the TR1 and TR2 layers have been
subdivided to recognize sublayers with distinct soil properties (TR1A, TR2A, and
TR2B). As described in the F-Area Geotechnical Characterization Report (WSRC,
1996), the TR3/4 layer was first correlated to the lower portion of the Tobacco Road
Formation but based on more recent geologic investigations in the area has been
reassigned to the upper portion of the Dry Branch Formation. Layers DB1 through DB3
were combined into a DB1/3 layer because of similar properties. Likewise, layers DB4
and DB5 were combined into a DB4/5 layer. The DB1/3 layer corresponds to the Dry
Branch Formation while the DB4/5 layer corresponds to the upper Santee/Tinker
Formation. The Santee/Tinker Formation is the most variable layer in the shallow
subsurface. It has been further subdivided into the ST1 and ST2 layer where practical,
but for the WSB the ST1/ST2 has not been subdivided. The green clay, which is an
informal stratigraphic interval at the SRS, is considered the basal unit for the shallow
engineering stratigraphy and is labeled as GC. This geologic unit is locally continuous
and provides a reliable marker bed. The Green Clay overlays the Congaree Formation
which is predominantly a dense silty sand. It is labeled CG.

3.2 Soft Zones

Across the SRS the soil between approximately 100 to 250 feet below the ground surface
is a marine influenced sediment deposited during the Middle Eocene epoch (35 to 57
million years ago). Often found within these sediments are weak zones interspersed in

A
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stronger matrix materials. These weak zones, which vary in thickness and lateral extent,
have been termed “soft zones” and occur within the Santee/Tinker Formation.

Historically, soft zones have been characterized by “weight of drilling rods” and
occasional “rod drops” in numerous drilling reports for monitoring wells and
geotechnical boreholes located in the central part of the SRS. When drilling these zones,
the drill rod meets little shear resistance and “rod drops” occur. A complete discussion
and summary of the origin, extent and stability of soft zones can be found in WSRC,
1999.

Currently, soft zones are indicated from SPT N-values less than 5 or CPTu tip resistances
(q¢) less than 15 tons/square foot (tsf) over a continuous interval of two feet or greater
within the Santee/Tinker Formation. Of the 8 SPT borings and 35 CPTu soundings
utilized for the WSB soft zone analysis, 3 SPT borings and 12 CPTu soundings indicated
soft zones greater than two feet thick (WSRC, 2007¢). The soft zones encountered are
summarized in Table 4.

3.2.1 Soft Zone Geometry

Extensive field testing and sampling of soft zones to characterize and delineate lateral
and vertical extent has been completed as part of previous investigations at the SRS and
most recently for the PDCF geotechnical investigation (WSRC, 2005). As a result of
these previous investigations and analyses, postulated soft zone geometries and properties
are provided as input to foundation performance analysis.

As shown on Figure 2, the WSB covers an area about 165 feet by 190 feet. Three of the
8 investigation locations beneath the WSB have soft zones (FPDCA39, FWSBC4 and
FWSBC6). The top of the shallowest soft zone is found at FPDCA39 at around elevation
193 feet, msl. With the proposed bottom of the mat foundation at about elevation 297
feet, msl, the distance between the top of the shallowest soft zone and the foundation
level is about 104 feet.

Both field exploration (WSRC, 2001 and Law, 2001) and analytical modeling (WSRC,
1995 and 1998a) have shown maximum soft zone widths to be about 50 feet. It is
recommended that the WSB Structure be analyzed assuming a soft zone could be
anywhere beneath the foundation footprint. For analysis, it is recommended the soft zone
geometry be as follows;

e 50 feet wide, consistent with previous analysis at SRS
¢ infinitely long (plane strain analysis)

e 7.6 feet thick (the maximum thickness found under the PDCF Plutonium Processing
Building; Law, 2001)

Recent (April 2007) analysis for another facility at SRS (WSRC, 2007f) would indicate
that 2D plane strain analysis is very conservative and if sufficient data is available 3D
analysis should be performed. For WSB however, we believe it is prudent to utilize the
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same analysis that was utilized, and ultimately deemed adequate, for the PDCF process
building.

3.2.2 Soft Zone Properties

The properties of the soft zones have been previously characterized (WSRC, 1999;
WSRC, 2005), in particular the compressibility and state of stress. The results of the
2005 soft zone sampling and testing effort (WSRC, 2005) showed that the upper soft
zone at the PDCF site was normally consolidated. Thus, upper soft zone compression is
a non-issue. The lower soft zone had an over-consolidation ratio of 0.7 (consistent with
other results in the General Separations Area) and a compression ratio of 0.2. However,
for dynamic soft zone settlement analysis, the following properties are recommended for
use for the WSB (upper and lower soft zones);

e Compression ratio CR (C./ 1 + ep) = 0.24, and
e Overconsolidation ratio (OCR) = 0.7

3.3 Groundwater Conditions

Groundwater data was derived from water table monitoring wells located in various
locations around and within F-Area as well as from reports on the regional water table
(WSRC, 1998b; Hiergesell and Jones, 2003). Figure 1 shows the regional water table
contours developed by Hiergesell and Jones (2003) using long term average water table
data. Monitoring well FAC-4 is the nearest to the F-Area Northeast Expansion area. The
dominant water table gradient in the F-Area Northeast Expansion area is oriented to the
north and is largely controlled by Upper Three Runs Creek located immediately north of
the F-Area. For liquefaction analysis, a groundwater elevation of 230 feet, msl was used.

4.0 Engineering Properties

The engineering properties of the site soils were based on the extensive testing performed
for the PDCF (Law, 2001) investigation, previous investigations in F-Area, empirical
relationships, and engineering judgement. A summary of the laboratory tests for PDCF
can be found in Law 2001, Table D-2. The attached Table 1, reproduced from Law,
2001, summarizes the engineering properties used for design for the evaluations
described herein.

5.0 Engineering Analysis
The objectives of the engineering analyses for the WSB are;
e Estimate allowable bearing pressures, expected static settlement, and modulus of

subgrade reaction
e Evaluate the liquefaction potential including an estimate of dynamic settlement

10
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e Develop a WSB-specific dynamic profile (Figure 3, and Tables 2 and 3) for use by
the WSRC Structural Mechanics group
e Evaluate potential soft zone settlement and the impact on the WSB

In addition, provide general earthwork recommendations. As described in Law, 2001, the
PDCF site has been extensively characterized. Analyses have been completed and
geotechnical recommendations have been made. Where possible, and as appropriate,
analyses and recommendations described in Law, 2001 have been utilized. The details of
the analysis can be found in WSRC, 2007a through 2007e.

5.1  Bearing Capacity, Static Settlement and Modulus of Subgrade Reaction

The allowable bearing pressure was evaluated based on standard methodologies (e.g.,
Terzaghi, et al., 1996). The analysis took into account the strength of the soil, as related
by field and laboratory test data, and predicted settlement of the proposed foundations.
The results indicate the site soils provide adequate strength for shallow foundations
(footings and mats) up to loads of about 6-kips/square foot (ksf). However, that actual
net foundation loads will be much less, 1.35 ksf bearing pressure (WSRC 2008). For this
load (i.e., 1.35 ksf), the expected immediate (i.e., elastic) settlement for the WSB mat
foundation would be in the range of % to 1 inch, with a differential of approximately 2
inch.

A factor of safety equal to 3 was used for static loads, while a safety factor of 2.25 was
used for short-term transient or dynamic loads. Figure 4 presents the allowable bearing
capacity versus foundation width for smaller foundation sizes at the WSB site.

Secondary consolidation, or creep, has been noted in several structures that have been
monitored for settlement over time at SRS. The best and most complete settlement data
obtained onsite are the data for DWPF. That data indicate that creep should be expected
to occur at a rate of % to %2 inch over each log cycle of time (e.g., 1,000 days to 10,000
days) after completion of initial or primary settlement.

The vertical coefficient of subgrade reaction (ky;) was evaluated by reviewing the
shallow SPT N-values and relating them to ky; using various empirical relationships. The
resulting ky; for smaller footings (B<15ft) ranges between 120 and 250 tons/cubic foot
(tcf), with a representative value of about 150 tcf (~ 175 pounds/cubic inch). This value
is recommended for a one-foot square plate. For smaller foundations of different sizes,
the following equation should be used to determine k:

ke = k1 [(B+1)/2BT,
Where, k; is the modulus for a foundation of width B.
For large mat foundations constructed in the General Separations Area (GSA), ks has

been determined based on settlement data. These facilities include the Defense Waste
Processing Facility (DWPF), In-Tank Precipitation (ITP), and the Tritium Extraction

11
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Facility Remote Handling Building (TEF-RHB). Based on this settlement data, k, for
larger structures falls in the range of 9 to 22 ton / ft* (WSRC, 2007a; 2007g). For the
WSB mat foundation this same range (k= 9 to 22 ton / ft) is recommended. This range
of ks is consistent with values back-calculated from the expected elastic settlement of the
WSB mat (i.e., 2 to 2% inches) and the expected WSB mat bearing pressure (i.e., 3 ksf).

5.2 Liquefaction Potential

The liquefaction potential of the PDCF site soils has been evaluated in detail (Law,
2001). The evaluation used three approaches, two of which are quantitative and one of
which is qualitative. The quantitative approaches were the standard stress/strain
approach and the shear wave velocity approach. The qualitative approach utilized the
well-publicized criteria for clayey soils. The results of all three approaches show that for
the ground motions analyzed (the factored PC-3, also known as PC-3+, and the
Charleston 50" percentile motion) liquefaction is not expected to occur. In addition,
several liquefaction susceptibility analyses have been done previously for other facilities
in F-Area and they too indicate that liquefaction in F-Area, for the ground motions
analyzed, is highly unlikely.

For the WSB, the liquefaction potential was evaluated using the methodology (stress
method) developed specifically for the soils at SRS and for the same ground motion
(PC3+) used for PDCF (Law, 2001). Briefly, that methodology consists of the following;

e Determine the soil dynamic strength or Cyclic Resistance Ratio (CRR) using SCPTu
normalized tip resistances in conjunction with thel995 SRS site-specific dynamic
strength (i.e., CRR) curves.

e Utilize a SRS site-specific K, relationship and literature Magnitude Scaling Factor
(MSF) to correct CRR.

e Determine the induced earthquake demand or Cyclic Stress Ratio (CSR). In this case,
an envelope of the values from Law, 2001 was used.

e Determine the factor of safety against liquefaction using;

FS = (CRR x K; x MSF) / CSR,

Where, FS equals the factor of safety, MSF is the magnitude scaling factor and
the other symbols are as defined previously.

The results of this analysis for the WSB show that the soils are not susceptible to
liquefaction for the ground motion analyzed, with safety factors generally well above
1.15 for magnitudes less than 7.5. For magnitude 7.5 the majority of the soil profile has
safety factors above 1.15 with only occasional thin layers (less than 3 feet thick) falling
below 1.15.

Even though the soils analyzed are not susceptible to liquefaction, it is recognized that
dynamic settlement due to the ground motion and partial pore pressure generation

12
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(shakedown settlement) will occur even though liquefaction is not triggered. Dynamic
settlement is discussed subsequently.

5.3  Dynamic Settlement

It has been recognized and assumed onsite that dynamic settlement may occur in the
following two ways: 1) dynamic settlement due to liquefaction/partial liquefaction
(shakedown settlement, as described in the preceding section), and 2) settlement of an
underconsolidated soft layer (soft zone) at depth due to a seismic event. Each of these
two scenarios contributes to the dynamic settlement of the WSB facility, and each is
discussed separately below.

The dynamic shakedown settlement has been evaluated using the SRS site-specific
relationship between safety factor and volumetric strain (WSRC, 1995) for the Tobacco
Road and Dry Branch formations. For the Santee formation, dynamic settlement is
estimated assuming recompression of the soils after dissipation of excess pore pressure
induced by the ground motion. The details are contained in WSRC, 2007b. The results
show that dynamic shakedown settlement is in the range of 4 to 1% inch with the
majority of the locations at less than an inch (see Table 5). These results are consistent
with results for other facilities in F-Area. Appropriate settlement for design would be
less than 1 inch with little differential settlement as the settlements are relatively small
and are expected to distribute uniformly across the site due to the depth at which the
settlements occur.

Settlement due to underconsolidated soft zones is based on the soft zones eventually
realizing the full overburden pressure (going from an OCR of 0.7 to an OCR of 1), and is
computed as follows;

S =CR x H x Log [1/OCR],

Where, CR (0.24) is the compression ratio (C./1+ey), C, is the compression
index, o is the void ratio, H is the soft zone thickness, and OCR is the
overconsolidation ratio (0.7).

The maximum thickness of a soft zone found beneath the WSB is approximately 4.7 feet
(in CPTu FWSBC6, at about 129 feet below the WSB foundation), much smaller than the
maximum found under the PDCF processing building of 7.6 feet. For the WSB analysis,
a conservative soft zone thickness of 7.6 feet (the maximum value found beneath the
Plutonium Processing Building [Law, 2001]) will be utilized.

The resulting WSB design settlement profile, deemed adequate for the PDCF project,
(DNFSB, 2006) is given below (from Figure 4.7-2 (d) of Law, 2001). Note, this is a
conservative estimate for the WSB since the soft zones are thinner (4.7 ft versus 7.6 ft)
and the distance from the top of the soft zone to the foundation level is about 89 feet in
Figure 4.7-2 (d) as opposed to more than 100 feet for soft zones in the vicinity of the

13
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WSB. Starting at the center of the 50-foot wide soft zone and moving outward, the | &
foundation settlement profile would be as follows;

Center 2.8 inch
12 ft 2.7 inch
20.7 ft 2.5 inch
2909 ft 2.2 inch
353 ft 2 inch

429 ft 1.7 inch
479 ft 1.5 inch
558 ft 1.2 inch
61.4 ft 1 inch

71.2 ft 0.7 inch
79.3 ft 0.5 inch
90.2 ft 0.3 inch
97.9 ft 0.2 inch
109.9 ft 0.1 inch

Previous analyses for facilities at the SRS have shown that the amount of settlement that
actually reaches the foundation level is some fraction of the settlement computed at
depth, about 50 to 75%. For a soft zone thickness of 7 2 feet, and the properties given
previously, the resulting compression of the soft zone at depth would be approximately 3
“a inches. The amount of settlement that actually reaches the foundation level (shown
above) is computed as about 2.8 inches, or about 80% of the settlement computed at
depth, which is on the high side of the 50 to 75% range, however that is conservative.

54  Settlement Summary

Settlement of the facility consists of immediate static, long-term static, dynamic
shakedown and dynamic soft zone. The settlement summary is as follows;

Initial static settlement of % to 1 inch

Initial static differential settlement ~ 2 inch

Long-term creep settlement ~ 4 inch uniformly distributed (assumes 30 year life)
Dynamic shakedown settlement ~ 1 inch, uniformly distributed across the WSB site
Dynamic soft zone settlement 0 to ~ 2 % inches

Dynamic differential settlement ~ 2 % inches (due to soft zone; differential
shakedown settlement expected to distribute relatively evenly)

> B>

>

6.0  Earthwork Considerations
Backfill (fill) has been placed across the WSB during the construction of F-area and

possibly during initial site grading in 1950-1951. The thickness of fill added to the WSB
area is indeterminate. However, it is anticipated that 2 to 6 feet of existing soil may have

14
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to be removed and replaced with controlled fill. It is recommended that the excavation to
remove this uncontrolled fill and the subgrade preparation be witnessed and evaluated
during initial site clearing and grading by a geotechnical engineer. All subsequent fill
(structural and common) to be placed shall meet existing SRS requirements for material
type and compaction.

7.0 Conclusions

The subsurface conditions for the WSB have been assessed and geotechnical analyses
have been performed. The results show that the site is suitable for construction of WSB,
with considerations for design described herein. The conditions are very similar to the
conditions in F-Area and in particular, conditions at the PDCF.

15
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TR-3/4
SOURCE FILL TR-1 | TR-1A | TR-2A | TR-2B gﬁﬁg sigs DB-1/3 | DB-4/5 ST GC

CLAYS
SPT Ngg-value” 13 33 38 36 43 27 21 54 39 77 81
SPT (N))e-value (corrected for 21 41 38 28 28 14 - 25 15 24 27
overburden)®
Shear wave velocity (ft/sec) 1066 1599 1523 1239 1233 1157 854 1239 1185 1543 1574
Corrected tip resistance (tsf) 51 114 130 153 179 4129 4129 190 51 140 76
Friction ratio 3 3 3 1 1 279 279 1 3 2 2
qu/ N (corrected) Not Calculated 4.8 3.9 43 4.1 27 1.9 5.1 5.0 3.0 32
Percent fines Not Tested 18.5 24.6 18.8 12.5% 31.2 86.2 13.2 23.1 29.3 42.7
Percent clay Not Tested 16.8 21.0 18.4 12.6%9 29.3 68.2 1.2 17.6 17.3 18.8
Plasticity index, PI Not Tested 23 13 9 10 27 56 10 16 10 14
Liquid limit, LL Not Tested 49 36 32 32 59 94 36 39 34 45
Dry density (pcf) Not Tested 98.6 1026 | 101.7 | 1052 75.4 57.4 81.1 82.8 80.4 95.3
Water content, W (%) Not Tested 14.4 17.5 16.6 16.3 39.3 66.1 28.1 37.6 32.1 30.1
Wet density (pef) Not Tested 1185 1214 | 1168 | 1196 | 1003 94.9 1083 105.2 1079 | 1157
Specific gravity Not Tested 2.68 2.66 2.66 2.67 2.71 2.72 2.66 2.70 2.67 2.62
Void ratio, e, Not Tested 0.70 0.65 0.64 0.60 1.33 2.12 1.18 1.06 1.19 0.72
A rest lat. earth press. coefficient, Ko Not Tested 0.46 0.44 0.46 0.47 0.52 0.60 0.48 0.52 0.48 0.46
At rest lat. earth press. coefficient, Ko Not Tested 0.70 0.59 0.62 0.59 0.66 0.80 0.57 0.57 0.51 0.55
Overconsolidation ratio, OCR Not Tested 2.4 1.8 1.9 1.6 1.6 2.3 1.4 1.2 1.1 1.4
Compression index, C Not Tested 0.18 0.13 0.10 0.08 0.41 136 0.30 0.28 0.26 0.18
Re-compression index, C Not Tested 0.0054 | 0.0070 | 0.0086 | 0.0097 | 0.0203 | 0.097® | 0.0200 | 0.0188 | 0.0188 | 0.0133
Consolidation coefficient, C Not Tested 3.030 | 1.608 | 0852 | 1.158 | 1.470 0.347 1.352 1.336 0.817 | 1.200
Total cohesion, C (ksf) Not Tested - - - - - 1.85 - - - -
Total friction angle, ¢ Not Tested - - - - - - - - - -
Effective cohesion , C' (ksf) Not Tested 0 0 0 0 0 - 0 0 0 0
Effective friction angle, ¢' Not Tested 33 34 33 32 285 - 31.5 28.5 31 325

(1) Ngp-value is obtained from field values multiplied by ER factors in section C.2.1.4 of Appendix C.

(2) SPT values corrected for overburden = SPT N60 value*Cn * Cs; Cn = (1/c,' (ts))"0.5 Cs=1.2.

(3) Mean C, and C, computed without using lowest value, which is far below range of other values.

(4) 28 samples used to compute average fines content (%), 4 samples used to compute average clay content

(%).

(5) Based on whole unit TR-3/4.

Reference:

Law Engineering and Environmental Services, (2001), “PDCF Geotechnical Report,
Volume 1,” Job No. 50123-0-4059.
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Shearing Stiff
Strain (%) Upland

0.0000

Sands

1 1.000

0.0001 0.995
0.0002 0.991
0.0003 0.986
0.0005 0.977

0.001 0.955
0.002 0.913
0.003 0.875
0.005 0.808
0.01 0.677
0.02 0.512
0.03 0412
0.05 0.296
0.1 0.174
0.2 0.095
0.3 0.065
0.5 0.040
1.0 0.021
Reference:

Table 2— Recommended G/Gnax VS Shear Strain

Tobacco Dry Branch,
Road and Santee, Warley

Snapp Hill, and
Sands  Congaree Sands
1.000 1.000
0.998 0.999
0.995 0.997
0.993 0.996
0.989 0.994
0.978 0.987
0.957 0.975
0.936 0.963
0.898 0.939
0.815 0.885
0.688 0.794
0.595 0.720
0.468 0.606
0.306 0.435
0.180 0.278
0.128 0.204
0.081 0.133
0.042 0.071

Four Mile Sands

and any other

Unrepresented

Shallow Sands
1.000
0.998
0.997
0.995
0.992
0.985
0.971
0.957
0.930
0.868
0.767
0.688
0.569
0.398
0.248
0.180
0.117
0.062

Shallow
Clays

1.000
0.999
0.999
0.998
0.997
0.993
0.987
0.980
0.967
0.937
0.881
0.831
0.747
0.597
0.425
0.330
0.228
0.129
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Deep
Sands

1.000
0.999
0.998
0.997
0.996
0.991
0.982
0.974
0.957
0.917
0.847
0.787
0.689
0.526
0.357
0.270
0.182
0.100

Lee, R. C., (1996). Investigations of Nonlinear Dynamic Soil Properties at the Savannah
River Site, WSRC-TR-96-0062, Rev. 0, March 1996.
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Deep
Clays

1.000
1.000
0.999
0.999
0.998
0.996
0.991
0.987
0.979
0.958
0.920
0.885
0.821
0.697
0.535
0.434
0.315
0.187
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Table 3 - Recommended Damping Ratio vs Shear Strain

Shearing Stiff ~ Tobacco Rd Dry Branch, Four Mile Sands Shallow Deep Deep
Strain Upland  and Snapp Santee, Warley and any other Clays Sands Clays

(%) Sands Sands Hill, and Unrepresented
Congaree Sands Shallow Sands
0.00001 1.059 0.625 0.825 0.674 1.296 0.489 0.992
0.0001 1.059 0.625 0.825 0.674 1.296 0.489 0.992
0.0002 1.103 0.647 0.835 0.687 1.292 0.497 0.99
0.0003 1.151 0.670 0.846 0.702 1.293 0.505 0.991
0.0005 1.248 0.717 0.871 0.733 1.300 0.524 0.995
0.001 1.493 0.835 0.936 0.811 1.326 0.570 1.013
0.002 1.973 1.070 1.070 0.970 1.389 0.665 1.054
0.003  2.434 1.300 1.205 1.127 1.456 0.759 1.097
0.005  3.302 1.747 1.470 1.435 1.594 0.945 1.186
0.01 5.201 2.790 2.108 2.171 1.938 1.398 1.41
0.02  8.165 4.605 3.281 3.505 2.603 2.251 1.851
0.03  10.407 6.139 4.336 4.686 3.233 3.039 2.276
0.05 13.639 8.614 6.162 6.692 4.392 4.453 3.080
0.1 18317* 12.799 9.605 10.363 6.820 7.289 4.856
0.2 17.425 * 13.951 14.825 10.356 11.179  7.671
0.3 16.683 * 12.884 13.799  9.833
0.5 16.317* 17.210* 12.995

*  Damping ratio greater than 15% not recommend for analysis. At higher strains the
applicability of damping ratio as used in equivalent linear analysis becomes questionable.

Reference:

Lee, R. C., (1996). Investigations of Nonlinear Dynamic Soil Properties at the Savannah
River Site, WSRC-TR-96-0062, Rev. 0, March 1996.
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Table 4 — Soft Zone Intervals in the Vicinity of the
Waste Solidification Building

Total
Soft Zone Soft Zone
Location Location Top Elev. Thickness
Type ID (ft msl) (feet)
CPT FPDCA11** 196 34
CPT FPDCA14 191 5.3
CPT FPDCA17 189 9.4
CPT FPDCA18 197 9.1
CPT FPDCA19 183 3.5
CPT FPDCA26 193 5.0
CPT FPDCA39* 193 2.4
CPT FPDCF-SZ31 189 2.9
CPT FPDCF-SZ32 190 3.0
CPT FPDCF-SZ33 193 3.7
CPT FWSBC4* 183 3.8
CPT FWSBC6* 175 4.7
SPT Boring FPDCBA 16 184 2to4
SPT Boring  FB-20/20A** 192 1.5to6
SPT Boring FB-28 175 1.5t05

Notes: Table 4 from calculation K-CLC-F-00076 (WSRC, 2007¢)

* Location beneath WSB
** Location within 75 feet of WSB
Locations with no asterisk are further than 75 feet from WSB
Sounding FNEC-179 pushed adjacent to FB-20/20A did not indicate the presence of a soft zone
although an interval of low tip resistance did correspond to the lost circulation and low N-value

Soft Zone Thickness Criteria:

1.

2.

3.

For a CPT to contain a “soft zone” it must have intervals within the Santee/Tinker Formation with
corrected tip stress (q;) less than 15 tsf where the intervals sum to greater than 2 feet thick.

For a boring to contain a “soft zone” it must have a weight of rod (WR), weight of hammer (WH),
or N-value less than 5 over an interval or intervals greater than 2 feet.

Many CPTs have zones with two or more intervals having corrected tip stress (q,) less than 15 tsf.
These zones or intervals are combined to determine total soft zone thickness. In summing these
“soft zones” to determine the total thickness, the total of q,<15tsf material is combined while
excluding the thickness of material having a q>15tsf. An example of this is as follows.

Top Elev. =104.2

1.2 feet thick | g; < 15 tsf

Total Soft Zone thickness is 2.2 feet
Elev. = 103.0

5.5 feet thick | gy > 15 tsf

1 feet thick | Ot < 15 tsf

Elev. =975

Bottom Elev. = 96.5
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Table 5 — Settlement Due to Shakedown (Liquefaction and Partial Liquefaction)

Charleston
PC3x1.25 PC3x1.25 PC3x125 PC3x1.25 50th
Average all Average all  Averageall Averageall PGA=0.11g
Magnitudes  Magnitudes  Magnitudes Magnitudes Mw =
Using 100hz  Using 3.33hz  Using 2 hz Using 1 hz 7.3
Location Weighting Weighting Weighting Weighting MSF=1.1
ID (inch) (inch) (inch) (inch) (inch)
FNEC-179 0.63 0.89 0.98 1.05 0.22
FNEC-180 0.41 0.57 0.62 0.67 0.18
FNEC-182 0.45 0.63 0.69 0.75 0.19
FNEC-183 0.34 0.47 0.51 0.55 0.18
FNEC-186 0.46 0.64 0.71 0.76 0.18
FPDC-A1l 0.57 0.80 0.89 0.95 0.20
FPDC-A15 0.52 0.72 0.79 0.85 0.18
FPDC-A39 0.57 0.80 0.88 0.95 0.19
FWSBC1 0.31 0.42 0.46 0.49 0.18
FWSBC2 0.40 0.55 0.61 0.65 0.18
FWSBC3 0.45 0.63 0.69 0.74 0.18
FWSBC4 0.79 1.11 1.23 1.32 0.25
FWSBC5 0.50 0.69 0.76 0.82 0.18
FWSBC6 0.50 0.69 0.76 0.82 0.22

Note: settlement is determined by taking a weighted average with weighting based on the hazard contribution from each
magnitude. There is some uncertainty regarding what ground motion frequency most strongly influences liquefaction. One
study performed for H-Area (WSRC, 1995) suggests that liquefaction is most strongly influenced by the 1 to 3 hz frequency
range. Traditionally liquefaction shear stresses have been calculated based on peak ground acceleration (PGA or 100hz).
The Charleston 50 percentile earthquake is a deterministic check at Mw of 7.3 (the estimated magnitude of the 1886 event).
More detail regarding the liquefaction analysis is contained in calculation K-CLC-F-00059, Rev. 1 (WSRC, 2007b).
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Figure 1. Location of Waste Solidification Building in relation to F-Area
along with regional water table from Hiergesell and Jones (2003)
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Figure 2. Location of Waste Solidification Building along with geotechnical
investigation locations and well FAC-4
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Average Recommended
Bottom Poisson's Shear Wave Unit
Elevation Ratio Velocity Weight
(feet MSL) (fps) {pch)
Ground Surface 3038
UPLAND FORMATION TR1 1,501 = 247 119
2853
TR1A 276.7 1,454 = 260 121
TOBACCO ROAD 0.30
FORMATION
TR2A 1,218 = 136 "7
2359
DRY BRANCH TR2BE W.T.=230 v 1,185 = 138 120
FORMATION 2243 =
Tan Clay TR3TR4 2132 1027 £ 163 100
DRY BRANCH )
f 7 : a9 0
FORMATION DB1/DB3 0.47 1,148 = 199 108
1871
DB4/DB5 180.4 1,268 = 388 107
SANTEE/TINKER
FORMATION
ST1/872 1,486 = 511 108
1413
WARLEY HILL GC 135.7 1,365 = 11 116
CONGAREE - -
EORMATION 1,344 = 250 122
1001
FOUR MILE FORMATION 1,489 = 250 123
64.8
SNAPP FORMATION 53.0 1,575 = 250 123
Clay (Shallow) 47.0 1,604 = 250 123
SNAPP FORMATION 398 1,628 = 250 123
Lf:fnfgg%é}::n.ﬁ%%? (Shallow sand) 1,692 + 250 124
9.0
Clay (Shallow) 0.0 1,756 + 250 124
LANG SYNE / SAWDUST \ - ,n 5
LANDING (Deep sand) 70 1,781 = 250 124
Motes:

Water table at elevation 230 ft msl.
Dynamic properties for each geologic formationfunit are provided in Tables 6 and 7

Mea