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EXECUTIVE SUMMARY 

Introduction 

A geotechnical investigation program has been completed for the Circulating Light Water 
Reactor - Tritium Extraction Facility (CLWR-TEF) at the Savannah River Site (SRS). The 
program consisted of reviewing previous geotechnical and geologic data and reports, 
performing subsurface field exploration, field and laboratory testing and geologic and 
engineering analyses. The purpose of this investigation was to characterize the subsurface 
conditions for the CLW R-TEF in terms of subsurface stratigraphy and engineering properties 
for design and to perform selected engineering analyses. The objectives of the evaluation were 
to establish site-specific geologic conditions, obtain representative engineering properties of the 
subsurface and potential fill materials, evaluate the lateral and vertical extent of any soft zones 
encountered, and perform engineering analyses for slope stability, bearing capacity and 
settlement, and liquefaction potential. In addition, provide general recommendations for 
construction and earthwork. 

Background 

The CLWR-TEF is located in the General Separations Area (GSA) in the central part of the 
SRS (Figure 1). Within the GSA, the CLWR-TEF is situated in the northern portion of H-Area, 
directly west of the Replacement Tritium Facility (RTF) (Appendix E). An extensive 
geotechnical evaluation was performed for the RTF in 1993 (BSRI, 1993) and was used to 
supplement the investigations described herein. 

Currently, the site is relatively level with grade being at approximately elevation 290 ft, MSL. 
Numerous trailers, warehouse facilities and other structures are located in the immediate area 
and will be relocated prior to construction. 

Investigations 

The field investigations performed for this evaluation consisted of: 

. 
0 

Five piezocone penetration test soundings (CPTU), 

Seventeen seismic piezocone penetration test soundings (SCPTU), 

Seven standard penetration test (SPT)/ undisturbed (UD) borings, and 

= One Ctirec: p s h  sample. 

In addition, existing information was reviewed and used, in particular the information from the 
RTF, which is located approximately 200 feet to the east. Field investigations for the RTF 
included: 

0 

0 

0 

0 Installation of three piezometers 

Eight CPTUs 

Drilling of 33 exploratory borings 

Completion of two crosshole geophysical arrays 

Geophysical logging of four boreholes 
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0 FiveSCPTUs 

In the laboratory, samples representative of the various strata were classified with respect to 
their plasticity and gradation characteristics, in-place natural water content and density. Triaxial 
and consolidation tests were carried out on typical samples to define the strength and 
compressibility characteristics of the soils under static load. Since the soils were found to be 
very similar to the soils previously tested at the SRS, the dynamic properties (modulus and 
damping) and the dynamic strength of the various foundation materials were determined based 
on geologic stratigraphy and the unique site-wide relationships developed for the SRS. 

Geology and Shallow Stratigraphy 

Eocene and Miocene sediments within the GSA consist of unconsolidated deposits of sands, 
silty to clayey sands and clays. Shallow sediments of the Altamaha, Tobacco Road, and Upper 
Dry Branch formations are generally silty to clayey sands, Carbonate-rich horizons, of Eocene 
age, are found sporadically in the Lower Dry Branch and underlying Santee formations. These 
carbonate horizons are interspersed with sands and clays in a complex manner. in general, 
these carbonate buildups (layers) appear to be oriented northeast-southwest and parallel the 
strike of the coastal shoreline at the time of deposition. 

Weight of rod and occasional rod drops have occurred in calcareous sediments as described in 
drilling reports for the GSA. Most of these “soft zones” are sediment-filled with a fine-grained 
sand. 

The exploratory work completed during this investigation, supplemented with information from 
previous work at the site, disclosed rather uniform subsurface conditions that were consistent 
with the previous work at the RTF. The sands and clayey sands of the Altamaha and Tobacco 
Road formation extend from the ground surface to a depth of about 55 feet. These sands are 
underlain by about 56 feet of the dense sands and soft to medium clays of the Dry Branch 
formation (the Upper Dry Branch, Tan Clay and Lower Dry Branch), which are in turn, underlain 
by about 47 feet of silty to clayey sands of the Santee formation. Very stiff ciays and dense 
sands of the Congaree formation underlie the Santee to the depths investigated. 

Local soft soil zones were encountered in SPT boring H-TEF-B2 and SCPTU sounding H-TEF- 
C21 in the Santee formation. Investigations and previous experience indicate these zones are 
pockets of softer material with limited lateral extent. The soft soii zone encountered during this 
investigation was no thicker than 3 feet and circular in nature, about 35 feet in diameter. 

, Groundwater was encountered in the borings at about elevation of approximately 252 feet MSL 
(a depth of about 38 feet), which is consistent with groundwater measurements in the northern 
portion of H-Area. For design purposes, a groundwater level of elevation 260 feet MSL is 
recommended. 

Bearing Capacity and Static Settlement 
Bearing capacities for the site soils were evaluated for various foundation configurations in the 
CLWR-TEF area. Results indicated that the soils in the CLWR-TEF area generally provide 
adequate strength for the foundations considered up to loads of 6 ksf. It is expected that the 
actual foundation loads will be in the range of 1 to 2 ksf. For this load range, the expected 
static settlement is less than 1 to 2 inches. 

The exception is the Remote Handling Building (RHB) and Corridor 116. The RHB will be 
founded at a depth of about 31 feet below grade. The resulting excavation will cause the 
foundation subgrade to heave due to stress relief (unloading) during construction. The amount 

V 
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of stress relief depends on the soil properties and the length of time the excavation remains 
open. The amount of heave could be in the range of 3 to 4 inches. Since the load of the RHB is 
equal to or slightly less than the soil removed, the resulting settlement will be elastic and will be 
less than the amount of heave. Thus, the RHB could realize up to 3 to 4 inches of static 
settlement during construction. 

Liquefaction 

The liquefaction potential of the foundation soil was evaluated both qualitatively and 
quantitatively. Qualitatively, the measured shear wave velocity, grain size, and plasticity results 
of the foundation soils show that the potential for liquefaction is negligible. Quantitatively, the 
results showed that the foundation soils are not susceptible to liquefaction for the Performance 
Category 3 ground motion used. However, isolated pockets of material exist where the factor 
of safety is slightly less than one. The overall factor of safety for the foundation soils is 
generally greater than 1.5. Estimated dynamic settlement resulting from the ground motion 
ranges from less than 1/2-inch to 3 inches, with the average for the site ranging from 
approximately 3/4 to 2 inches. 

Expected Settlement 

Settlement for the facilities may occur in the following ways: 1) static settlement due to 
application of dead and live load, 2) dynamic settlement due to a seismic event, 3) settlement 
due to an underconsolidated soft layer at depth, and 4) secondary consolidation or creep. 
Analysis show that the total settlement for the Tritium Processing Building (TPB) ranges from 
approximately 2 M to 4 '/2 inches, broken down as follows: 

0 

0 

1 inch of static settlement, 

1 to 3 inches of dynamic settlement, and 

YZ inch of secondary consolidation 

The differential settlement can be assumed to be ?h of the total settlement. For the RHB, 
analysis shows that the total settlement (including maximum computed recompression) ranges 
from approximately 5 to 6 VZ inches, broken down as follows: 

3 to 4 inches of static settlement (all being recompression during construction), 

'/2 to 1 inch of dynamic settlement, 

'/2 inch of secondary consolidation, and 

0 1 inch of settlement due to underconsolidated soft zones 

As discussed in the report, the 3 to 4 inches of static settlement is recompression of the 
subgrade soils due to stress relief during construction. Since the weight of the RHB is equal to 
or slightly less than (based on current information) the excavated soil, the static settlement 
(recompression) will o'ccur concurrent with load application. Thus, the completed RHB would 
potentially realize approximately 2 to 2 E inches of movement during operation. 

The final total and differential settlement for all of the facilities will depend on the construction 
sequence, the actual configuration, the final foundation loading, and any variation in soil 
conditions from those encountered. 
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Slope Stability 
There are no permanent slopes associated with this facility. However, it is assumed a sloped 
excavation will be constructed for the RHB. Analysis shows that the temporary slope will be 
stable for slopes of 1-1/2 horizontal to 1 vertical. It is recommended that a 10 foot wide bench 
be constructed at the mid-height of the slope and that the slope be protected from the 
environment. 
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1 .O INTRODUCTION 

This report summarizes the geotechnical investigation for the Commercial Light Water 
Reactor - Tritium Extraction Facility (CLWR-TEF) at the Savannah River Site (SRS). 

The Commercial Light Water Reactor (CLWR) Project will establish the production 
capability and operations systems necessary to produce tritium in a commercial reactor 
so that tritium can be delivered to the nuclear weapons stockpile by the date specified in 
the project schedule. The CLW R-TEF Prpject will establish the processes, equipment, 
and facilities for production-scale extraction of tritium which minimize personnel 
exposure, minimize environmental releases, minimize waste generation, and provide 
reasonable capital and operation expenses (Ref. 1.1, 1.2, 1.3, 1.4). The CLWR-TEF 
Project site will be located in the H-Area of the SRS (Figure 1). 

1.1 Purpose and Objectives 

The purpose of this investigation is to characterize the subsurface conditions at the 
proposed Commercial Light Water Reactor - Tritium Extraction Facility project site; and 
to provide geotechnical information, including soil properties, engineering evaluations, 
and recommendations, for the design and construction of the facilities. 

The objectives of this investigation are: 

1. Determine subsurface conditions including selected soil properties, 

2. Determine allowable bearing capacity and settlements resulting from static 
loading on the subsurface soils, 

3. Evaluate the applicability of SRS site-wide PC3 spectra to CLWR-TEF facilities, 

4. Evaluate the potential for liquefaction and dynamic settlement, and 

5. Provide site preparation recommendations. 

1.2 Scope of the Investigation 

The scope of the investigation includes: 

1. Conduct subsurface exploration, 

2. Perform laboratory tests, 

3. Perform geotechnical analyses, 

4. Perform engineering evaluation, and 

5. Prepare a geotechnical report. 

1.3 Proposed Facilities 

New facilities will be installed at the project site. These facilities include: 264-H, Tritium 
Processing Building (TPB); 264-1 H, Support Building; 264-2H, Remote Handling 
Building (RHB); 264-3H, Cw!ing Towers; 264-4H, H & V Supply Air P!atform; 26444, 
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Gas Cylinder Storage Shed; 264-6H , Chiller Building; 264-7H, Exhaust Stack; 252-68H, 
Electrical Substation; 254-21 H, Diesel Generator Building; 902-7H, Fire Protection Valve 
House; and Liquid Nitrogen Tanks. 

The Performance Categories of these facilities are being determined and may range 
from PC1, PC2, to PC3. The Functional Classifications of these facilities are being 
determined and may range from General Services (GS), Production Support (PS), to 
Safety Significant (SS) (Ref. 1.2, I .3, 1.4). Performance Categories, Functional 
Classifications (Ref. 1.5), and approximate dimensions (Ref. 1 .I) assumed for the 
facilities for the proposed project are: 

1. Main Building, 124 feet by 243 feet mat foundation, including 264-H, Tritium 
Processing Building, PC3, SS; and 264-1 H, Support Building, PC1 , GS. 

2. 264-2H, Remote Handling Building, PC3, SS, 78 feet by 21 6 feet mat foundation. 

3. 264-H, Room I1 6, Corridor, PC3, SS, 16.5 feet by 25 feet mat foundation. 

4. 264-3H, Cooling Towers, PCI, GS, 20 feet by 34 feet with four 6 feet by 6 feet 
footings. 

5. 264-4H, H & V Supply Air Platform, PCI, PS, 17 feet by 42 feet with eight 6.5 
feet by 5 feet footings. 

6. 264-5H1 Gas Cylinder Storage Shed, PC1, PS, 8 feet by 25.5 feet mat 
foundation. 

7. 264-6H1 Chiller Building, PC2, PS, 46 feet by 70 feet with four 6 feet by 6 feet 
footings. 

8, 264-7H, Exhaust Stack, PC3, SS, 27 feet by 27 feet mat foundation. 

9. 252-68H, Electrical Substation, PC1, PSI 20 feet by 100 feet mat foundation. 

10.254-21 H, Diesel Generator Building, PC2, PSI 25 feet by 58 feet mat foundation. 

11.902-7H, Fire Protection Valve House, PC2, PSI 10 feet by 10 feet mat 

12. Liquid Nitrogen Tanks, PC1 , PS, 19 feet by 22 feet mat foundation. 

foundation. 

The above information is subject to change during the design process. The locations 
and configurations of the facilities (Ref. 1.1) are shown on the Facility Layout and 
Expioraiion iocaiion Pian in Appendix E. 

1.4 Existing Information 

The proposed facilities will be constructed in the northwest section of the Tritium Area. 
The Tritium Area is located. in the northwest portion of H-Area. The natural terrain in the 
project site gently slopes towards the northwest from approximately 290 feet Mean Sea 
Level (MSL) to approximately 280 feet MSL. The major portion of the project site is 
unpaved and covered with grass or gravel. Some of the areas are paved with asphalt or 
concrete; however, two warehouse buiidings, severai pre-manufactured buiidings, 
storage sheds, utility equipment pads, and timber walkways are currently located at the 
project site. 
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Geotechnical investigations were performed previously in the vicinity of the project site. 
Investigations for Building 233-H, Replacement Tritium Facility (RTF) have provided 
valuable data for the CLWR-TEF project site. Investigations for the RTF site included 
Standard Penetration Test (SPT) boreholes, undisturbed (UD) sample boreholes, 
Seismic Piezocone Penetration Test (SCPTU) soundings, Piezocone Penetration Test 
(CPTU) soundings, Cross-hole seismic wave measurements, laboratory tests, and 
engineering analyses (Ref 1.6). Information on deep stratum in the H-Area, based on 
the data from a deep borehole (MMPQA-SB) on the southwest side of the H-Area, has 
also been incorporated into this investigation. 

1.5 Quality Assurance 

Quality related activities performed by WSRC during the Geotechnical Investigation 
were controlled in accordance with the WSRC QA Program as delineated in WSRC 
Procedure Manual 1 Q, Quality Assurance Manual (Ref. 1.7). Activities performed by 
SGS personnel were also controlled via compliance to the applicable administrative and 
technical procedures contained in WSRC Procedure Manual E9, Site Geotechnical 
Services (Ref. 1.8). 

Cone Penetration Testing was controlled in accordance with the Quality Assurance Plan 
for WSRC Subcontract AB53066-N with Applied Research & Associates, Inc., Revision 
0 (Ref. 1.9), and the Quality Assurance Program for Piezo/Seismic Cone Penetration 
Tests (Ref. 1.1 0). Subcontractor compliance with their implementing procedures and 
instructions (ARA-Q-101 through 107) (Ref. 1.1 1) also ensured the integrity of CPTU 
results and interpretations. 

Soils testing performed by Law Engineering was accomplished through compliance with 
the Law Engineering QA Program as delineated in their QA manual, Law Engineering 
Quality Assurance Manual, Revision 0 (Ref. 1.12), applicable Work and Test 
Procedures, and applicable nationallindustry test standards (as specified in procurement 
specification), 

SGS QA provided quality oversight over all quality related activities of the geotechnical 
investigation. SGS QA oversight activities included the review and approval of all 
technical and quality procedures and instructions developed specifically for the 
investigation and review of engineering calculations. 

QNQC activities were also performed by Law Engineering and Applied Research & 
Associates personnel as prescribed in their respective QA programs, QA plans, and QA 
technical procedures. 

. 
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2.0 GEOLOGY AND SEISMOLOGY 

2.1 Geology 

Basement lithologies at the SRS consist primarily of crystalline igneous and 
metamorphic rocks, possible Late Precambrian to Late Paleozoic age, and of Early to 
Middle Mesozoic (Triassic to Jurassic) rocks that occur in isolated, fault-bounded basins 
either exposed within the crystalline belts or buried beneath the coastal plain sediments 
(Ref. 2.1). 

The Coastal Plain stratigraphic section is divided into several formations and groups 
based principally on age and lithology. Sediments range in age from Late Cretaceous 
through Tertiary. The lithostratigraphic sequence at the General Separations Area 
(GSA) is composed mostly of terrigenous clastic sediments interspersed with carbonate- 
rich clastic sediments and limestones. The clastic facies consist of gravel, pebbly sand, 
clayey sand, silt, clay, and sandy clay. The calcareous facies consist of calcareous sand 
and mud, limestone, sandy limestone, and sandy and muddy limestone. These 
Cretaceous through Tertiary sediments are described in the following sections and 
depicted in Figure 2, beginning with the deepest formations and progressing to the 
surficial sediments. 

2.1.1 Cretaceous Sediments 
The Cape Fear Formation is the basal unit of the Coastal Plain stratigraphic section and 
is composed of poorly sorted, silty-to-clayey quartz sand and interbedded clay. The 
sand is arkosic in places. Muscovite and iron sulfide are also present. The Cape Fear 
Formation is more indurated than the other Cretaceous formations because of the high 
clay content and abundance of cristobalite in the sediment matrix. Sand is commonly 
medium-grained, but ranges from very fine to coarse-grained. Pebbly zones are present 
in many parts of the section. 

The Cape Fear Formation is about 30 feet thick at the northwestern SRS boundary and 
thickens to more than 180 feet near the southeastern boundary. The environment of 
deposition has been interpreted as upper delta plain (Ref. 2.2). 

The Middendorf Formation unconformably overlies the Cape Fear Formation with a 
sharp, distinct contact. This formation is dominantly a medium to coarse-grained quartz 
sand with moderate to good sorting. Pebbly zones are common as well as clay clasts. 
Some parts of the unit are feldspathic, micaceous, and lignitic zones. The sand of the 
Middendorf Formation is much cleaner and less indurated than sand in the Cape Fear 
Formation. Cross-bedding is well developed in the lower part of the section in some 
areas. A clay layer up to 80 feet thick forms the top of the formation. Another clay-rich 
zone is present near the middle of the formation in places at SRS. In the northern part 
of SRS, the formation is highly colored and composed mostly of sand. The thick clay 
bodies observed downdip within SRS are missing in the north, although clay interbeds 
up to 2 feet in thickness are present. 
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The formation is approximately 130 feet thick near the northwestern boundary of SRS 
and thickens to more than 180 feet near the southeastern boundary. The Middendorf 
Formation at SRS was probably deposited in fluvial and deltaic environments (Ref. 2.2). 

The Black Creek Formation is composed of sand, silt, and clay. The upper part of the 
formation is mostly clay and silt, while the lower part consists of silty micaceous sand. 
Sorting is generally moderate to poor. The sand is micaceous and becomes lignitic in 
the central and southwestern parts of the SRS. Layers of pebbles and clay clasts are 
common. Feldspathic zones are present. The upper, clayey, silty section of the Black 
Creek Formation is divided into three lithofacies, each trending across SRS from 
southwest to northeast. The northwestern lithofacies is a massive 20 to 40 feet thick 
clay that is highly oxidized. The Black Creek Formation in the central part of SRS is 
dominantly dark to light, micaceous silty sand with thin interbeds of clay. The 
southeastern lithofacies is also fine-grained and consists mostly of dark clay 
interlaminated with silt. Dark, fine- to medium-grained, fining-upward sand is present 
within the unit. Iron sulfides are common. 

The Black Creek Formation is about 110 feet thick at the northwestern boundary of SRS 
and thickens to more than 250 feet near the southeastern boundary of the site. Most of 
the Black Creek Formation was probably deposited in a lower delta plain environment, 
except for the light-colored sand in the northwestern part of SRS, which was probably 
deposited in an upper delta plain environment. 

The Steel Creek Formation is dark, glauconitic, fine-grained sand and silt with marine 
fossils (dinoflagellates). The lower part of the Steel Creek Formation is sandy with a 
pebble-rich zone at its base suggesting a basal unconformity. This lower section 
consists of poorly to well-sorted, fine- to coarse-grained quartz sand and silty sand and 
is very micaceous in places. The upper part of the Steel Creek Formation is a clay that 
varies from more than 50 feet to less than 3 feet in thickness at SRS. Fining upward 
sands are interbedded with the clay in some areas. Steel Creek Formation probably 
formed in an upper delta plain environment in the southwest and in a lower delta plain in 
the northeast. It is about 11 0 feet thick at the northwestern SRS boundary and 130 feet 
thick at the southeastern boundary. 

2.1.2 Tertiary Sediments 
Paleocene 
The Sawdust iaiiding Formation, the bweriiiosi Pakoc~i ie  iiiiit, rests uiic~iiforf i~blj j  ~ii  
Cretaceous sediments and consists mostly of yellow, orange, tan and gray, poorly 
sorted, micaceous, silty, and ctayey quartz sand interbedded with gray clay. It is locally 
feldspathic and iron sulfide and lignite are common in the darker sections. 

The overlying Lang Syne Formation consists of dark gray and black lignitic clay and 
poorly to moderately sorted, micaceous, lignitic, silty quartz sand and pebbly sand. 
Glauconite is common in the southeastern part of the unit. Feldspar occurs locally and 
iron sulfide and cristobalite are common in the darker colored part of the unit. 

The Snapp Farmation, the uppermosi Paleocene iinii, consists ?jpicalljj of light QiZj;, 
tan, orange, and yellow, medium-to coarse-grained quartz sand and pebbly sand 
interbedded with kaolinitic clay. Dark muscovite and lignite-bearing sand is less 
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common. The Snapp in the northwest part of SRS is a less silty, better sorted sand with 
thinner clay interbeds. 

The depositional environment for Paleocene unit grades from upper to lower delta plain 
(deltaic) and marginal marine from northwest to southeast across SRS. 

Eocene 

The Fishburne Formation of Fallaw and Price (Ref. 2.3) is a tan, orange, yellow, brown, 
and white, fine to coarse, moderately well-sorted, loose sand. Pebbly zones are 
common. Clay layers are characteristically found near the middle and top of the unit. It 
is characteristically about 30 feet thick at SRS. The presence of glauconite and 
dinoflagellate assemblages suggest a shallow marine environment of deposition. 

The Congaree Formation unconformably overlies the Fishburne Formation and consists 
of well sorted, well rounded, and fine- to coarse-grained quartz sand. Thin clay laminae 
occur throughout the formation, but are more common in the lower part. In some areas 
a thin clay-rich glauconite-bearing layer separates the Congaree from the underlying 
Fishburne Formation. Pebble layers, clay clasts, and glauconite are locally present. 
Both siliceous and calcareous cement have been observed in the upper part of the 
Congaree Formation at SRS. The unit increases in thickness from about 60 feet on the 
northwest to about 80 feet in the southeast, and is interpreted as a shallow marine 
environment of deposition. 

The Warley Hill Member (Ref. 2.4) overlies the Congaree Formation. It consists of 
variable clay, clayey sand, and silty fine-to medium-grained quartz sand and locally 
contains glauconite. Thickness varies from a few inches to 15 feet. The Warley Hill is 
sometimes included in the informal hydrostratigraphic unit known as the “green clay.“ 

The Tinker-Santee Formation overlies the Warley Hill interval and includes several 
distinct lithofacies. The light colored, moderately to well sorted, fine to coarse, 
sometimes calcareous quartz sands that predominate towards the north and 
northwestern parts of SRS have been termed the Tinker Formation (Ref. 2.4). The 
amount of calcareous material within the Tinker Formation increases from northwest to 
southeast across SRS and grades into the Santee Limestone towards the southeast. 
The Santee Limestone consists of cream-colored, micritic to shelly, partially indurated to 
indurated, biomoldic limestone, indicative of an open, unrestricted shallow marine 
environment. Previously, the Tinker-Santee interval was termed the McBean Formation 
or McBean Member of the Lisbon Formation, or the Santee Formation (Ref. 2.2, 2.5, 
2.6). 

The Clinchfield Formation overlies the Tinker Formation and consists of fine- to coarse- 
grained, locally calcareous, quartz sand. An indurated, bioclastic and biomoldic, 
glauconitic limestone facies, commonly containing abundant echinoid fragments 
(Periarchis lyelli), is designated as the Utley Limestone Member. The amount of 
calcareous material increases downdip (i.e., to the southeast). This unit was not 
indicated in CLWR-TEF boreholes. 

The Dry Branch formation overlies the Clinchfield Formation. The Dry Branch 
Formation has been subdivided into the Griffins Landing, Twiggs Clay, and the lrwinton 
Sand Members. The Griffins Landing Member is a distinctive carbonate-bearing facies 
that interfingers with the Twiggs Clay Member which consists of clay beds of variable 
thickness interbedded with clayey sand, The Griffins Landing is characterized by the 
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presence of Crassostrea gigantissima (giant oyster shells) often found in growth 
positions. These carbonate occurrences are discontinuous and probably represent 
oyster beds developed in a back barrier or transitional environment, and the clays 
probably represent marsh and tidal fiat deposits. The lrwinton Sand Member contains 
moderately-to well-sorted quartz sand, locally interlaminated with clay. In general, the 
lrwinton Sand generally maintains a superior stratigraphic position to Twiggs Clay and 
the Griffins Landing Members. The entire formation thickens from about 50 feet near 
the northwestern boundary of SRS to approximately 80 feet to the southeast. Members 
of the Dry Branch Formation were not differentiated in this investigation. 

The Tobacco Road Formation conformably overlies the Dry Branch Formation. A 
coarse layer that may contain a flat pebble conglomerate is characteristic at the contact 
point between the two formations. The formation typically contains moderately- to 
poorly-sorted, red, brown to variegated purple and orange, quartz sand with clay 
stringers, Trace fossils, especially burrows of Ophiomorpha, are locally abundant. 
Pebble layers and muscovite are distributed locally throughout the formation. A heavy 
mineral concentration, sometimes present at this boundary, may produce radioactivity 
that assists in identifying the contact on gamma-ray logs. 

Younger than Eocene 
The 'Upland Unit' is an informal stratigraphic term that has been applied to local 
deposits that outcrop at higher elevations in the coastal plain of southwestern South 
Carolina (Ref. 2.7. 2.8). Units in a similar stratigraphic position in Georgia are usually 
called the Altamaha Formation. Outcrops and surface exposures are very common in 
the SRS area. Dark red, brown, orange, poorly sorted clayey to silty sand locally 
contains lenses and layers of conglomerate, pebbly sand and clay. Cross bedding and 
white flecks that may be weathered feldspar are locally common. The Upland Unit, 
locally up to 70 feet thick, is generally fluvial and forms a scoured, erosional surface on 
the Tobacco Road Formation. The age of this unit has not been definitively determined, 
and correlation with similar deposits in the region is not yet clear. Prowell, et. al. (Ref. 
2.2) and Nystrom et al. (Ref. 2.8) have proposed a Miocene age. Work in progress (Ref. 
2.9) suggests that at least in part, the age of sediments in this interval may be as old as 
Late Eocene. 

2.2 Seismic Evaluations 

The Generic Safe?;. Anzlysis Repxt (SAR) (Eef 2.10) c~ntzins 2 detailed descriptizn zf 
SRS seismic hazards, a summary of applicable DOE seismic standards, and a history of 
the earthquake design basis development for SRS facilities. The reader is referred to 
that document for the seismology background. 

Current SRS site-wide design basis earthquake (DBE) spectra are reported in Ref. 2.1 1. 
The site-wide design basis spectra meet the requirements of DOE Standards 1020 (Ref. 
2.12) and 1023 (Ref. 2.13). Performance Category 3 and 4 (PC3 and PC4) spectra are 
developed for the SRS bedrockkoif interface and for soil free-surface. Figure 3 shows 
the SRS site-wide design response spectra. 

These spectra meet DOE-STD-1023 (Ref. 2.1 3) requirements for mean based spectra 
that have an annual probability of exceedance of 5 x 1 O4 (PC3) and 1 x lo4 (PC4). The 
bedrock design basis spectrum was derived by averaging the Electric Power Research 
Institute (Ref. 2.14) and the Lawrence Liverrnore National Laboratory (Ref. 2.15) mean 
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uniform hazard spectrum (UHS), appropriate for bedrock conditions at the SRS. 
Following DOE-STD-1023 (Ref. 2.13), the PC3 bedrock hazard spectrum was 
broadened by using two deterministically-derived spectral shapes; one anchored at the 
average of 5 to 10 Hz and the other at the average of I to 2.5 Hz. The spectral shapes 
were derived from Random Vibration Theory (RVT) (Ref. 2.16) models of ground motion 
for average earthquake magnitudes and distances controlling the 5 to 10 and 1 to 2.5 
Hz seismic hazard. These earthquake magnitudes ranged from 5.4 to 5.7 (M,) and 
distances 70 to 105 km. Similarly, a 1 x 10-4/yr bedrock and soil spectra were also 
derived for PC4 facilities. The site-wide soil spectrum was developed by computing the 
mean soil response from a statistically derived soil model. The soil model was derived 
from the SRS database consisting of laboratory estimates of soil specimen dynamic 
properties, a variety of geophysical estimates of shear-wave velocity in soil and bedrock, 
and geological and geotechnical investigations from boreholes and geophysical logs. In 
addition to the measured site-wide variability, the model accounts for variability in 
bedrock and soil column thickness. 

DOE-STD-1023 (1 996) also requires a deterministic ground motion check using the 
largest historical earthquake within 200 km having a moment magnitude greater than 6. 
For the SRS, this check was conducted for ground motions associated with a repeat of 
the 1886 Charleston earthquake (M, = 7.3). Following DOE-STD-1023 (Ref. 2.13), the 
median and 84" percentile ground motion spectra were used to meet the PC3 and PC4 
performance criteria respectively. 

According to WSRC (Ref. 2.17), the spectra are considered "committed" in accordance 
with the E7 Manual (Ref. 2.18). For application of the spectra to a particular facility, the 
spectra must be "confirmed" by conducting a review of the stratigraphic conditions at the 
site for consistency with the database used to develop the site-wide spectra (Ref. 2.1 1). 
Site specific CLWR-TEF velocity and stratigraphy data have been reviewed and found 
to be consistent with the data used for the site-wide spectra. Thus, the PC3 broadened 
free-field spectrum, contained in Ref. 2.1 1 is "confirmed" for engineering analysis of the 
CLWR-TEF, as discussed in Section 7.7. 
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3.0 SUBSURFACE EXPLORATION 

Subsurface information in H-Area is available from pre-construction boreholes drilled for 
the initial foundation investigations, post construction soils investigations, and from 
recently completed geotechnical investigation programs. In the vicinity of the CLWR- 
TEE project area, a geotechnical investigation for the Replacement Tritium Facility 
(RTF) was completed in 1993 (Ref. 1.6). This information was used to develop the 
geotechnical investigation program for the CLWR-TEF. 

Between September 1997 and April 1998, the subsurface exploration for the CLWR- 
TEF was executed. The primary intent of the program was to acquire information to 
characterize the subsurface conditions in terms of static and dynamic properties. This 
was accomplished by developing a shallow engineering stratigraphy for the area and 
comparing the subsurface conditions and stratigraphy directly with the extensive 
characterization previously completed-for the RTF and other H-area facilities. 

The CLW R-TEF subsurface exploration consisted of a series of standard penetration 
test (SPT) with undisturbed (UD) sample boreholes, seismic piezocone penetrometer 
test (SCPTU) and non-seismic piezocone penetrometer test (CPTU) soundings. In 
summary, the following boreholes and information acquired as part of this investigation 
have been used for the characterization of the subsurface materials within the project 
area: 

Seventeen SCPTU soundings, 
Five CPTU soundings, 
Seven SPT/UD boreholes, 

0 One Direct Push Sample, 
0 33 RTF- SPT/UD boreholes, 

Eight RTF CPTU soundings, 
Five RTF SCPTUs, and 
Two RTF Cross-hole Surveys. 

SCPTUs and CPTUs in the vicinity of the project site are summarized in Table 1. 
Boreholes in the vicinity of the project site are summarized in Table 2. Field exploratory 
locations along with the proposed facilities are shown in Appendix E, Facility Layout and 
Exploration Location Plan. Appendix A contains the SCPTU and CPTU sounding results 
including the sleeve resistance, tip resistance, pore pressure, and friction ratio. Shear 
and compressive wave velocities are also included for the SCPTUs. Appendix B 
contains the Geotechnical Boring Logs for the boreholes. 

3.1 Field Test Location and Clearance 

The selection of the borehole locations, cone soundings, and other field work was based 
primarily on the following criteria and factors: 

Data coverage, 
0 Existing data availability, 

Existing structures and the proposed facility layout, 
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0 Type of data required, 
Under-and-above ground interferences, and 

0 Operation restrictions. 

Approval of the selected location for the field work was preceded by a series of work 
coordination steps as summarized below (the organization responsible for each step is 
noted in parentheses): 

0 Selection of general area based upon the factors listed above (SGS), 
0 Preliminary interference research (Construction Layout), 
0 Ground penetrating radar survey (Operations Department), 
0 Preparation of work package (SGS), 

Work Process Control (Operations Department), and 
Field survey (Construction Layout). 

3.2 Equipment and Field Test Methods 

All equipment used in the field investigations met applicable ASTM standards and site 
standards and procedures as listed below (Ref. 1.8, 3.1, 3.2): 

WSRC E9 SGS-GT-202 - Drilling Practices, 
WSRC E9 SGS-GT-203 - Sample Preparation, Handling and Storage, 
WSRC E9 SGS-GT-206 - Engineering Soil Descriptions, 
WSRC E9 SGS-GT-207 - Field Log Preparation, 
WSRC E9 SGS-GT-210 - Standard Penetration Test, 

0 WSRC E9 SGS-GT-211 - Cone Penetration Test Soundings, 
WSRC 3Q5 Manual - Hydrogeologic Data Collection, and 

0 ASTM 01587-83 - Thin-walled Tube Sampling of Soils (Shelby). 

3.2.1 Exploration Contractors and Equipment 

One drilling contractor was utilized for the boreholes, SPT testing, and undisturbed soil 
sampling (Shelby tubes). One contractor was used for all cone soundings. A 
description of the scope of each contractor and the equipment used is provided below. 

Applied Research Associates (ARA) performed all CPT field and data processing 
activities. The rig and crew have been used extensively on recent geotechnical 
programs at SRS including the ITP/HTF investigation, RTF, )<ASS, Par Pond, F-Area, 
APSF and others. . 

The CPT rig utilized was a 22-ton rig capable of 30 ton mass push when fully ballasted. 
The push rod and piezocone utilized conformed with ASTM D5778-95 consistent with 
WSRC E9 SGS-GT-211 - Cone Penetration Test Soundings (Ref. 1.8). This rig was 
equipped with a hydrauiic skid coupiea io the surface 'uenealh the rig for yerwating 8 
shear wave source. Compression waves were generated with a hammer located on the 
outside of the rig. All components were controlled by the operator. 

3.2.5.5 Appiiea Fiesearch Associates (ARAj 
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3.2.1.2 Graves Environmental 

Graves Environmental, Inc., performed the drilling and sampling for all boreholes. All 
Graves Environmental drillers involved with the drilling and sampling activities were 
experienced, and also had been involved with numerous geotechnical investigations at 
the SRS including the RTF and ITP/HTF investigation. 

A Failing 1500 drill rig was used to advance the boreholes. The Failing 1500 drill rig is 
gas-driven with a 40-foot mast. The rig has a 23-foot Kelly assembly which allows for a 
20-foot stroke and is capable of mud rotary, augering, and rotary coring techniques. 
The drill string is controlled by the Kelly arrangement, as well as, by a mechanical winch. 
This type rig was used for all boreholes. 

3.3 Field Test Methods 

3.3.1 Standard Penetration Test (SPT) 
Continuous SPT with intermittent Shelby tube samples, were performed in boreholes 
HTEF-B1 and HTEF-62 located underneath the heavily loaded portion of the facility. 
Borehole HTEF-B3, HTEF-B4 and HTEF-B5 were continuously sampled in the upper 30 
feet changing to five feet centers for about the next 90 feet and continuous for the 
remaining depth of the boreholes (about another 40 feet typically). Borehole HTEF-B6 
was drilled to obtain a single missed Shelby tube interval and borehole HTEF-B7 was 
drilled adjacent to HTEF-B4 to obtain SPT measurements between depths of 88 to 100 
feet due to a no recovery zone noted in this interval. 

Tests were performed in accordance with WSRC E9 SGS-GT-210 (Ref. 1.8) using a 
standard 24-inch long by 2-inch outside diameter (OD), split-spoon sampler with a 
bleeder and check valve located above the sampler, NWJ drill stern, and a 140-lb safety 
hammer falling 30 inches. SPT testing was performed by driving the split spoon sampler 
18 inches, unless refusal per ASTM D 1586-84 (Ref. 3.2). SPT N-values were 
determined by adding the number of blows required to drive the split-spoon sampler the 
last 12 inches of the standard 18-inch drive. The general test procedure, as noted in 
sequence, is outlined below: 

0 

Split spoon is lowered into nominal 4-inch diameter borehole, 
Depth is checked and any rod settlement noted, 

turntable, 
0 Sampler is driven by blows applied using a 30-inch stroke with the rope wrapped 

twice over the cathead, 
Sampler retrieved and recovery noted, 
Sampled interval reamed out to nominal 4 inches, and 
Process repeated. 

= Six-inch in!em!s, ?st=!ing 18 inches, 8:e marked or! the &i!! rod above the 

Prior to each SPT test, the Geotechnical Oversight verified that the spoon was properly 
assembled, making sure the bleeder and check valve were clean and the drive shoe 
was in good condition. 

11 



Commercial Light Water Reactor K-ESR-H-00010 
Tritium Extraction Facility R e v .  1 
Geotec hnical Summary Report (U) December 1998 

3.3.2 Undisturbed Sampling 

The selection of the sampling interval was based on the results of previously pushed 
SCPTU soundings. Undisturbed soil samples were obtained for laboratory testing with 
direct push shelby tubes in accordance with ASTM D1587 (Ref. 3.2). 

The shelby tubes used were galvanized steel with a 3 inch OD, 0.065 inch wall 
thickness, and a length of 30 inches. Drilling was accomplished by mud rotary methods 
to the predetermined sampling depth. Drilling requirements for undisturbed sampling 
boreholes required that fluid pressures be kept as low as practical, while maintaining 
fluid return up the borehole. Drill bits with side discharge, or, in the case of tricone bits, 
with bottom deflectors, were required for reaming and advancing the borehole. All 
boreholes were advanced 6 inches past the previous SPT interval before pushing shelby 
tubes. The drill stem was then tripped out and the bit removed. The Shelby tube head 
with a ball check valve was then attached and lowered to the bottom of the borehole. 
Borehole depth was checked against the drilled depth and noted. The maximum push 
length was marked on the drill stem and the rod hydraulically advanced a full 24 inches 
or until 600 psi hydraulic pressure was reached. Once the advance was made, the tube 
was allowed to sit for a minimum of 5 minutes. When ready to retrieve the sample, the 
drill string was rotated about 90 degrees to shear the sample off the surrounding soil. 

When each sample was brought out of the borehole, the bottom and top were capped 
with plastic slip-on caps. If a gap was noted between the bottom tube edge and sample, 
a filler material was placed in the gap prior to placing the cap. Details of final sample 
preparation are provided in a following Section 3.5. 

3.3.3 Direct Push (CPT) Samples 
Direct push samples were acquired adjacent to borehole HTEF-C9 in an interval where 
a softer zone was noted. This procedure involves using a typical CPT rig to 
hydraulically push a cone to the target sample depth. Once the target depth is reached, 
a retrieval tool on a wire cable is lowered down the push rod and the tip is released. 
The cable is then used to hold the tip in place as the sampler is advanced. The CPT 
sampler is capable of acquiring a 44 inches long by 1.4-inch diameter continuous 
sample. The cutting shoe on the leading edge of the sampler cuts the soil which passes 
into the barrel. An inner liner consisting of stainless steel, brass or clear high density 
plastic is used to capture the sample. These samples were handled and transported in 
the same manner as shelby tube samples. 

3.3.4 Piezocone Penetration Soundings 

CPTU soundings, including seismic (SCPTU), were performed in accordance with 
WSRC E9 SGS-GT-211 (Ref. 1.8). The CPTU was used to provide a continuous soil 
profile, which is important when defining the extent of soft and/or loose soil zones. All 
but 5 of the 22 soundings included shear wave velocity surveys at 3-foot intervals. 
Target depths were based upon the estimated elevation of the top of the Congaree 
Formation (average depth is approximately 160 feet). However, actual depths varied, 
depending upon ground surface elevations and subsurface conditions. 
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3.4 Borehole and Penetration Abandonment 

Abandonment of boreholes and CPT soundings was performed per WSRC Manu'al3Q5, 
Hydrogeologic Data Collection, Chapters 6, 9, and 10 (Ref. 3.1). The standard grout 
mix consisted of the following: 

One sack Type 1 Portland Cement (94 Ib sack), 
0 Two pounds of dry sodium bentonite, and 

6,5 to 7.5 gallons of potable water. 
0 All boreholes were abandoned immediately upon completion of testing. Grouting 

was accomplished via the tremie method. The grout pipe was lowered to the 
bottom of the borehole and grout was injected until the borehole fluid was 
displaced and grout returned to the surface. All boreholes were grouted to the 
surface and topped off until the column remained static. 

CPT soundings were abandoned by pressure grouting thorough a push rod which was 
re-pushed down to the bottom of the sounding. A grout tube extending to the bottom of 
the push rod was used to pump grout into the hole as the push rod was retracted. Holes 
were topped off until the column remained static. 

3.5 Sample Preparation, Handling, Storage, Transportation, and Control 

In general, all undisturbed samples were prepared and handled in accordance with 
WSRC E9 SGS-GT-203 - Sample Preparation, Handling and Storage. Shelby tubes 
were checked for conformance with ASTM D1587-83 (Ref. 3.2). 

Once shelby tube samples were obtained, the samples were trimmed, measured, and 
sealed. Plastic caps were placed over both ends of each tube, then taped and each tube 
labeled. These samples were maintained and transported in vertical tube boxes 
capable of holding four tubes. For SPT boreholes, a single sample was collected from 
the sample spoon. If a material change occurred within the sample, additional samples 
were collected, as appropriate, Samples were placed in 8-ounce glass jars. The tops 
were closed tightly, wrapped, sealed with electrical tape, and samples were labeled on 
the lid. 

All soil samples selected for testing were turned over to Law Engineering for 
transporting to their laboratory in Atlanta, 
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4.0 LABORATORY TESTING 

4.1 Methodology 

Soil laboratory testing was performed on disturbed and undisturbed samples. Soil 
testing included index tests, strength tests, and consolidation tests. 

Soils were classified visually according to the Unified Soil Classification System. 
Classification was supplemented by Index tests, such as Moisture Content ASTM D 
221 6-92, Atterberg Limits ASTM D 431 8-95, Grain-size Analysis ASTM D 422-63 
(1990), Hydrometer test ASTM D 2217, and Specific Gravity ASTM D 854-92 (Ref. 3.2). 

Two types of strength tests were performed: (1) Consolidated Undrained Test (CU) with 
Pore Pressure ASTM D 4767-88: In this triaxial shear test, complete consolidation of the 
test specimen is permitted under the confining pressure. Then, with the water content 
held constant, the specimen is loaded to failure by increasing the deviator stress. 
Specimens must as a general rule be completely saturated before application of the 
deviator stress; (2) Consolidated Drained Test (CD): In this triaxial shear test, complete 
consolidation of the test specimen is permitted under the confining pressure and during 
the loading of the specimen to failure by increasing the deviator stress. Consequently, 
no excess pore pressure exists at the time of failure. 

Consolidation tests were performed in accordance with ASTM 2435-90 (Ref. 3.2). The 
consolidation test is a one-dimensional consolidation of soil specimen. In this test, a 
laterally confined soil is subjected to successively increased vertical pressure, allowing 
free drainage from the top and bottom surface. The results of the test is presented in a 
void ratio-pressure curve (E log P curve). 

4.2 Laboratory Testing Program 

A total of 57 sieve analyses, 50 Atterberg limits, 39 unit weights, 39 moisture contents, 8 
strength tests (5 CUs and 3 CDs), and 13 consolidation tests for the project site were 
used to evaluate the engineering properties. 

Of the 45 Atterberg limit test samples (excluding the 5 direct push samples), 3 of the 6 
samples in Layer 4A/4,2 of the 4 samples in Layer 5, 6 of the 7 samples in Layer 6, and 
4 of the 9 samples in Layer 7 are found to be non-plastic. Unit weight and moisture 
content determinations are from unit weight tests, strength tests, and consolidation 
tests. Test results from direct push samples in Layer 7; i. e., 6 sieve analysis, 5 
Atterberg limits, and’5 unit weights; are biased toward soft soil and were not used in 
determining the engineering properties. 

Including the test results for the RTF site, 30 strength and 36 consolidation test results 
were used for obtaining the strength and consolidation properties. The number of tests 
for each engineering layer used for this investigation are summarized below: 
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5.0 SUBSURFACE CONDITIONS 

5.1 Engineering Stratigraphy 

The shallow subsurface (surface to about 180 feet deep) has been divided into 7 
engineering layers based on interpreted SCPTU measurements and adjacent soil 
borehole data. Layers were determined from changes in tip resistances, friction ratio, 
pore pressure signatures, sample descriptions and SPT N-values. This approach differs 
from the work done for the RTF which divided the subsurface based primarily on 
geologic formations. The stratigraphy between RTF and the CLWR-TEF project site 
was correlated to provide a basis for utilizing the information available from the RTF 
investigation. Subsurface cross-sections (Appendix D) were developed which extend 
through the RTF area. See Appendix E for cross-section locations. CPT soundings and 
boreholes at the RTF were directly correlated with the layers established for the CLWR- 
TEF area. The geology of the area was determined from regional type wells and recent 
geologic cross-sections (Ref 5.1 ). Subsurface cross-sections presented in Appendix D 
show selected CPT sounding plots with interpreted geology and engineering 
stratigraphy applicable to the CLWR-TEF area. The following sections describe the 
physical attributes used to delineate each engineering layer, as well as, depositional 
environment and lithologic variability. A brief summary of average SCPTU data, SPT N- 
values and laboratory determined properties are also presented in the following sections 
for the purpose of describing attributes of these layers. Table 3 provides engineering 
properties for each layer. Figure 4 provides the idealized cross-section of the CLWR- 
TEF site with selected soil properties. Discussions on engineering properties are 
presented in Section 6. 

5.1.1 Altamaha (Layer 1) 

Layer 1 is most probably the Altamaha Formation consisting of red, purple and brown 
well graded sands ranging from fine to gravel size. The depositional environment of 
these sediments is characterized as high energy fluvial (Ref. 2.4) such as river and 
stream channels and can reach thicknesses of up to 70 feet in parts of the SRS. The 
base of the Altarnaha is distinguished by an irregular erosional surface therefore, the 
presence of rounded gravel is a good contact indicator. The Altamaha may also contain 
weathered feldspar fragments, which are less common in the Tobacco Road formation 
(Ref. 2.4). In general, when diagnostic indicators are not present, the contact is 
determined based on clay content. The Altamaha is in general more clayey than the 
Tobacco Road and often contains massive, oxidized clay beds whereas the Tobacco 
Road contains thinner clay layers (Ref. 2.4). The Altamahflobacco Road contact at 
the project site was defined at the lithologic change from a thick, oxidized clay to a 
clayey sand near the top of the section. The contact on CPTU logs is indicated by a 
decrease in the tip stress and steeve stress on the cone. 

In the project area, this layer ranges in thickness from roughly 11 feet to 27 feet thick. 
On the CPTU log this layer is distinguished by a relatively high, irregular tip resistanco 
and high sleeve resistance. Layer 1 attributes are given below. 

16 
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5.1.2 Tobacco Road Formation (Layers 16, l A J  2 and 3) 
The Tobacco Road formation is composed of red, orange, and purple sands to sandy 
clays at the project site. These sediments were deposited in low energy shallow marine 
transitional environments such as tidal flats. Much of the sediments are laminated or 
otherwise bioturbated well graded sands and clayey sands. As previously discussed, 
the contact between the Tobacco Road and the overlying Altamaha Formation is difficult 
to determine, unless a diagnostic indicator is present. 

The upper boundary of the Tobacco Road at the project site was determined to lie at 
approximately 269 feet MSL. This elevation was compared to the regional formation 
contacts from well P-27, located to the southeast of H-Area. The elevation of the 
Tobacco Road at P-27 is approximateiy 253 feet MSL, based on geophysical well log 
correlations (Ref. 5.1). The core description for well P-27 shows the presence of a 
pebbly sand zone underlain by a clayey sand interval at approximately 261 feet MSL. 
The material above and below this interval is fairly consistent, therefore making it 
difficult to differentiate the Tobacco Road from the Altamaha. Therefore, the formation 
contact for the Tobacco Road at P-27 was determined to lie at approximately 261 feet 
MSL. 
Layers lB, lA,  2 and 3 have been used to differentiate the Tobacco Road Formation. 
These layers are predominantly sands and clayey sands as determined by laboratory 
classification tests. Soils of the Layer 1 B are distinguished from the underlying Layer 1 A 
by lower tip and sleeve resistances. This layer is non-continuous and relatively thin 
across the project site. Layer 1A is marked by an increased tip and sleeve resistance. 
Layer 2 is distinguished by a further decrease in tip resistances and an increase in 
sleeve resistances resulting in a moderate friction ratio. Transition to Layer 3 is noted 
primarily as a decrease in sleeve resistance. Attributes for Layers 1 B, 1 A, 2, and 3 are 
listed below: 

I 

Avg Avg Avg Avg Avg Avg Avg Avg Avg 

(MSL) (tsf) (tsf) (%) (fps) N qJN PI Fines 
262 113 1.9 1.8 1,292 43 2.6 11 20 SC/SM 
254 44 1.9 4.6 1,199 20 2.2 I 23 32 SC/SM 
234 53 1.2 2.6 1,122 17 3.2 11 16 SM/SC 

Bot El qc F, FR V, SPT % USCS 

1 2 1 s  
I 3  1 1 9  
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5.1,3 Dry Branch Formation (Layers 4A, 4, 5 and 6) 

The Dry Branch Formation appears as a yellow and brown sand to clayey sand, with 
white clay laminations and occasional manganese staining. It is easily distinguished 
from the overlying Tobacco Road at the project site by its color. The contact may be 
obscured when the Tobacco Road appears as a yellow sand, however, the Tobacco 
Road is generally more clayey than the Dry Branch and may exhibit a mottled 
appearance, especially near the contact. The contact can also be determined by the 
presence of a flat pebble zone, where present, which is an indicator of the Dry 
BranchlTobacco Road contact. The Dry Branch Formation sediments were deposited in 
a transitional sequence between near shore and bay or lagoon environments (Ref. 2.4). 

The upper boundary of the Dry Branch at the project site was determined to lie at 
approximately 234 feet MSL. This eIevation was compared to the regional formation 
contacts from well P-27, located to the southeast of H-Area. Geophysical well log 
correlations place the elevation of the Dry Branch at approximately 226 feet MSL at P- 
27. The core description for this well shows a medium reddish brown with variegated 
light yellowish orange clean sand at 234 feet MSL; However, this sample was the only 
core recovery within a nine foot interval. The stratigraphic section above the interval is a 
light yellowish and reddish orange sand with 1520% fines, while the section below the 
sample is light yellowish orange sand with less than 10% fines. The similarities between 
the sample and the underlying material leads to the determination that the Dry 
Branchfrobacco Road contact lies at approximately 234 feet MSL at P-27. 
The Dry Branch/Tobacco Road contact is indicated on the CPTU log by an increase in 
the tip resistance and a decrease in the sleeve resistance. Layers 4A, 4, 5 and 6 are 
used to subdivide the Dry Branch. Layer 4A is distinguished from the overlying layer 3 
by an increase in tip resistance and a decrease in sleeve resistance. Layer 4A and the 
underlying Layer 4 have similar CPTU characteristics however, the average tip 
resistance slightly less than Layer 4 tip resistances. Layer 5 is marked by a sharp 
decrease. in tip resistances. Sleeve resistances are also markedly lower than Layer 4; 
however, pore pressures are significantly higher through this interval. This layer is 
considered to be correlative to the “tan clay” which is a regional geologic member of the 
Dry Branch. Layer 6 most probably includes the lower sand unit of the Dry Branch as 
well as the Tinker Sands. The Dry Branch Formation overlies the Tinker but the 
formation contact is very difficult to determine since the grain size distribution and color 
of the units are similar; however, the Dry Branch appears to become coarser grained 
ai\d may exhibit mottlhg ancf significant manganese staining jcst &me the c~ntact. 

The similar lithology and material characteristics between these units made it difficult to 
divide. As seen from the CPTU measurements, Layer 6 has higher tip resistances than 
Layer 5 which is indicative of a more sandy layer. 

18 
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Fines 
21 

5.1.4 Santeeninker Formations (Layer 7 )  

Within the project area, the Tinker Formation overlies the Santee and is described as a 
light brown and reddish brown, very dense, fine to coarse grained, poorly to well graded 
sand. The Santee Formation at the project site is composed of light brown, yellow, 
green, and white silty to clayey sands. The contact between the Santee and Tinker 
formations is primarily determined based on clay content and color at the project site. 
The top of the Santeeninker formations was determined to be approximately 176 feet 
MSL. This elevation was compared to the regional formation contacts from well P-27, 
located to the southeast of H-Area. The elevation of the Santee at P-27 is 
approximately 177 feet MSL, based on geophysical well log interpretation (Ref. 5.1). 

The Santeeninker Formations represent the most complex geologic unit in the shallow 
subsurface of the Savannah River Site. It is depositionally complex and highly variabte 
in both its lithology and material properties. The layer consists of complex sequences of 
limestones, carbonate muds, carbonate sands, and muddy sands. Within the project 
area, little carbonate is noted with the dominant lithology being sands and silty sands. 

CPTU togs for the Santeeninker contact indicate a sharp decrease in the tip and sleeve 
resistances, and an increase on the friction ratio and pore pressures. This is interpreted 
as a lithology change from a dense sand at the base of the Tinker to a clayey sand at 
t he  top of the Santee. 

The contact between the Santeeninker Formation and the overlying Dry Branch 
Formation is generally seen on the CPTU logs as a sharp decrease in the pore pressure 
measurement. This layer is characterized by thin, alternating layers of low and high 
CPTU tip resistances and friction ratios. Characteristically, CPTU soundings in this 
layer show a pronounced sawtooth trace due to larqe variations in the CPTU tip 
resistances over relatively small vertical intervals. This highly variable pattern suggests 
interfingering of alternating lenses of clayey and silty sands with more resistant, silica- 
cemented sediments and less resistant, calcareous sediments, and appears to be a 
result of rapid lateral and vertical changes in the nature of the materials originally 
deposited in this interval. 

SWSC 
(ft) (MSL) (MSL) (tsf) 1 (tsf) (%) 

7 30 164 134 91 1 1.9 2.1 

Avg 

PI 
9 
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5.1.5 

5.2 

5.3 

Warley Hill Formation 
The Warley Hill exhibits a range of lithologies across the SRS; however, at the project 
site, it primarily appears as a green, gray, and yellow clay to silt with varying amounts of 
sand. The formation contact with the overiying Santee Formation is often distinguished 
by the presence of a dark grayish green clay to sandy clay informally known as the 
‘green clay.’ The Warley HiWSantee interface is not as striking when the ‘green clay’ is 
not present at a given location; however, the contact may be identified by a lithologic 
change from a brown, yellow, or light gray clayey sand to the Warley Hill clay and silt 
described above. 

CPTU logs at the project site exhibit a moderate decrease in tip stress and sleeve 
stress, accompanied by a hse in the friction ratio and a response in the pore pressure at 
the Warley HilVSantee contact. The decrease in tip stress indicates a less dense layer, 
and the decrease in sleeve stress is characteristic of a relative decrease in the clay and 
silt content of the material. The increase in friction ratio and subsequent rise in the pore 
pressure following the contact spike indicate a higher fines composition for the Warley 
Hill. 

The upper contact of the Warley Hill at the project site was determined to lie at 
approximately 134 feet MSL. The contact was identified based upon the stratigraphic 
location of the ‘green clay’ interval, where present, within the SPT boreholes. This 
elevation was compared to the regional formation contacts from well P-27, located to the 
southeast of H-Area. The elevation of the Warley Hill at P-27 is approximately 132 feet 
MSL, based on geophysical log correlations. Core data obtained for well P-27 confirms 
the contact determined from the geophysical logs. The ‘green clay’ interval is described 
at approximately 131 feet MSL in well P-27. 

Groundwater 

The groundwater table elevation is estimated at 252 feet MSL. A seasonal fluctuation of 
ground water elevation is estimated to be f. 5 feet. Groundwater elevation was based 
on the data from the Savannah River Site’s Groundwater Monitoring Program reports 
(Ref. 5.2). A groundwater level of elevation 260 feet MSL is recommended for design 
purpose. 

soft zones 

Weight of rod and occasional rod’ drops have been described in numerous drilling 
reports for monitoring wells and geotechnical boreholes located in the central part of the 
SRS. Early subsurface investigations performed by the USACOE (Ref. 5.3) frequently 
described these zones as soft zones, or even voids, and numerous subsequent 
subsurface investigations have described these same conditions at the SRS. These 
soft zones typically occur in the carbonate-bearing sediments of the Santee Limestone, 
The Utley Limestone and the-Griffins Landing Member of the lower Dry Branch 
Formation. The prevailing assumption about the origin of these soft zones is 
clisscilutiming of zarbonate-rich, clastic sedirncnts, resulting ir! vugu!ar pcrcsi!y (op~n 
pore space). When drilling these zones, the drill rod meets little shear resistance and 
drops (Ref. 5.4). However, much of the time, recovery of soil in the sampler precludes 
the zone from being cnaracierizea as a void. 
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HTEF-B3 

HTEF-65 

Soft zone delineation criteria dates back to the K-Area Seismic Investigation (Ref. 5.4) 
and is identified by rod drops, loss of drilling fluid, or CPTU tip resistance less than 15 
tons per square foot (which is equal to that expected for a normally consolidated 
medium plastic clay at depths of 115 to 145 feet below the ground surface). Currently, 
soft zones are indicated from 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 performed during the geotechnical investigation for the CLWR-TEF, only one 
SPT borehole and one CPT sounding indicated soft zones greater than two feet thick. 
Soft zones, regardless of thickness, are summarized for all boreholes and cone 
soundings as follows: 

198.60 197.85 0.75 Blows WW9”-4/3”-6 
195.10 194.85 0.25 Blows W W3”-2/3”-6-15 
197.60 196.60 i .oo Blows W HI1 2“-4 

Note: Shading indicates zones meeting soft zone criteria. 

From the table above, three distinct horizons are noted. The upper most horizon (Tan 
Clay) Is encountered at approximate!y E!evation 193 feet MSL and the average 
thickness of soft zones in the horizon is about 0.6 feet. The next horizon (Upper 
Santee) is at approximately Elevation 165 feet MSL with an average soft zone thickness 
around 0.7 feet. The lower ~ G S :  hmizon (Lowe: Santee) is noted at approximately 
Elevation 145 feet MSL with an average thickness of about 1.7 feet. Elevations of 
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these horizons generally vary within 5 feet. A plot of overconsolidation ratio versus 
elevation, Figure 5, for the RTF and CLWR-TEF data confirms these three horizons. 
The preponderance of data indicates that the deeper (below 200 feet MSL) subsurface 
soils are at least normally consolidated. However, the Lower Santee horizon has been 
assumed to have * under-consolidated pockets with an OCR of 0.7. Settlement 
associated with this horizon is discussed in Section 7.8. 

Borehole HTEF-B2 had a 36 inch interval of rod drop at a 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 (Appendix E). The two 
CPTUs to the south (HTEF-CIS and HTEFC-20) showed no indication of soft material 
and the CPTU to the north (HTEF-C18) encountered early refusal within a very stiff layer 
in the strata. Two additionai CPTUs were pushed at distances of 10 and 30 feet from 
HTEF-B2 in the direction of HTEF-C18. The CPTU at a distance of 10 feet (HTEF-C21) 
showed indications of soft material (Le. tip resistance less than 15 tsf) approximately 2.6 
feet thick. The CPTU at 30 feet (HTEF-C22) showed no signs of the soft zone. Based 
on these CPTUs, the soft zone is constrained, fairly small in size, and consistent with 
soft zones seen at RTF, In-Tank Precipitation Facility (ITP) (Ref. 5.5), and the Actinide 
Package and Storage Facility (APSF), i.e., less than about 50 feet wide (Ref. 5.6). In 
summary, an isolated soft zone pocket about 40 feet in diameter by 3 feet thick in the 
vicinity of HTEF-82 and HTEF-C21 can be assumed. 
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6.0 ENGINEERING PROPERTIES 

Engineering properties are categorized as static properties and dynamic properties. 
Field and laboratory tests were performed at the project site to evaluate the properties of 
the soils. In additional to the test data obtained from the project site, test results 
performed for the RTF project are used to obtain the strength and consolidation 
properties (Section 4.2) and previous studies on nonlinear dynamic soil properties are 
used for the dynamic shear modulus and damping properties (Section 6.2). 
Recommended engineering properties are based on the evaluation of the test results 
and engineering judgement. 

Section 6.1 presents the static properties of the soils underlying the project site. Section 
6.2 discusses the dynamic properties of these subsurface soils. The engineering 
properties for each layer are summarized in Table 3. 

6.1 Static Properties 

Static properties were obtained from field and laboratory tests. In-situ measurements 
such as the SCPTU data (tip resistance, shear and compression wave velocities, sleeve 
friction, friction ratio, and pore pressure) and SPT N-value were obtained in the field. 
Laboratory tests were performed on selected soil samples obtained from the field in 
order to determine static properties such as strength and compressibility. Strength and 
consolidation test results from the laboratory testing for CLWR-TEF were also combined 
with the results from the nearby RTF to determine the properties for design (Ref. 6.1, 
6.2). 

A key issue is the compressibility of the subsurface soils. Fourteen one-dimensional 
laboratory consolidation tests were performed on subsurface soils from the CLWR-TEF 
in order to identify the compressibility characteristics of the shallow (~200 feet) clays. 
Compression indices from the consolidation tests were compared to initial void ratio, 
plasticity index, percent fines, and moisture content. The data obtained at CLWR-TEF 
were superimposed over data previously obtained in the General Separations Area 
(GSA) during the H-Tank Farm and F-Area Investigations. Comparison of CLWR-TEF 
and existing data (denoted by a "+" on each figure) are shown in Figures 6 through 9. 

6.2 Dynamic Properiies 

6.2.1 Shear Modulus and Damping Ratios 
Dynamic responses of the soil are governed primarily by the shear moduhs and 
damping characteristics of the soil. Shear moduli are computed based on field 
measurements and laboratory tests. Field measurements provide the in-situ shear wave 
velocities at various depths, and the laboratory tests determine the wet densities of 
different types of soils. Reductions of shear moduli and damping ratios due to strain 
levels are based on an extensive study oi noniinear dynamic soii properties conducted 
previously (Ref. 6.5). 
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The shear modulus is defined as the ratio of the shear stress to the shear strain. The 
shear modulus equals its maximum at very low shear strain and decreases when the 
shear strain increases. The maximum shear modulus for the soil at a specific depth is 
computed as: 

where p is the mass density of the soil and defined as: 

P = Y h  
where y is the unit weight of the soil and g is the gravitational acceleration. 

Extensive study (Ref. 6.5) performed on soils at SRS has concluded that the ratio of 
shear modulus to the maximum shear modulus can be defined as a function of strain: 

G/G,,, = 1 / (1 + E 1 E ~ )  

where E is the desired value of shear strain and E~ is the reference strain. Table 4 
provided the recommended reference strains for various soils at the SRS. Figure lO(a) 
shows the plot of recommended G/G,,, ratio versus strain for the SRS. 
Due to the curvilinear stress-strain relationship of the soil, the damping ratio is a function 
of the strain. The study referred in the previous section also provides the relationship 
between damping ratio and strain. Table 5 provides the recommended damping ratio 
versus strain relationship for various soils at SRS. Figure 10(b) shows the plot of 
recommended damping ratio versus strain for the SRS. 

Strain dependant curves presented in Figures 4 and 5 were developed for the SRS 
based on geologic formation, soil type, and depth. The appropriate assignment of these 
curves to the shallow stratigraphy of the CLWR-TEF is a factor of many considerations. 
These include: 

1. Determining the geologic formational boundaries at the ClWR-TEF and a factor 
of confidence in defining these boundaries 

2. The material characteristics of the geologic units based on available 
classification data and interpreted CPTU measurements 

3. The comparison of generalized soil type dynamic curves versus geologic 
formation based curves 

4. The sci! c!assi?ica!icr! e! indb~idua! sanples ~lsec! ~.4!hiy! the referenced repor! as 
applicable to project area stratigraphy. 

5. Past application of the subject curves on other projects 

The basis for the assignment of the appropriate dynamic curves (shear modulus and 
damping) is summarized below: 

Altamaha (Layer 1) 

This geologic formation is the shallow most layer and is relatively thin (0 to 20 feet thick) 
throughout the nro'ect ri I area. This I y e r  can be resngnizec! cy! ?he CPTU p!n!s as hz~in3 
both high tip and sleeve measurements. Sieve data on this unit indicates an SC 
material with an average of about 30 percent fines. The Upland curv~? is assigned to 
this layer. 
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Engineering Layer 
1 

1 B/1 A 
3 

4A/4 
5 
6 
7 

Tobacco Road (Layers 1 B, 1 A, 2, and 3) 

The Tobacco Road can be divided into as many as 4 layers; however, Layer 1B is 
present in only two of the CPTU soundings (HTEF-C2 and HTEF-C3). Friction ratios 
through this layer are relatively high (1-6 percent). Sieve data from this interval 
indicates predominantly SC material with an average of about 25 percent fines. 
Individual samples used to construct the Tobacco Road and Shallow Clay dynamic 
curves were reviewed for applicability to this layer. Samples used for the Tobacco Road 
curve contain a slight majority of SM material. The number of samples used to 
construct the Shallow Clay curve is significantly low and contains only one sample from 
the Tobacco Road. Based on this information the Tobacco Road curve was assigned to 
these layers. 

Dry Branch and Santee (Layers 4A, 4,5, 6, and 7) 

The Dry Branch is subdivided into four sublayers. Layers 4A, 4, and 6 are distinguished 
by high tip resistances and low pore pressures indicative of more sandy material. The 
geologic formationat boundary between the Dry Branch and Santee is within Layer 6; 
however, the engineering soil characteristics do not warrant subdividing this layer. 
Layer 5 is distinguished by low tip resistances, relatively high friction ratios and pore 
pressures, and more indicative of clayey materials. Average fines content of this layer is 
about 30 percent. Based on this information, the dynamic curves for the Dry 
BranchlSantee Sands were assigned to layers 4A, 4, 6, and 7. The dynamic curves for 
shallow clays were assigned to Layer 5. 

In summary, the assignment of dynamic curves (shear modulus and damping) generally 
follows the geologic formations. The only exception is the Tan Clay sublayer of the D v  
Branch Formation (Layer 5) which is considered to be a relatively thick (about 5 feet) 
nearly continuous layer throughout project area. The assignment of curves to the 
engineering stratigraphic layers are summarized as following: 

Dynamic Curve 
Upland 

Tobacco Road 
Tobacco Road 

Dry Branchisantee 
Shaiiow Ciay 

Dry Branchisantee 
Dry BranchKantee 

6.2.2 Shear Wave Velocities 

Shear wave velocities are measured at each SCPTU. Travel times for the shear waves 
at different depths between two points are recorded. The shear wave velocity v, is then 
computed by: 

v, = distance between the two locations / the travel time for the shear wave. 
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By averaging the wave velocities at selected depth intervals around a specific location, a 
shear wave velocity profile was established (Ref. 6.6). Table 3 contains the mean shear 
wave velocity profile for the project site, which compares favorably with crosshole and 
downhole measurements at RTF (Ref. 1.6). 

3 
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7.0 ENGINEERING EVALUATIONS 

7.1 Bearing Capacity and Static Settlement 

For satisfactory performance, a good foundation for any structure must consider four 
separate criteria. First, it must have an acceptable factor of safety against a bearing 
capacity failure in the foundation soils under the maximum design load. Second, 
settlement (both differential and total) during the life of the facility must not be of a 
magnitude that will cause structural or architectural damage, endanger piping 
connections, or impair the operational efficiency of the facility. Third, environmental and 
other factors such as shrinking and swelling soils, earthquakes and vibrations, ground 
water, underground defects, and adjacent structures must be considered. Fourth, the 
selection of the foundation to satisfy the above three criteria must be economically 
feasible in relation to its function and the overall cost of the facility. Selection of the 
foundation type to satisfy these criteria depends on the nature and magnitude of dead 
and live loads, the base area of the structure, soil conditions, settlement tolerances, and 
any serviceability requirements. Where more than one foundation type satisfies the 
criteria, then scheduling, material availability, or local practice may govern the final 
selection. 

For the proposed facilities, the subsurface conditions indicate that all of the structures 
can be placed on shallow footings and mat foundations. The limiting criteria will be the 
tolerable settlement each structure can accommodate. 

7.1.1 Computation of Bearing Capacity and Static Settlement 

The general Terzaghi static bearing capacity formula for continuous and square footings 
was used to estimate the allowable bearing capacities (Ref. 7.1). These formulas 
require an effective friction angle ($I), unit weight of upper soil layers, and width of the 
foundation systems. Soil properties from Table 3 were used to determine the bearing 
capacities. The allowable bearing capacity for each facility was calculated at 1.5 feet of 
embedment in native or structural fill soils for a settlement of one inch. Foundation 
elevation of each facility, except for RHB, is assumed to be the same as the TPB. 
Bearing capacities were calculated using a safety factor of 3 against ultimate bearing 
failure. 

Static settlement was calculated based on one dimensional consolidation theory with 
Boussinesq stress distribution to determine stress increase due to foundation loading 
(Ref. 7.2) and the effect of adjacent structures. The properties used for the analysis are 
given in Table 3. 

Under each proposed structure, settlement of subsurface soil layers was calculated to 
the top of layer 4A or to twice the width of the building structure, whichever is deeper. 
The differential settlement is assumed to be one half of the total settlement. Except for 
the RHB, the foundation elevation of each facility is assumed to be the same as the 
TPB. The calculation considers the influence of the foundation type and cross-section 
profile of sublayers under each structure. The allowable bearing capacities for one inch 
of static settlement are summarized irr the fcllwing table: 
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Assumed 
Dimension 
(feet x feet) 

7.1.2 

Allowable 
Bearing Capacity 

(Psi) 
Facility 

Cooling Towers 
H & V Supply Air Platform 
Gas Cylinder Storage Shed 
Chiller Building 
Exhaust Stack 
Electrical Substation 

6 x 6  4,000 
5,000 

8 x 25.5 2,700 
6 x 6  5,000 
27 x 27 2,000 
20 x 100 2,500 

8 - 6.5 x 5 

Main Buildinq I 124x243 I 1,000 
Corridor No. 116 I 16.5 x 50 I 3,700 

I Diesel Generator Buildina I 25 x 58 I 2,000 I 
I Fire Protection Valve House I 10 x 10 I 4,000 I 

Note, the allowable bearing pressure given for Corridor No. 116 is based on 
homogeneous well compacted backfill. It does not take into account the effect that 
surcharge load will have on the underlying corridor No. 210, which lies about 12 feet 
directly below Corridor No. 1 16. Corridor No. 1 16 and The Remote Handling Building 
will be discussed separately in Section 7.1.2. 

For wind, seismic, and other forms of temporary or intermittent loading, the allowable 
bearing capacity may be increased by one third from the allowable static bearing 
capacity (Ref. 6.3). 

Remote Handling Building 

For the Remote Handling Building, the bottom of the foundation slab is approximately 31 
feet below existing grade. The current assumed gross load of the RHB is equivalent to 
the load of the excavated soil; e. g. the net load on the subsurface foundation soil is 
near zero. Thus, the static virgin settlement will be near zero. However, stress relief 
due to the excavated soils will occur and was considered in the settlement evaluation. 

(heave) in an upward direction. The amount of upward (heave) movement of the soils is 
calculated using the rebound portion of the e-log p curve from the consolidation test 
results (CJ. Stress relief and subsequent heave is time dependent and will occur as the 
foundation soils are unloaded. 

As construction proceeds and the foundation is loaded, the subsurface soil layers will 
recompress, and settlement takes place. Since the weight of the RHB is approximately 
equal to the weight of the soil removed, the amount of settlement (recompression) is 
approximately equal to the upward movement (heave) of the soil. The amount of 
upward movement depends on the overall construction schedule Le., the duration of the 
excavation and the duration of building construction. A larger recompression will be 
expected if the duration be!ween the beginning o! the excavation to the completion of 

Soils ss uujcu .b.'s.rrC to SWSS idi& &sti~diy ~ t ; ~ i ; f i c t  CENS~E~ S G ~ S G ~ X C ?  ! Z Y ~ ~ S  t~ s?:etch 
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the facility is longer. However, the amount of the recompression should not exceed the 
maximum amount of the upward movement (heave). Since the amount of the heave is 
difficult to predict both in terms of the magnitude and time, it is recommended that the 
amount of heave and settlement be measured (see Section 8.3). 
Corridor No. 116 is supported on an independent structural slab on fill, which in turn, is 
supported on the roof slab of RHB Corridor No. 210. Therefore, the settlement of 
Corridor No. 11 6 depends on the settlement of the fill beneath its foundation as well as 
the settlement of the RHB. Thus, after corridor 116 is constructed it will settle about I 
inch due to compression of the fill (if loaded to the maximum allowable bearing pressure 
of 3,700 psi) and an undetermined amount due to continued recompression of the soils 
beneath the RHB. 

The southern section of the Main Building is constructed on structural fill, which is 
backfilled on a slope excavated for the construction of the RHB. The fill daylights 
approximately 20 feet under the building slab, However, the entire building area is 
underlain by on-site fill that will be removed to a depth of 4 to 6 feet below foundation. 
Therefore, the building will be constructed on uniform layer of compacted fill. In all other 
building areas the thickness of structural fill recommended to be placed under each 
structure is considered in the settlement calculation. 

A portion of the Product Transfer Trench will be installed under the H & V Supply Air 
Platform. Therefore, the maximum settlement of Product Transfer Trench may be 
equivalent to the settlement of H & V Supply Air Platform. 

7.2 Slope Stability 

During construction of the Remote Handling Building, a temporary cut slope will be 
established on all sides except to the west where the slope gently tapers off to grade for 
vehicle access. The maximum depth of the cut slope will be approximately 31 feet 
deep. Slope stability analyses were performed on typical 1-1/2 horizontal to 1 vertical 
and 2 horizontal to 1 vertical cut slopes using effective stress soit properties for layer 
IN1 6. 8ased on’ the Bishop method (Reference 7.3) and an effective stress friction 
angle of 33 degrees and an effective stress cohesion of 100 psf, safety factors of 1.5 
and 1.9 were computed for 1-1/2 horizontal to 1 vertical and 2 horizontal to 1 vertical 
slopes, respectively. The analyses did not consider any loading due to construction 
surcharge and any dynamic loading. 

7.3 Lateral Earth Pressure 

Underground facilities shall be designed to resist the lateral earth pressure. Lateral 
pressure shall include the static soil lateral pressure, hydrostatic pressure, surcharge 
load, equipment load during backfill, and seismic load. 
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Effective At-rest Active 
Friction Earth Earth 

Soil Type Angle Pressure Pressure 
0' Coefficient Coefficient 

(degrees) K, Ka 
Compacted Fill 35 0.43 0.27 

On-Site Native Soils 33 0.46 0.29 

The recommended coefficients of lateral earth pressure are as follows. 

Passive 
Earth 

Pressure 
Coefficient 

3.70 
3.40 

KP 

7.4 

Hydrostatic pressure shall be computed by considering the ground water elevation at 
260 feet MSL. Static earth and permanent surcharge load should be based on the 
structural design criteria and the at-rest earth pressure coefficient. The effect of 
compaction equipment load on walls shall be based on the method proposed by 
Duncan, et. al. (Ref. 7.4). The seismic lateral pressure should be computed using 
ASCE 4-86 (Ref. 7.5) or equivalent. 

Modulus of Subgrade Reaction. 

The SCPTU tip resistance and SPT N values at the proposed site indicate that the 
relative density of soils in the zone of influence fall in the medium density range. 
Therefore, kl ranges between 120 and 600 kcf (Ref. 7.6). For this case a reasonable 
value of kr would be 300 kef. 

The modulus of subgrade reaction is calculated using the following formula: 

where k = modulus of subgrade reaction for a slab 

k, = coefficient of subgrade reaction for 1 foot by 1 foot plate 

B = footing width 

k = kl  [(B+1)/2BI2 

The following table provides a range of modulus of subgrade reaction values (k) for 
medium dense sand for various foundation widths, and for kl values of 120, 300, and 
600 kef. 
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Foundation Width 
(feet) 

6 
8 
10 

7.5 

7.6 
7.6.1 

Modulu: 
kl=120 kip/ft3 

41 
38 
36 

50 
75 
100 
125 

I 20 I 33 

31 
31 
31 
30 

I 25 I 32 

of Subgrade Reaction (kip/ft3) 
kl=300 k i ~ / f t ~  kt=600 k i ~ / f t ~  

81 I 162 
78 I 156 
77 I 154 

~~ 

77 153 
76 152 

However, the value of k (and then k,) is a function of load and settlement, and will vary 
due to the effect of unloading and loading during construction. Thus, it is recommended 
that a range of values be assumed for design, similar to the range given above. 

Secondary Settlement 

Site experience in H- and S-Areas indicates that the rate of secondary consolidation for 
the site is small, on the order of 0.3 inch over 30 years, for structural loading in the 
range of 3 to 6 ksf (Ref. 5.5). It is expected that this settlement will be uniform and not 
contribute to any differential settlement. 

Seismic Design Criteria 

Design Response Spectra 

In March of 1997 the Site Geotechnical Services Department (SGS) issued "committed" 
SRS site-wide design response spectra (Ref. 2.1 1). In order for the spectra to be used 
as "confirmed", SGS must review the stratigraphic conditions at the facility or site being 
considered for seismic evaluation. SGS has examined the stratigraphic conditions for 
the project site to validate the suitability of the site-wide PC3 response spectra (Ref. 
2. i 7). I here are no iopograpnic or subsuriace features ihai couia significaniiy aiier 
ground motion over the modeled cases. The soil column thicknesses and bedrock type 
match ranges used in developing the design spectra. The velocity profiles measured at 
the project site are within the variances used in developing the design spectra, and the 
formations at the project site are reasonably close to the basecase formations used to 
develop the design spectra. Thus, the use of the site wide PC3 surface response 
spectrum (Figure 3) is justified. 

It should be noted that the PC3 design spectrum is intended for simple response 
ana!ysis. !t is not appropriate for soi!-str~!r,t~Ire interaction analysis. In addition the PC3 
design spectrum represents a surface response and is not representative of an 
embedded response. 
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Soil Property Type 

For Building code design, the soil profile type for the proposed site based on UBC (Ref. 
6.3) is classified as SD. The soil profile type based on SBC (Ref. 6.4) is classified as S3. 

Liquefaction and Dynamic Settlement 

Liquefaction for the project site was evaluated both quantitatively and qualitatively. The 
quantitative method evaluating liquefaction settlement uses a cyclic stress approach and 
shear strain approach depending on the formation being analyzed. The qualitative 
evaluations include the Chinese Criteria for Clayey Soils and three empirical shear wave 
velocity approaches. 

Quantitative Evaluations 

The liquefaction potential and resulting dynamic settlement was evaluated quantitatively 
using existing SRS methodology. That methodology being: 

For PC3 facilities, develop two bedrock time histories. A mean-based spectrum 
that has an annual probability of exceedance of 5 x IO4 and a deterministic 
ground motion check. The two time histories used for the CLWR-TEF analysis 
were a PC3 (random phase) and a Charleston 50” percentile (random phase), 
documented in Ref. 7.7. 

Choose a “Best Estimate” deep soil profile or use the nearest deep hole data, if 
available, for the deep (greater than about 150 feet deep) soil profile. For 
CLWR-TEF the shear wave velocities and lithologies for the deep geologic 
profile are from borehole MMP-2A-Sf3, located on the southwest side of H-Area 
(Ref. 7.8 and 7.9). 

Use the site-specific SCPTU soundings for the shallow (less than about 150 feet 
deep) soil profile. The shallow geologic profile for dynamic soil response 
analysis at the project site was developed using shallow stratigraphic picks and 
shear wave velocities from Ref. 6.1 and Appendix B. 

Convolve each of the time histories from the top of rock through the deep and 
shallow soil profiles to the ground surface using SHAKE91 (Ref. 7.12). This 
results in stresses and strains throughout the soil column. For CLWR-TEF there 
are 28 SHAKE runs (2 time histories through 1 deep soil profile combined with 
14 shallow soil profiles). 

For the soils below the water table but above the Santee formation] compare the 
induced stresses with the soil strength derived from the SRS site-specific shallow 
soil strength curves and compute the factor of safety against liquefaction. 

For the soils below the water table but above the Santee formation, use the site- 
specific relationship between liquefaction factor of safety and volumetric strain to 
compute dynamic settlement. 

0 
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For the Santee formation soils below the water table use the shear strain from 
SHAKE and Santee pore pressure ratio relationship to compute dynamic 
settlement. 

It is assumed that there is no dynamic settlement contribution for the soils below 
the Santee formation nor for soils above the water table. 

The details of how this methodology was applied to CLWR-TEF are discussed in the 
remainder of this section. 

For the sediments below the water table but above the Santee formation liquefaction 
settlement is calculated using a cyclic stress approach. Because of the depth of the 
Santee formation, the shear strain levels just approach the threshold required to 
generate excess pore pressure. Therefore, the shear strain methodology is used to 
compute settlement in the Santee due to partial liquefaction. Dynamic settlement of 
unsaturated (Le., above the water table) sands was ignored, because of their small 
contribution to the total dynamic Settlement. 

At the SRS an extensive laboratory testing program has been implemented to 
determine site-specific dynamic strength and dynamic settlement characteristics of SRS 
soils. The site-specific relationships and their use in determining dynamic Settlement 
are discussed below. 

The cyclic stress approach used to evaluate the sediments between the water table 
and the Santee formation uses normalized tip stress (q& and friction ratio to determine 
cyclic stress ratio causing liquefaction (CSRL) (see Figure 11). The CSRL is then 
multiplied by factors that correct for effective confining pressure (K,) and earthquake 
magnitude scaling factor (MSF). A site-specific K, relationship presented in Figure 12 
(Ref. 7.10) is used to correct for effective confining pressure as opposed to correction 
straight from the literature. The magnitude scaling factors for the PC3 and the 
Charleston 50Ih earthquakes are 1.9 and 1 .l, respectively (Ref. 7.20). Factor of Safety I 
against liquefaction (FS) can then be calculated by dividing CSRL by CSRE. 

CSR, * K, - MSF 
Fs= CSR, 

In addition, site specific volumetric strain curves (see Figure 13) have been developed 
specifically for SRS (Ref. 7.10 and 7.1 1). The volumetric strain curves give volumetric 
strain as a function of (q,), and factor of safety against liquefaction. 

Extensive studies (Ref. 7.10 and 5.4) have shown that the Santee formation will not 
liquefy as a result of the design basis earthquake. However, dynamic settlement may 
occur due to partial liquefaction and the dissipation of pore water pressures after a 
seismic event. The strain approach used to evaluate the Santee settlement uses the 
relationship shown in Figure 14 (Ref. 7.10). The recompression index (C,) and initial 
void ratio (e,) for the Santee are average values for the Santee formation (see Table 
3). The pore water pressure ratio (Tu) is obtained using strains in the Santee formation 
from the SHAKE analysis and the site-specific ru reiationship shown in Figure 15 (Ref. 
7.1 0). 

The liquefaction and dynamic settlement analyses using SRS site-specific relatidnships 
suggest that the soil columns beneath the project site are not susceptible to liquefaction 
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for the mean based (mb=6.1) PC3 earthquake. Settlements for the mean based 
(mb=6.1) PC3 earthquake range from about 0 to 3/4 inch. Plots summarizing the PC3 
liquefaction analysis, including factor of safety and cumulative settlement are presented 
in Appendix D. 

Dynamic settlement for the project site, based on the Charleston 50Ih percentile 
deterministic check, ranges from less than about '/2 inch to 3 inches. Plots summarizing 
the Charleston 50' percentile liquefaction analysis are presented in Appendix D. For 
more detail regarding the liquefaction and dynamic settlement analysis refer to 
References 7.13 and 6.6. 

7.7.2 Qualitative Evaluations 

The qualitative evaluation included the Chinese Criteria for Clayey Soils (Ref. 7.15 and 
7.16), and empirical shear wave velocity approaches developed by Seed et al. (Ref. 
7.1 7), Kayen et al. (Ref. 7.18) and Stokoe et al. (Ref. 7.1 9). 

The Chinese Criteria for Clayey Soils states that clayey soils which satisfy all three 
following conditions are vulnerable to liquefaction or serious loss of strength: 

1. Laboratory-determined water content (increased by two percent) greater than 90 
percent of the laboratory-determined liquid limit (increased by one percent); 

2. Liquid limit (increased by one percent) less than 35 percent; and 

3. Clay content (i.e., particles e 0.005mm) (decreased by five percent) is less than 
15 percent. 

The test data used to evaluate the project site in conjunction with the Chinese Criteria 
are plotted in Figure 16. Only one sample point lies marginally within the test range. 

The Seed et al. method relating average shear wave velocity (V,) to CSRL is presented 
in Figure 17. The average V, for the CLWR-TEF soil layers are presented in Section 
6.2. Soil layer five has the lowest average shear wave velocity, V, = 1096 fps, which 
equates to a CSRL of 0.345. The SHAKE analysis discussed in Section 7.7.1 had a 
maximum CSRE of 0.12. Based on this method no liquefaction is expected at the 
project site. 

The Kayen et al. method shown in Figure 18 relates normalized shear wave velocity 
(VJ, to CSRL. The lowest normalized shear wave velocity is 243 meters per second, 
which equates to a CSRL greater than 0.3. The SHAKE analysis discussed in Section 
7.7.1 had a maximum CSRE of 0.12. Based on this method no liquefaction is expected I 
at the project site. 

The Stokoe et al. method combines maximum acceleration (ama) and shear wave 
velocity to determine the likelihood of liquefaction. The Stokoe et at. chart (Figure 19) 
shows that for a V, greater than 500 fps, the required maximum ground acceleration to 
produce liquefaction is about 0.259. At CLWR-TEF the minimum shear wave velocity 
encountered was 770 fps and would require a maximum acceleration much greater 
than 0.259. 
liquefaction is expected at the project site. 

in coiiciusioii iiie quaiiiaiive ineiiiods for cieiermining iire iikeiihood o i  iiqueiaciion 
indicate that liquefaction wilt not occur at the project site for PC3 ground motions. 

The expected amax is 0.16g. Therefore, based on this method no I 
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7.8 Soft Zone Settlement 

Analyses indicate that the soft zones at CLWR-TEF are similar with respect to 
composition and compressibility characteristics as those observed at the ITP in H-Area 
(Ref. 5.5) and soft zones recently encountered at the APSF in F-Area (Ref. 5.6). 

The current assumptions regarding soft zones at the SRS are that they are under- 
consolidated isolated pockets of soil that are bridged by dense over-consolidated layers 
of clayey sand. The loss of strength of such a bridge during the design earthquake 
raises the question as to how much settlement wilf be observed at the surface when the 
full weight of the overburden load bears on these pockets. Two key components are 
necessary to estimate the settlement at the surface; (a) the compression of the soft 
zone at depth, and (b) the propagation of that compression through the soil column to 
the surface, 

The compression of the soft zone at depth is estimated using the following equation: 

Where S is the settlement in inches, H is the thickness of the soft zone in inches, CR is 
the compression ratio of the soft zone, and OCR is the over-consolidation ratio of the 
soft zone. At ITP and APSF, conservative estimates of CR and OCR of 0.24 and 0.7, 
respectively, were used. At CLWR-TEF, CR and OCR of 0.24 and 0.7, respectively, are 
also used. Using these conservative values and a thickness of 3 feet as observed in 
HTEF-C21 and HTEF-B2, a compression of 1.3 inches is calculated for the soft zone at 
depth. 

FLAC (Ref. 7.14) analyses have been performed at APSF and ITP to propagate the 
effects of such a collapse to the surface through the soil column. 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 .O. Using an average ratio of 0.75, the 
settlement observed at the surface at CLWR-TEF in the soft 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. 

S = H CR Log (l/OCR) 

7.10 Total and Differential Settlement 

Settlement of the facilities will have four components; static, dynamic, long-term 
secondary consolidation, and any effect from soft zones at depth. Each of these 
components has been presented and discussed previously. Based on these results, the 
estimated total and differential settlements are summarized below for each of the 
facilities: 
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Diesel Generator 
Building 
Diesel Generator 
Building 
Fire Protection Valve 
House 

1 % - I  0 ?42 

1 % - I  0 % 

1 X ? - 1  0 ?4! 

Liquid NitroaenTanks I 1 I E!- 1 I 0 I 1/2 

Total Differential 1 

2 - 2 %  I 1-1% I 

2-2% 1-1% 

2-2% 1-1% --cI 2-2M 1-1% 
2-2% I 1-1% I 
2 - 2 %  I 1-1% I 1 1-1% I 

1-1 % 

2 -2% I 1-1% t 
(1) Recompression settlement, should occur during construction. The actual post 
construction total settlement should be 2 to 2 Y2 inches. 

(2) Recompression settlement due to RHB loading, should occur during construction. 
The actual post construction total settlement should be I to 1 1/ inches. 
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8.0 DESIGN AND CONSTRUCTION 

8.1 Site Preparation 

Prior to grading, existing above-ground and underground facilities shall be demolished 
and removed. Existing facilities may include, but are not limited to foundations, 
concrete] tanks, machinery, equipment, pavements, utility lines and storm inlets. 
Excavation made by the removal of existing facilities shall be properly backfilled in 
accordance with requirements for engineered fill provided in Section 8.2. Any soil 
exposed by the demolition operations, which are deemed soft or unsuitsble shall be 
excavated and replaced with engineered fill. 

Prior to construction, any loose material, vegetation, debris, and topsoil in the unpaved 
areas and foundation material underlying the pavement shall be removed to the original 
ground surface. Vegetated surface of sites shall be stripped to remove all existing 
vegetation and topsoil. It is estimated that stripping depths of 8 to 10 inches may be 
necessary. Stripped materials from the site may not be used as engineered fill but may 
be stockpiled and used for landscaping purposes. 

The final excavation surface shall be made using smooth blade equipment. The bearing 
surface for footings, grade beams, floor slabs, and other load carrying foundations shall 
be undisturbed naturally deposited soil or compacted structural fill. The depth of the 
removed soils should be observed in the field by a geotechnical engineer. Subgrade for 
fills supporting loaded areas shall be proof-rolled in the presence of a geotechnical 
engineer to identify any loose or soft zones. All areas that "pump" or appear to be soft 
shall be removed to a depth approved by the Geotechnical Engineer and replaced by 
structural fill. 

In the event that substandard materials are encountered at the construction elevation, 
they shall be removed. Where excavation is performed to elevations below those shown 
on the design drawings] the planned elevation shall be re-established by backfilling and 
compacting with structural fill. 

Based on existing data, the depth of the on-site fill may range from 2 to 8 feet below 
existing grade. The on-site fill is unsuitable to support the proposed structures. The on- 
site fill soils should be removed and be recompacted as structural fill, then new 
structural fill should be placed to achieve proposed pad elevation. The grading work at 
each structure location is estimated in the following table: 
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Soil to be Removed 
and Compacted 
under Facility 

(feet) 

facility 
Soil to be Removed 

and Compacted 
beyond Facility Limits 

(feet) 
1 Main Buildina 3 

0 
0 
4 

Remote Handling Building 
Corridor No. 1 16 
Cooling Towers 
H & V Supply Air Platform 
Gas Cylinder Storage Shed 
Chiller Building 

5 
0 
3 
3 

I Exhaust Stack 
Electrical Substation 
Diesel Generator Buildina 

0 I 0 1 
3 3 I 
4 3 I 
8 3 I 

----------ti 2 3 

Bearing surfaces shall be protected from weather to prevent deterioration or softening. 
Water shall not be permitted to accumulate in excavations. Care shall be exercised in 
making sure that existing buried structures and underground utilities are removed within 
the facility areas. 

On-site soils that are free of organic material and debris and meet criteria specified in 
Section 8.2 may be used as engineered fill. Engineered fill shall be placed and 
compacted as described in Section 8.2. If construction takes place during winter 
months, care shall be exercised to prevent construction on frozen soils. Final grading 
shall promote drainage away from the building foundations to prevent the accumulation 
of water during heavy rainfall, as well as to reduce any possible frost action in the 
natural on-site soils. In addition, fill materials shall not contain snow or ice or be placed 
in a frozen condition (Ref. 8.1). 

Additional site preparation recommendations can be found in Sections 5.2 and 5.3, SRS 
Engineering Practices Manuai, -wSRC-iM-95-58, Guide No. 0222443, Revision 0, March 
31, 1997 (Ref. 8.1). 

8.1.1 Excavation of the Remote Handling Building (RHB) 

Excavation of the remote handling area should be initiated by excavating cut slopes in 
sequence from top to bottom at a slope no steeper than 1-1/2 horizontal to 1 vertical 
with a 10 feet wide bench at the slope mid-height. Wheel tractor-scrapers can be used 
to haul excavated soils. The outer edge of the slope should be elevated to establish a 
berm to prevent runoff water on the slope. Once 1-1/2 horizontal to 1 vertical slope is 
achieved, it is recommended that slope surfaces should be thoroughly backrolled and 
sloughs should be repaired immediately. A set back 10 feet should be established on 
top oi ihe siope io prevent temporary surcharge ioad near the top of the slope. 
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At the top of the slope and on the slope bench, a temporary V-ditch should be 
Oestablished and routed to a lower water disposal point. Similarly, water should be 
channeled out at the slope toes to a lower point where a sump-pump system can 
dispose the water to existing storm drains. 

As a precaution measure, plastic sheeting should be readily available or kept on hand, 
to protect all slope areas from saturation by periods of heavy or prolonged rainfall. If 
slope failures occur, the Site Geotechnical Services (SGS) technical representative 
should be contacted for a field review of site conditions and development of 
recommendations for evaluation and repair. 

After excavation operation is completed, a total of upward movement (heave) up to 3.8 
inches is expected to occur over a gradual period as discussed in Section 7.2. Precise 
grading prior to placing the foundation will bring the grade to proposed elevation. The 
majority of the setttement due to building static toad is expected to take place during 
building construction. 

8.1.2 

8.2 

Product Transfer Trench 

The portion of the Product Transfer Trench below the foundation of the H & V Supply Air 
Platform should be backfilled with structural fills. The casing of the trench should be 
designed to withstand the building load due to the H & V Supply Air Platform. 

The portion of the Product Transfer Trench crossing the existing road should be 
backfilled with compacted structural fill to at least 5 feet on each side of the trench to 
spread the load beyond the trench section. The casing should be designed to withstand 
the traffic load on the road. 

Compaction and Fill 

Engineered fill includes structural fill and common fill. Structural fill is defined as any 
backfill under slabs, footings, and pavements and around structures. It shall consist of 
sands and silty sands free of organic material, loam, debris, ice or frozen soil and have 
a plasticity index less than 15 percent. Structural fill shall meet the folfowing gradation 
requirements as specified in the engineering guide 02224-G, Rev. 0 (Ref. 8.1). 

Sieve Size 1 Percent Passing by Weight 
i 00 I 

95-1 00 I 
85-1 00 I 

No. 20 70-95 
No. 40 35-85 
No. 60 15-70 

No. 200 0-1 5 
NO.’l40 2-20 
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On-site silty and clayey sand, free of organic matter and debris, may be used for 
common fill only. Common fill is defined as fill outside of slabs, footings, and pavement 
and a minimum of 5 feet away from any below ground structure. Common fill shall meet 
the following gradation requirements as specified in the engineering guide 02224-G, 
Rev. 0 (Ref. 8.1). 

85-1 00 I 
I No.10 I 75-1 00 I 
I No.20 I 50-1 00 I 

No. 40 25-95 
No. 60 15-80 
No. 140 2-30 
No. 200 0-25 

Fill shall be placed in successive uniform loose layers and to a depth at which 
recommended densities can be obtained. However, in no case shall loose fill, placed for 
compaction, exceed 9 inches when hand-operated mechanical equipment is used and 
12 inches when self-propelled or towed mechanical equipment is used. Oversize 
material shall be removed from the backfill. 

The moisture content during compaction shall be within rt 3 YO of optimum moisture 
content determined per ASTM D1557 (Ref. 3.2). Fill material shall be moisture 
conditioned, as far as practical, in the stockpiles or borrow sources. After placement of 
loose material in the fill area, the moisture content shalf be adjusted as necessary to 
bring the material within required moisture content limits. ASTM D2216, D3017, or 
D4643 (Ref. 3.2) shall be used to determine moisture content. 

Fill material that is too wet or too dry shall not be compacted until the moisture content is 
brought within the specified limits. Fill material that is soft and yielding as a result of 
excess water shall be replaced with suitable material or worked and allowed to dry out to 

Structural fill shall be compacted to a minimum density of 95 YO of maximum dry density 
determined in accordance with ASTM D1557 (Ref. 3.2). Common backfill shall be 
compacted to a minimum of 90 % of the maximum dry density determined in 
accordance with ASTM 01557 (Ref. 3.2). Field testing shall be performed to verify 
compliance with compaction and fill material requirements. Refer to Section 5.1 1, SRS 
engineering guide 02224-GI (Ref. 8.1). 
Additional recommendations regarding placement of fill can be found in Sections 5.5, 
5.7 and 5.8, SRS Engineering Practices Manual, WSRC-IM-95-58, Guide No. 02224-GI 
(Ref. 8.1). 

the spesif led meis?trre scfltent snd reccmpacted. 
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8.3 Settlement Monitoring 

Prior to construction, three heave monitoring points shall be installed in the footprint of 
the excavation for the RHB to monitor the heave of the foundation soils during 
excavation (unloading). The monitoring points shall be Borros anchors or equivalent, 
installed at a depth of 5 feet below the proposed foundation level and shall be capable 
of detecting movement to 0.005 foot. Survey readings shall be taken daily during 
excavation, recording heave and excavation depth. Once the base mat is poured, these 
points shall be transferred to the base mat (should be coordinated with installation of the 
settlement monitoring points). 

Monitoring points shall be installed on the RHB foundation. At least nine monitoring 
points shall be installed initially on the mat foundation, as follows: 

0 

0 

0 

One each at the four corners; 

One in the center near the cross wall; 

Two along the east-west sides of the base mat at mid-span; 

One near the center of the cross wall between the Water Cracker and the 
Remote Process cell; and 

One near the center of the cross wall between Cask Decon Area and the Cask 
Receiving Area. 

These monitoring points may be transferred to locations above ground elevation prior to 
backfilling around the RHB. However, once the structure is "out of the ground", it Is 
recommended that the settlement points be transferred near the ground surface for 
easy access. 

Similarly, a minimum of five settlement monitoring points shall be installed on the 
foundation for the TPB (one near each corner and one near the center) and four on the 
foundation (one near each corner) of the stack foundation. 

Settlement surveying shall be conduced weekly as soon as the monitoring points are 
installed, monthly after the placement of the foundation mat, and yearly after the initial 
operation of the RHB. For each monitoring reading, estimates of dead and live load 
shall also be made for the facility. Field surveyed results shall be transmitted to SGS for 
evaluation. 
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9.0 CONCLUSIONS AND RECOMMENDATIONS 

The subsurface conditions are characterized based on boreholes, SCPTUs, CPTUs, 
and laboratory testing of samples from this investigation. Subsurface data obtained 
from previous investigations are also reviewed and considered. The conclusions of the 
investigation are: 

1 .  Grading 

All grading work shall be performed in accordance with Section 8.1, Site 
Preparation and Section 8.2, Compaction and Fill. Grading work should be 
performed in accordance with the table presented in Section 8.1. 

Excavation of the RHB building and subsequent construction should be 
accomplished in accordance with the recommendations detailed in Section 8.1 .l. 

Backfilling recommendations for the Product Transfer Trench should be 
accomplished in accordance with recommendations presented in Section 8.1.2. 

Utility trenches extending under buildings, traffic areas and walkways should be 
backfilled with structural fill based on recommendations provided in Section 8.2. 
Backfill soils should be properly compacted to ensure against water migration 
underneath structures. 

On-site fill is unsuitable to support the proposed facilities. 

2. Foundations 

All foundations shall be constructed on undisturbed, naturally-deposited or 
properly compacted soils. 

Allowable bearing capacity for each structure is summarized in Section 7.1. For 
temporary dynamic loading these values can be increased by one third. 

Estimated total and differential settlements are summarized in Section 7.1 0 

The total static settlement (recompression) of the RHB and Corridor No. 11 6 is 
discussed in Section 7.8 

The configuration beneath Corridor No. 116 should be reviewed. 

Maximum settlement of Product Transfer Trench may be equivalent to the 
settlement of H & V Supply Platform. 

Minimum width is 2 feet for both square spread footings and strip footings. 

Minimum embedment depth is one and one half foot for all foundations. 

Minimum frost depth is 6 inches. 
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3. Floor Slabs and footings 

In locations where the floor slabs and footings are to be placed, the exposed 
undisturbed soil shall be proof-rolled in the presence of a geotechnical engineer 
in order to identify any loose or soft areas. 

Floor slabs may be placed on properly-compacted structural fill or on the 
undisturbed, naturally-deposited soils. It is recommended that footings bear 
directly on undisturbed, naturally deposited soik but may bear on properly- 
compacted structural backfill if necessary. Soft or loose areas shall be removed 
and replaced with properly compacted structural backfill. 

4. Miscellaneous: 

0 

0 

e 

0 

0 

e 

0 

e 

0 

e 

Structures, equipment, and utility lines shall be designed to accommodate the 
expected total and differential settlements as summarized in Section 7.1 0. 

For the computation of earthquake loading as given in UBC (Ref. 6.3), the soil 
profile type shall be SD. For the computation of earthquake loading as given in 
SBC (Ref. 6.4), the soil profile type shall be S,. 
The existing SRS site PC-3 surface response spectra is applicable for the 
facilities. 

Liquefaction is not expected to occur, however pockets of partial liquefaction will 
cause from less than 1 to over 3 inches of dynamic settlement. 

A ground water elevation of 260 feet MSL shalt be considered for the design. 

All asphalt and concrete pavement, foundation material underlying the 
pavement, topsoil, and organic material shall be removed within the footprint of 
the building so that floor slabs, footings, and underground utility lines may bear 
directly on natural soils or structural fills. 

Compaction shall be done using self-propelled compaction equipment, where 
possible. In areas sensitive to vibration, small or hand-operated compactor may 
be used. 

Lateral earth pressure coefficients for compacted fill are as follows (based on 
internal friction angle 0’ = 35 degrees). See section 7.3 for at-rest, active, and 
passive earth pressure coefficients. Compaction against footings or basement 
walls will cause an increase in lateral earth pressure. 

Vertical subgrade modulus for a 1 foot by 1 foot plate (k,) is in the range of 120 
to 600 kcf with the plate bearing directly on the undisturbed, naturally-deposited 
soil or properly compacted soils. For on-site soils a reasonable k, value would 
be 300 kcf. For well compacted soils k, value would be 600 kcf. 

Base friction factor (fJ for mass concrete on Structural fill is 0.43; for layers 1, 
and 1 B/1 A f, is 0.4. 

Adequate efforts must be made to minimize soil erosion and sediment laden 
runoff to the surrounding area. Any increase in stormwater runoff must be 
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retained and released slowly using sound stormwater management practices 
consistent with federal, state, local, and site practices. 

Heave and settlement monitoring points shall be installed per recommendation 
discussed in Section 8.3. 

A geotechnicai engineer should observe all excavations to determine: 

a. If subsurface conditions revealed are consistent with those discovered 
during the explorations. 

b. Proper bearing stratum is exposed at the proposed foundation excavation 
depths. 

c. Foundation excavations are properly prepared, cleaned and dewatered 
prior to backfill and concrete placement. 

A geotechnical engineer should oversee placement of structural fill. 
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CPTU North East Elevation Depth Date 
No. Coordinate Coordinate (feet) MSL (feet) (year) 

HTEF-Cl 73,548 61,456 280.2 156 1997 
I HTEF-C2 I 73.468 I 61.442 I 283.3 f 158 I 1997 

~~ 

HTEF-C3 73,413 61,488 285.9 160 1997- 
H TE F-C 4 73,264 61,483 288.3 162 1997 
HTEF-C5 73,270 61,575 287.8 162 1997 

HTEF-C7 73,390 61,751 291.2 168 1997 
HTEF-C8 73,382 61,583 287.4 163 1997 

HTEF-C6 73,301 61,736 294.1 171 1997 

I HTEF-C9 I 73.423 I 61,670 I 288.1 I 163 I 1997 
I HTEF-C10 I 73.455 I 61.774 I 288.5 I 164 I 1997 

I HRTF-4 I 73,610 I 61,015 I 290.2 I 170 I 1993 
I HRTF-6 I 73,600 I 61,965 I 290.7 I 168 I 1993 
1 HRTF-7 i 73,598 61,923 i 290.6 i 168 i 1993 
I HRTF-9 I 73,543 I 61,920 I 290.0 I 170 I 1993 
I HRTF-10 I 73.499 I 61.912 I 290.5 I 141 I 1993 
I HRTF-11 I 73.475 

I HRTF-19 I 73,318 

61,907 290.1 170 1993 
61,921 290.8 168 1993 
61,902 290.4 167 1993 
61,903 291.7 272 1993 
61,959 294.0 170 1993 
62,019 294.4 170 1993 

1 

Table 1 SCPTU and CPTU Locations in the Northern Section of the Tritium Area 
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Table 2 Borehole Locations in the Northern Section of the Tritium Area 
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Layer Identification 1 B/1 A 
Structural 

Fill 
Description 

Upper Lower Upper Tan 
Tobacco obacco Dry 

Lower 

Branch 

I Tip Stress tsf I - 1 136 I 113 44 I 53 I 158 I 43 165 I 91 

1.9 I 1.2 I 0.8 I 0.4 1.0 I 1.9 Sleeve Friction tsf 3.5 1.9 

Friction Ratio% 3.2 1.8 4.7 I 3.5 I 0.6 I 1.2 0.7 I 2.1 

I Qc/N - I 3.9 I 2.6 2.2 I 3.2 I 4.2 I 2.9 3.5 I 2.2 

19 I 27 I - I 24 - I 36 Water Content % 23 17 

Wet Density pcf 120 116 

Liquid Limit % 44 34 

Plastic Index O h  22 11 

Fines % 29 20 

Cohesion psf . o  0 

Friction angle degree 31 1 31 

123 I 118 1 - I 122 - I 114 

48 I 38 I 36 I 44 33 1 37 

23 I 11 I 11 1 20 10 I 9 q+ 
27 

I EffectiveCohesion, psf I 0 1 0 I 
33 33 I 33 I 31 I 31 31 I 32 

0.6874 0.6667 10.7931 I - 10.6684 0.7181 lO.8316 

0.146 

0.01 55 

1 - 3  OCR I -  I 4 - 7  

1 K o  I 3.7 I 3.4 I 3.4 - I -  
I KO I 0.43 I 0.46 I 0.46 - I -  

- 1 -  Note 1 

vs, fps + 1,150 1,150 1,200 1,120 1,090 1,090 

Note 1: see Section 7.4 

Table 3 Recommended Soil Properties 
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Formation Description 

Stiff Upland Sands 

Tobacco Road and Snapp Sands 

Dry Branch, Santee, Warley Hill, and Congaree Sands 

Reference Strain 
Er (“10) 
0.021 

0.044 

0.077 

I Four Mile Sands and any other Unrepresented Shallow Sands I 0.066 I 
1 Shallow Clays 1 0.148 I 
I Deep Sands I 0.111 I 
I Deep Clays I 0.230 I 

Table 4 Reference Strain 
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Strain Formation 

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 

(%.) A B C D E F G 

0.0002 1.103 0.647 1 0.835 0.687 1.292 0.497 0.990 

I 0.0003 I 1.151 I 0.670 I 0.846 I 0.702 I 1.293 I 0.505 I 0.991 1 
I 0,0005 I 1.248 I 0.717 I 0.871 I 0.733 I 1.300 I 0.524 I 0.995 t 

0.001 1.493 0.835 0.936 0.81 1 1.326 0.570 1.013 

0.002 f .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 
1.186 0.005 3.302 1.747 1.470 1.435 1.594 0.945 

0.01 5.201 i 2.790 2.108 2.171 1.938 1.398 1 -41 0 

0.02 8.1 65 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 I 13.639 I 8.614 1 6.162 I 6.692 I 4.392 I 4.453 I 3.080 I I 
0.1 18.31 7 12.799 9.605 10.363 6.820 7.289 4.856 
0.2 17.425 13.951 14.825 10.356 1 1.179 7.671 
0.3 16.683 12.884 13.799 9.833 
0.5 16.317 I 17.210 12.995 

Formation Description 

A. Stiff Upland Sands 

B. 

C. 

D. 

E. Shallow Clays 

F. DeepSands 

G. Deep Clays 

Tobacco Road and Snapp Sands 

Dry Branch, Santee, Warley Hill, and Congaree Sands 

Four Mile Sands and any other Unrepresented Shallow Sands 

Table 5 Damping Ratio versus Shear Strain 
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Figure I. Savannah River Site map 
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Figure 2 SRS General Stratigraphic Chart 

F-2 



Commercial Light Water Reactor K-ESR-H-00010 
Tritium Extraction Facility Rev. 1 
Geotechnical Summary Report (U) December 1998 

* -  

4-  

t '. .- . .  ... 

Figure 3 SRS site-wide design response spectra 
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1. Numbers shown are a;erage values, for stratigraphy under specific facility. 
see cross-section 

2. Numbers in parentheses are standard deviations 
3. Based on RTF data 
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Figure 5 Overconsotidation ratio versus elevations 
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Figure 6 Compression index versus Initial void ratio 
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Figure 7 Compression index versus moisture content 
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Figure 8 Compression index versus percent fines 
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Figure! i 0 Shear rnoduius reduction and variation of damping ratios with cyclic strain amplitude 
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Figure 11. Normalized cone tip resistance and friction ratio versus cyclic stress.ratio required 
hi initiai iiquefadion (from Reference 7.10) 
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Figure 12. Comparison of effective confining pressure correction factor (K ) 
for SRS with K from other sources (from Reference 7.10) 
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Figure 13. Volumetric strain as a function of safety factor 
against initiai iiquefaction (from Reference 7.1 0) 

1.8 
I 



Commercial Light Water Reactor K-ESR-H-00010 
Tritium Extracti'on Facility Rev. 1 
Geotechnical Summary Report (U) December 1998 

0 - 
d e  
U 
"0 > 

af Pressure =O' 

. Ref.: Seed, Arango, Chan, 1975 

A V ' -  4H Cr (qy-bU) + AU 
-=-=---.I- 

V H 1 +eo log O ~ *  - AU 

- -  % 
I Cr log 

l * + e o  w-AU 
1 = -  

I - T" 
= -  Cr log 

1 
C r  log. 

1 + e o  1 -byw 1 + e o  

Figure 14. Derivation of relationship between pore water pressure ratio (ru) 
and volumetric strain after liquefacfion (from Reference 7.10) 

F-I  4 



Commercial Light Water Reactor K-ESR-H-00010 
Tritium Extraction Facility Rev. 1 

December 1 9 9 8 * Geotechnical Summary Report (U) 

1 .t 

0.a 

0.6 

0.4 

0.2 

0 

. 
I I I I I 

LA- -I SANTEE FORMATION 

. .  
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Figure 16 Chinese criteria for clayey soils at CLWR-TEF facility (References 7.1 5 and 7.1 6) 
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Figure 17. Correlation between average shear wave velocity and cyclic stress ratio 
required for liquefaction (Reference 7.1 7) 
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Figure 18. Correlation between normalized shear wave velocity and cyclic stress ratio 
required for liquefaction (Reference 7.1 8) 
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HTEF - C22 APPLIED RESEARCH ASSOCIATES, INC. 02/12/98 
North 73348.9 East 61674.3 Elevation 29 1.8 
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Geotechnical Boring Logs 
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PROJECT JCfiNO. SHEETNO. 
GEOTECHNICAL LOG TEF FI"F,F 1  OF^ 

nOCEN0. 

HTEF 

X I  287.7 

HTEF - N73331 E 61587 

A NaVALUE (SPTj 

0 RECOVERY 76 

+ A l T .  LIMITS X 

2 0 4 0 6 0 8 0  

90 

*O 

EGW COMPLETED D R l U R  4 -  DRlU W E  AND MWEL HOLE SlZE SWPLE HAMMER WElGHTlFAU 

12/9/97 12/23/97 CmvU/B. Cunningham Failing 1500. 3 718 in I40 lb/30 in 

. D .  

TOTAL DEPfl 

158.5 

. A .  

: 0: . , A .  

; A _ _  : ' . ' . W ' .  

:o ; 

0 :  

P :  
A: : 

: 0 :  

' 0  

' 0  

'S = STATIONARY PISTON: PB x P1TCHER 

- 
z 
E t  
$2 
y z  
W 

281.7 

28 1.2 

279.7 

278.2 

276.7 

275.2 

273.7 

272.2 

270.7 

269.2 

267.7 

255.2 

264.1 

2639 

261.i 

260; 

258.; 

257.; 

255.; 

254.: 

252.: 

N. KiddSAIC 

30 

JOTES ON: 
VATER LEVELS, 
X-IARACTER OF 
IRILLING AND 
ABORATORY 
'ESTING 

HOLE NO. 
HTEF-BI 

.. . 



PRQJECT -NO. 

TEF HTEF GEOTECHNICAL LOG 
SHEETNO. HOLENO. 

2 OF 5 HTEF-B 

w A N-VALUE (SPT) 

0 RECOVERY % 
a 

d o  5 f $ + A n .  LIMITS YO 
v) 

20 40. 60, 80 

z - t  rn MOTES ON: 3 3  o= 0 WATER LEVELS, 
DESCRIPTION AND CLASSIFICATION CHARACTEROF I 

0 3  $ I (L i g  yz ; G  DRILLING AND 
LABORATORY 
TESTING 

L a  
W 



PROJECT 
GEOTECHNICAL LOG 

.' . 
- 
.. . 

A N-VALUE (SPT) 

v) 

POORLY G W E D  SAND (SP) mcc silc light bmwn 
with several Mack nodules (Mn?): v a y  den% 
subangulu. poorly I@& - grund 

m a s  above; mediumdense: medium to come g n i d  
/ 

I I 20 

SS 
45 

ss 
46 
ss 
41 

ss 
48 

ss 
49 

SS 
50 

ss 
SI 
ss 
52 

ss 
53 

ss 
54 

SS 
55 

ss 
56 

- 
- 
- 
- 
- 
- 
- 
- 
- A 

- A 

- A. 

Y 

0 

212.2 

210.7. 

209.2 

207.7. 

206.2. 

204.7, 

203.2. 

20 1.7. 

2002 
199.4. 
198.7, 

197.2 

195-7. 

1W2 

191.7, 

190.4 

188.2 

186.7 

185.2 

183.7 

182.2 

180.7 

179.2 

177.7 

1762 

174.7 

173.5 

178.0 

- 
t 
z 
!i 
I 

W n 

80- 

85 - 

90- 

95 - 

100- 

105. 

110. 

- 

TEF I HTEF'I 3 

DESCRIPTION AND CLASSlFlCAllON 

subaguiu; poorly gadtd; fine to medium 

to mtdium grained wirh a0.1-0 

R wec low to matiurn plasticity. wnd fmaion is 

/ I  

no rrcovuy 

I . . 
,. . 

same as above; light &l brown: d u m  dense; light 
gny wkpy Cl8y h a h e  at base of hmVd 

S .I STATlONARY PISTON: PB = PITCHER I FINAL LOG 

NOTES ON: 
WATER LEVELS. 
CHARACTER OF 
ORlUlNG AND 
LABORATORY 
TESTING 

Tan Clay interval 

I 
jlic4ENO. 

I HTEF-Bl 



* A- 

0 .  A 

A 

A .  

r 

0 ’  

0. 

.o 

WATER LEVELS, 
CHARACTER OF 
DRILLING AND 
LABORATORY 

A . ‘ 3  . , 

: : o  : 

P :  
‘A 

‘A ’ 

CLAYEY SAND (SC) trace silt with lean clay and poorly 
&d sand inlukds; mcd yellowish bmwn: +sc: WW 
submguk. well grded: f a  to QC g r y d  

165.71 

POORLY GRADED SAND (SP) trace silt with silty sand 

CLAYEY SAND ISC) calcmus?. also z~ner of wndv 
clay and silty undi wirh It bmwn fanes: dmsc: Get 

161.21 a\ submgulu. well gnded; med to CY wried 

59.7 

56.7; 
I 

as above: with It bmwn bands near the batom of the 
153.7 inltrvll: dense: fim to mcd gnjncd. c-r nurintcwal 

CLAYEY SAND (SC) m e  silt: It brownish yellow with 
whiu bmdr; dense: wet: s u b a n g k  well gndtd. fine to 

52.2] 135&\- mcd grained. wth white wspy clays 

150.71 & L . \ - I  . same as above: with whu wlspy clays: rndurn &rue: 

SS 
87 

SS 
’ 88 

ss 

ss 
90 

ss 
9L 

SS 
92 

ss 

- 
- 

a9 - 
- 
- 
- 

I I I v /I 
SS = SNIT SPOON; ST = SHELBY TUBE; ’ SlTE HCXE NO. 
PS I STATIONARY PISTON PB = PITCHER FINAL LOG HTEF-B1 

142.7- 

141.2, 

139.7, 

138.2- 

136.7, 

133-71 

SILTY SAND (SM): I t  bmwush yellow; m d  dcnsc; wa: 
subanguk. well gndcd: finc to d grrined. unrll clay 

. same as above: with wspy Light grccn clay lanume n m  
t k  tvlctnm nf  he imwd 

I 





JOBNO. SHEETNO. PROJECT 
GEOTECHNICAL LOG TEF HTEF 1 OF 5 

Y I  292.7 1 

HOLENO. 

HTEF-B 
im CCQROlNATES 

HTEF N73320 E 61675 

' A  

, A  

'A 

A 

ANQlE FROM HORlZONTAl. 

90 

: io 

SMRE HAMMER WEffiHTFAlL IEQUN * COMPLETED 4 -  

. A .  . 

TOTM DEPl 

' 0 '  

12/29/97 1/21/98 . CuanlnghambA. Jac 140 lbB0 in 1655 

29 1.2- 

2a9.7, 

288.2- 

286.7 

285.2- 

283.7- 

! 

~ 282.2- 

280.7- 

279.2- 

z 
OC 

DESCRIPTION AND CIASSlFICATlON 
I - c  

: '  2- w 

292.7 
1 

NOTES ON: 
WATER LEVELS. 
CHARACTER OF 
DRILUNG AND 
LABORATORY 
TESTING 

w 

tin 

$ 5  

E P 
A N-VALUE (SPT) 

2 0 RECOVERY % 
z 2 4- AlT.LlMlTS% 

20 40 60 80 

- 
SS t SPLIT SPOON: ST I SHELBY TIBE: * 

PS I STATIONARY PISTON; PB = PITCHER FINAL LOG 
HOLE NO. 

HTEF-B2 



DESCRIPTION AND CLASStFlCATlON 
DRlUlNG AND 
LABORATORY 



WATER LEVELS, 
DESCRIPTION AND CUSSlFlCATiON CHARACTER OF 

DRILLINO AND 
LABORATORY 

; fure LO mcdium gruned' 



3-10 

A N-VALUE (SPT) 

DESCRIPTION AN0 CLASSIFICATION 

SS I SPLIT SPOON: ST I SHELBY TUBE: SITE H U E  NO. 

PS = STATlONARY PISTON: P 8  = PlTCHER FINAL LOG HTEF-B2 





4iP - 
4 

PROJECT -NO. SHEETNO. HOCENO. 

GEOTECHNICAL LOG TEF . €J.TEF I OF 5 HTEF 
SITE IANGLE FROM HORIZONTAL 

A N-VALUE (SPT) 

WATER LEVELS, 
DESCRIPTION AND CLASSlFlCATlON CHARACTER OF 

DRILLING AND 
LABORATORY 



PROJECT 
GEOTECHNICAL LOG I F 5 IHTEF-B: 

A N-VALUE (SPT) 

0 RECOVERY X 
io 

IOTES ON: 
llATER LEVELS, 
:HARACER OF 
lRlUlNG AND 
ABORATORY 
ESTING 

z 
0-ti $ 
W Z  
3- w 

- 
252 

247. 

242. 

239: 

238. 

233. 

228. 

223. 

218. 

DESCRIPTION AND CLASSIFICATION 

CL4Y EY SAND (SC). yith m sandy day lay?: 
mcdium reddish brown with ~ w n e  red layers: medrum 
dense: moui: poorly gndcd; subangulu. fine LO d u r n  
gr;lincd 

'0 SILTY SAND (SM): medium ycllowlrh brown with 
medium nd Iryur: nxdum &we; mix pooriy gnded; 
subangulw fine 10 lowacovse grained 

CLAYEY SAND (Sa; r r d u m  yellowlsh brown: Iwse: 
wa: poorly graded: subangular. tine to mcdium grained 

same as above: reddish h w n  and yellowsh brown: m o m  
fine grnined 

hy Branch SILTY SAND (SM); with clay; m u m  bmm with some 
d d k h  ZOM: mdium derrw; wec @y gnded: 
subangular. fine io medium gmncd 

CLAYEY SAND (SC): &urn Uowish brown: I-: 
wet  poorly gndcd; Nbangululu: tf;: io d u m  grained 

same u above; few silty sand m: d u m  Mi 
txown: d u r n  dense 

CLAYEY SAND (SC); mcdrum llowish brown: duIK. 
wcs poorly gnded; Sutungulu: rT", to 

9 I SPUT SPOON; ST = SHELBY TUBE; IOCE NO. 

HTEF-B3 FINAL LOG S STATIONARY PISTON PB I PITCHER I 



PS a STI I 

r 
i: 

-q 29 

1 ss 
32 7 

,ss = SPI 

c - 

3-14 
PRQlECT JOBNO. SHEETNO. HUENO. 

iEOTECHNlCAL LOG TEF HT33F 3 0 ~ 5  HTEF 

z t c n  NOTES ON: 
0 RECOVERY % 

32 + a  I a DRILLING AND + A n .  LIMITS 4: 8.3 yz a 5  - LABORATORY 

' A N-VALUE (SPT) 

WATER LEVELS, >g z o_ CHARACTER OF 
I DESCRIPTION AND CLASSIFICATION 03 

E a  TESTING w 

20 40 60 80 
medium grained - 

SILTY SAND (SM); &urn yellowish bown; derue; ww 
poorlygdcd:arbutgulu.fincro mdiumgnined 

Tan clay Imrrral 
/ 

Tinker? 

4- 16-29 POqRLY GRADED SAND WITH CLAY (SP-SC): 
gnylsh born: dtruc: w e  p d y  gr;lded; SUbIInguLr; fine 

173.6- 
* HOLENO. 

FINAL LOG HTEF-B3 

'A '0 ' 

TSWON;ST=SHELBYTUBE - 
IlONAFIY PISTON: PB = PITCHER 



B- 15‘ 
PROJECT IJObNO. (SHEETNO. (HOLENO. 

GEOTECHNICAL LOG TEF . I  HTlEF 1 4  OF’S IHTEF-B 

A N-VALUE (SPT) 

0 RECOVERY % 

+ Am. LIMITS % 

20 40 60 80 

NOTES ON: 
WATER LEVELS. 
CHARACTER OF 
DRILLING AND 
LABORATORY 
TESTING 

I I  

I I  

0 

168.6 

167.1 
167.( 
165.C 

164.1 

I62.f 

16o.t 

159. 

157.t 

1%. 

154.1 

153. 

151. 

150. 

148. 

!46 

I 45 

143 

0 

C 

C 

A 
120 

A ‘  

A. 

SANDY SILT (ML). wih few silty sand intabds: light 
whitdsh mav and link tan and b r o w  dB mist: low 

< .  

k%?SA.ND (Sa; medium gnyirh bmwn and ligh! “’ W‘ gray; dew: mkx poorly grrdcd; subanguk sand i s  fine 

A 0 

i t ,  135 

I 
I 

SANDY SILT (ML).; light ycUowkh gFn:  hard; wet: b w  
plasanty: sand fracllon is very finc g d  

A .  

. A .  140 

I 

145 ‘1 
ss 
23 

ss 
54 

142.1. 

140.6. 

139.1. 

137.6, 

33.: 

‘A ’ 





PROJECT 
GEOTECHNICAL LOG TEF 

JOBNO. SHEETNO. HOLENO. 

HTEF 1 OF 5 HTEF-B4 

N. KiddlSAIC 
I I  

HTEF . I * N73400 E 61541 

A 

b 

0 .  

A. 

90 

h 

Q 

!€GUN COMPL!3ED 

1/21/98 UU98 

A N-VALUE (SPT) 

0 RECOVERY % 

4- Am. LIMITS % 

20 40 60 eo 

DRILLER a. - D R l U  W E  AND MODEL HOL€ SIZE SAMPLE HAh4MER WEIGHTIFMI. TOTAL DEPTF 

Cmvcs/B. Cnnninghun Failing 1500 3 718 in - 140lbL30in . 157.8 

0 

1 'SPOON; : ST = SHELBY: 

I 

m 

Ism 

- 
z 
gLi 
gL? 
y f t  
Lu 

286.6 

278.1 

276.6 

275.1 

272.6 

271.1 

269.t 

268. I 

266.L 

265.! 

263.t 

262. i 

260A 

259. 

256.f 

255. 

252.1 

t 
F 
z 
a w 
0 

DESCRtPTlON AND CLASSIFICATION 

10 

LEAN CtAY (CL) m rpnd: tightyclbsish brown. 
white. and ydlow. dry: mcdrum plpwnty: saad is fine 

25 

CLAYEY SAND (SC): medium rrd: dunp: subpngular. 

SANDY LEAN CLAY (CL) wid, ~ome clayey und TONS: 
medium sed. purple. ycJlow. md white: very SdR moist 
mdium plrrticig; rurd frrclion is fine to &urn gnincd 

no rcfovcty 
I 1  

I I  
1 1  

NOTES ON: 
WATER LEVELS. 
CHARACTER OF 
DRILUNG AND 
LABORATORY 
TESTING 

TobaccoRoad 

'S = STATIONARY PISTON; PB I PITCHER I FINAL LOG I HTEF-B4 



WATER LEVELS, 
DESCRIPTION AND CLASSIFICATION CHARACTEROF 

DRILLING AND 
LABORATORY 

tinetomedium 

.. -- POORLY GRADED SAND M" SILT(SP4M): light 
' cUowizbbrownbecocning mcdium rcddishkown u 

221.1- 65-1 ~omcFimavrl;nydcqu:w*1:submg~,pmly 
graded; fine to mcdmrn gruned 

POORLY GRADED SAND (SP) tncc dll; light brown. 
nddirh in places; very &nu: wet; subangular. poocty 
prrded; fine to medium p m d  



PROJECT -NO. SHEETNO. 
GEOTECHNICAL LOG TEF HTEF 3 OF 5 

HOLENO. 

HTEF-Bi 

z t c n  
*I- z r! 

W A N-VALUE (SPT) 

I OESCRlPflON AND CLASSIFICATION 
9 5  F W  
03 a. 

E P* 1 o AECOVEiY % 

NOTES ON: 
WATER LEVELS. 
CHARACTER OF 



E-20 
-NO. SHEETNO. W E N O .  PROJECT 

TEF FlTEF 4 OF 5 HTF’ 
GEOTECHNICAL LOG 

z t v ,  NOTES ON: 
W A N-VALUE (SPT) 

WATER LEVELS. 
DESCRIPTION AND CLASSIFICATION CHARACTER OF ria 

DRILLING AND 
$ 3  A -  LABORATORY 

TESTING 

--rg O C  0 
Flu z 

03 I a d g  2;z ~ - a  a 
W C 1 Q  

- ?$ 0 RECOVERY SC z 

4 $ + AlT.LlMlTS% 
v) 

20 40 60 80 I 





HTEF . * N73467 E 61628 90 
SAMPLE H M E R  WEIGWTFAU TOTAL DEPT BEGUN COMPLETE0 DWLLER -_ - DPJU W E  AND M O M l  W E  SUE 

156.0 140 l b H  in lllW98 1/28/98 GmveslA. JodrsondrE. PI Failiw 1500 3 718 in 
Q.ROUUD EL. DEPTWEL. GROUND WATER LOGGED BY: 

R. GelinaslSAIC 0 39.7M7.4 yzy98 287.1 z. I 

NOTES ON: 
W A N-VALUE (SPT) 
n 

WATER LEVELS. 
DESCRIPTION AND CLASSIFICATION CHARACTEROF 

c$ 0 RECOVERY % 

DRILLING AND d o  
5 2 LABORATORY $ 4- A n .  LIMITS % 

TESTING 
fn w 

z 



GEOTECHNICAL LOG 
P R M C T  &NO. SHEETNO. HOLENO. 

TEF HTEF 2 b~ S HTEF-B! 
I '  

0 .  

. .  

' 0  

0 

. c  

is a SPLIT SPOON; St 8 SHELBY TUBE: 1"" 

- 
251.1 

246.1 

241.1 

I 

236.1. 

231.1. 

226.1, 

221.1 

216.1 

- 

DESCRIPTION AND CLASSIFICATION 

r 

CLAYEY SAND (Sa; mdium bmwn rad &&e: mtdiurn 
dcrpc: moist; subuyulpr. poorly gnded: fine to medium 
&m=J 

urn 15 above; rngulrr 

SILTY SAND (SM): medium brownish yellow; wry denu: 
wcs submgulu. pooriy graded: fine to medium g r a d  

CLAYEY SAND (SO: d u m  W i  brow?; Imse; 
submpuk poorly @ai: fine IO mtdtum grumd 

SILTY SAND (SM); medium bmwn and matiurn nddirh 

medium gnined 
brown: de=: wes rubangulrr; poorty gnded; ciae to 

'SI STATIONARY PISTON: P8 x PITCHER I FINAL LOG 

ITES ON: 
ATER LEVELS, 
WRACTER OF 
IILLING AND 
rBORATORY 
STING 

lOCE No. 

HTEF-B5 



JOBNO. PRQlECT 
GEOTECHNICAL LOG T E E .  BTEF 

SHEETNO. HOCENO. 

3 0 ~ 5  HTEF 

z t c n  
W A N-VALUE (SPTJ 

h sg gb z 0 
E %  

2 0 RECOVERY 74 
l i P  2 

v) W 

I DESCRIPTION AND CLASSIFICATION 03 z g  
sg yz z s  $ I- AlT.LlMlTS% h a 

NOTES ON: 
WATER LEVELS, 
CHARACTER OF 
DRILLING AND 
LABORATORY 
TESTING 



PROJECT -NO. SHEETNO. HOLENO. 

GEOTECHNICAL LOG TEF HTEF 4 O F ' S  HTEF-B 

z t U ,  NOTES ON: A N-VALUE (SPT) 

WATER LEVELS, 
DESCRIPTION AND CLASSIFICATION CHARACTEROF 

DRILLING AND 
LABORATORY 

3 5  z 0 E F a  e$ ig y f ~  a 

: a  TESTING 

03 

cn w 

20 40 60 ao 
r 













GEOTECHNICAL LOG 

A N-VALUE (SPT) 

0 RECOVERY % 

4- ATT. LIMITS 46 

20 40 60 BO 

A .  0 

A .  

.A 

A 

. A  

A .  

. -- 

.o 

.o 

__.. - - . .. 

I 

I 

3 

IS I SPLIT SPOON; ST = SKELBY TUBE: - 1” 

I 1 

197.1 

t9S.6- 

194.1- 

192.6. 

191.1- 

189.6- 

188.1. 

186.6- 

- 
t 

t 
z 
I 

W n 

80- 

85 - 

90- 

95- 

100. 

DESCRIPTION AND CLASSIFICATION 

CLAYEY SAND (SC); medium brown with some b lvk  
S~SLS; medium &ax; wtl; angulu. fuu 10 lower come 

Pd 

SaM as above: with cmrhed ncne mgmanr (cave 
maruirt); loox 
SILTY SAND (SM) with clayey wnd inrrrbedr: mcdium 

same as above: ~nce  clay: &urn dcrrx; fine to upper 
mediumgrained 

CLAYEY SAND (SO w i ~  silty sand intabak medium 
brown with black Mn ro(lu; medium dysc: wp; 
subangular; poorly graded: fine to memum gruncd 

brown wilh Mack Mn UYKS; d i m  &ax: wec 
subanyllr. poorly gnded: fine to mcdium pired 

CLAYEY SAND (SC): medium brown. light bmwn and 
light gay; d r u m  durce; wet; ruhmgulu: pooriy graded; 
fine to lower medium gn~ncd 

above: subuyular. poaly gndcd, fmc to medium 

1: suhngulu: poorly gnded; fine to 

i I 
POORLY GRADED SAND Wmr SILT(SP-SM): lighc 

I 

I 

‘S = STATIONARY PISTON: PB I PITCHER I FINAL LOG 

OF 3 IHTEF-E 
NOTES ON: 
WATER LEVELS, 
CHARACTEROF 
DRILLING AND 
LABORATORY 
TESTING 

__ 

IOLE No. 

HTEF-B7 
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E 60 
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4 0  

30 

20 

10 

0 

[I: w 

lL 

0 

Q. 

D 

DISTRIBUTION TEST REPORT 

I 
Test  X +3" X GRAVEL X SANU X S I L T  X CLAY 
11 0.0 0.0 73.9 7 . 5  19 -0 

.4 

I I I I I I t 

MATERIAL DESCRIPTION 

Red Brown-Tan 6 White Clayey Sand 

Pro jec t  No .: 50161-7-0108.12 
Project: Tritium Extraction Fec5ltty 

Location: HTEF 6-1 Jar SS-9 @ 17-18.5 Ft. 

Oa te:  Jan. 15, 1998 

G R A I N  SIZE OISTRI8UTION TESY REPORT 

LAW ENGINEERING. INC - 

1 1 I 

AASHTO 

A-2-7 (1 .e 

Re marks : 

Tested by: 

Reviewed by: \& 

Floure No. 



io0 

Test X +3” X GRAVEL. 
0 I 0 - 0  0 . 0  

90 

X SANO X SILT X CLAY 
8 4 . 8  6 :4 8 . 8  

70 

60 

a w 

LL 

0 

I- z 50 
W 
0 

6 40 a 

. 
I 435 D60 1 O50 -O30 * _ ~  015 Q l O  . cc CU LL P I  

37 0.36 1 0 .28  0.174 0-’0652 0.0073 11.35 49.5 . -- ~ .: Q-- 7* 

t 

30 

20 

10 

0 

GRAIN .SIZE 

200 100 10.0 

DISTRIBUTION TEST REPORT 

1.0 0.1 
GRAIN SIZE. 7 mm 

0.01 O.O( 

I I I I 

HATEFiXAL DESCRIPTION 
e Red Brown 6 Tan Silty Sand 

Pro jec t  No.: 5016i-74108 Task 12 
Project:  Tritium E x t r a c t i o n  Facility 
0 Location: HTEF 6-1 ST-2 e 42-44 F t .  

Oate: J8n .27. 1998 

GRAIN S I Z E  OXSTRIBUTION TEST REPORT 

LAW ENGINEERING. INC 

I 

USCS 

SH 
AASHTO 

A-2-6 (0 .a 

Remarks: 

Tested by: SG 

Revianed by: kP 
Consolidation Sample 

t 

Finitre Nn 
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MATERIAL OESCRIPTION 

Project No .: 50161-7-0108.12 
Project: Tritium Extraction F8Cil5ty 
* Location: HTEF 8-1 Jar  SS-26 B 47-48.5 F t .  
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MATERIAL DESCRIPTION 

Brawn Silty Sand 

Pro jec t  No.: 50161-7-0108.12 
Project: Tritium Extraction Facility 
b Location: HTEF €3-1 Jar SS-34 @ 59-60.5 F t .  
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MATERIAL OESCRfPTION 
0 Tan Brown P o o r l y  Graded Sand with S i l t  
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MATERIAL DESCRIPTION 

Brown Well Graded Sand w i t h  Silt 

Project No.: 50161-7-0108.12 
Project: Tritium Extraction Fecility 
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MATERIAL OESCRIPTION 

Tan Brown Poorly Gr.aded Sand with Sllt 

Project No .: 50161-7-0108.12 
Project: Tritium Extraction Facility 

Location: HTEF 6-1 Jar SS-59 @ 101-102.5 Ft.  

Date: Jan. 15. 1998 
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MATERIAL DESCRIPTION 
b Tan Brown Poo~- ly  Graded Sand with Silt 

Project  No.: 50161-7-0106.12 
Project: Tritium Extraction Facility 
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Tan Brown Silty Sand 

Project N o . :  50161-7-0108.12 
Pro jec t :  T r i t i u m  E x t r a c t i o n  Facility 
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MATERIAL DESCRIPTION 
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b Brown 6 P u r p l e  Clayey Sand 

Jro jec t  No.: 50161-7-0108 Task 12 
'reject: T r l t l u m  Extraction Facility 
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MATERIAL DESCRIPTION 

b fan Brown P o o r l y  Graded Sand w i t h  Silt 

Jroject No .: 50161-7-0108.12 
'ro ject: Tritium Extraction F a c i l i t y  
b Location: HTEF 6-1 Jar -SS-89 @ 146-149.5 Ft. 
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HATER1 AL DESCRIPTION 

M o w n  Stlty Sand 

Pro jec t  No.: 50161-7-0108 Task 12 
Project: Tritium E x t r a c t i o n  Facility 

Location: HTEF 8-2 SS-9 @ 12-13.5 Ft .  

Date: Jan.27, 1998 
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MATERIAL OESCRIPTION 
b Tan 6 Red Brown Silty Sand 

' ro jec t  No.: 50161-7-0108 Task 12 
'reject: Tritium Extrection Facility 
b Location: HTEF 8-2 SS-32 @ 49-50.5 Ft. 
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MATERIAL DESCRIPTION 

Brown Silty Sand 

oject  No.: 50161-7-0108 Task 12 
sject: T r i t i u m  E x t r a c t i o n  Facil5ty 
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&ATERIAL DESCRIPTION 

Tan Brown Poorly Graded Sand w i t h  Silt 

Project No.: 50161-7-0108 Task 12 , 
Project: Tritium Ext rac t ion  Facillty 
b Location: HTEF 6-2 SS-52 e! 81.5-83.0 Ft. 
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MATERIAL OESCRIPTION 
b Tan Brown Silty Sand 

Jra j e c t  No .: 50161-7-0108 Task 12 
'roject: Tritium Ext rac t ion  Facility 
b Location: HTEF 8-2 SS-61 P 95-96.5 F t .  

)ate:, Jan. 27. 1998 
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MATERIAL DESCRIPTION 
b Tan Brown PooPly Graded Sand w i t h  Silt 
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MATERIAL DESCRIPTXIQN 

Brown Poor ly  Graded Sand w i t h  Silt 
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MATERIAL DESCRIPTION 

Tan 6 Red Brown Clayey Sand 

Project NO .: 50 16i-7-010e Task 12 
Project: T r i t i u m  Extraction Facility 
b Location: HTEF 8-3 SS-6 @ 10.5-12 Ft. 
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Red Brown Clayey Sand 
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I I I , . I  

AASHPO 

Remarks: 

Tested by: 

Reviewed by: I-& 



c -  2 8  

. 

GRAIN-SIZE DISTRIBUTION TEST REPORT 

Test X +3" 1 X GRAVEL X SAND X SILT 1 x CLAY 
14 0 . 0  0 . 0  90.4 . 9 . 6  

8' 

100 

90 

80 

70 

E 60 

z 50 

U w 

Ir. 

t 
w 
0 

E 40 
0, 

30 

20 

A0 

0 

. 030 - O 1 5  D i o  . cc I CU LL -- 
NL 0.161 0,'1126 0.0779 0.87 4 . 9  

I t 
1 

I I 1 I I I 1 

MATERSAL OESCFIIPTION 
0 Tan Brown Poorly Graded Sand w i t h  S i l t  

Pcoject  No.: 50161-7-0108 Task 12 
Project:  Tritium Extraction Facility 

Location: HTEF 8-3 SS-25 @ 73.5-75 Ft . 

Date: Jan. 27. 1998 

GRAIN SIZE DISTRIBUTION TEST REPORT 

- LAW .ENGINEERING. I N C  - 

-4E-+c AASHTO 

Remarks: 
Tested by: sc 
Reviewed by: if. - 

Figure No. 



C - 2 9  

D 

GRAIN-SIZE DISTRIBUTION TEST REPORT 

I & 

X CLAY ,. Test X +3“ X GRAVEL X SAND X SILT 
2 0 . 0  

100 

I 

90 

0 .o 9 3  - 4  2.6 6 . 0  
I I I 

80 

P 

70 

. 
-- . DIO . CC CtJ 

I 

LL 

448. 0.1507 1-15 3.7 

U w 
E 60 

30 

20 

I O  

0 
2 

I f I & I 1 

I I I I 

MATERIAL OESCRIPTXON 
W Reddisn Brown Poorly Graded Sand w i t h  Clay 

Project No.: 50161-7-OS00.12 
Project: Tritium Extract ion FBcllity 
0 Location: HTEF 8-3 St-4 @ 91-93 Ft. 

Date: Feb. la,  1998 

G R A I N  SIZE DISTRIRUTION TEST REPORT 

1AW ENGINEERING. INC - 

SP-sc 

Remarks: 

Tested by: st/d% 
Reviewed by: @ 

Conso 1 i d a  t ion SemcI le 



* GRAIN S I Z E  DISTRIBUTION TEST REPORT 
c' . . .  - 

I I 

I I I I I I 
MATERIAL DESCRIPTION 

Tan Brown Well Graded Sand with Silt 

Dro ject No .: 50161-7-0108 Task 12 
'roject: Tritium E x t r a c t i o n  Facility 
1 Location: HTEF 8-3 SS-32 @ 108-109.5 Ft .  

late: Jan.27, 1998 

GRAIN SIZE DISTRIBUTION TEST REPORT 

LAW ENGINEERING. INC - 

4 AASHTO 

Remarks: 

rested by: 5~ 
FIE"' TL&%!d by: kb 

1 Figure No. 
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LL 
I- z 50 w u 
Ef 
w 4 0  
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30 

20 
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D 

200 100 10 .a 1 .o 0. t  0.01 0 . 0 0  
GRAIN SIZE - mm 

' 
Test X +3" X GRAVEL X SAND X SILT X CLAY 
16 0 . 0  0 .o 78.7 5 . 0  16.3 

& 

D 
LL P I  I b 5  1 O60 I 050 I 030. 055 I D i o  . CC . CU 
33 1 8 - . - i . ? O ; 4 3  0 . 2 3  0 .28  0.198 ,0.'6027 

t I 
1 .. 

Project: Tritium Extraction Facility 
b Location: HTEF 6-3 SS-37 .@ 122.5-124.0 Ft. 

HATERXAL DESCRSPTION USCS 
sc White 6 Brown Clayey Sand 

Tested by: 

Reviewed by: & - I 

A A S H T ~  
A-2-4 (0  .a 

Date: Jan.27. 1998 I 
G R A I N  SIZE OfSTRIBUTION TEST REPORT 

LAW ENGINEERING. INC - I FiQUre No. 



GRAIN.SIZE - DISTRIBUTION TEST REPORT 

k e s t  
19 

100 

90 

00 

70 
W 

60 
c 
5 50 
w 
0 

w" 40 a 

30 

20 

10 

0 

a 

x +3" X GRAVEL X SANO X S I L T  I X CLAY 
0 . 0  3.1 66.0 30.9 

k' 

200 100 10.0 1.0 0.1 
GRAIN S I Z E  -. mm 

0-01 0.001 

I I I I I I 

MATERIAL OESCRfPTlON 

0 White Clayey Sllty Sand 

Project No.: 50161-7-0108 Task 12 
Project:  Tritium Extraction Facil3ty 
e Location: H E F  8-3 SS-43 .@ 132-133.5 F t .  

Date: Jen.27. 1998 

G R A I N  S I Z E  OXSTRXBlJTIot*c TEST REPORT 

LAW ENGINEERING. I N C  - 

AASHTO 
SC-SM A-2-4 (0 .a i Remarks: 

Tested by: S C  

Reviewed by: bki - 

Figure No. 



GRAIN-SIZE DISTRIBUTION TEST REPORT 

1 

100 

90 

80 

70 
a w z 
1L 
I- 
w u 

a 

H 60 

z 50 

E 40 

30 

20 

50 

0 

I X CLAY 
i 

Test  X +3" 1 X GRAVEL X SANO X S I L T  
17 0 . 0  I 0-0 62.2 . 37.8 

8 

1 

D 

M A E R I A L  OESCFIIPTION 

LL PI O85 1.. D60 I O 5 0  030' 055 Dio ! c, .I cu - 
62 ii  0.ei 0.i2 0.10 

b Tan Brown Silty Sand 

Project  No .: 50f61-7-0108 Task 12 
Project: Tritium E x t r a c t i o n  Facility 

Location: HTEF 6-3 SS-48 @ 140-141.5 Ft , 

Date: Jan. 27. 1998 

GRAIN SIZE DISTRIBUTXON TESf REPORT 

LAW ENGINEERING- 3" 

A-7-5 (12) 

Remarks: 

Tested by: SC 
Reviewed by: * - 



GRAIN SIZE DISTRIBUTION TEST REPORT 
e‘ . -  

1 

X SAND X SILT 1 X CLAY , .Test X +3” X GRAVEL 
20.4 18 0.0 0 . 0  79.6 d 

100 

roject No.: 50161-7-0108 Task 12 
roject: Tritium Extraction Facility 
Location: HTEF e-Sss-57 e 153.5-155.0 Ft. 

90 

80 

70 

60 

C f  
W 

Lr. 

!2 50 
W u 
2 40  
0, 

30 

20 

10 

0 

Remarks: 

Tested by: S C  
Reviewed by: k b  .. 

ate: .  Jan.27. 1998 

G R A I N  SIZE DISTRIBUTION TEST REPORT 



e-35 
GRAIN.SfZE DISTRIBUTION TEST REPORT 

. - -  C 

I 

Project  No.: 50162-7-0108 Task 12 
Project :  T r i t i u m  Extraction Facility 

Location: HTEF 8-4 st-i e 12-14 Ft. I 
Oete: March 25, 1998 

’ G R A I N  SXZE OISTRXBll f ION TEST REPORT 

I1 LAW ENGINEERING, INC. 

Renar ks: 

Tested by: 4-q 
Reviewed by: - 43 

Figure No.  



&. -36 

r 

Test 
1 13 

GRAIN .SIZE DISTRIBUTION TEST REPORT 
= . . .  

% +3" % GRAVEL X SAND X SILT I X CLAY'-' 
0 . 0  0 . 0  8 6 . 5  5 3 . 5  

r.! 

1 I I I I I 1 

MATERIAL DESCRIPTION 
b Tan 6 Red Brown Clayey Sand 

+eject No.: 50161-7-0108 Task f2 
'roject: Tritium Extraction Facility 
b Location: H E F  8-4 SS-7 e 18 F t .  

late: March 4. 9996 

GRAIN SIZE OISTRXBUTION TEST REPORT 

LAW ENGINEERING. INC. 

AASHTO . 
A-2-6 (0 .O& 

I 
Remarks: 

Tested by: J7fi- 

Figure No. 



c -37 

*test 
B 3 

* G R A I N .  

- 

X SILT x CLAV , x +3" X GRAVEL X SANO 
0.0 ' 0.0 72. I 12.8 15.1 

$ 

~~ -~ ~- 4 

SIZE DISTRIBUTION TEST REPORT 

@ 

100 

D l 0  _ .  cc . c, 015 LL PI 
49 ?E--. - 0.6047 0.0015 20.63 130.5 

I I 1 
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I O  

0 
200 100 0.1 10.0 1.0 

GRAIN S I Z E  -. 0.01 0.001 

I I I r I 

HATERIAL OESCRIPTION 
Tan Brown Clayey Sand 

P r o j e c t  No.: 50161-7-0108 Task 12 
Project :  Tritium E x t r a c t i o n  Facility 

Location: HTEF 8-4 st-2 e 28 Ft I 

Date: March 25, 1998 

GRAIN SIZE OISTRE~WTION TEST REPORT 

LAW ENGINEERING, INC - 

USCS I AASHTO I 
sc A-2-7 (2. I 

~ 

Remarks: 
Tested by: 4 
Reviewed by: 

Fiaure No. 



c-38 

D 

G R A I N - S I Z E  DISTRIBUTION TEST REPORT 
C 

1 X SILT x CLAY ' Test  X +3" X GRAVEL X SAND 
0 . 4  75 .5  7 . 8  16.3 15 0 . 0  

100 

90 

80 

70 
Lt w 
5 60 
LL 
I- z 50 w 
0 

E 40 a 
30 

20 

I O  

0 
200 100 10 -0 1.0 0.1 0.01 

GRAIN S I Z E  EIIU 
0 -00 

I I I I I I 
MATERIAL DESCRIPTION 

0 Tan Brown C l a y e y  Sand 

~ .~ 

Pro jec t  No.: 50161-7-0106 Task 5 2  
Project: T r i t i u m  Extraction Facility 
0 Location: HTEF 6-5 SS-1 @ 3-4.5 Ft. 

Date: March 4. 1998 

G R A I N  SIZE DISTRIBUTION TEST REPORT 

LAW ENGINEERING, INC. 
_.. . 

8ernar ks: 

Tested by: *-Mh 
Reviewed by: !-b - 

Figure No. 



c -39 

B 

GRAIN-SIZE DISTRIBUTION TEST REPOR'T 

Test)% +3" X GRAVEL X SAND X SILT I X CLAY 
14 1 0.0 0 . 5  59.7 39.8 

100 

90 

80 

70 

60 

a 
Il l  

30 

20 

10 

0 
200 100 io .o 1 .o 0.1 

GRAIN SIZE - MII 
0 .o i  0.001 

XATERIAL OESCRIPTIQN 
b Tan 6 Red Bconn Clayey Sand 

2ro ject  No .: 50161-7-0106 Task 12 
.%eject: Tritium Extract ion Facility 
0 Location: HTEF 6-5 SS-6 p! 10.5-12 Ft. 

Date: March 4. 1998 

GRAIN SIZE OISTRXBUTION TEST REPORT 

LAW ENGINEERING, INC. 

I 

USCS 
sc 

Remarks: 

I -. . 
AASHTO 

Tested by: S G  
Reviewed by: 43 

Figure No. 



1 

I I X SILT 1 X CLAY. TestlX +3” X GRAVEL X SAND 
16 0 . 0  , 0 . 0  81.6 13.4 5 . 0  1 

?’ 
2 

LL 

I 30 
De0 D50 O30 1 O15 1 Dio 1 CC CU 

10-..-..-..0-79 0 . 3 3  0.-26 0 .09f  0.0655 0.0535 1-0.49 . 6 . B  
PI OS5 f 

t 

USCS 
sc 

MATERIAL OESCRIPTION 
fled Brown Clayey Sand 

AASHTO 

A-2-4 (0 .Ol 

It-oject No.: 50161-7-0108 Task 12 Remarks: 
r a j e c t :  Tritium Extraction Facility 
Location: XTEF B-5 SS-12 @ 19.5-21.0 Ft.  

ate: March 4. 1998 

GRAIN SIZE DISTRIBUTION TEST REPORT 

LAW ENGINEERING, INC - 

Tested by: 5 c d - J ~ ~  
Reviewed by: r-b - 

Figure No. 



GRAIN-SIZE DISTRIBUTION TEST REPORT 
c 

B 

100 

90 

00 

70 

Test X +3" X GRAVEL X SAND x SILT X CLAY 
ia 0 - 0  0 .o 62.1 15.8 22.1 

I 4- 

I- 
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a W 40 
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200 io0 10.0  f -0  0.1 

GRAIN SIZE . 
0.01 , 0.001 
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1 1 

M A E R I A L  DESCRIPTION 

Reddish Brawn Clayey Sand 

~ ~~~ 

Project No.: 50161-7-0108 Task 12 
Project: Trit iun E x t r a c t  ion F e c i  1 ity 
b Location; 6-5 St-1 @ 26-28 Ft. 

Date: A p r i l  6, 1998 

GRAIN SIZE OISTRXQUTION TEST REPORT 

LAW ENGINEERING, 3" 

I f I 
AASHTO 

A-7-6 (3.5j- 

1 

Remarks: 

Tested by: 5c&3%7 
Revieued by: & - 



G R A I N - S I Z E  DISTRIBUTION TEST REPORT 

x SXLT X CLAY Test  x +3" X GRAVEL % SANO 
10 0 . 0  0 . 0 ,  61.i 8.1 30.8 
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IJ55 1 "36 ! . D i B  D i O  . cc CU 
0.14 ' 0 . 0 0 3  

10.0 1.0 0.1 
GRAIN SlZE '5 atm 

0.01 . 0 .oo 

I I 1 I I 

MATERIAL OESCRIPTION 
Reddish Brown Clayey Sand 

Project No.: 50161-7-0108 Task 12 
Project: Tritium Extraction Facility 

Lccati~n: WEF B-5 S t - 2  @ 31.5-33.5 Ft .  

GRAIN SIZE DISTRIBUTXON TEST REPORT 

1 A W  FNGTPIICCDT~~C TAIP 

I I I 

USCS I AASHTO 
sc A-6 (2 -2) I 

Re marks: 

Tested by: sc 
Reviewed by: tb - 



G R A I N . S J Z E  DISTRIBUTION TEST REPORT 
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VestlX +3‘ X GRAVEL X SANO X SILT X CLAY 
LO 0 . 0  0 . 0  71 - 2  12.8 16 .O 
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G R A I N  SIZE 7 
0.01 0 -00 

1 I I 1 1 I I 

MATERIAL E S C R I P T I O N  
b Reddish Clayey Sand 

Project Nu.: 50161-7-0108 Task 12 
Project: Tritium Extraction Facility 
b Location: HTEF 8-6 S t - I  @ 34-36 F t .  

Oete: April 2, 1998 

GRAIN SIZE OISTRXBUTXON TEST XPORT 

LAW ENGINEERING. INC - 

uscs I AASHTO 
sc A-2-7 (1-5& I I 

Rcmar ks: 
Tested by: 

Revtaiieci by: +b - 

Figyre NO. 
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a w E 60 
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% 4 0  
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k e s t  

1 
17 

- ___ .  
GRAIN SIZE -- M 

x 4-3” X GRAVEL X SAND I X SILT X CLAY 
0 .o 69.1 4 . 3  26.6 0 . 0  

8 

I I I r: f 

I 1 I I I I 

MATERIAL DESCRIPTION 
b 6ronn 6; White Clayey Sand 

~~ 

Woject  No.: 50161-7-0106 Task 12 
*aject: T r i t i u m  Extrection Facilfty 
b Location: HTEF C9A Ud @ 123.3-125-1 Section 1 

late: March 4. 1998 

G R A I N  SIZE OrSTRIBUTION TEST REPORT 

LAW ENGINEERING. INC - 

I I I 
USCS I AASHTO 

A-2-6 (0 .  a 

Figure No. 



. &By SC RcviewedBy: HEJ Job NO.: 50161-7-0108 
Date: F e b W  27,1998 Date:. - March 6,1998 Job Name: Tritium Extraction 

Facility 

T P 4 k  UNlT WEIGHT OF SAMPLE 
m1w" 

Sample: BoringNo.: C9A 
Depth: 122.3-125.1 

SatnpkID: Ud (Section# 1) 

s 

I P 
3.28 top 1-37 
3285 I bottom 1.365 

- I  H 

Y Tare No. SS-'56 I 

Drj I wt OfWatU 

- I - f Wt. +Tare 198.37 
I--- 

I 
TOTAL WEIGHT OF SOIL + TUBE SECTION 
WJ3GH" OF (XlWN, DRY TUBE SECTION 

VOLUME OF SAMPLE, [(pisD2/4)W1728] 

. 
WET mIG" OF SOIL, [(Ww - Wa)/454] 

WET DENSITY, iw,/ 
DRY DENSITY, PDW /(l+w/IOO)] 



c- 4 7  

b 

GRAIN-SIZE DISTRIBUTION TEST REPORT 

Test  X +3" X GAAVEL % SAND x SILT x CLAY' , 

i i  0.0 0 .o 7 5 . 3  1-5  23.2 
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E 4 0  
n 

30 

20 

i0 

0 

D 

200 100 

O 6 5  080 D50 1 b 0  . 015 010 . cc CU LL PI 
33 10 0.39 0.29 0.25 0.125 i 

.. 

f i 
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io .o 1 .O 0 .  i 0.01 0.00  
GRAIN SIZE - a ~ n  

1 I I I I I 1 

MATERIAL DESCRIPTION 
Brown 6 mite Clayey Ssfld 

P r o j e c t  No.: 50161-7-0108 Task 12 
Project: Tritium Extraction Facility 
b Location: HTEF C9A Ud @ 123.3-125.1 Section 2 

Date: February 27. A998 

GRAIN SIZE UXSTRIBUTXON TEST REPORT 

LAW ENGINEERING. me - 

I I 1 

AASHTO 
A-2-4 (0 .e 

Renar ks: 
Tasted by: s c q y f l  
Reviewed by: 

I 

Flairre Nn 



!&By: SC RcviewadBy: HI3 Job NO.: 50161-7-0108 
*.- ,+c: Febuary27,1998 Date: Mkch 6,1998 Jab Name: Tritium Extraction 

4 -  Facility 
TP-4A: UNIT WEIGHT OF SAMPLE 

rnKAL” 

Sample: -No.: C9A 
&th: 122.3-125.1 

Sample ID: Ud ( W o n  # 2) 

97.63 gm 
244.4 pm 

. TareNo. 
Tan waght I Wet Wt. + Tare 
W W t .  +Tare 
wt. of water 
Dryweigtrt 
~ o i s t u r c  Content, w 

. ̂ .5 I . .. 

- 
206.9’ gm 
37.50 gm 
109.27 gm 
34.32. % 

TOTAL WEIGHT OF SOIL + TUBE SECTXON 
WEXGHT OF CLEAN, DRY TUBE SECTION 
WET WEIGHT OF SOIL, ((W- 0. Wa)/454] 
VOLUME OF SAMPLE, [(piw/4)*W1728] 
WET DENSITY, [w&f Vj 
DRY DENSITY, &V /(l+n/lOO)J 

I 

Wsn’ 147.42 gm 
W& = Q g m  
W&= 0.33 lbs - 
V =  0.00 f? 

Dwv” 117.63 pcf 
DDD= 87.57 PCT 



c - 4 9  

B 

G R A I N - S I Z E  DISTRIBUTION TEST REPORT 

Test X +3" X GRAVEL 1 X SAND X SILT I X CLAY4 
20 0.0 0 . 0  89.5 1 10.5 
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a 40 
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Pro jec t  No.: 50161-7-0108 Task 12 
Project: Tritium Extraction Facility 

200 100 

I 

Remarks: 

Tested by: 

10.0 

Date: March 4, 1998 

GRAKN SIZE OXSTRIBUTION TEST REPORT 

LAW ENGINEERING. I". 

1.0 0.1 
GRAIN SIZE - mcR 

B o t t o m  Section of Tube 

Figure No. 

0 -001 0 -01 

HATWIAL DESCRIPTION 1 USCS I AASHTO 
Brown PoaFly  Graded Sand w i t h  S i l t  

Location: HTEF C9A Ud @ 123.3-125.1 Section 3 
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G R A I N  SIZE DISTRIBUTION TEST REPORT 

Test X +3* . X  GRAVEL I X SAND X SILT X CLAY ' 
12 0 . 0  . 0 . 0  ( J  69.5 6 . 0  24.5 
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f so 
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6 40  a 
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200 100 10.0 1 .o 0.1 0.01 0 -001 

GRAIN SIZE 0-m 
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I I 

MATERIAL DESCRIPTION 
0 Brown 6 H h l t e  Clayey Sand 

Project  No.: 50161-7-0108 Task 12 
Project: T r l t l u m  Extraction Facility 
6 Location: HTEF CSA Ud e! 125.1-127 Section 1 

Oate: Februery 27. 1998. 

GRAIN SIZE DXSTRIBUTIMJ TEST REPORT 
I A W  C)rrP-r~nzcnT)rw - r i t -  

I 

uscs I AASHTO 
A-2-7 (3.3) I sc 



TtstedBy: sc RcviewedBy: HEJ - Job NO.: 50161-7-0I08 

Uc: hhmy27,1998 Dbtt: March 6,1998 Job Name: Tritium Extraction 
Fadlity 

TPGh UNIT WEIGHT OF SAMPLE 
m1ICQa \ 

Sample: BoringNo.: C9A 
Depth: 125.1-127 

Sample ID: Ud (Saction # I) 

, 

Tare No. ss-9 
Tare weight 

WdofWater 

Wet Wt. + Tare 
Dry Wt. + Tare 

89.83 gm 
221.49 gm 
179.71 gm 
41.78 pm 

- V= 0.00 ft3 
DDW' 109.24 pcf 
h= 74.65 pcf 

..- 



GRAIN SIZE DISTRIBUTION TEST REPORT 
. - -  i 

, 

X SAND x S I L T  I X CLAY 1 Test X +3". X GRAVEL 

0 . 0  67.2 4.7 1 28.1 i~ 0 . 0  
.i- 

Project No.: SO161-7-OSO8 fask 12 
Project: Tritium Extrfiction Facdlity 
e Location: HTEF C9A Ud @ 125.1-127 Section 2 

Date: March 4, 1998 

GRAIN SIZE OISTRXBUTION TEST REPORT 

L A W  ENGINEERING- TNC 

mlWPk6: 

Tested 'by: s L  
Reviewed by: -. 

.. r. - 



%tedBy: SC RevicwcdBy: HEJ lob NO.: 50161-7-0108 
1tc: Febwuy27,1998 Date: March 6,1998 Job Name: Tritium Extraction 

Facility 
TPi i :  UNIT WEIGHT OF SAMPLE 

mlw” . 

T& Weight 
wct wt. + Tare 

Wt. + Tare 2 of water 
Dry weight 

89114 gm 
237.35 gm 
197.48 gm 
39.87 gm 
108.34pgm 
36.80 % 

TOTAL WEIGHT OF SOIL + TUBE SECTION 
WEIGHT OF CLEAN, DRY TUBE SECTION 
WET WEIG€€I’ OF SOIL# [(WM - Way4541 
WETDENSI‘IY,VJyI 
DRY DENSTY, fDw /(l+~/100)] 

VOLUME OF S-LE, [(pi*D2/4)+iUlT28] 



.- c-55 
G R A I N  SIZE DISTRIBUTION TEST REPORT 

- -  e - 

I I I I 
MATERIAL DESCRIPTION 

Brown Clayey Sand 

baject M.: 50161-7-0108 Task 12 
toject: Trit ium Extraction F a c i l i t y  
Location: HTEF C 9 A  Ud @ S25.1-127 Section 3 

te: March 4, 3998 

GRAIN S I Z E  DISTRIBUTION TEST REPORT 

LAW ENGINEERING, I N C  
VI---. - 

I I I 

Remarks: 
T e s t e d  by: 

Reviewed by: kb 



- 5 6  

TestedBy: SC RevicwedBy: HEJ Job NO.: 50161-7-OI08 
rate: Febuary 27.1998 Date: -March 6,1998 Job Name: Tritium Extraction -- F a &  TP-QA: UNIT WEIGHT OF SAMPLE WFKXL" . 

Sample: BoringNo.: C9A 
' Depth: 125.1-127 

Sample ID: Ud (Section # 3) 

NMwt @ne4 cut zmnde k&htJ; 

- - Avg 2.800 - 
1 



G - 3  */ 

GRAIN SIZE DISTRIBUTION TEST REPORT 
i 
4 

1 X CLAY 
- 

X SAND - X SILT Test 16 +3” X GRAVEL 
2 6 . 1  1 0 . 0  12.2 61 -7  

1 =e CU LL PS Dl35 . O60 O50 030 D1s 010 - 2 . 5 7  0 . 3 5  0 .25  0 - 5 0 4  

1 
I 

t 1 

.I f I I I I I 
HATERIAL OESCRIPTION 

Brown Silty Sand w i t h  Gravel 

v j e c t  No.: 50161-7-0108 Task 12 
’oject: Tritium Extraction Facility 
Location: CPT-1 ’sag @ 3 

3te: Jan. 28, 1996 

GRAIN SIZE OISTRIEUTXON TEST REPORT 

LAW ENGINEERING, INC - 

I 1 I 

AASHTO 

A-2-4 (0.01 

Remarks: 

Tested by: 5c 
Reviewed by: t;b 

Figure No. 



GRAIN-SIZE DISTRIBUTION TEST REPORT 
C . - -  

X SAND X SILT I x CLAY ', Jest X +3" X GRAVEL 
2 0 . 0  26.6 4 3 . 1  30-3 

d 

I I I I I I I 
MATERIAL OESCRIPTION 

B ~ o w n  Silty Sand with Gravel 

'oject No.: 50161-7-0108 Task 12 
w j e c t :  T r i t i u m  E x t r a c t i o n  Facility 
Location: CPT-3 Bag Q 3 Ft .  

lte: Jan. 28. 1998 

G R A I N  S IZE  DISTRIBUTION TEST REPORT 

LAW ENGINEERING, INC - - .-. . 

I 1 I 

Remarks: 

Tested by: 

Reviewed by: 4-4 

Fiaure N n  



G R A I N  SIZE DISTRIBUTION TEST REPORT 
- . .  ti - 

Project No.: 50162-7-0108.12 
Project: Tritium Extrection Facility 
e Location: CPT-4 Bag 3 Ft. 

Date: Jan. 15. 1998 

GRAIN SIZE DISTRIBUTION TEST REPORT I- 
E LAW ENGINEERING. - -. r w  . 

J 
Remarks: 

rested by: 

Reviewed by: f-b - 



GRAIN-SIZE DISTRIBUTION TEST REPORT 
C 

1 

100 

90 

80 

70 

?est x +3” X GRAVEL X 5ANO X SILT 1 X CLAY’  
11 0.0 0 . 0  8 8 . 6  I 1  . A  

a w z 
H 60 
lA 

I- 

w 
0 

z 50 

40 

30 

20 

10 

0 
200 100 10 .o 1.0 0 .  i 

G R A I N  SIZE - RUU 
0.01 0.00: 

~ 

MATERIAL oESCRlPfION 

Reddish Brown Poor ly  Graded Sand with Silt 

Pro jec t  No.: 50161-7-0108 Task 12 
Project:  Tritium Extraction Facility 
b Location: HTEF 8-4 SS-16 €? 44 Ft .  

Date: March 4. 3998 

GRAIN SIZE DXSTRIBUTION TEST REPORT 

LAM ENGINEERING, INC 

I I I 

I USCS AASHTO 

A-2-7 (0 .a 

Remarks: 
Tested by: d m 4 S G  

- Re‘rfeuer: by: a &J 

Figure No. 



G R A I N - S I Z E  DISTRIBUTION TEST REPORT 
. - -  c - 

X SAND X SILT I X CLAY' Test X +3" X GRAVEL 
4 .3  12 0 . 0  0 . 0  95-7 

(* 

.. 

1 I I I i I 
MATERIAL DESCRIPTION 

Brown P o o r l y  Graded Sand 

i 

-o)ect  No.: 50161-7-OiOB Task 12 
"eject: T r i t i u m  Extraction Facility 
Location: HTEF 8-4 SS-30 e 117 Ft. 

ste: March 4, I998 

GRAIN SIZE DISTRl6UTION YEST REPORT 

LAW ENGINEERING, INC. .-. 

I I I 0; AASHTO 

! 

Remarks: I 

Tested by:JT&% i 
Reviewed by: @ 

Fiqure No. 



I GRAIN.SIZE DISTRIBUTION TEST REPORT 
C 

B 

100 

90 

80 

70 
U w 
5 60 
LL 

% 50 

w 40 a 

30 

20 

A0 

0 

W 

2 

Test\% +an X GRAVEL X SAND X SILT X CLAY 
2 I 0 .0  0 -0  86.3 5.9 7.0  

200 100 io .o 1.0 0.1 
GRAIN SXZE - ci#a 0 .Oi 0.00 

MATERIAL OESCAIPT3ON 

~~ . _  

Project No.: 50161-7-0108 Task 12 
Project: Tritium Extraction Facslity 
6 Location: HTEF 8-4 Sf-6 e 132.5-134.5 Ft. 

?I 

Date: March 25. 1998 

GRAIN SIZE OXSTRIBUTION TEST REPORT 

1 AW l=IdCTMCCDT?t?C T h I p  

A-2-4 (0.1) 

Remarks: 

Tested by: 

Revieued by: & 



c - L 3  

U 
NL 

GRAIN-SIZE DISTRIBUTION TEST REPORT 
c 

1 cc cu PI !a5 060 a. 030 4 5  o!Q . 
N ~ ' ' a ~ " O . J O  0.13 0.11 0 , 0 3 4  O.bU56 0.0020 4.37 66.1 

I 
I 

1 
J I I I I I I 

MATERIAL E S C R I P T I O N  

Mown Silty Sand 

.. 

r o j e c t  Nu.: 50161-7-0108 Task f2 
roject:  Tritium Ext rac t ion  Facility 
Location: HTEF 8-4 St -9  @ 138 F t .  

ste: April 9, 1998 

GRAIN SSZE OISTAIBUTXON TEST REPORT 

LAW ENGINEERING, INC. 

i i I 

Renar ka: 
tested by: sc 
Rcvlentd by: i-b - 

FiairrP Nn 



! 

G R A I N  SIZE DIS.TRIBUTION TEST REPORT 
c' . . .  - 

I I I I 1 I 
MATERIAL DESCRIPTION 

b Tan Brown Silty Sand 

'roject No .: 50161-7-0108.12 
~ 

' roject:  T r i t s u m  Extraction Fecslity 
l Location: CPT-7 Bag 6! 3 Ft: 

late: Jan. IS ,  f 998 

G R A I N  SIZE DISTRIBUTION TEST REPORT 

I I I 

A-2-4 (0 .O) m Remarks: 

Tested by: 

Revieued by: Ih - 



. - -  C 

Date: Jan. 15, 1998 

G R A I N  S IZE  OI~TRIRUTXON TEST REPORT 

LAW ENGINEERING. ICNC - 

I 
Project No.: 50161-7-0108.12 4 Remarks: 

Tested by: 5c 
Reviewed by: e 

Project:  Tritium Ext rac t ion  Facility 
e Location: CPT-12 Bag @ 3 Ft .  

- 

Figure No. 



C-66 
i2.00 

9- 
n 
2 8.00 

Q 
m 
0 
L 

. 

t; 
L 

c 
v) 

4.00 

0 

RESULTS 

0 4.00 8.00 12.00 16.00 20.00 24 .OO 
Normal Stress. ksf  

SAMPLE NO.. i 2 3 
WATER M3N7EM, X 22.5 21.5 23.1 

84.0 80.3 02.3 
0.724 0.725 0.760 
2.85 2.04 2-86 
6.00 6.00 6.00 

97.7 97.9 95.8 

WATER CON*, X 2S.6 24.7 27.6' ~ 

100.0 100.0 100.0 
VOIO RATIO . 0.691 '0.667 0.729 
OXAHETER. i n  2.83 2.01 2 . E  

2 ORY DENSITY. pcf 99.7 1 O i . l  97.5 
w SATURATION. X 

5.97 5.96 5.94.  

BACK PRESSURE. kaf 2.88 2.w 2.88 
-4.38 5.98 8.99 
4*29 7.76 i4.4s 

STFlAIN RATE X/nin. o.io0 0,100 0.100 
PORE PRESSURE, kef 

0 5 I O  15 20 ULTIMATE STRESS, k8f 
Ax ia l  S t re ln ,  X PORE eRESSURE. kef 

01 FAILURE. ksf 5.79 10.85 20.60 - 
0 3  FAILURE, ksf 1.5 3.1 6.11 

r w r i  of TEST: 
.Consolidated drained r 

RWECT: Tr i t ium Extraction Facility 

iAWLE TYPE: W 
IESCRXPTION: Brown Silty Sand ' 

.L- PL- PI-  
SPECIFXC GRAVITY- 2, ?(? 

IEMAFIKS Tested by:3cr)?rl 
SAMPLE iOL'aTItX4: MEF 8-1 

St-2 8 4 2  Ft 

PROJ. NO.: 5016170106 DATE: A p r i l  6, 1996 

T R I A X I A L  COMPRESSION TEST It Reviewed by: 

'IG. NO. I! LAW ENGINEERING. INC- 



I 

! 

i s  

12 

9 

6 

3 

0 

6% 10% 15% 20X 

5% 10% isx 20% 
# 

5% 10% isx 20% 

Stress Paws .  + indicates end o f  t e s t  lacstion 
Peek StFength Total . . . . .  . . . .  

9.00 . 

8- - 0,22 kaf 
cc- 27.7 de0 _ _  .. -..: '*an oc - 0.53 

: : : :  . .  . . : :  
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6.00 
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.... &".&..'."4 ........ L"*&"'....: .... ....: .... &...&...'... . . - .  . - . .  
@ 3.00 e -00 8 .00  12.00 15.00 i8.00 2 1 - L  

P. ksf - 
:lient: 
k o  j ect: Tr it iun E x t r a c t  ion Fsc i 1 ity 
.ocation: tiw= 8 - 2  st-i u 42 Ft 

:I le: 0 108128 P r o j e c t  Nd .: 5016170108 Page 2(2 F i g .  No. - 



C -68 

cl 

5 

12 .oo 

8 .00  

4 .OO 

0 

WATER CONTENT, *% 25.7 19.8 
DRY DENSITY. p c f  97.7 102.9 
SATURATION, X 95.9 83.9 
VOIO RATIO 0.724 0.638 

HEIGHT. in 5.60 5.60 
OfAMETEFt i n  2.87 2-87 

4.00 8.00  12.00 16.00 20 -00 24 .OO 
T o t a l  Narmal Stress. ksf - 

Effective Normal Streas. ksf ---.  

PROJECT: Tritium Extraction Facility 

SAMPLE LOCATION: HTEF 8-i 
St-4 8 S6-98 Ft. 

PROJ.  NO.: 5016170108 O A Y E  ApFI1 14, i998 

T R I A X I A L  COHPRESSXON TEST 

24 .OO 

20.00 

c 
(11 16.00 X 

a 
0 12.00 

- 
Q 

L u cn 

8.00 
e, 
a 

2 4.00 

4 
> 

0 
0 5 3 0  15 20 

A x i a l  Stra in ,  X 

rYPE O f  TEST: 

;AMPLE TYPE: Ud 

IES#)IPTION: 

CU with pore pressures 

,L- PL- P I =  
3PECIFfC MA?’ITY- 2.72 
EMARKS: Tested b y : A  T f l  

A 0 V l 0 W e d  ~ y :  

‘IG. NO. 

SAMPLE- NO. 1 2 

LAW ENGINEERING. INC - 



15% 20X 5% 10% 5% 1 O X  15% 203 

SX 10% 15% 20% SX i O X  15% 20% 

F 
I) 
Y 

d 

Q .oo 

6.00 

3.00 

0 
J -  

P. ksf 
C1 i en  t:. 
P r o j t c t :  Tritium Extraction Facility 
Location: HTEF 8-1 S t - 4  B 96-98 Ft. 
F l  le: o io8 i2F P r o j e c t  No.: 5016170108 Page 2/2 Fig. No. - 

Stress Pat& legend: Total- E f f e c t i v e  ---. 
Peak Strength Total  
r 

- .-. *. - -- tan a- 0.53 

. . . .  . . . .  . . . .  . . . .  . . . .  . - . .  ....I...-...-...-.-- .- 

. . . .  . . . .  . . . .  
. . . .  . . . .  

. . . .  . . . .  . . . .  . . - .  
0 .  3-00 6 -00 9.00 12.00 15.00 18-00 2s.01 



'. 

r m z  OF TEST: 
Conaolidated drained 

SAMPLETYPE: ub 
JESCRXPT ION: 

,L- PL- P I=  
3pECIFIC GRAVITY- 2,?0 
EMAAKS: Tested by: J-im 

Reviewed by: tb 
F I G .  NO. 

c- 7 D  

0 1  FAILURE. ksf 16.03 9.Ad 4.89 
0 3  FASLUE.  ksf 5.2 2.61 1.3 - 
CLIENT: 

PRWECT: T'ritiun Extraction F a c i l i t y  

SAMPLE LOCATION: !-KEF 0-3 
St-2 0 21.5-23.5 Ft. 

- 
PROJ. NO.: 5oi617oio~ OATE: A p r i l  14. 1998 

TRIAXIAL COMPRESSION TEST 

LAW ENGINEERING, I". 

Y- 
m 
Y 

m 
I) 
0 
L 
c, 
v) 

c 
0 a 
lz 
v) 

* 
a 

d a 

X 

QI 
L 
4J 
u) 

L 
0 u 
a 
4 
w 
6 a 

12 .oo 

a .oo 

4 .OO 

0 

18.00 

15.00 

12 .oo 

9 .oo 

6.00 

3 .OO 

0 

. . . . . . . . . . . . . . . . . . .  ..:.. ..:..;..:.-:-. ..:..:..:..:.e ..:..;..:..:.. ..;..:..:..:.. ..I&.- ..:.. ..:..:..:..:.. ..:..:..:..:.. ..:-.:..:..:.. ..:..:..:..:.. ..:..:.. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  RESULTS 

0 4 .OO 6 .00  12. a0 16.00 20.00 24 .OO 
Normal Stress. ksF 

0 5 5 0  15 20 
Axial  Stra in .  X 

IPLE NO. . l  2 3 
HATER CONTENT, .X 18.7 17.9 18.4 
DRY DENSITY. pcf 97.2 103.0 iOO.1 
SATURATION, X 68.7 76.1 72.7 
V O I D  RATIO 0.734 0.637 0.684 
OTAUETER. in 2.86 2.65 2.86 
,HEIGHT. in 6.00 6 .00  6.00 

HATER CONTWT, X - 25.1 22.0 24.0 
5; DRY DENSITY. pcf 100.4 105.7 100.9 t 

w SATURATION. X 100.0 100.0 100.0 
VOID RATIO 0.679 0.595 0.671 

2.02 2.82 2.85 2 O I A M E R ,  i n .  
HEIGHT. i n  5.97 5.99 5.99 

BACK P R E S S E ,  ks f 2.88 2.88 2.88' 
CELL PRESSWE, ksf 8.08 5.49 4.18 

STRAIN RATE. X/mfn, 0-100 0:ioo 0.100 

F A I L W E  STRESS. k s f  12.83 6.83 3.59 
PORE PRESSURE. kbf 

ULTIMATE STFIESS, ksf 
PORE PRESSURE. ksf 



5% 10% 15% 20% 

5% lox 15% 20% 

4 

5% 10% 1% 20% 

v- 
Q 
Y 

d 

9 -00 

6 .OO 

3.00 

0 
3.00 9.00 12.00 15.06 18.00 2 1 . ~  

P. ksf - 
C1 l ent ;  
Pro j ect: f r i t  iurn Ext rac t ion  Feci I i t y  
Lacation: HTEF 8-3 St-2 Q 21.5-23-5 Ft .  

File: 0 108120 P r o j e c t  No.: 5016170108 Page 2/2 F i g .  No. - 



e- 12 

Silty Sand 
,L- P t =  Pf- 
3PECIFIC GRAVITY- 2.70 
3ENAAKS: T e s t e d  by: JTut, 

w Reviewed by: 

9 .oo 

6.00 

3.00 

0 

PROJECT: Tr i t ium Extraction Facility 

SAMPLE LOCATION: H E F  8-3 
St-3 8 46.5 Ft .  

PR03. NO .: 5016170108 DATE: Apr i 1 6.1996 

TRXAXSAL COUPRESSION TEST 

Effective Normal Stress, ksf - - - -  
12.00 

SAMPLE No. 1 2 3 
WATER CONTENT, % 30.3 39.7 28.5 

10 .oo DRY DENSITY. pcf  9 5 . 1  89.0 93.1 
SATURATION. X 96.1 89.5 94.7 
VOID R A T I O  0.850 0.895 0.81: 
OIAMETW. in 2.86 2.87 2 . E  
HEfGHT. in  6-00 6 .00  6.00 Q1 8.00 

(p' WATER CONTENT, X 29.8 3i.6. 26.8 

c SATURATION. X 100.0 100.0 100.0 
VOID RATIO 0.806 0.853 0.719 

0 4.00 HEIGHT, in . 5.98 5.97 5.95 

CELL PRESSURE 'ksf  4.49 6.ii 9.43 
FAILURE STRESS. kaf .4.51 5.11 8-01 

PORE eRESSURE, kef  2.94 4.25 6 .41  

). 

Y 

Q 6 . 0 0  DRY E N S I T Y I  pcf 93.3 91.0 98.0 , 

L DIAMETER, i n  2.83 2.84 2.130 

U 
VI 

+, 
Q 
4 
> 

BACK mES3JE kef 2.89 2.9i 2.94. 

g 2.00 

. o  STRAIN RATE. X/mln. 0.100 0.100 0.100 
0 s 5 0  t S  20 VLTXMATE STRESS, ksf 

Axial Strsln. X PORE PRESSURE. k s f  - 
GI FAILURE. k s f  6.06 6.97 11.03 
53 FAILURE, ks f 1.56 1.86 3.02 - rypE of TEST: 

CU with pore prsa8ursa 

'IG. NO. It LAW 'ENGINEERING. I". 



c. - 7.3 

5% 10% 15% 20% SX 10% 15% 20% 

5% iOX 15% 26% 5% i O X  15% 20% 

P. ksf  
l l e n t :  
-eject: Tritium Extraction Facility 

Lle: 010812C P r o j e c t  No.: 5016170108 Page U 2  F i o .  No. - 
) ~ ~ ) t l o t ~ :  HTEF 8-3 St-3 0 46.5 Ft. 



12 .oo 

e.oo 

4 .OO 

0 

r w E  OF TEST: 
Consolidated drained 

RESULTS 

0 4 .OO 8.00 12.00 16.00 20.00 24.00 
Norm1 Stress. ksf 

L 

0: F A I L U R E  ks f 7.92 tQ.99 
FAILURE. k s f  1.7 6.7 

LXENT: 

RUJECT: Tr i t ium Extraction Facility 

W L E  LOCATEON; HTff €3-4 i St-2 28 Ft- 

SAMPLE T Y e  M 
IESCRIFTION: Red Brown Silty 

.L= PL- PI- 
IPECIFXC GRAVITY- 2.70 

Sand 

(REMARKS: Tested by: d m  

Roviawed by: L.f;! I PROJ. W - :  5016170108 DATE: April 6. 1998 

T R I A X X A L  COWPRESSION TEST 

FIG. NO. 11 . LAW ENGINEERING. INC- 



. .. - 

c- 7 5  

5% 10% i5x 20% 

9.00 

6 -00  

3 .OO 

f 

15% 20% 5% . LOX 

5x 10% 15% 20x 5% iOX 15% 20% 

6 
Stress Paths. + i n d i c a t e s  end o f  t e s t  location 

p. kSf 
C 1  lent: 
Project: Tr i t ium E x t r a c t i o n  Facility 
Location: HTEF 8-4 St-2 B 28 Ft. - c . - . , - , - n e n n  -_ - .- r a  l m .  n 4 n o a q ~  n-. A - - L  . e -  



c-- 76 

48 .OO 

40 .OO 

.c 

0) 32.00 

ca' 
a 
c 
U 
v1 

Y 

24.00 

$ 56.00 
*r 

30.00 

- 
SAMPLE NO. i 2 

WATER cawEw. .x 35.0 31.4 

H SATURATION. X 97.2 101.2 
V O I O  RATIO 0.971 0.837 

2.06 2.84 DIAMETER. in 
HEIGHT, i n  6.00  5.60 

2 DRY DENSITY. pcf 85.5 91.8 

U 

]WATER CONTE.NT, x 34.5 29.4 
t;; DRY DENSITY. p t f  87.2 94.0 a 
~1 SATURATION, X 100.0 100.0 

VOID RATIO 0.932 0.793 ; DIAMETER, i n .  2.84 2.03 
HEIGHT. i n  5.96 5.51 

. 
m 
0 

L 
U m 

m 

0 

0 5 10 1s 20 

Axial Strain. X 

L 

t m 
: 10.00 

0 

FAILURE STRESS, k s f  . 13.74 34.90 
PORE PR€SSUR€, k8f 3.24 3.84 

STRAIN RATE. X / m i n .  0.100 0.100 
ULTIMATE STRESS. ksf  

PORE PRESSURE. ksf 

. . . . . . . . . . . . . . . . . . . . . . . . .  ..:..:..I.- ..:..:..:..:.. ..:..:..:..:.. ..:..:..:..* f: .;..:.. ..:..:..:.i. ..:.;.;.a. 

.A'..:.'.. ..:,,:..:..:.. .;.2-;*.& 

.;.2..:.2.. .:..L&;.. ..:.;.;.2.. 

. . . . . . . . . . .  TOTAL EFFECTIVE ..i..i..i .... i..i..i..i .... :..:..I..:.. /.&. . . . . . . . . . . . .  ,'.G ..:. :-: *.:. 2,; **:. 

4. 'deg 3 1 . C '  33.0 . . . . . . . . . . . .  . . . . . . . . . . . .  
. . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  
.-.-........ ._......._.. ." ._._. ".. 0 . . . . . . . . . . . .  c. ksf 0 

- .-............ I....-.-.-.- - 

OF ESP 
CU with pore preasurea 

20.92 48.89 5 1  F A I L W E ,  ksf - 
Qj FAILURE, k8f 7.50 f3.99 - 
1 

PROJ. NO.: 5016170108 OATE: April 6. lSS6 

T R I A X I A C  COMPRESSION TEST 

SAMPLETYPE: W IICLIENT: 
IESCAIPTION Tan Brawn Silty 

-I-- PL- PI- 
SPECIFIC GRAVITY= 2.70 
qEMARKS feeted by: JTPl 

Sand 

Reviewed by: 1 b 

ROJECT: Tritium Extraction Facility 

AMPLE L9CRTXON: HTEF 8-4 

St-8 0 132.5 f t .  

'IG. NO. LAW ENGINEERING. I N C .  I1 .. 
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ile: 010812 P r o j e c t  Nu.: 5016170108 Page 242 Fig. No. - 
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0 '  5 10 15 20 

A x i a l  Stra in ,  X 

SAMPLE NO. - 1  2 
WATER CONTENT, e% 24.8 22.6 

n S A N R A T I O N ,  X 86.2 79.2 
VOID RATIO 0.776 0.770 

HEIGHT. in . 5.60 5 .60  

WATER CONTyJT, X 26.9 27.9 
DRY DENSITY, pcf 97.7 96.1 r 

w SATURATION. X 100.0 100.0 
VOID RATIO 0.725 0.754 ; D I A M E T E R  i n  . 2.83 2.86 
HEIGHT, in 5.55 5.58 

8ACK WESSUFIE, k s f  . 2.9i 2.84 
CELL PRESSURE, k8f 9.32 4 .44  
FAILURE STRESS. .kef  13.13 4.32 

Pcm€ PRESSIIRE, ksf 6.02 2.82 
STRAIN RATE. X/rnin. 0 . ~ 0 0  0.100 
ULfIMATE STRESS, ksf 

PORE PFl€S!WRE, ksf 

2 DRY D W S X M .  pcf 9 4 . 9  95.2 

E OXAMETER, i n  2.86 2 - 8 1  

51 FAfLWRE. ksf 16.22 5.93 
za FAILVRE, ksf 3.1 S.6i - rYPE W TEST: 

CU with p o r e  pressures I 

CLIENT: 

PROJECT: Trit ium Extraction Facility 

SAMPLE COCATION: ma= 8-5 
St-1 0 26-28 Ft .  

PROJ. NO-: 5016170108 'DATE: A p r l l  14. 1998 

T R X A X I A L  COMPRESSION TEST 

SAMPLE TYPE: Ud 

IESCRIPTION: 

-t= PL- P I =  
SPECIFIC GRAVITY= 2 . 7 G  
EMAFIKS: Tested by: A - ~ I  

Reviewea by: . 

I1 - -  LAW ENGINEERING. INC. 
-. 'IG. NO. 
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iox 15% 20%. 5% 

Effective .-. . . . .  . . . .  a= - 0.32 ksf 0.00 ksf ,' 
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-- >.*..:tan (x a 0-49 
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0 3-00 6.00 3.w :2.m 15 -00 Ie.00 21.00 

I.-& 

Client: 
Project: Tritium E x t r a c t i o n  Facility 

Flle: Of0612E P r o j e c t  No.: 5016170108 Page 2/2 F i g .  No. - 
Location: HTEF 8-5 St-1 ' 8  26-28 Ft .  

- 
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EFfECTf"E ..:.-:..:.. ..:..:..:.. _ _ _  
. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  ..:..:..:..:.. ..:..:..:..:.. ..I..:..:..:.. .-:.;..i.. ..:..:..:..:.. ..:..:..:..:.. ..:..:..:..:.. .'.'..:.. . .  _ _ - _  - - . .  

..j..;..;.. ..i..i..i.-;-. ..i..i..j..i.. ..;..;..;..;.. .;..>.g.:.- .f.J..i.L.. . . . . . . . .  .d..i.f.f.. 
C, ksf 0 .68  0.45 ..................................................... ,..yi.;.. .A&,:.;.. ..:.2.;.;.. 

. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . - -  . . - .  . - . .  4 . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . .  ..e. . . . . . . . . . . . .  ........ .............. ........: ..... ..:.+.:.-:.. .2..LG..Lv,.:.&.L'.-..:.;..:.;.. 28.1 . .  . . . .  

2 
H 
t- 

n '2 

w 
I- 

5 

6. 

3. 

WATER CONTENT, X 19.6 17.7 17.5 
DRY DENSITY. p c f  104.7 107.7 107-6 
SATURATION, X 86.7 84.6 83.5 
V O I D  RATIO 0.610 0.565 0.567 

HEIGHT, i n  6.00 6 . 0 0  6 . 0 0  

WATER CONTENT, X - 21.4 59.5 19.1 , 
DRY DWSITY. pcf  106.9 110.3 111.2 
SATURATION. X 100.0 100.0 100.0 
VOID R A T I O  0.577 0.528 0.516 

HEIGHT, in 5.98 5.95 5.93 

OXAMETER. i n  2-86 2.86 2-66 

DIAMETER. in' 2.83 2 .84  2-83 

00 

00 

0 

I'YPE OF TEST: 

8 .  

I 
I 
I 

- 
Qi FAILURE, ksf 4-07 6-93 i i . i a  - 
5 3  FAILURE. ksf 0.92 2.69 3.47 

0 3.00 6.00 9.00 12.00 15.00 16 .oo 
T o t a l  Normal Stress. ksf - 

Effective Normal Stress. ksf - - - - 

PROJECf: Tritium Extract ion F8cllity 

SAMPLE LOCATION: HTEF 8-6 
St -1  8 34-36 F t .  

.:,.:..:..x.. .i.4.i..;.. ..:..:..:..:.. ..;..:..I..:.. . . . .  :::: : : : :  . . . .  . . . .  . . . .  ....................................................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
0 5 A0 15 20 ULTIMATE STRESS. ksf 

Ax581 Strain, X I PORE PRESSURk, k6f 

SAMPLE T Y E :  W (ICLIENT; 
IESCFIIPTION: 

-L- PL- PI- 
SPECIFIC GRAVITY- 2.70 
3EMARKS: Tested by: d7'Vh 

Reviewed oy: \+ . 

-_ 'XG. NO. 

PROJ. NO,: 5056170106 DATE: April  14. 1998 

T F I I A X I A L  COMPRESSION TEST 

LAW ENGINEERING. INC 11- 
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Stress Path .legend: 9 -00 
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8- 

a- deg . . . .  . . . .  &..;".- . . . .  . . .  
..: . .  . I . .  .... . . . .  .... .... . . . .  . . . .  

. . . .  

- 1 . .  . . - .  . . . .  . . . .  . . . .  . - . .  
0 3.00 * 6.00 9.00 12.# r5.0c 

P r o  j cct: Tr t t ium E x t r a c t  ion Feci 1 i ty 
Location: HTEF 8-6 St-1 -0 34-36 Ft. 

F i  le: 0 S O 8  12H Project No.: 5016170108 Page 212 F i g .  No. - 
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0 .  i 0 . 5  I 2 5 10 20 5 G  

LL PI SP-Gr .  press. 
(87.3 X 26.7 91.4 37 12 2.65 I 4 -44  0.17 O.aO9. 

TEST RESULTS 

Compression Index - 0.17 MATERIAL DESCRIPTXON 
Red Brawn C Tan Silty 
Sand . 

P r o j e c t  No.: 5 0 1 1 6 j  
P r o j e c t :  Tritium E x t r a c t i o n  Facility 
Location: HTEF E - I  

Date: Feb.  18. 1998 
S t - 2  @ 42-44 Ft. 

- 
C O N S O L I d A T I O N  TEST REPORT 

LAW ENGINEERING. I N C  - 

Classi SM 
Remarks: 
Tested by: A T q  
Reviewed by: 1 -b 

r r 4  m & I -  
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LL PI S P . G r -  press. c, e o .  
Precons. Nat .  Nat .  Dry  

Sat. Mois t .  D e n s i t y  

07.3 X 26.7 9 1 . 4  37 12 2.65 

Red Brawn 6 fan Silty 
S8nd , 

Compression Index - 0.i7 
P r o j e c t  No.: 501 Class: SM 
Pro jec t :  T r i t i u m  E x t r a c t i o n  Facility Remarks: Location: HTEF 8-1 

Date: Feb. 18, 1998 

Tested by: ATuvl 
Reviewed by: I b St-2 @ 42-44 Ft. ' 

CONSOLIO4TION TEST REPORT 

LAW ENGINEERING. INC - . F i g .  N O .  

4 . 4 4  0.17 10.8094 
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Swell 
iress. 
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.5 

% %I 
Precons. LL PI SP-Gf-. press, 

Nat. Nat .  O w  
S a t .  Molst. Densi ty  

9 4 . 8  X 25.2 97.1 42 

Compression Index - 0.14 I 
P r o j e c t  No.: 50161-7-0108 Task 12 
Project: T ~ f t f u m  ExtraCtfm Fa=i;lty 

Date: Feb. 18. 1998 

Location: HTEF E-1 
St-5 0 143.5-145.0 Ft. 

CONSOLIDATION TEST REPORT 

LAW ENGINEERING, INC. -- .-.  -I-_ _. -. 

10 2.65 f 8.22 0 . 5 4  0 . 7 0 4  

Brown-Purple Clayey 
Sand . 

Cl8SS: sc 
Remarks: 
Tested by: JTtq 
Reviewed by:. tb 
F l n  Nn 
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;we11 
ress.  

\ 

c, eo Precons. 
LL Pf SP-Gr- press. 

N a t .  Nat . O r Y  
S a t .  \ M o i s t .  Density , 

94.8 X I  25.2 

T e s t e d  by:AT/yl  

b 
St-5 @ 143.5-145,O F t .  

. Reviewed by: 
Date: Feb. 18, 1998 

CONSOL1DA.TION TEST REPORT 

97.1 t 42 

LAW ENGINEERING, INC - F i g .  Nu. 

18 2.65 8.22 
0 . 1 4  0.7041 - 

TEST RESULTS MATERIAL DESCRIPTION 
Brown-Purple Clayey 
Sand Compression Index - 0.14 

P r o j e c t  No.: 5 0 1 6 1 - 7 - 0 1  Class:  -SC 
Ppoject: T r i t i u m  Extraction Facility 
Locat ion:  HTEF R-1  

Remarks: 
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-~ . A h  - 1 1  m 1 

Weii Nat.  
ress. S e t .  c, eo 

Compression Index = 0.10 

Project No.: 50161-7-0108 Task i2 
Project:  T r i t i u m  E x t r a c t i o n  Facility Remarks: Location: HTEF E-2 - Tested by: Arm St-1 @ 35 Ft- 

175.0 % I  i 4 . y  I 3 0 Y . U  I I I 2.70 I 5.49 I 0.10 

_ _  
Reviewed by: \* Date: April 15, 1998 

CONSOLIDATION TEST REPORT 

0.5352 



Swell 
iress. 

Compression Index - 0.10 

P r o j e c t  No.: 50161-7-0108 Task 12 
Pro jec t :  Tri t ium Extraction Facility - Remarks: 

Tested by:JTpm 
Loc8tiOn: HTEF 8-2 

S t - l  8 35 Ft. 

k eo Precons. O r Y  LL PI: SP.GP* press. 
Nat. Net. 
S a t .  M o i s t .  Densi ty  

Reviewed by: 
Date: A p c i l  15, 1998 

CONSOLIDATION TEST REPORT 

75.0  x 14.9 io9.a 

LAW ENGINEERI'NG. I" 1 -  - .  

2.70 5.49 0.10 0.5352 
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Compression Index - 0 .04  

3ro)ect No.: 50161-7-0108 Task 12 
3rn)ett :  T r i t i u m  E x t r a c t i f i n  Facliiev -z ~ _ _ - -  
-~cation: HTEF 8-2 

late: Feb. 18, 1998 
S t - 5  @ 131.5-133.5 Ft. 

CONSOLIDATION TEST FlEPORT 

LAW. ENGINEERING. INC - 

1 8.31 I 0.04 0.750€ 

MATERIAL DESCRIPTION 
mown Poorly Graded 
Sand with S i l t  
Class :  SP-SM 
Re marks: 

Reviewed by: .b 
Tested by: JTr.7 - 

C 4 ”  .I- 
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Dry  LL Pf SP.Gr -  -ess .  S a t .  Moist. Density 

> -  
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% eo Precons. 
press. 

74:4 x 21.1 94.5 NL NP 2.65 8.31 

LAW ENGINEERING, INC - F i n  Nn 

0 . 0 4  0.750 
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Compression Index = 0.08  1 Red Brown Clayey 

Pro jec t  No.: 5 0 1 6 1 - 7 - 0 1 0 8 T a s k 1 2  Class: SC 
Project :  T r i t i u m  Extraction Facil3ty Renarks: Location: HTEF 8-3 

Tested by: -)<- 
Reviewed by: 

St-2 @ 21.5-23.5 F t .  

k b  
Date: Feb.  18. I998 

CONSOLIDATION TEST REPORT 

Fig. No. - 
LAW ENGINEERING, INC 



I Red Brawn Clayey Compression Index - 0 . 0 8  

CONSOLIOATION TEST REPORT 

P r o j e c t  No.: 50161-7-0108 Task 12 Class: . SC 
P r o j e c t :  T r i t i u m  E x t r a c t i o n  Facility Rernarks: Location: HTEF E-3 II 

LAW ENGINEERING. I N C .  - 
F i g .  No. 
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Brown Silty Sand Compression Index - 0 .14  

eo - k 
Nat .  Nat. Dry  ' LL Precons . 
Sat. Moist. D e n s i t y  PI Sp.Gr. press. 

90.6 X i  3 0 . 4  

P r o j e c t  No,; 5016i-7-0iO Cless: SM - Project: T r i t i u m  Extraction Facility Re marks: Location: HTEF 6-3 

88.4 38 10 2.70 4.80 0 . 1 4  0.9060 

St-3 @ 4 6 . 5  ft, 
Date: April 14, 1998 

CONSOLIOATION TEST REPORT 

I AW FNCTNFFDThIC T h f p  

Tested by: Jm 
Reviewed by: bb 
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TEST RESULTS 

Cornpreseion Index - 0.14 

Project No.: 50561-7-0108 Task 12 Class:  SM 

Location: HTEF 8-3 

Oate: A p r i l  14, i998 

Pro) ett: Tr it ium Ext rac t  ier! FIPC i 1 i t y  ReGSf-kS: 

Tested t~y:JTm 

Reviewed by: 

St-3 @ 46.5 Ft. 

CONSOLIOATION TEST REPORT 

MATERIAL DESCRIPTION 
Brown Silty Sand 

FAg. No. LAW ENGINEERTNG, INC - 
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CONSOLIDATION TEST REPORT 

P I  SP-Gr- pr=ss. G eo Precons. 0f-Y LL Nat. Nat. 
Sat. Moist. Density 

90.7 %I 23.5 98.3 48 24 2.66 ~ 9.99 0 .06  0-69C 
e TEST RESULTS 

Compressian Index - 0 . 0 6  

MATERIAL DESCRIPTION 
Reddish Brown Poor ly  
Graded Sand with Clay 

P r o j e c t  No.: 50161-7-0108 _I Task 12 
Project: T r i t i u m  Extraction Faclltuy 
Locat ion:  HTEF 8-3 

Date: Feb. 18, 1998 
St-4 8 9i-93 F t .  

CONSOLIDATION TEST REPORT 

LAW ENGINEERING. INC - . 

Class: SP-SC 
Remarks: 
Tested by: 3Tm 
Reviewed by: + 
F i g .  No. 
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TEST RESULTS 

0.16 0.7302 

Compression Index = 0.16 

P r o j e c t  No.:  50161-7-0108 Task 12 
Pro jec t :  Tr i t ium Extratdon Facility 
Location: HTEF 8-4 

St-1 8 12-14 F t .  
Date: April 22, 1998 

CONSOLIDATION TEST REPORT 

LAW ENGINEERING, I N C  - 

MATERIAL DESCRIPTION 
Reddish Brown Clayey 
Sand 
Class: SC 
Remarks: 
Tested by JT* - 
Reviewed by: + 
F i g .  No. _. 
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Project: Tr i t ium E x t r a c t , i ~ r !  Fecillty 
Location: HTEF e-4 

I Compression Index = 0.20 

Remarks: 

LAW ENGINEERING, INC. 

Tested  by: - 
St-2 @ 28 Ft. 

Reviewed by: 
Date: March 26, 1998 

CONSOLIDATION TEST REPORT 

F l a .  No.- 



CONSOLIDATION TEST REPORT 

W e l l  
iress. 

4 . 5  

3.5 

2.5  

1.5 

.5 

Nat .  Net .  Dry LL PI Sp-Gr. Inltial vo id  ratio 
Sat .  M o i s t .  Dens i ty  

- 96.6 X 32'.7 87-2 NL 1 NP 2.65 0.6977 

0.1 

P r o j e c t  No.: 50161-7-0108 Task 12 
Ppoject: Trh't ium Extraction Ferility 

0 . 5  I 2 5 10 * 20 50 
A m l i e d  Pressure - ksf 

Class: SM 
Remarks: 

CONSOLIDATION TEST REPORT 

Locat ion:  HTEF 8-4 
St-8 @ 132.5-134.5 Ft. 



c -/o/ 

1 

Fiemar Ks: -omtion: HTEF 8-4 I 

'roject: Tritium Extraction Facblhty 

St-8 8 132.5-134.5 F t .  T e s t e d  by: 

Reviewed by: 
3ate: March 26, 1998 

CONSOLIDATION TEST REPORT 

LAW ENGINEERING. mc Fig. NO. - 



Reddish Brawn Clayey 
Sand 

Compression Index = 0.25 

P r o j e c t  No.: 50161-7-0108 Task 12 Class: . SC 

Location: HTEF 8-5 

Date: April 3, 1998 

Ppoject: T r i t i u m  E x t c a c t i o n  Facility !?=marks: 
Tested by: Jrw - St-1  @ 26-20 F t .  

Reviewed by: 
CONSOLIDA~TION TEST REPORT 

LAW ENGINEERING, I N C  - F i g .  No. 
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Comppession Index - 0.25 

x. 
Project: T r i t i u m  Extractiei? . 'acl??ty 
Location: HTEF 8-5 

Date: April 3. 1998 
S t - 1  @ 26-28 F t .  

CONSOLIDATION TEST REPORT 

I Reddish Brown Clayey 
Sand 

Class: SC 
Remarks: 
T e s t e d  by: 

Reviewed by: 

- 
ih 

LAW ENGINEERING, I N C  - 
- .  -_ I F 4  r~ ht- 
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Compression Index - 0.21 
P r o j e c t  No.:  50161-7-0108 Task 12 
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