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2 page, which corrects a typo on water content of the B4 
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2.1.3 Population Distribution and Trends 

Population within a 5-mile radius centered on the proposed PFSF consists of tribal 

residents on the Skull Valley Indian Reservation and two isolated ranches on Skull 

Valley Road north of the Reservation boundary. The closest residents to the PFSF are 

two tribal homes located approximately 2 miles southeast of the project and those 

residences in the Skull Valley Indian Reservation village, approximately 3.5 miles east

southeast of the site. There are about 30 residents currently living on the Reservation.  

Two private residences are located northeast of the proposed site along Skull Valley 

Road, approximately 2.75 and 4.0 miles away. Therefore, the estimated population 

within a 5-mile radius is 36 persons (30 Goshutes and 2 households of approximately 3 

persons each) (Figure 2.1-1). Because of the remoteness of the Skull Valley and 

because a majority of the land within 5 miles is owned by either the BLM or the 

Reservation, it is unlikely that the permanent population within a 5-mile radius of the 

proposed PFSF would change significantly during the proposed license period.  

No transient or institutional populations are present within 5 miles of the proposed 

PFSF. The Skull Valley Road passes through the Reservation approximately 2.5 miles 

from the site. Traffic on this roadway is primarily related to local resident travel and 

travel between Interstate 80 and Dugway Proving Ground. During October 1996, a 

survey was conducted to identify existing and planned public facilities and institutions 

within a 5-mile radius of the facility. Due to the remoteness and extreme low population 

density of the area (36 persons within 5-mile radius), no facilities such as hospitals, 

prisons, and recreational areas are located or planned within the 5-mile study area.
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2.1.4 Uses of Nearby Land and Waters 

Land use within the Reservation boundary consists of residential uses by tribal 

members (approximately 30 persons living on the Reservation) and the Tekoi Rocket 

Engine Test Facility operated by Alliant Techsystems on leased Reservation lands.  

This facility, located approximately 2.5 miles south-southeast of the PFSF on the south 

side of Hickman Knolls, has been operated at this location since 1975.  

In the 5-mile radius around the site there are approximately 28,000 acres of BLM land, 

9,000 acres of privately-owned land, and 13,000 acres of land that are part of the Skull 

Valley Indian Reservation. The section is nearly flat, sloping gently downward to the 

north with small, local elevation changes of about 1 ft.  

The principal land use in Skull Valley is range land for livestock grazing. Cattle and 

sheep are grazed, especially in winter when the livestock is brought down from the 

higher mountain elevations. The majority of land (55 percent) within a 5-mile radius of 

the site is owned and managed by the BLM as part of the Pony Express Resource Area 

(PERA). The remainder of the land is split almost evenly between Reservation property 

and private ownership.  

BLM land within the 5-mile radius is part of the Skull Valley and South Skull Valley 

grazing allotments.1 Most of the range land within the Skull Valley allotment (85 

percent) is considered to be of fair to poor condition with the overall conditions in 

decline (BLM, 1988). The allotment is divided into three pastures: West Cedar, 

Eightmile, and Black Knoll. The southeast corner of the Black Knoll Pasture is within 

An allotment is an area of land where one or more permittees may graze livestock.
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structures located in the area are very small reservoirs in the foothills used as stock 

ponds or for collection of water for irrigation purposes.  

Hood and Waddell (1968) indicate that the groundwater table in Skull Valley in the 

vicinity of the site ranges from elevation 4,300 to 4,350 ft. The groundwater table at the 

site is at approximate elevation 4,350 ft, a depth of approximately 125 ft based on a 

monitoring well near the Canister Transfer Building (CTB), installed in early 1999. This 

value is consistent with the upper bound of the range of depths to the water table 

reported by Geosphere Midwest (Appendix 2B), who report seismic refraction results 

indicate that the water table may be located at depths of between 90 and 136 ft 

(Seismic Lines 1, 2, & 3) below existing grade. Because of the great depth to the 

groundwater table, it is very unlikely that the groundwater regime could have any 

influence on the stability of structures at the site.  

2.4.2 Floods 

There is no evidence the site area has experienced flooding in the past. Storm-induced 

runoff will provide sheet flow toward the site which will easily be controlled by construction 

of short diversion berms near the southern portions of the PFSF.  

Analyses of the probable maximum precipitation were performed to determine a PMF 

for stormwater drainage Basins A (SWEC, 1999a) and B (SWEC, 1999c). The analyses 

demonstrated that the site would not be in the flood plain caused by any flood event.  

2.4.2.1 Flood History 

The PFSF site is located in an area of western Utah with a semi-arid climate, receiving 

average annual precipitation of 7 to 12 inches (Hood and Waddell, 1968). There are no
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perennial water courses within 4 miles of the site. The nearest streams are high 

gradient streams that drain the slopes of the Stansbury Mountains through steep-walled 

canyons. This flow is quickly lost to the unconsolidated sediments comprising the 

alluvial apron at the foot of the mountains and becomes part of the groundwater 

system. No perennial surface flow makes its way across Skull Valley road which runs 

north-south, approximately 1.5 miles east of the PFSF site.  

There is no evidence of past flooding in the site area and only minor development of 

drainage channels created by infrequent thunderstorms (<1 to 2 ft deep). There is no 

evidence of flash-flooding in the area, such as flood deposits, nor are there channels 

that could affect the site if they were subject to a flash flood.  

The only conceivable scenario for floods would involve a return to climatic conditions of 

the Late Pleistocene causing a significant rise (-300 ft) in the level of Great Salt Lake.  

Those conditions generally require millennia to develop, therefore, this scenario is 

dismissed.  

2.4.2.2 Flood Design Considerations 

Hypothetical Probable Maximum Precipitation (PMP) events were analyzed to 

determine maximum flooding elevation at the PFSF site due to flood flows from Basin A 

and Basin B. The analyses included the general storm and the local storm events, as 

discussed below in Section 2.4.2.3. Determination of Probable Maximum Flood (PMF) 

was based on the procedures given in Hydrometeorological Report (HMR) 49 (U.S.  

Department of Commerce, 1977). In Basin A, the PMF is generated by a general 

storm, while in Basin B, it is generated by a local storm.
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In summary, the geomorphology of the site is typical of a semi-arid to arid desert setting.  

The adjacent ranges are affected by mass-wasting processes and stream erosion that 

deliver their load of sediments to a complex of alluvial fans at the edge of the ranges.  

Most of the sediment load is dropped here as the water infiltrates or evaporates. The 

central part of the valley is relatively unaffected by fluvial processes. Mechanical and 

chemical weathering of rock and soil proceeds very slowly in this flat dry environment.  

Essentially, the only geomorphic processes to affect the site are microprocesses wherein 

soil moisture from occasional precipitation is drawn upward by capillary action and 

evaporates near the ground surface. This results in a gradual buildup of calcium 

carbonate, alkali, and sulfate in the near-surface soils. Soils at the site are described in 

the County soil report (USDA, unpublished report) as being calcareous and saline.  

2.6.1.2 Geologic History of Site and Region 

2.6.1.2.1 Bedrock 

The Skull Valley PFSF site lies above a sediment-filled, structural basin that is bounded 

on the east and west by uplifted range blocks, the Stansbury-Onaqui Mountains and the 

Cedar Mountains, respectively. This pattern is repeated throughout western Utah and 

Nevada and elsewhere and is so characteristic that the name Basin and Range is applied 

to the physiographic area containing this structural arrangement (Figure 2.6-1). The 

eastern border of this province is generally drawn along the north-south trending Wasatch 

Front about 55 miles east of the site. The western boundary of the Front is known to be a 

major, active normal fault, the Wasatch fault, along which the Front has been uplifted and 

the Salt Lake basin is down-dropped. This major structural element is believed to have 

persisted since at least Late Precambrian time. The Uinta arch, which includes the 

present Uinta Mountains east of the Wasatch Front, is an east-west trending, anticlinal 

structure with a similarly long history of uplift. It intersects the Wasatch line at
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right angles and is believed to have influenced sedimentation patterns, as well as 

provided a stable buttress during tectonic episodes. Evidence of the Uinta arch has been 

traced as far west as central Nevada (Roberts et al., 1965) and is postulated to have 

affected sedimentation patterns in the rocks of the Stansbury Mountains and patterns of 

faulting and mineralization (Zoback, 1983; Helm, 1995; Stokes, 1986). The regional 

bedrock geology is depicted on Figure 2.6-3. A stratigraphic column for the Skull Valley 

area is shown on Figure 2.6-17. Structural geologic cross sections were drawn north and 

south of the PFSF site across Skull Valley. These profiles are included in Geomatrix 

Consultants, Inc. (1999a) as Figures 2-1 and 2-2 with their locations shown on Figure 1-1.  

The Wasatch line may have its origin during the Late Precambrian breakup of the North 

American craton as the resulting rift margin. Clastic deposition off the craton margin 

eventually became carbonate shelf deposition as the shoreline migrated eastward. The 

site of this deposition is believed to be the Cordilleran geosyncline, receiving some of the 

greatest thicknesses of Precambrian and Paleozoic sediments found anywhere (Stewart, 

1976). Shallow marine deposition persisted throughout much of the Paleozoic, except 

along the Uinta arch where periodic uplift caused erosion of previously deposited 

sediments or non-deposition. Orogenic events during the Mid to Late Paleozoic, such as 

the Antler orogeny, greatly affected the edge of the continent, then located in Nevada, 

and detrital sedimentation became predominant.  

During the Triassic and Jurassic Periods, shallow marine deposition alternated with long 

episodes of subaerial erosion and deposition, mainly east of the Wasatch line. No 

sedimentary rocks from this period are known in the site vicinity (Moore and Sorensen, 

1979). Orogenic events continued to affect the Cordilleran geosyncline, compressing and 

uplifting these sediments progressively from west to east.
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marl. In general, the finer grained materials, such as silt, clay and marl were deposited 

during the deeper water portions of the lake cycle and the sand represents shallower, 

near-shore beach or deltaic fan environments. The engineering properties of those 

materials are discussed in Section 2.6.1.6. Locally, Holocene eolian and fluvial activities 

have reworked the surface soils to some extent (Sack, 1993). Eastward from the PFSF, 

along the proposed access road to Skull Valley Road, the influence of the proximity to the 

range-front alluvial fans is apparent as an increase in gravel content at shallow depths 

(Appendix 2A).  

Bedrock is not exposed at the PFSF site but is found about 1.5 mile to the south at 

Hickman Knolls, and about 1.5 mile northeast in a series of low hills informally called 

Castle Rock Knoll. Hickman Knolls is inferred to consist of Fish Haven Dolomite of 

Ordovician age (Moore and Sorensen, 1979; Geomatrix Consultants, Inc.,1999a). At this 

location the formation is a medium to dark gray dolomite and limestone breccia (Figure 

2.6-17). Bedding is massive to indistinct and breccia pebbles are angular to sub-round 

and appear to be the same composition as the enclosing matrix. Bedding strikes northerly 

to northeasterly and dips to the east at moderate to steep angles. Bedrock fracturing 

consists mainly of two sets of high angle fractures, one trends east-west and the other 

north-south. These fractures tend to coincide with more silicified zones that form 

prominent scarps on the Knolls that are strongly expressed in the morphology and are 

associated with many of the aerial-photo lineaments (See Plate 1, Geomatrix 

Consultants, Inc., 1999a).  

Several faults and ductile shear zones were identified at Hickman Knolls during the recent 

investigations. Geomatrix Consultants, Inc. (1999a) presents evidence that indicates the 

faults developed prior to the dolomitization process and the shear zones are likely 

penecontemporaneous with the process of brecciation. No large, through-going faults are 

believed to exist on Hickman Knolls.
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There has been some enlargement of a few joints resulting from dissolution and a few 

small caves or openings (1 to 4 ft deep) can be seen on some of the steeper rock faces.  

Karst conditions do not exist at Hickman Knolls nor are they likely to develop because of 

the near-desert environment and the depth to groundwater (greater than 100 ft). The 

outcrop mapped northeast of the PFSF site (Castle Rock Knoll) has been identified as 

Deseret Limestone of Mississippian age (Moore and Sorensen, 1979).  

Faults in the PFSF vicinity important to the understanding of site geology include the 

East, West, "F", and smaller faults in the "zone of distributed faulting." These faults are 

discussed briefly in Section 2.6.1.2.2 and in detail in Geomatrix Consultants, Inc. (1999a), 

Sections 2, 5, and 6.  

2.6.1.4 Geologic Map of Site Area 

Figure 2.6-4 is the geologic map of the PFSF site, reproduced from Sack (1993). Areas 

of bedrock outcrop are indicated in addition to the surficial deposits. Figure 1-3 in 

Geomatrix Consultants, Inc. (1999a) is a photo-geologic map of the site vicinity showing 

additional details and interpretations of geologic features. Scarps in soil near the site 

identified on Sack's map have been investigated by Dr. Donald Currey for this project 

(Appendix 2C). Both Currey and Geomatrix Consultants, Inc. (1999a) concluded the 

features were related to lacustrine processes of Lake Bonneville and are not of tectonic 

origin.
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2.6.1.5 Facility Plot Plan and Geologic Investigations 

Figure 2.6-2 is a plot plan showing the locations of the major structures of the PFSF, the 

locations of the 1996 geotechnical borings and geophysical survey lines, and the location 

of Foundation Profile A-A', through the pad emplacement area. Plate 1 of Geomatrix 

Consultants, Inc. (1999a), indicates the locations of both the 1996 and 1998 

investigations, exclusive of the geotechnical borings for the Canister Transfer Building.  

Figure 2.6-18 shows the locations of the geotechnical borings that were drilled in the 

vicinity of the Canister Transfer Building in 1998, along with the locations of the CTB 

foundation profiles.  

Geotechnical boring programs were conducted in 1996 and 1998. The borings drilled 

in October 1996 were located in the pad emplacement area and along the access road 

corridor, as shown in Figure 2.6-2. The 1998 borings performed in October and 

December were located in the Canister Transfer Building area, as shown in Figure 2.6

18. The soil samples obtained from these borings were sent to the Stone & Webster 

Geotechnical Laboratory in Boston for testing. The results of the boring programs and 

laboratory testing are found in Appendix 2A.  

In April 1999, ConeTec, Inc performed cone penetration tests (CPT) and dilatometer 

tests (DMT) in the pad emplacement area and the Canister Transfer Building area. The 

locations of these CPTs and DMTs are presented in Figure 2.6-19. The results from 

this subsurface investigation are presented in ConeTec (1999). The primary goal of this 

investigation was to develop profiles of strength and compressibility of the soils within 

the depth interval of 10 ft to -25 ft in the pad emplacement area. This program 

included performing 36 cone penetration tests (CPT) to develop continuous profiles of 

the strength of the soils in the upper layer (from the surface down to -25 ft) within the 

pad emplacement area and 2 under the CTB. Sixteen of these were performed using a
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seismic CPT to measure down-hole P and S-wave velocities, and the two CPTs 

performed in the CTB included resistivity measurements. The cone penetration testing 

program also included performing dilatometer tests (DMT) to develop profiles of the 

compressibility of the in situ soils. These were located, primarily, in areas where the 

preliminary tip resistance profiles from the CPT tests indicated that the in situ soils had 

the lowest strengths and the highest compressibilities.  

Phase 1 of this program included performing 36 CPTs, located on a grid pattern of -300 

ft within the entire pad emplacement area. This layout provided nine CPTs in each of 

the four quadrants of the pad emplacement area. Several of these CPTs were located 

in close proximity to the borings that were drilled previously at the site, permitting 

correlations between the previous boring and laboratory data to be utilized in the 

interpretation of the CPT and DMT data. Additional CPTs and DMTs were performed in 

the vicinity of Borings CTB-4, CTB-5(OW), and C-1, to obtain data for correlating the 

CPT data with the laboratory testing that was performed on samples from these 

borings, as well.  

The results of the Phase 1 CPTs included measuring continuous profiles of tip 

resistance and sleeve friction stress, which were used to identify the extent and 

thickness of the lower blow count soils within the upper layer. The plots of corrected tip 

resistance, Qt, vs depth, presented in Appendix E of ConeTec (1999), document the 

strength and compressibility of the soils within the profile. The results are consistent 

with the results of the borings that were drilled previously at the site; i.e., Qt increases 

from grade to a depth of about 15 to 17 ft. Below this depth, it drops slightly or remains 

constant with depth, down to a depth of about 23 ft, at which point it increases 

markedly, as did the Standard Penetration Test blow counts in most of the borings in 

the pad emplacement area.
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These data were interpreted to provide profiles of strength, which are plotted in 

Appendix D and listed in tabular form in Appendix F of ConeTec (1999). A review of 

the plots of the undrained shear strength, so, vs depth indicates that su measured in the 

CPTs increases with depth, and it generally exceeds 1 tsf. Note, this value 

corresponds with the lower bound of the values of su measured in the CU and UU tests.  

These plots indicate that su remains fairly constant in the depth range from -15 ft to -23 

ft, and normally exceeds 2 tsf. Therefore, the lower blow count zone at approximately 

20 ft has undrained shear strengths that are at least twice those used in the analyses of 

the stability of the cask storage pads.  

In Phase 2 of the cone penetration testing program, dilatometer tests were performed to 

measure, in situ, the compressibility of the soils vs depth at the locations identified in 

Phase 1 where the softer soils exist. The compressibility is reported as the constrained 

modulus, M, in the plots and tables included in Appendices G and H of ConeTec 

(1999).  

The plots of M vs depth in Appendix G show that M generally is lowest near the surface 

of the site, increases with increasing depth to about 4 to 5m (13 to 16 ft), at which point 

it decreases, generally remaining fairly constant at a value that is equal to or greater 

than that near the top of the profile. This trend is evident on the plots of DMT-1, 2, 3, 4, 

8, 9 (excluding the high modulus values above 2.5m), 11, 12, 14, 15, 16, 17, and 18.  

Although DMT-6 found a slight decrease in M from -5.5m to 7m, the resulting values 

were higher than in the other DMTs in this depth range. DMT-5, 7, and 13 show only 

slight increases in M with depth to -4 to 5m, followed by slight drop in modulus to -7.5 

to 8m.  

In general, DMT-10 had the lowest compressibility for the entire profile. DMT-10 is 

anomalous in that M remains fairly constant throughout the entire depth range of -2m
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to 7.8m, with a minimum value of 130 bars (135.7 tsf). This DMT was located about 

half-way between Borings B-1 and C-1 at the northern edge of the pad emplacement 

area. Note, the consolidation tests reported in Attachment 2 of Appendix 2A of the SAR 

were performed on samples obtained at a depth of 10 ft in Boring C-1 and C-2, which 

were near this location.  

See Section 2.1.12.1 for discussion of incorporation of these CPT results in the bearing 

capacity and settlement analyses.  

Geophysical surveys were conducted at the site and are discussed in Section 2.6.1.10.  

2.6.1.6 Relationship of Major Foundations to Subsurface Materials 

Figure 2.6-5 presents Foundation Profile A-A', which shows the locations of the 

proposed structures in relationship to the subsurface materials encountered in the 

borings. Based on the borings and laboratory test data, the generalized subsurface 

profile consists of three layers. The uppermost layer extends to a depth of between 25 

and 35 ft below existing grade and is mainly interlayered silt, silty clay, and clayey silt.  

Standard Penetration Test (SPT) N-values for this layer are mostly between 8 and 20 

blows per ft, with an average value of 16 blows per ft and a median value of 14 blows 

per ft, indicating that these are "stiff' or "medium dense" materials. The casks and the 

Canister Transfer Building will be placed on mat foundations and the other proposed 

structures will be constructed on strip and spread footings founded in this layer.  

The value of standard penetration resistance, N, was determined to be approximately 

15 blows/ft for the top 25 to 30-ft soil layer based on the data obtained in Borings A-1 

through A-4, B-1 through B-4, C-1 through C-4, and D-1 through D-4. This set of 

borings represents all of the borings that were drilled over the entire proposed pad
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emplacement area, as shown in Figure 2.6-2. The blow count data are summarized in 

Table 2.6-5. As indicated in this table, the average blow count is 15.7 blows/ft, and the 

median value is 14.0 blows/ft. These two values were combined to obtain the value of 

-15 blows/ft.  

These blow count data are plotted versus elevation in Figure 2.6-27. The average blow 

count for each 5-ft elevation interval is plotted using an open circle, whereas the 

median value is plotted as an open square. Also shown, by the heavy dash-dot line, is 

the average value of all SPT blow counts in the upper 25 to 30-ft layer of silt, silty clay, 

and clayey silt, at N = 15.  

There are some differences between the results of the borings and the cone 

penetration testing program in regard to describing the types of soils encountered, 

mostly in the 10 to 20-ft depth range. The CPTs indicated that the soils between 

approximately 10 ft and 20 ft below existing grade at the site behave as though they 

are siltysands andsands. This finding was not corroborated by the descriptions of 

the soils obtained from that zone in the borings, many of which are supported by 

laboratory test results.  

The soil descriptions shown in the CPT test results are based on the Soil Behavior Type 

(SBT) value. The SBTs indicate that the soils within the 10 to 20-ft depth range 

generally behave like sandy silts or silty sand/sand, while the boring logs show the soils 

to be primarily a slightly plastic to moderately plastic silt. This difference may be due to 

the low water content and weakly cemented thin bedding. Many of the samples in this 

depth range had water contents near to or below the plastic limit. Most of the samples 

were thinly bedded (1 to 2 mm) and were very brittle when initially handled. Many of 

these thin beds consist of nonplastic to slightly plastic silts. It is believed that, because 

of the low water contents, the slightly to moderately plastic silts have high dry strengths,

SARCH2.doc



PRIVATE FUEL STORAGE FACILITY SAR CHAPTER 2 
SAFETY ANALYSIS REPORT REVISION 6 

PAGE 2.6-24 

which resulted in the high tip resistance values when penetrated by the cone, resulting 

in the interpretation that they behave like sandy soils. The layer identified as silty 

sand/sandy silt in this range on Figure 2.6-5 was based on the increase in tip 

resistances measured in the CPTs, not on the sample descriptions from the borings.  

A distinct change in material occurs at about 25 to 35 ft, where refusal (N>100 blows 

per 6 inches) conditions are often encountered. The following 25 to 30 ft consists of 

very dense, dry, fine sand. Thin layers of fine gravel and coarse sand also are evident.  

A few clayey zones were encountered, but they had no apparent effect on the blow 

counts. The borings that were drilled to a depth of 100 ft or more (Borings A-i, D-4, 

CTB-1, and CTB-5) indicate that this layer is mainly underlain by very dense silt, silty 

sand, and sandy silt with occasional layers of clayey silt. Several layers of volcanic ash 

were also encountered in these borings.  

A groundwater observation well was installed in Boring CTB-5(OW) in early 1999 in the 

vicinity of the Canister Transfer Building. Initial readings from this well indicate the 

groundwater table is about 125 ft below ground surface, approximate elevation 4,350 ft.  

Seismic refraction results (Appendix 2B) in the vicinity of the Storage Facility (see 

Figure 2-6-2, Seismic Lines 1 & 2) indicate the compression wave (P-wave) velocity 

changes from approximately 2,780 ft/sec to approximately 5,525 ft/sec at depths of 

between 90 and 131 ft below grade, which corroborates the depth to the water table 

measured in CTB-5(OW).  

As shown in Figure 2.6-2, Borings AR-1 through AR-5 were drilled along the proposed 

corridor for the access road, which extends easterly from the area in the vicinity of the 

proposed Operations & Maintenance (O&M) Building and the Administration Building to 

Skull Valley Road. These borings indicate that the near-surface soils are similar to the 

uppermost layer described above; i.e., silt, silty clay, and clayey silt, although the layer
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is somewhat thinner. Sands were encountered at depths of 5 and 10 ft in Boring AR-1 

and from a depth of 5 ft to 20 ft in Boring AR-2. These sands are likely the subsurface 

continuation of the surficial beach ridges identified by Currey (Appendix 2C) and shown 

on Figure 1-3 of Geomatrix Consultants, Inc. (1999a). Silty or sandy gravels were 

encountered at a depth of 30 ft in Boring AR-3, 20 ft in Boring AR-4, and 6 ft in Boring 

AR-5.  

These borings did not encounter bedrock. Interpretation of the seismic reflection 

survey data (Appendix 2B) indicates that the depth to bedrock is between 520 ft and 

820 ft below the surface at the site in the vicinity of the storage pads and that it drops 

off towards the east, dipping from an estimated depth of 740 ft at Station 700 on 

Seismic Line 3 (shown on Figure 2.6-2) to approximately 1,020 ft at the eastern end of 

this seismic line. This is consistent with the interpretation that the Tertiary half-graben 

basin beneath Skull Valley is tilted down to the east along the East fault (Geomatrix 

Consultants, Inc., 1999a).  

The original subsurface investigation, performed during the latter part of 1996, 

determined the suitability of the soil at the site for the proposed facility. The boring data 

indicated that the subsurface profile (Figure 2.6-5) was fairly consistent across the 

storage pad area. The results of the seismic survey performed in the storage pad area 

(Appendix 2B, Figures 4.1 & 4.3, primary wave refraction sections for Seismic Lines 1 & 

2), corroborated the generalized subsurface profile developed based on the borings.  

Additional subsurface work has been performed in response to PFSF SAR RAI No.1, 

dated April 1, 1998, including field work that was performed at the site (Geomatrix, 

1.999a) in response to PFSF SAR RAI No. 1, Question 2-5. This program focused on 

defining the presence and capability of all faults beneath the site area, and it included 

borings, trenching, and high resolution seismic reflection surveys. Additional laboratory 

(Atterberg limits) testing was performed and is reported in Attachment 2 of Appendix
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2A. These data are also included on Figure 2.6-20. The detailed stratigraphy 

developed from this program corroborated the conclusions drawn from the previous 

work.  

The boring and trench data reported by Geomatrix (1 999a) are stratigraphically very 

consistent across the storage pad area with the original boring data presented in 

Appendix 2A, both in the north-to-south and the east-to-west directions. The upper 30

ft (approximately) layer of soil is comprised of mixtures of silt, silty clay, and clayey silt 

that can be interpreted to represent stages in the cyclic history of Lake Bonneville 

(Geomatrix, 1999a). These stages are, from oldest to youngest, a Stansbury 

deepwater facies, a post-Stansbury transgressive and regressive facies, and the Provo 

and Bonneville deepwaterfacies.  

These site materials are consistent with what would be expected for deposits of a 

lacustrine environment, away from the direct influence of range-front alluvial fans.  

These deposits are overlain at the surface by thin, post-Provo eolian silt and recent 

playa deposits. They lie upon a uniform, fine sand that forms a nearly horizontal 

surface across the site at about elevation 4445 ft. This sand is the Stansbury 

transgressive facies, representing a series of shorelines and deltas that developed as 

Lake Bonneville initially occupied the area and rose to the deepwater Stansbury level.  

At the base of the sand unit is an unconformity marked by the Promontory soil that 

developed on pre-Bonneville subaerial deposits. This gravelly layer occurs in the 

borings drilled in the storage pad area at a depth of about 45 to 50 ft (at about elevation 

4410 to 4430 ft).  

Refer to Sections 2.6.1.11 and 2.6.2.1 for a discussion of the engineering 

characteristics of these soils.
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2.6.1.7 Excavations and Backfill 

The proposed detention basin, which will be excavated approximately 5 ft deep over an 

area that is approximately 200 ft x 800 ft at the north side of the proposed storage 

facility, is the only major excavation proposed for the PFSF. Shallow excavations will 

be required to construct the cask storage pads and the strip and spread footings 

supporting the other structures at least 30 inches below finished grade (to provide 

protection against frost heave), as well as to provide drainage ditches along the 

proposed access road.  

Excavations for footings deeper than 3 ft shall be completed to the design grades, 

maintaining stable slopes of not steeper than 2 horizontal to 1 vertical. After 

construction of the foundations, the excavations will be backfilled with structural fill to 

minimize potential problems in the future.  

The in situ materials generally are not adequate for use as structural backfill; therefore, 

it is expected that structural fill materials will be obtained from an offsite source.  

Structural fill material shall be granular material consisting of well graded sand and 

gravel, containing no more than 10% of material passing the #200 sieve and a 

maximum particle size not greater than 6 inches. Samples of the structural fill material 

shall be tested for gradation in accordance with ASTM D-422 and for moisture-density 

relationship in accordance with ASTM D-1 557. New gradation and moisture-density 

tests shall be required whenever a change in material is observed.  

Structural fill material shall be placed in thin lifts, not exceeding 8-inch loose thickness, 

spread evenly, and compacted to 95% of the maximum dry density as determined in 

accordance with ASTM D-1 557. Compacted surfaces shall be protected from freezing 

and, if found frozen, shall be excavated, wasted, and replaced with new compacted fill.
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Compacted surfaces shall be pitched to freely drain to eliminate puddling of storm 

water. Compacted material shall be tested frequently by performing in-place density 

and moisture tests, as specified in the construction specifications.  

2.6.1.8 Engineering-Geology Features Affecting ISFSI Structures 

Engineering Geology is discussed in Section 2.6.4.  

2.6.1.9 Site Groundwater Conditions 

The groundwater table at the site was encountered in Observation Well CTB-5(OW) at a 

depth of 125 ft (elevation 4,350 ft) in the vicinity of the Canister Transfer Building.  

Seismic refraction velocities along Seismic Lines 1, 2, & 3 (Appendix 2B) are indicative of 

saturated conditions at depths ranging from 90 ft to 136 ft below ground surface across 

the site area (elevation 4,334 ft to 4385 ft), which corroborates the depth to the water 

table measured in Boring CTB-5(OW). Local groundwater conditions, based on limited 

water well data in the area, are somewhat variable and dependent upon the subsurface 

extent of alluvial fan materials. Stock-watering wells four and five miles westerly from the 

site have water depths of 280 and 295 ft, (elevations 4,350 ft and 4,325 ft, respectively).  

About 2.5 miles northeast of the site the water table is at 188 ft depth (elevation 4,350 ft), 

and 6 miles southeast several wells flow at the surface (elevation 4,605 ft). A well at the 

Tekoi Rocket Engine Test Facility about 3 miles south of the site was drilled to 400 ft and 

has static water at 80 ft below ground surface (elevation about 4,480 ft). All the above

mentioned wells were completed in unconsolidated materials without drilling into the 

bedrock. The locations of all wells within 5 miles of the PFSF are identified in Figure 2.5

1. These data suggest that the main aquifer in the central part of Skull Valley is confined 

or semi-confined and occurs mainly within the fine-grained Tertiary Salt Lake Group 

deposits. These sediments interfinger with coarse-grained alluvial fan material along the
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toe of the fan and may create confined conditions where they overlap the fan deposits.  

The fan deposits are the main recharge zone for the valley aquifers and the main source 

for domestic water wells in the valley. The aquifer in the fans is unconfined for the most 

part, but becomes confined and under artesian conditions downslope where the lake and 

basinal deposits onlap the fan at depth. Water wells drilled near the lower edge of the 

fan, such as at the Rocket Engine Test Facility, may penetrate several hundred feet of 

sediments before encountering a coarse alluvial fan layer. Since the coarse layer is 

under artesian pressure, the level of water in the well will rise upward to the static 

condition or may flow at the surface, such as occurs just south of the Reservation.  

Groundwater levels at the site appear to closely correlate with levels in the main valley 

aquifer. They do not appear to be affected by proximity to the alluvial fan. At this time it 

is believed an adequate quantity of suitable quality water can be developed within the site 

area for the PFSF needs. Specific properties of aquifer materials are unknown at this 

time. Based on preliminary testing of the site monitoring well, it is believed that 

groundwater withdrawals at the PFSF site would have no measurable impact on off-site 

wells, either up-gradient or down-gradient (SWEC, 1999b). Surface soil at the site has a 

permeability of 0.2 to 0.6 inch/hr, whereas the soil on the alluvial fan has a permeability of 

6 to 20 inches/hr (USDA, unpub. data). It is estimated that 3850 gallons per day (2.7 

gpm) would meet facility average daily requirements.  

Groundwater quality in the area is variable, with the best quality associated with wells 

developed in the alluvial fans near the Stansbury Mountains. In general, water quality is 

lower in the valley bottom, but it is suitable for irrigation or stock watering without 

treatment. The main dissolved ions are sodium and chloride (Hood and Waddell, 1968).  

There is also a tendency for the quality to be lower farther north, down-valley, towards the 

Great Salt Lake, although there are exceptions to this trend. Total dissolved solids range 

from 1,600 to 7,900 mg/I at the northern end of the valley (Arabasz et al., 1987, App. F).
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Most sources of water in the valley are high in calcium and would be classified as very 

hard. Aquifer transmissivities range from 500 to 30,000 sq ft/day with an average for 

Skull Valley estimated at 5,000 sq ft/day (Arabasz et al., 1987, App. F).  

2.6.1.10 Geophysical Surveys 

Results of seismic refraction and reflection surveys performed at the site in 1996 are 

found in Appendix 2B. Engineering properties of site materials based on the geophysical 

investigations are discussed in Section 2.6.1.11. The results of 1998 geophysical surveys 

(seismic reflection, gravity, and magnetic) are discussed in Geomatrix Consultants, Inc.  

(1 999a) and Bay Geophysical Associates (1999). Seismic cone penetration tests were 

performed at the locations designated as "SEIS CPT" on Figure 2.6-19. The purpose of 

these tests was to measure down-hole P and S-wave velocities. The results of these 

tests are presented in Appendix C of ConeTec, 1999), and the average velocities vs 

depth are shown in Figure 2.6-28.  

Shear wave velocities of soils are dependent on the effective stress, void ratio, and for 

clays, the plasticity index and overconsolidation ratio of the soils. If all of these 

parameters were the same, it would be expected that the shear wave velocities would 

increase with increasing depth in the profile. The apparent leveling off of the shear 

wave velocities at a depth of about 10 to 15 ft in the results of the seismic CPTs that 

were performed at the site (Appendix C of ConeTec, 1999) is an indication that one or 

more of these parameters have changed. A review of the Qt plots, which are included 

on the left-hand side of the same pages that present the shear wave velocities vs 

depth, indicates that the tip resistance increases greatly in this zone. This increase in 

tip resistance is most likely associated with a change in soil type, as indicated by the 

SBT plots on the right-hand side of these same pages, as well as by a decrease in the

SARCH2-doc



PRIVATE FUEL STORAGE FACILITY SAR CHAPTER 2 
SAFETY ANALYSIS REPORT REVISION 6 

PAGE 2.6-31 

void ratio of these soils. Therefore, it is not unexpected that the shear wave velocities 

would change within this zone.  

A review of the shear wave velocities vs depth presented in Appendix C of ConeTec 

(1999) indicates that they do not level off with depth. The general trend in the data is to 

increase with respect to depth; however this trend is masked by the presence of the 

marked increase in the shear wave velocities in the "harder" zone that exists generally 

within the depth range of about 13 feet to about 20 feet. If the shear wave velocities 

associated with this harder zone are excluded, all of the plots of shear wave velocities 

show a general increase with respect to depth. This general increase in velocity with 

increasing depth is more readily observed in Figure 2.6-28.  

2.6.1.11 Static and Dynamic Soil and Rock Properties at the Site 

Geotechnical laboratory tests were performed on samples obtained from the borings.  

The results of these tests are included in Appendix 2A and are summarized below.  

Figure 2.6-20 presents plots of the SPT blow counts vs depth in the pad emplacement 

area, on a row-by-row basis. This figure also presents the index properties that were 

measured for these soils, along with the results of triaxial testing. Comparison of these 

plots indicates that the soil properties are fairly consistent across the site.  

For the soils in the pad emplacement area, consisting of silt, clayey silt, and silty clay, 

as shown in Figure 2.6-5 above the dense sand layer that exists at a depth of 

approximately 25 to 30 ft: 

Index Property: Minimum Maximum Average 

Water Content, % 8 58 32 

Liquid Limit 25 77 44 

Plastic Limit 20 46 30
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Plasticity Index 

Moist Unit Weight, pcf 

Dry Unit Weight, pcf 

Void Ratio 

Saturation, % 

Specific Gravity =2.72 

Consolidation parameters: 

Maximum past pressure, ksf: 

Virgin compression ratio, CR: 

Recompression ratio, RR:

0.5 

64 

40 

1.4 

28 

Low 

5.6 

0.25 

0.008

38 

91 

71 

3.2 

64 

High 

7.2 

0.34 

0.017

14 

78 

56 

2.1 

53 

Average 

6.2 

0.29 

0.012

Rate of secondary compression is shown by the dashed curve in Figure 2.6-6.  

Total-stress strength parameters are ý = 24.90 and c = 1.22 ksf, based on direct shear 

tests that are included in Attachment 7 of Appendix 2A.  

For the silt, clayey silt, and silty clay soils in the Canister Transfer Building area, above 

the dense sand layer located at approximately 30 ft depth:

Index Property: 

Water Content, % 

Liquid Limit 

Plastic Limit 

Plasticity Index 

Moist Unit Weight, pcf 

Dry Unit Weight, pcf 

Void Ratio

Minimum 

7 

28 

18 

4 

73 

40 

0.7

Maximum 

86 

83 

48 

38 

118 

98 

3.3
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40 

2.71 

Low 

6 

0.13 

0.014

88 

2.73 

High 

26 

0.37 

0.020

71 

2.72 

Average 

13 

0.31 

0.018

Total-stress strength parameters are ý = 21.10 and c = 

tests that are included in Attachment 7 of Appendix 2A.

1.13 ksf, based on direct shear

For the sand or sandy soils layer in the Canister Transfer Building area found in some 

of the borings located at a depth of 8 to 20 ft:

Index Property 

Water Content, % 

Moist Unit Weight, pcf 

Dry Unit Weight, pcf 

Void Ratio 

Saturation, % 

% Fines 

Specific Gravity = 2.69

Minimum 

3 

85 

77 

0.64 

11 

9

Maximum 

15 

105 

102 

1.2 

32 

38

Effective-stress strength parameters are estimated to be 4 = 300 and c = 0, based on 

the plasticity index of the silts and clays. These values are very conservative for the 

sandy soils, which are characterized as dense based on their SPT N-values and the 

CPT Qt data. Note, Appendix D of ConeTec (1999) indicates that 4 based on the CPTs 

generally exceeds 35 to 400.
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The recommended coefficients of earth pressure for the silts and clays are as follows: 

* At-rest, Ko, is 0.5 

* Active, Ka, is 0.33 

0 Passive, Kp, is 3.0.  

The recommended value of the coefficient of vertical subgrade reaction of the silt, silty 

clay, clayey silt for a 1 ft x 1 ft square is 100 kips/ft3 for the clayey soils. Where the 

near-surface soils are cohesionless silts, this value should be 120 kips/ft3. This value 

should be reduced for footing widths greater than 1 ft by applying a reduction factor, 

RF, calculated as follows: 

For clayey soils: RF = 1/B 

For cohesionless soils, RF = [(B+I) / 2B]2 

where B is the effective width of the footing.  

This value should also be reduced for rectangular footings by (1 + 0.5 x B L) / 1.5, 

where L is the effective length of the footing.  

The recommended value of the coefficient of vertical subgrade reaction of the in situ 

clayey soils for use in design of the storage pads is 3 kips/ft3, and for the cohesionless 

soils is 26 kips/ft3 .  

The recommended value of the coefficient of horizontal subgrade reaction of the in situ 

clayey soils for use in the design of drilled caissons is 67 / B kips/ft3. For cohesionless 

soils, the recommended value of the coefficient of horizontal subgrade reaction is 20 • z 

I B kipslft3 .  

Soil compressibility parameters and values of undrained shear strength were obtained 

from a number of tests to provide conservative results that were applicable for the
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upper 25 to 30 feet over the storage pad area because of the consistency of the 

subsurface conditions encountered in these borings. In addition, these results are 

considered to be conservative for the soils in the upper layer because they were 

obtained from testing specimens from the upper 25 to 30 feet where the Standard 

Penetration Test (SPT) blow count was less than or equal to the average value of all 

samples obtained in this layer, as indicated in Figure 2.6-27. Note, the SPT blow count 

is directly related to the density and strength of soils and inversely related to 

compressibility of soils.  

Figure 54.4 of Terzaghi and Peck (1967) illustrates this for cohesionless soils. This 

figure presents the relationship between SPT blow counts (values of "N" in the figure), 

density, and compressibility of sands. It indicates that the density increases as the N

value increases. It also illustrates that a footing of a given width has a higher allowable 

soil pressure for a given settlement (1" in this chart) as the SPT blow count increases.  

Therefore, as the blow count increases, the strength of cohesionless soil increases and 

its compressibility decreases.  

Table 45.2 of Terzaghi and Peck (1967) presents the relationship between consistency, 

SPT blow count, and strength of clay. This table indicates that the consistency 

increases from very soft to hard for blow counts ranging from less than 2 blows/ft to 

greater than 30 blows/ft, respectively. Table 2 of Terzaghi (1955) indicates that the 

coefficient of subgrade reaction, defined as the ratio between the pressure at a given 

point of the surface of contact and the settlement produced by that load, increases as 

the consistency of clay increases. Therefore, as the SPT blow count increases, the 

consistency of clay increases, and the compressibility (and, hence, settlement) 

decreases.
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This has been demonstrated by the laboratory testing that was performed on samples 

obtained at greater depths in the Canister Transfer Building area. Additional laboratory 

tests were performed on samples of the soils from deeper within the profile than those 

that were tested (from depths of about 10 to 11 ft) in 1996. These tests, reported in 

Attachments 4 and 6 of Appendix 2A, indicate that the strengths of these deeper soils 

are higher than those tested in 1996 and their compressibilities are lower.  

The depths of the specimens tested for strength and compressibility in Attachment 2 of 

Appendix 2A were selected to investigate conditions at a depth of about 10 feet below 

grade, which represents a depth of approximately 1½ the width of the loaded area below 

the foundation due to the loading from the storage cask. It is generally acknowledged 

in geotechnical engineering that the zone of influence of loads on foundations spread 

out below the footing (e.g., Section 8.3 of Lambe and Whitman, 1969). The stress 

increase is greatest at the base of the footing, and it dissipates to an insignificant value 

at a depth of twice the width of the foundation. It is common practice to place a greater 

emphasis on the depth below the foundation equal to the width of the load. Testing the 

soils at /2 of this depth provides parameters that reflect the average performance of the 

soils within the depth equal to the width of the loaded area.  

As indicated in Figure 2.6-27, the average and median values of the SPT blow counts, 

plotted for each 5-ft elevation interval versus elevation, illustrate that the blow counts 

increase with depth from grade. This figure also indicates that the locations of the 

specimens tested for strength and compressibility fall within the zone where the 

average and median blow counts for each 5-ft elevation interval were less than or equal 

to the average value for the entire layer (15 blows/ft). Since the strength of these soils 

is directly related to the blow count, testing soils whose blow count is less than the 

average provides a conservative estimate of the strength of the soil. In addition, since 

the compressibility of these soils is inversely related to their blow count, testing soils
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whose blow count is less than the average provides a conservative estimate of their 

compressibility and, hence, result in conservative (i.e., higher) estimates of settlements 

that the cask storage pads will experience.  

Figure 2.6-20 plots all of the N-values vs depth for each of the borings drilled in the 

proposed emplacement area. The borings are plotted by row in the four sets of plots 

according to their locations in the field, as shown in Figure 2.6-2. That is, the top row of 

plots on Sheet 1 of Figure 2.6-20 includes the data from the northernmost row of 

borings, the next row down the sheet represents the next row of borings, moving south 

on the site, etc. The N-value plots in Figure 2.6-20 illustrate that the soils in the upper 

25 to 30-ft thick layer of the profile do not vary significantly across the site.  

Additional field work, performed at the site in 1998, is described in Geomatrix 

Consultants, Inc, (1999a) and included detailed lithostratigraphic soils mapping in test 

pits and trenches, as well as logging of continuous split-barrel samples in closely 

spaced boreholes. The results of these studies reaffirm the consistency of the upper 

layer of the subsurface profile across the site.  

Subsurface profiles and stratigraphic descriptions are presented in Plates 3 and 4 in 

Geomatrix Consultants, Inc (1 999a), and they illustrate convincingly that the subsurface 

conditions are very uniform. They identify a thin (<2.5 ft) surface layer of eolian silt and 

playa deposits with a poorly developed soil structure. This layer corresponds to the first 

SPT sample in the borings that were drilled in late 1996 (Attachment 1 of Appendix 2A) 

in the proposed pad emplacement area. This layer is underlain by a sequence of 

typical lacustrine sediments associated with several stages of Lake Bonneville, an 

inland sea that covered the area from about 30,000 to 10,000 years before present 

(B.P.). These sediments are, by and large, the fine-grained end members of a ternary 

diagram consisting of silt, clay, and sand. Samples are consistently described as silt,
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silty clay, clayey silt, or sandy silt. Geomatrix used the term marl or marly as an 

additional component of these descriptions, which refers to a high calcium carbonate 

content clay or silt deposited in a fresh-water environment (deep-water facies of 

Bonneville alloformation).  

Geomatrix was able to subdivide the lacustrine sequence into several lake stages 

based on sedimentary relationships and physical characteristics exposed in continuous 

wall exposures in trenches and test pits. Their subdivisions of the Bonneville 

alloformation, presented in their Plate 3, "Map of North Wall Trench T-2", are as follows: 

0 Bonneville Deep-Water Blocky, 
0 Bonneville Deep-Water Laminated, 
0 Post-Stansbury Transgressive, and 
0 Stansbury Regressive.  

This sequence extends to a depth of about 25 to 30 ft, where a continuous, nearly 

horizontal layer of dense, fine sand is encountered. This layer is the "Stansbury 

Transgressive", and it represents the oldest deposit of the Bonneville Cycle. The base 

of this unit occurs at a depth of about 45 to 50 ft and is believed to be an unconformity 

represented by the Promontory soil. This boundary is an apparent seismic velocity 

contrast that is recognizable on the recent seismic reflection profiles as a continuous, 

nearly horizontal layer, the Qp reflector (Geomatrix Consultants, Inc, 1999a).  

Dynamic Strength of Soils 

It has been recognized in the past that the strength of soil increases as the rate of 

loading increases. For example, Casagrande and Shannon (1948) conducted soil 

dynamics investigations in 1948 with research efforts directed at finding the effects of 

rate of loading on soils common to the Panama Canal zone, i.e., clays, muck, shales, 

and dense dry sand. A "strain-rate" effect, defined as the ratio of maximum dynamic 

strength to the maximum static strength, was observed in all soils tested, except for
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the dry sand. Tests performed on Cambridge Clay (Cambridge, MA), showed that, 

tested at a rapid rate of loading (0.02 sec), the strength of the clay was approximately 

1.9 times greater than that measured at a slow rate of loading (465 sec). This is 

illustrated in Figure 2.6-24.  

Schimming et al (1966) studied the effects of loading rate on the strength of various 

soil types and defined the "apparent cohesion (ca)" ratio to compare the dynamic and 

static failure envelopes of soil. Two different strain-rate strength tests were used in 

the study. For "dynamic" tests, the maximum shear force in soil specimens was 

attained within a period of 1 to 5 milliseconds after imposition of the initial force.  

Conversely, for "rapid static" tests, times to failure ranged from 30 seconds to nearly 

50 seconds.  

The ca ratio is defined as: ca = c (dynamic) c (rapid static).  

Strength and index properties of the silty clay at the PFSF site are very similar to a soil 

studied by Schimming et al (i.e., Jordan Buff Clay). Average values of the index 

properties for both soils are as follows:

Dry density (pcf) 

Water content (%) 

Liquid limit (LL) 

Plastic limit (PL) 

Plasticity index (PI) 

Cohesion (psf)

PFSF Silty Clay 

65 (35) 

39(117) 

51 (42) 

29 (42) 

21 (42) 

1,100(2)

Jordan Buff Clay 

86 (2) 

32 (2) 

54 (2) 

26 (2) 

28 (2) 

1,124(2)

Note: numbers in parentheses above indicate number of tests.
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They report that the ca ratio for this clay ranged from approximately 1.8 to 2.0, as 

shown in Figure 2.6-25.  

Direct shear tests were performed on samples of the silty clay obtained from Elevation 

4,468.4 to 4,469.4 in the Canister Transfer Building area, which is near the bottom of 

the foundation mat (Elevation 4,470). The results of these tests are included in 

Attachment 7 of Appendix 2A and they indicate that the average cohesion of these 

soils is -1.1 ksf. The rate of loading used in these tests is slower than the "rapid 

static" tests performed by Schimming et al (1966). The rate of loading due to the 

design basis ground motion approximates those used for the "dynamic" tests 

performed by Schimming et al. To estimate the cohesion that will be available to 

resist these dynamic forces, the cohesion measured in the direct shear tests are 

multiplied by an estimated ca ratio, which Schimming et al indicated varied between 

1.8 and 2.1 for similar soils. Therefore, the cohesion available to resist forces caused 

by the design basis ground motion is estimated to be at least 1.5 to 2 times those 

measured in the direct shear tests. Stone & Webster (1995) used a similar approach 

for determining the dynamic strength of clays available to resist uplift loads on H-piles 

for Category I structures at the TVA's Sequoyah Nuclear Power Plant, Units 1 and 2.  

Analyses of resistance to sliding of the Canister Transfer Building due to dynamic 

forces from the design basis ground motion, discussed in Section 2.6.1.12.2, are 

performed using a value of cohesion that is conservatively specified using ca based on 

the lower bound of this range; i.e., only a 50% increase: 

Cdynamic = 1.1 ksf x 1.5 (ca)= 1.65 ksf.  

The dynamic foundation parameters in support of the soil-structure interaction analyses 

are discussed in Section 2.6.2.1.
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2.6.1.12 Stability of Foundations for Structures and Embankments 

All exterior footings shall be founded at a depth of no less than 30 inches below finished 

grade to provide protection against frost, in accordance with local code requirements.  

Interior footings in heated areas may be founded at shallower depths, if desired.  

The minimum factor of safety against a bearing capacity failure due to static loads 

(dead load plus maximum live loads) is 3.0.  

In accordance with the requirements of NUREG-75/087, Section 3.8.5, "Foundations," 

Section 11.5, "Structural Acceptance Criteria," the recommended minimum factor of 

safety against overturning or sliding failure from static loads (dead load plus maximum 

live loads) is 1.5 and due to static loads plus loads from extreme environmental 

conditions, such as the design basis ground motion, is 1.1. In addition, it is 

recommended that a factor of safety of 1.1 be used to design footings against a bearing 

capacity failure from static loads plus loads due to the design basis ground motion.  

Where the factor of safety against sliding is less than 1 due to the design basis ground 

motion, the displacements the structure may experience are calculated using the 

method proposed by Newmark (1965) for estimating displacements of dams and 

embankments during earthquakes.  

Recommended design earth pressure distributions are presented in Figure 2.6-7.  

Lateral earth pressures for determining driving forces shall be based on K0, the at-rest 

earth pressure coefficient. These can be reduced to "active" earth pressures if the yield 

ratio exceeds 0.1%, where yield ratio, S/H, is defined as shown for the active case in 

Figure 2.6-8. In determining "passive" pressures resisting lateral movement, assume 

the lateral earth pressure coefficient varies from Ko at a yield ratio of 0% to a maximum
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of Kp at a yield ratio of 2%, where yield ratio, S/H, is defined as shown for the passive 

case in Figure 2.6-8. Compaction-induced lateral stresses are determined as shown in 

Figure 2.6-9.  

2.6.1.12.1 Stability and Settlement Analyses-Cask Storage Pads 

The gross allowable bearing pressure for the cask storage pads to obtain a factor of 

safety of 3.0 against a shear failure from static loads is 4 ksf. However, loading the 

storage pads to this value may result in undesirable settlements. This minimum 

allowable value was obtained in analyses that conservatively assume ý = 00 and c = 

2.2 ksf, as measured in the UU tests that are reported in Attachment 2 of Appendix 2A.  

Using the estimated effective-stress strength of P =300 or the total stress strength 

parameters of 4 = 21.10 and c = 1.13 ksf, as measured in the direct shear tests 

(Attachment 7 of Appendix 2A), results in higher allowable bearing pressures. Triaxial 

test results included in Attachments 4 and 6 of Appendix 2A indicate that 2.2 ksf is a 

reasonable lower-bound value to use for bearing capacity analyses. These triaxial tests 

were performed at confining pressures comparable to the estimated final stresses 

under the fully loaded pads and, thus, provide a conservative estimation of the 

minimum strength that will be available for resisting a bearing capacity failure.  

As indicated in Section 2.6.1.6, based on the CPT program, most of the soils underlying 

the pad emplacement area are characterized as soils that behave as "sandy" soils, 

rather than as cohesive soils. These soils were found to be mostly cohesive soils in the 

borings that were drilled in 1996, as indicated in Attachment 1 of Appendix 2A.  

Whereas the bearing capacity of cohesive soils is a function of the strength of the soil, 

that of cohesionless soils is also a function of the width of the foundation. The 

foundations in question for this project have widths that are greater than 30 ft. Such 

large foundations, supported by soils having Standard Penetration Test blow counts
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that were measured for these soils, have much greater bearing capacities if they are 

founded on cohesionless soils than if supported by cohesive soils. Therefore, 

characterizing the soils in the upper layer as cohesive even though some of these were 

cohesionless provides a conservative estimate of the bearing capacity.  

Analyses of bearing capacity were made in Calculation 05996.02-G(B)-4, (SWEC, 

1999e), assuming the upper layer was cohesive. In these analyses, the strength was 

assumed to be greater than that measured in the UU tests (su > 2.2 ksf) that were 

performed at depths of approximately 10 to 12 feet. The factor of safety against a 

bearing capacity must exceed 3 for static loads. As indicated on page 9 of that 

calculation, the factor of safety of the cask storage pad foundation is 6.3 using the 

undrained strength of the cohesive soils. Page 10 of that calculation illustrates that the 

factor of safety against a bearing capacity failure increases to greater than 13 when a 

drained strength of 4 = 300 is used. This friction angle is less than the friction angle 

shown for the soils that behave as sandy soils (SBT>5) based on the CPT data 

presented in Appendix D of ConeTec (1999). These plots illustrate that most of the 

"Phi" values are between 350 and 400 for these soils, with very few values slightly less 

than 350. Therefore, assuming that all of the soils underlying the cask storage pads are 

cohesionless, as represented by the preponderance of soils that behave as "sandy" 

soils based on the CPT data, the factor of safety against a bearing capacity failure will 

be much greater than 13.  

Analyses were performed to estimate the settlement of the storage pads as a result of 

the weight of the pad and the weight of eight, fully loaded, Holtec HI-STORM casks 

(356.5 K vs. 310 K for the SNC cask) in Calculation G(B)-3 (SWEC, 19990. The actual 

bearing pressure for this case was about 1.9 ksf, and the estimated total settlement of 

the pad is about 3.3 inches.
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The total settlement consists of the following three components: 

"* Elastic settlement 0.5 inch 

"* Primary consolidation settlement 1.7 inches 

"* Secondary compression 1.1 inches 

"* Total estimated settlement 3.3 inches 

In order to accommodate the total estimated settlement, the storage pads will be 

constructed 3.5 inches above adjacent finished grade. Exposed edges of the pads will 

be chamfered and the crushed rock surface material will be feathered to meet the 

edges of the raised pads for transporter access.  

This settlement represents an upper-bound estimate of the settlement, because it was 

developed assuming that the consolidation characteristics that were measured for the 

clayey soils at a depth of about 10 ft are applicable for the entire upper layer. The SPT 

data from the borings and the CPT results indicate that the soils become stiffer within 

the 10 to 20 ft depth zone. Additional consolidation tests performed on samples 

obtained from depths of about 25 ft in the Canister Transfer Building area, reported in 

Attachment 6 of Appendix 2A, indicate that the soils at that depth are less compressible 

than those used to estimate the settlements presented above. Further, based on the 

CPT program, most of the soils underlying the pad emplacement area are characterized 

as soils that behave as "sandy" soils, rather than as cohesive soils.  

A review of the CPT data (ConeTec, 1999) indicates that most of the soil behavior type 

(SBT) values represent soils whose behavior is similar to that of "sandy" soils. As 

indicated in Figure 5 of ConeTec (1999), these include SBT values that are greater than 

5. A map was produced to show the thickness of those soils for which the soil behavior 

type values are greater than 5. The purpose of this map is to readily identify those
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areas where the subsurface profile differs from the assumption that the soils in the 

upper layer (-25 to 30 ft) are predominantly cohesive soils.  

This map, titled "Contour Map Showing Thickness of Soils with CPT Soil Behavior Type 

> 5 (Sandy)", is included as Figure 2.6-29. The thickness of the soils beneath the cask 

storage pads that behave as "sandy" soils based on the CPT data are posted under the 

CPT identifiers shown on this plan view of the site. These values were calculated by 

subtracting the top three feet, to account for the proposed depth of the pads, as well as 

the total thickness of all zones where the SBT values were found to be less than 6, from 

the total depth of the CPT. The thicknesses were contoured to facilitate interpretation 

of the SBT > 5 data obtained in the CPT program. As indicated in the figure, the 

thickness of the soils that behave as sandy soils (SBT>5) based on the CPT data 

ranges from 13.8 feet at CPT-1 5, near the center of the pad emplacement area, to a 

high of 26.4 feet at CPT-33 near the center of the western edge of the pad 

emplacement area. The thicknesses are generally about 20 to 25 feet.  

Stone & Webster (1999f) incorporated the calculation of settlements for the soils whose 

behavior is similar to that of "sandy" soils based on the CPT data. In this analysis, 

settlements are calculated based on Equation 6-17 of Lunne, Robertson, and Powell 

(1997), which was developed by Schmertmann (1970, 1978). This method is applicable 

for estimating settlements of foundations over sand using CPT data. The 

Schmertmann method takes into account the depth of footing, time of loading (40 years 

was used in the analysis), shape of the footing, and strain influence factor, which varies 

with depth. The equivalent Young's modulus, which appears in the equation, is related 

to the cone penetration resistance by a factor, •, which is related to the degree of 

loading, soil density, stress history, cementation, age, grain shape, and mineralogy of 

the deposit. In this analysis, • was assumed to be 5.
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Two sets of estimated settlements were calculated and are summarized in the table 

presented on Page 44 of the calculation. Because of the preponderance of soils whose 

behavior is similar to that of "sandy" soils, settlements were calculated assuming that 

the Schmertmann method is applicable to the entire upper layer. As indicated by the 

left-hand column of settlements reported on Page 44 of the calculation, the estimated 

settlements for this case varied from 0.34 inches at CPT-26 to 0.56 inches at CPT-38.  

The analyses were repeated, excluding those soils whose behavior is not similar to 
"sandy" soils, since the Schmertmann method is applicable only for cohesionless soils.  

In this analysis, cohesionless soils were defined as those with SBT values greater than 

5, which includes silts, sandy silts, silty sands, and sands. The estimated settlements 

for this case are presented in the right-hand column on Page 44 of the calculation and 

range from 0.24 inches at CPT-31 to 0.50 inches at CPT-10.  

These results are posted on the map showing the locations of the CPTs on Page 46 of 

the calculation. As indicated, the differential settlements between CPT locations 

average less than 0.1 inches. The maximum difference between two adjacent 

(diagonally) CPTs is 0.19 inches, CPT-34 to CPT-29. Total and differential settlements 

of this magnitude are not significant in the design of the cask storage pads.  

Dynamic Stability Analyses 

The allowable bearing pressure for the storage pads for dynamic loads from the design 

basis ground motion was determined based on the assumption that the horizontal 

inertia of the casks due to the earthquake may exceed the frictional resistance available 

between the cask and the top of the pad. If this were to occur, the horizontal force that 

would be imparted to the pad from the casks would equal P* • Fv, where:
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= the coefficient of friction between the steel bottom of the cask and the top of 

the concrete storage pad.  

FV = weight of the casks + the vertical inertial force of the casks as result of the 

design basis ground motion.  

These analyses were performed for various values of [t and the lowest allowable 

bearing pressure was 4.30 ksf. This case corresponds to the upper-bound friction case 

discussed in Section 4.2.3.5.1B, which results in an upper-bound estimate of the cask 

dynamic forces acting on the pad. For the lower-bound friction case discussed in 

Section 4.2.3.5.1B, wherein 1`1 between the steel bottom of the cask and the top of the 

concrete storage pad = 0.2, the allowable bearing pressure was 7.30 ksf.  

Because of the nature of the subsurface materials, dynamic settlements due to the 

design basis ground motion are not expected to occur. See Section 2.6.4.7 for more 

details.  

Sliding Stability of the Cask Storage Pads 

The sliding stability analyses of the cask storage pads are presented in Calculation 

G(B)-4 (SWEC, 1999e). In these analyses, the factor of safety (FS) against sliding is 

defined as: 

FS = resisting force + driving force 

The resisting force, or tangential (T) shear force, below the base of the pad is defined 

as: 

T = [N tan(P)] + [cBL]
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where: N = normal force, 

( = 24.90, 

c= 1.22 ksf, and 

B and L are the dimensions of the pad.  

The values of ( and c are based on the results of the direct shear tests that were 

performed on specimens obtained from a depth of 5 to 6.3 ft from Sample U-1 in 

Boring C-2, which was drilled in the pad emplacement area. These test results are 

consistent with the results obtained from the direct shear tests that were performed on 

samples obtained from within the Canister Transfer Building area (Borings CTB-6 and 

CTB-S). All of these direct shear test results are reported in Attachment 7 of Appendix 

2A. Minimum sliding resistance exists when the dynamic forces due to the vertical 

component of the earthquake act in an upward direction. In determining the resisting 

forces in these analyses, no credit is taken for passive resistance acting on the 

embedded pad.  

The horizontal driving forces used in these analyses were obtained from Attachment B 

of Calculation G(B)-4 (SWEC, 1999e) and are based on the higher ground 

accelerations associated with the PFSF deterministic design basis ground motion 

(0.67g horizontal and 0.69g vertical). To be conservative, credit was not taken for the 

lower ground accelerations (0.53g) applicable for the 2,000-yr return period design 

basis ground motion.  

The driving force in these analyses includes the inertial forces of the casks and the pad, 

due to the horizontal component of the earthquake. The dynamic loads due to soil 

pressures acting on the embedded pad were also included, calculated based on the 

Mononobe-Okabe method, as described in Seed and Whitman (1970). The driving 

forces were calculated based on the peak vertical and peak horizontal accelerations;
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i.e., no credit was taken for the fact that these peaks are not expected to occur at 

different times.  

These analyses indicate that the factor of safety against sliding of the pads supported 

on the in situ clayey soils is -1.2, which provides an adequate margin against sliding.  

As indicated above, these analyses are very conservative for a number of reasons.  

The horizontal driving forces used in this analysis are based on the higher ground 

accelerations (0.67g horizontal and 0.69g vertical) due to the PFSF deterministic 

design basis ground motion, rather than those (0.53g) for the 2,000-yr return period 

earthquake from the probabilistic seismic hazard analysis. In addition, this analysis 

combines the maximum horizontal and vertical forces of the earthquake, rather than 

using reduced values to account for the fact that the peaks in these motions are not 

expected to occur at the same time. They also conservatively use the shear strength 

parameters as measured in the static direct shear tests - no credit is taken for the 

increase in this strength that is applicable for dynamic loadings, as discussed in 

Section 2.6.1.11 under "Dynamic Strength of Soils." Therefore, it is assumed that 

these forces yield worst-case factors of safety against sliding where the pads are 

supported on clayey soils.  

Sliding Stability of the Cask Storage Pads on Cohesionless Soils 

The storage pads founded on clayey soils have an adequate factor of safety against 

sliding due to forces associated with the PFSF deterministic design basis ground 

motion. The majority of the shearing resistance along the base of the pads in this 

case comes from the cohesive portion of the shear strength of the clayey silt/silty clay 

layer, which is not affected by upward acting earthquake loads. The frictional portion 

of the shear strength, however, is directly related to the normal stress. During an 

earthquake, the vertical component of earthquake motions result in upward forces that
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reduce the normal stress and, consequently, the shearing resistance available to 

resist sliding for the frictional portion of the shear strength. Factors of safety against 

sliding for cohesionless soils can be low if the maximum components of the ground 

motion are combined.  

The CPT results (ConeTec, 1999) indicate the presence of a layer of soils that behave 

like silty sand/sandy silt, under the clayey layer, at a depth of about 10 ft, as shown in 

Figure 2.6-5. The plots included in Appendix D of ConeTec, 1999) indicate that su, the 

undrained shear strength, or the cohesion, drops to 0 and that ý is generally greater 

than 35 to 400 for these soils. Since the cohesion available to resist sliding drops to 0, 

the shearing resistance of this layer is directly related to the normal stress, if 

cementation effects are ignored.  

Analyses were performed to address the possibility that sliding may occur along a 

deep slip plane at the clayey soil/sandy soil interface as a result of the earthquake 

forces. To simplify the analysis, it was assumed that the pads are founded directly on 

the cohesionless materials. Conservatively assuming that 4 = 300, which is more 

reasonable for nonplastic silts and silty sands than the values of 35 to 400 measured 

in the CPTs, the resistance to sliding is calculated as N tan 300, or 0.58 N, where N is 

the normal force. Even without considering the amplification effects due to soil

structure interaction, it is obvious that the factor of safety against sliding will be less 

than 1 when N is reduced due to the uplift from the vertical component of the design 

basis ground motion. Therefore, an estimate of the amount of displacement that 

might occur due to the design basis ground motion was made, based on Newmark's 

method, as described below.  

Where the factor of safety against sliding is less than 1, the displacements the pads 

may experience were calculated using the method proposed by Newmark (1965) for
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estimating displacements of dams and embankments during earthquakes. In these 

analyses, it was conservatively assumed that the bottom of the pad was founded 

directly on cohesionless silty sand/sandy silt. For motion to occur on a slip surface in 

the deeper silty sand/sandy silt layer, the slip surface must pass through the overlying 

clayey soils. This simplification, therefore, results in some conservatism. A friction 

angle of 300 was used for the silty sand/sandy silt, and the cohesion was assumed to 

be 0. The deeper layers of silty sand/sandy silt are medium dense to dense with 

higher friction angles, as evidenced by the CPT tip resistance values and the 4) vs 

depth data presented in Appendix D of ConeTec (1999). Therefore, this provides for 

additional conservatism in these analyses.  

Additional conservatism is provided in these analyses by the use of the peak ground 

accelerations from the PFSF deterministic design basis ground motion, 0.67g 

horizontal and 0.69g vertical, rather than the 0.53g associated with the PSHA 2,000-yr 

return period design basis ground motion. Maximum ground velocities were estimated 

for the pads using the maximum horizontal velocities of the mat in the Canister 

Transfer Building and scaling them based on the ratio of the maximum accelerations.  

The seismic displacements were calculated, combining the maximum earthquake 

ground motions in the vertical, north-south (N-S), and east-west (E-W) directions.  

Because the peak motions of the three components are not expected to occur at the 

same time, their effects are accounted for by combining 100% of the maximum motion 

in one direction with 40% of the maximum motions in the other two directions. The 

following ground motions result from the three possible combinations.  

0 Load Combination 1: 100% Vertical, 40% N-S, 40% E-W (Load #1) 

0 Load Combination 2: 40% Vertical, 100% N-S, 40% E-W (Load #2) 

"* Load Combination 3: 40% Vertical, 40% N-S, 100% E-W (Load #3)

SARCH2.doc



PRIVATE FUEL STORAGE FACILITY SAR CHAPTER 2 
SAFETY ANALYSIS REPORT REVISION 6 

PAGE 2.6-52 

Newmark's Method of Estimating Displacements Due to Earthquakes 

Newmark (1965) defines N W as the steady force applied at the center of gravity of 

the sliding mass in the direction in which the force can have its lowest value to just 

overcome the stabilizing forces and keep the mass moving. For a block sliding on a 

horizontal surface, N W = T, where T is the shearing resistance of the block on the 

sliding surface.  

Shearing resistance, T = x Area 

where: " = "n tan 4• 

C• = Normal Stress 

S= Friction angle of sand layer 

G n= (Net Vertical Force) / Area = (Fv- Fv(Eqk)) / Area 

T = (F,- Fv(Eqk)) tan 

NW=T 

"N = [(Fv- Fv(Eqk)) tan 4] / W 

Maximum relative displacement of the pad relative to the ground, um, is calculated as 

Urn = [V2 (1- N/A)] / (2gN) 

The above expression for the relative displacement is an upper bound for all the data 

points for N/A less than 0.15 and greater than 0.5, as shown in Figure 2.6-26, which is 

a copy of Figure 21 of Newmark (1965). Within the range of 0.5 to 0.15 the following 

expression gives an upper bound for all data.  

um= V2 /(2gN)
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The following table presents the results (from Calculation G(B)-4, SWEC, 1999e) of 

estimating the displacements of the cask storage pads assuming that they are 

supported on cohesionless soils with • = 300.  

LOAD COMBINATION DISPLACEMENT 

1. 100% Vertical, 40% N-S, 40% E-W 0.4 to 0.7 inches 

2. 40% Vertical, 100% N-S, 40% E-W 0.5 inches 

3. 40% Vertical, 40% N-S, 100% E-W 0.5 inches 

The estimated relative displacement of the pads ranges from 0.4 inches to 0.7 inches.  

The higher displacement corresponds to the load combination where the maximum 

upward earthquake force reduces the normal stress and, hence, the shearing 

resistance of the silty sand/sandy silt layer, postulated to exist directly beneath the 

pads. For the pads to slide, a surface of sliding must be established between the 

horizontal sliding surface in the silty sand/sandy silt layer and the overlying clayey layer.  

The contribution of this surface of sliding to the dynamic resistance to sliding is ignored 

in the simplified model used to estimate these displacements.  

The procedure used to estimate relative displacements has several measures of 

conservatism, as discussed above, and, thus, the estimated displacements represent 

upper-bound values. Motions of this magnitude, occurring at the depth of the silty 

sand/sandy silt layer, would likely not even be evident at the ground surface. Further, 

movements of this amount as a result of the earthquake are much less than those 

applicable for the casks (Section 8.2.1.2) and, thus, would not adversely affect the 

performance of the cask storage system. It is likely, that should such slippage occur 

within the cohesionless soils underlying the pads, it would minimize the level of the 

accelerations that would be transmitted through the soil and into the structure. In this 

manner, the cohesionless soils would act as a built-in base-shear isolation system. Any
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decrease in these accelerations as a result of this would increase the factor of safety 

against sliding, which would decrease the estimated displacements as well.  

2.6.1.12.2 Stability and Settlement Analyses-Canister Transfer Building 

The Canister Transfer Building is a large and massive building consisting of exterior 

reinforced concrete walls 2'-0" thick, a reinforced concrete roof 1-0" thick, and a solid 

reinforced concrete mat foundation 5'-0" thick. The interior partitions that make up the 

low level waste holding area will be constructed of concrete or concrete masonry. The 

equipment and office areas on the east side of the building will utilize steel-framed 

partition walls covered with gypsum board. The total weight (static load) of the building 

and foundation is approximately 75,000 kips (Calculation SC-5, SWEC, 1999h) or 

37,500 tons.  

In addition to the finite element, soil-structure interaction analysis described in Chapter 

4, conventional static and dynamic stability analyses of the building mat foundation 

were performed. These included bearing capacity, overturning, and sliding stability 

analyses. These analyses, performed in Calculation G(B)-13 (SWEC, 1999g), are 

discussed below. These analyses indicate that the building is stable, and the 

performance of the structure will not be adversely affected by the estimated 

settlements or seismic displacements.  

Bearing Capacity of the Canister Transfer Building 

The bearing capacity analyses were performed for the mat founded on a layered soil 

medium using both 'effective stress' and 'total stress' soil parameters for the various 

soil layers identified in the PFSF Storage Facility Design Criteria. Several load cases 

were considered, which consisted of combinations of vertical static, vertical seismic in

SARCH2.doc



PRIVATE FUEL STORAGE FACILITY SAR CHAPTER 2 
SAFETY ANALYSIS REPORT REVISION 6 

PAGE 2.6-55 

upward and downward directions, and horizontal seismic in E-W and N-S directions.  

Loads developed in Calculation SC-5 (SWEC, 1999h) were used in these analyses.  

As in the structural analyses discussed in Section 4.7.1.5.3., "Structural Analysis," 

seismic loads used were based on 100% of the enveloped ZPA acceleration in one 

direction, combined with 40% of the enveloped ZPA accelerations in each of the other 

two directions. For the static load case, a factor of safety in excess of 10 was 

obtained, exceeding the minimum required factor of safety of 3 by a wide margin. For 

seismic loadings, the load combination of full static, 40% seismic uplift, and 100% 

horizontal seismic in E-W, and 40% horizontal seismic in N-S direction was the most 

critical load case. This load case resulted in an actual soil bearing pressure of 2.5 

kips per square foot (ksf), compared with an ultimate bearing capacity of 4.3 ksf. The 

resulting factor of safety against a bearing capacity failure for this load case is 1.7, 

compared with the minimum allowable factor of safety for seismic loading cases of 

1.1.  

Settlement of the Canister Transfer Building 

Analyses were performed to estimate the settlement of the Canister Transfer Building 

for the static dead and live loads in Calculation G(C)-14 (SWEC, 1998). A total building 

settlement of approximately 3 inches is estimated over the life of the building. The 

settlement will be generally uniform. Of the total building settlement, approximately 1.9 

inches will occur within a few years after construction and an additional 1.1 inches over 

the life of the building. These analyses were performed using the results of the 

consolidation tests that are included in Attachment 2 of Appendix 2A. As indicated in 

Section 2.6.1.12.1 regarding the settlement analyses of the storage pads, this 

settlement represents an upper-bound estimate of the settlement, because it was 

developed assuming that the consolidation characteristics that were measured for the
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clayey soils at a depth of about 10 ft are applicable for the entire upper layer. The SPT 

data from the borings and the CPT results indicate that the soils become stiffer within 

the 10 to 20 ft depth zone. Additional consolidation tests performed on samples 

obtained from depths of about 25 ft in the Canister Transfer Building area, reported in 

Attachment 6 of Appendix 2A, indicate that the soils at that depth are less compressible 

than those used to estimate these settlements.  

Sliding Stability of the Canister Transfer Building 

The Canister Transfer Building will be founded on clayey soils, as indicated in Figures 

2.6-21 through 2.6-23. The sliding stability was evaluated in Calculation G(B)-13 

(SWEC, 1999g) using the loads developed in the soil-structure interaction analyses 

(Calculation SC-5, SWEC, 1999h). As indicated in Section 2.6.1.11, P = 21.10 and a 

dynamic cohesion of 1.65 ksf were used in determining resisting forces for the 

earthquake loading combinations described below. The sliding stability of the CTB 

was determined using the same method that was used for storage pads, which is 

described in Section 2.6.1.12.1. In this case, the strength of the clayey soils at the 

bottom of the CTB mat were based on the average of the two sets of direct shear tests 

performed on samples of soils obtained from beneath the CTB at the elevation 

proposed for founding the mat. The results of these tests are included in Attachment 

7 of Appendix 2A.  

The results of the sliding stability analysis of the Canister Transfer Building are 

presented in Table 2 of Calculation G(B)-1 3 (p9-6 of SWEC, 1999g), and indicate that 

for all load combinations examined, the factors of safety were >1.1. The lowest factor 

of safety was 1.27, which applies for the case where 100% of the dynamic earthquake 

forces acts in the east-west direction and 40% acts in the other two directions. Table 

3 of that calculation indicates that if credit is not taken for the increase in strength 

applicable for the "dynamic" rates of shearing applicable for earthquakes, the factor of
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safety for this case drops to 0.94. This case is less critical, however, than the case 

described below for cohesionless soils.  

Sliding Stability of the Canister Transfer Building on Cohesionless Soils 

The Canister Transfer Building will be founded on clayey soils that have an adequate 

amount of cohesion to resist sliding due to the dynamic forces from the design basis 

ground motion. As shown in Figures 2.6-21 through 2.6-23, however, some of the 

soils underlying the building may be cohesionless within the depth zone of about 10 to 

20 ft, especially near the southern portion of the building. Analyses were performed to 

address the possibility that sliding may occur along a deeper slip plane at the clayey 

soil/sandy soil interface as a result of the earthquake forces. To simplify the analysis, 

it was assumed that the structure is founded directly on the cohesionless materials, 

conservatively assuming that 4 = 300 and c = 0.  

Because of the magnitude of the dynamic forces resulting from the soil-structure 

interaction analyses, the factor of safety against sliding of this building would be less 

than 1 if it were founded on cohesionless soils. Where the factor of safety against 

sliding is less than 1, the displacements the building may experience were calculated 

using the method proposed by Newmark (1965) for estimating displacements of dams 

and embankments during earthquakes. Refer to the discussion regarding Newmark's 

method of analyzing displacements due to earthquakes presented above in Section 

2.6.1.12.1 for the storage pads.  

The maximum ground accelerations and velocities of the Canister Transfer Building due 

to the design basis ground motion, which were developed in Calculation SC-5 (SWEC, 

1999h, p. 37), were used in this analysis of displacements. The displacements were 

calculated, combining the maximum earthquake ground motions in the vertical, north-
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south (N-S), and east-west (E-W) directions. Because the peak motions of the three 

components are not expected to occur at the same time, their effects are accounted for 

by combining 100% of the maximum motion in one direction with 40% of the maximum 

motions in the other two directions. The following ground motions result from the three 

possible combinations.  

* Load Combination 1: 100% Vertical, 40% N-S, 40% E-W (Load #1) 

* Load Combination 2: 40% Vertical, 100% N-S, 40% E-W (Load #2) 

* Load Combination 3: 40% Vertical, 40% N-S, 100% E-W (Load #3) 

The following table presents a summary of the evaluation of sliding of the Canister 

Transfer Building, assuming it is founded directly on cohesionless soils.  

LOAD COMBINATION DISPLACEMENT 

1. 100% Vertical, 40% N-S, 40% E-W 0.8 to 1.2 inches 

2. 40% Vertical, 100% N-S, 40% E-W 0.6 inches 

3. 40% Vertical, 40% N-S, 100% E-W 0.5 inches 

In these analyses, several conservative assumptions were made, and even with this 

high level of conservatism, the estimated relative displacement of the building ranged 

from 0.5 inches to 1.2 inches. Motions of this magnitude, occurring at the depth of the 

silty sand/sandy silt layer, would likely not even be evident at the ground surface. For 

the building to slide, a surface of sliding must be established between the horizontal 

sliding surface in the silty sand/sandy silt layer and through the overlying clayey layer.  

In the simplified model used to estimate these displacements, the contribution of this 

surface of sliding through the overlying clayey layer to the dynamic resistance to 

sliding motion is ignored, as is the passive resistance that would act on the embedded 

portion of the building foundation and the block of soil that is postulated to be moving
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with it. It is likely, that should such slippage occur within the cohesionless soils 

underlying the building, it would minimize the level of the accelerations that would be 

transmitted through the soil and into the structure. In this manner, the cohesionless 

soils would act as a built-in base-shear isolation system. Any decrease in these 

accelerations as a result of this would increase the factor of safety against sliding, 

which would decrease the estimated displacements as well. Further, since there are 

no Important to Safety systems that would be severed or otherwise impacted by 

movements of this small amount as a result of the earthquake, such movements do 

not adversely affect the performance of the Canister Transfer Building.  

2.6.1.12.3 Allowable Bearing Capacity-Other Structures 

Other structures at the PFSF include the Administration Building, Operating and 

Maintenance Building, and Security and Health Physics Building. These structures will 

be founded on strip and spread footings. The allowable bearing capacity of these 

footings is limited by shear failure of the soil underlying the footing and by footing 

settlement.  

Bearing capacity analyses were performed for a variety of footing widths and depths for 

both strip footings and square footings, for vertical loads, and for loads inclined 10 and 

20 degrees from the vertical. These analyses were performed using effective-stress 

strength parameters to investigate long-term conditions, which are applicable for static 

loads. For these analyses, the allowable bearing pressure was determined using a 

factor of safety of 3. Bearing capacity analyses were also performed using total-stress 

strength parameters, which are applicable for earthquake loads. The static analyses 

yielded the minimum allowable bearing pressures, primarily due to the higher factor of 

safety required for static loadings.
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To limit the expected differential settlements to tolerable values, wall footings of all 

structures should be designed such that the maximum estimated settlement at the 

center of the wall along the minimum width of the building is less than or equal to 2 

inches. Spread footings supporting column loads spaced approximately 16 ft to 24 ft 

should be designed such that the maximum estimated settlement at the center of the 

footing is less than or equal to 1.5 inches. These criteria are based on Table 14.1, 

"Allowable Settlement," of Lambe & Whitman (1969).  

The gross allowable bearing pressure of these footings is presented as a function of the 

minimum effective footing width and depth in Figure 2.6-10 for strip footings and Figure 

2.6-11 for square footings. In these figures, the straight lines represent the allowable 

bearing pressure that will provide the required factor of safety against a shear failure 

and the curves represent the bearing pressure that will result in a given amount of 

settlement. As indicated, the bearing pressure based on shear failure increases with 

increasing depth (and, typically, increasing width) of footing. Footing settlement 

increases as the load increases; therefore, for a given bearing pressure, as the width of 

the footing increases, there comes a point at which the amount of settlement exceeds 

the allowable settlement. Thus, as the footing width increases beyond this point, the 

allowable bearing pressure must decrease as shown by the curves in Figures 2.6-10 

and 2.6-11, in order to limit the settlement to a tolerable value.  

The design curves in these figures are for vertical loads applied at the center of the 

footings. For inclined or eccentrically applied loads, the allowable bearing pressures 

must be reduced. For loadings inclined at 10 degrees from the vertical, these 

allowables must be reduced by 25%, and for loadings inclined at 20 degrees from the 

vertical, these allowables must be reduced by 50%. Eccentric loads are addressed 

using the concept of "effective footing width", where the effective width (and length, if 

appropriate) of the footing is determined as shown in Figures 2.6-10 and 2.6-11.

SARCH2.doc



PRIVATE FUEL STORAGE FACILITY SAR CHAPTER 2 
SAFETY ANALYSIS REPORT REVISION 6 

PAGE 2.6-61 

2.6.2 Vibratory Ground Motion 

The PFSF site is situated near the eastern margin of the Basin and Range province in an 

area known as the Great Basin. It has long been recognized that the pattern of north

south trending ranges and valleys in the Basin and Range is the result of periodic 

movement on normal faults that border the ranges on one or both sides. This activity is 

believed to be related to east-west horizontal extension starting in the late Cenozoic 

(Zoback and Zoback, 1989) and continues today, as evidenced by historic seismicity 

patterns, ground surface ruptures associated with infrequent, large magnitude, historic 

seismic events (6.5 M to 7.5 M), and deformation of late Quaternary and Holocene 

sediments across range-bounding faults.  

The eastern boundary of the Basin and Range with the Middle Rocky Mountains province 

is commonly placed along the Wasatch Front, the north-south trending and west-facing 

escarpment that follows the Wasatch fault zone. This boundary is much less distinct than 

it appears physiographically, however. A transition zone up to 60 miles wide occurs east 

of the fault zone, in which block faulting overprints compressional features of the Sevier 

orogeny. Historic seismicity is actually higher east of the Wasatch fault than along it and 

geophysical data indicate the crustal boundary between the provinces occurs here as well 

(Smith, 1978). When examined on a regional scale, this belt of seismicity can be seen to 

be part of a larger zone that extends in a curvilinear pattern from northern Arizona and 

southern Nevada to northwestern Montana (Figure 2.6-12). This zone was first 

recognized in 1970 and is known as the Intermountain Seismic Belt (ISB) (Smith and 

Sbar, 1970; Sbar and Barazangi, 1970). Since that time, numerous investigators have 

discussed the origin and history of the ISB-and have attempted to define the seismicity in 

a plate tectonic setting. Notable among these are the following: Smith and Sbar (1974), 

Anderson (1989), Stickney and Bartholomew (1987), Smith (1978), Smith et al. (1989), 

and Smith and Arabasz (1991).
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The Skull Valley PFSF is interpreted to lie within the ISB near its western boundary 

(Arabasz et al., 1987) although it should be noted the boundary is somewhat arbitrary 

because of the diffuse, low level of seismic activity in this area. At least 16 earthquakes 

of magnitude 6.0 or greater have occurred in the ISB since settlement of the area began 

in the late 1840s (Figure 2.6-12). Ground surface faulting has been documented for three 

of these events: 1959 Hebgen Lake, MT (Ms 7.5); 1983 Borah Peak, ID (Mý 7.3); and 

1934 Hansel Valley, UT (M3 6.6). Surface faulting has also occurred elsewhere in the 

Basin and Range, in central and western Nevada and eastern California (Slemmons, 

1980). The largest of these were the 1915 Pleasant Valley, NV (7.75 magnitude) and the 

1872 Owens Valley, CA (8.0 magnitude) events. Arabasz et al. (1987) discuss these 

events in relation to determining a maximum size for Wasatch Front earthquakes. They 

concur with studies by Youngs et al. (1987) that the maximum probable event is M, 7.5 

and could have up to 6 meters of vertical displacement. (For an explanation of the 

various magnitude designations, see Stover and Coffman, 1993, page 2-3.) 

Other studies, summarized by Arabasz et al. (1987), indicate there is a threshold 

magnitude value below which surface faulting is not likely in the Basin and Range. This 

value is approximately magnitude 6.0 to 6.5. More recent studies also suggest an 

estimated maximum magnitude of M, about 6.5 (Arabasz et al, 1992; dePolo, 1994). This 

value represents the hypothetical maximum "background" or "random" earthquake for this 

area, one of several seismic sources evaluated to determine peak ground accelerations 

at the PFSF site. Geomatrix Consultants, Inc. (1 999a) consider the maximum magnitude 

for the "random" event to be between M 5.5 and 6.5, with a mean value of 6.0.  

Probabilistic analysis of capable faults and seismic zones in the region is summarized 

in Section 2.6.2.3 and detailed in Geomatrix Consultants, Inc. (1999a). Peak 

acceleration levels of 0.53g for horizontal ground motion and 0.53g for the vertical
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ground motion were determined as the design bases of the PFSF for a 2,000-yr return 

period (Geomatrix Consultants, Inc, 1999b).  

2.6.2.1 Engineering Properties of Materials for Seismic Wave Propagation and 

Soil-Structure Interaction Analyses 

Dynamic soil properties were developed for the subsurface soils at the site in Geomatrix 

Consultants, Inc (1999d), based on the geotechnical and geophysical investigations 

that were performed in 1996 and 1998. Refer to Section 2.6.1.5 for additional details 

about these investigations and to Section 2.6.2.1 for a description of the general 

stratigraphy. The dynamic soil properties include profile layering, low-strain shear and 

compression wave velocities, Poisson's ratios, and unit weights. In accordance with US 

NRC Standard Review Plan, Chapter 3.7, which stipulates that SSI analyses be 

performed using a range of soil properties, three different sets of shear and 

compression wave velocity profiles were developed. The best-estimate velocity profile 

and the high and low velocity profiles are tabulated in Table 2.6-1.  

One-dimensional site response analyses were performed using the three different 

velocity profiles presented in Table 2.6-1 to determine the response based on the best

estimate velocities and the high and low velocities. Figures 2.6-13 and 2.6-14 present 

the strain-compatible shear-wave velocity and damping ratio profiles for these three 

cases.  

Based on the strain-compatible profiles obtained from the one-dimensional site 

response analyses, idealized horizontally layered soil profiles were developed for use in 

the soil-structure interaction analyses based on the SASSI continuum model. The 

dynamic properties for these idealized layers are presented in Table 2.6-2, and the 

details of this idealization are presented in Geomatrix Consultants, Inc (1999c).
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The equivalent, single-layer shear modulus, Young's modulus, damping ratio, and unit 

weight of the soil were computed as a weighted average of the values within 30 ft below 

the surface (the minimum width of the cask storage pads). The weighting factors were 

assumed to decrease linearly with increasing depth. These equivalent dynamic soil 

parameters were computed for a rectangular foundation of 30 ft by 64 ft in accordance 

with Table 3.1 of Newmark and Rosenblueth (1971) for vertical, horizontal, and rocking 

modes. The resulting parameters are presented in Table 2.6-3.  

Refer to Section 2.6.1.11 for discussion of the static and dynamic engineering 

properties of the soils underlying the site.  

2.6.2.2 Earthquake History 

The historic record of earthquakes in Utah began in 1850 with the publication of the 

region's first newspapers in Salt Lake City. Prior to mid-1962 when a scattered, state

wide network of seismographic stations became operational, most records were based 

upon felt reports. A few larger events were recorded instrumentally at regional stations 

beginning in the 1950's, including seismograph stations at Salt Lake City and Logan since 

1955. Since 1974, a network of modern stations (presently > 85 stations) has provided 

data to the University of Utah's Seismograph Station (Arabasz et al., 1980). Coverage in 

the PFSF site area has been provided since 1968 by a station at Dugway, about 14 miles 

to the south; at Fish Springs, about 50 miles southwest; and on Stansbury Island, about 

30 miles north-northeast. Arabasz et al. (1980) estimated the historical catalog for the 

Wasatch Front region to be complete for Modified Mercalli (MM) intensity greater than VIII 

since 1850; greater than VII since 1880; greater than VI since 1940; and greater than V 

since 1950. They judged that instrumental monitoring has provided a complete record 

down to magnitude (ML) 2.3 since mid-1962.
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Arabasz et al. (1987) provide a comprehensive evaluation of the University of Utah 

earthquake data base with particular application to an area at the north end of the Cedar 

Mountains, west of Skull Valley. They conclude that the threshold of earthquake 

detection is ML approximately 2.0 or less in an area that includes the PFSF site.  

Figure 2.6-15 is a map of all earthquakes within 160 km (100 miles) of the PFSF site of 

magnitude 3.0 or greater from the University of Utah Seismograph Station catalog. Table 

2.6-4 is a chronological listing and description of those events. Only one earthquake 

greater than magnitude 3.0 has been reported within 50 km of the PFSF site. This event 

occurred on August 11, 1915 at an assumed location north of Deseret Peak in the 

Stansbury Mountains. It was reported at losepa, a settlement on the western foothill of 

the Stansbury Mountains. The University of Utah catalog indicates a magnitude 4.3, 

based on conversion of MM intensity V from the felt report (Arabasz et al., 1987). Stover 

et al. (1986) list an intensity VI for this event. However, Stover and Coffman (1993) do 

not list this event in their catalog, which has a threshold magnitude of 4.5. The 

earthquake was not reported in Tooele, less than 20 miles from losepa (Everitt and 

Kaliser, 1980), nor in Salt Lake City, about 43 miles to the east (Arabasz et al., 1987).  

The largest historic earthquakes to occur within 160 km (100 mi.) of the PFSF site 

occurred in the Hansel Valley at the northern end of Great Salt Lake. A magnitude 6.6 

earthquake occurred on March 12, 1934 and produced the only surface offset associated 

with an historic earthquake in Utah. The event occurred beneath an alluvium-filled valley 

and resulted in 50 cm of vertical ground surface displacement in a zone 12 km long.  

Some lateral displacement may also have occurred. Liquefaction and land subsidence 

occurred locally (Smith, 1978). Slight damage was reported in Grantsville and Tooele 

with MM intensity V experienced at Tooele (Everitt and Kaliser, 1980). Oaks (1987) 

reports MM intensity VIII in Salt Lake City caused buildings to sway and a 2-ton clock
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mechanism fell from the tower of the Salt Lake County Building. Chimneys were toppled 

and structures were shifted on their foundations. The location of the earthquake is about 

90 miles north of the PFSF site and appears to be associated with northerly-trending 

faults along the base of the Hansel Mountains (dePolo et al., 1989). Four aftershocks 

occurred within the following 2 months, ranging in size from magnitude 4.8 to 6.1. It is not 

known what effects, if any, these events had in the PFSF site area. An isoseismal map 

indicates the PFSF site would have been subject to MM intensity V effects from the 

original event (Stover and Coffman, 1993).  

The Hansel Valley was the site of a prior moderate event magnitude 6.3 on October 6, 

1909. Everitt and Kaliser (1980) indicate an MM intensity VII in the epicentral area; the 

event received no mention in the Tooele paper. The Salt Lake City paper indicated some 

buildings at the Saltair Resort on the southern shore of the Great Salt Lake were knocked 

out of plumb. Waves reportedly rolled over the boathouse pier and windows were 

cracked in Salt Lake City.  

The closest magnitude 5.0 or greater earthquakes to the PFSF site occurred near Magna, 

UT, about 42 miles to the northeast. A magnitude 5.0 event on February 22, 1943 and a 

magnitude 5.2 event on September 5, 1962 were felt locally in Tooele but no damage 

was reported (Everitt and Kaliser, 1980). Other sources (Coffman and von Hake, 1973; 

Stover and Coffman, 1993) report cracked plaster and windows in Salt Lake City and 

damage to chimneys at Magna from both of these events. Wong et al. (1995) speculate 

this activity is occurring on the "Saltair structure" and estimate a maximum magnitude 6 

for this feature.  

Another historic earthquake worthy of mention occurred on August 1, 1900 near the 

towns of Eureka and Goshen. This magnitude 5.7 event damaged chimneys and plaster
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in the epicentral area and caused a mine shaft nearby to be thrown out of alignment 

(Stover and Coffman, 1993). The epicenter is about 48 miles southeast of the PFSF site.  

There is no evidence of any effects from any historic earthquake in the PFSF site vicinity.  

2.6.2.3 Determining the Design Basis Ground Motion 

Federal regulations governing the requirements for siting an ISFSI are contained in 

10 CFR 72. These regulations require that seismicity at an ISFSI located west of the 

Rocky Mountain Front, such as the PFSF, be evaluated using the criteria for 

determining the safe shutdown earthquake at a nuclear power plant (10 CFR 100 

Appendix A) in the same area. Vibratory ground motion design bases were determined 

by using a "deterministic" approach based upon a single set of earthquake sources.  

The regulations for siting nuclear power plants (10 CFR 100.23) were amended in 1997 

in order to recognize the inherent uncertainties in geologic and seismologic parameters 

that must be addressed in determining the seismic hazard at a nuclear power plant site.  

One of the ways to address these uncertainties is through a probabilistic seismic hazard 

analysis (PSHA). In response to the Part 100 changes and anticipated changes to Part 

72 (SECY-98-126), a probabilistic seismic hazard assessment has been performed for 

the PFSF for vibratory ground motions and surface fault displacement. Methodologies 

used and the results thereof are detailed in Sections 6 and 7 and Appendix F of 

Geomatrix Consultants, Inc. (1999a). The hazards results are presented as mean 

hazard curves that incorporate the uncertainty in input data and interpretations. The 

seismic source model used 16 capable fault sources and 4 seismic source zones within 

100 km.  

The NRC staff has recommended a risk-informed graded approach in their proposed 

changes to 10 CFR 72 when determining the appropriate hazard frequency or return
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period. It was determined that an appropriate design probability level for the PFSF is 5 

x 10-4 per year or a 2,000-yr return period (PFS letters of April and August 1999).  

2.6.2.3.1 Capable Faults 

The historical record of earthquakes does not provide a complete assessment of seismic 

potential in the Basin and Range province. There is considerable evidence of late 

Quaternary and Holocene surface faulting throughout the Basin and Range of Utah.  

Hecker (1993) has compiled all known or suspected Quaternary fault locations in Utah 

and provides a description and summary of the evidence for each feature. Goter (1990) 

provides a 1:500,000 scale map of Hecker's faults with historic seismicity plotted as well.  

A portion of Goter's map is reproduced as Figure 2.6-16. Figure 2.6-15 also includes 

Quaternary faults from Hecker (1993). Geomatrix Consultants, Inc. (1999a) provides a 

detailed discussion of capable faults and seismic source zones within 100 km, as shown 

on their Plate 7 and listed in Table 6-1. As can be seen on these maps, it is evident there 

are numerous Quaternary age faults within 100 miles (160 km) of the PFSF site.  

Seismic sources include all structures that have some potential for causing strong 

ground motion at the PFSF (> magnitude 5 ). Seismic sources modeled in the 

probabilistic seismic hazard analysis are of two types: fault-specific sources and 

seismic source zones. Fault-specific sources include mapped late Quaternary faults.  

Seismic source zones are areas that have similar geological or seismologic 

characteristics that are assumed to have uniform earthquake potential. Seismic source 

zones are used to model the occurrence of seismicity that cannot be attributed to 

mapped late Quaternary faults.  

A total of sixteen fault-specific sources were analyzed and included in the PSHA as well 

as four separate seismic source zones. Fault sources are listed in Table 6-1,
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Geomatrix Consultants, Inc. (1999a). The key parameters used to characterize these 

sources are as follows: 

* Total fault length and plan-view geometry 

* Probability of activity 

* Maximum earthquake magnitude 

* Slip rate 

* Recurrence 

The values for these key parameters and the weighting factors assigned to each 

parameter for all seismic sources used in the PSHA are given in Table 6-2, Geomatrix 

Consultants, Inc. (1999a).  

Figure 6-12 in Geomatrix Consultants, Inc. (1999a) shows the contributions of the various 

fault sources to the total hazard for horizontal motion at the Canister Transfer Building 

(CTB) location. The largest contributors to the hazard are the Stansbury and East

Springline faults. For long period ground motions the contribution due to the Stansbury 

fault increases due to the potential for larger earthquakes on the Stansbury than on the 

mid-Valley faults. The contribution of various earthquake magnitude intervals to the mean 

hazard for horizontal motion at the CTB location is shown on Figure 6-13 (Geomatrix 

Consultants, Inc., 1999a). It is evident the hazard is dominated by ground motions from 

nearby M 6 to 7 events, consistent with the proximity of the Stansbury and East

Springline faults to the CTB. Figure 6-20 (Geomatrix Consultants, Inc.,1999a) shows the 

contributions of the various fault sources to the total hazard for vertical motions. Again, 

the Stansbury and East-Springline faults are the dominant sources. The effects of using 

various models of attenuation, fault segmentation, and fault independence are 

documented in the report.
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2.6.2.3.2 Maximum Earthquake 

Several estimates have been made of maximum earthquake magnitude on the Stansbury 

fault. Arabasz et al. (1987), in their evaluation of seismic parameters for the 

Superconducting Supercollider facility proposed for a location just west of Skull Valley, 

calculate a maximum magnitude of Ms 7.3. This value is based on a measured maximum 

displacement on the fault of 12.6 ft (3.86 m) for a single event and regression 

relationships derived by Youngs et al. (1987).  

Helm (1994, 1995) recently studied the Stansbury fault and identified evidence for 

segmentation of the fault, as mentioned above. Helm calculated a maximum magnitude 

of M = 7.0 ± 0.28, based on Wells and Coppersmith's (1994) regression and a surface 

rupture length of 45 km. This length is for the entire Stansbury fault as if both segments 

ruptured together. If the north segment (20 km) ruptures next, as Helm (1995) suggests 

is more likely, a moment magnitude 6.6 ± 0.28 event would be generated.  

Pechmann and Arabasz (1995) accept Helm's (1995) subdivision of the Stansbury fault 

and calculate a maximum magnitude (Mw) of 6½ for each segment. They also utilize the 

empirical relations of Wells and Coppersmith (1994) but their segment lengths are 17 km 

and 21 km (straightline length).  

Wong et al. (1995) estimate a maximum earthquake of M, = 6% for the Stansbury fault, 

again based on Wells and Coppersmith (1994), but their possible rupture length is 34 km.  

Geomatrix Consultants, Inc. (1 999a) divided the Stansbury fault into four segments and 

analyzed five rupture combination scenarios. Based on empirical relationships between 

magnitude and rupture length, magnitude and rupture area, magnitude and single event 

displacement, and a relationship between magnitude, rupture length, and slip rate,
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Geomatrix Consultants, Inc. determined the maximum magnitude distribution for the 

Stansbury fault is M 6.5 to 7.5 with a mean of 7.0.  

Similarly, they also determined mean maximum magnitudes for the recently identified 

East fault (M 6.5) and the West fault (M 6.4). These values for the individual faults were 

utilized in the probabilistic seismic hazard assessment of the PFSF site.  

2.6.3 Surface Faulting 

The site investigations document the presence of capable faults in the immediate PFSF 

vicinity. In order to determine the potential hazard of coseismic displacement on these 

faults, a probabilistic fault displacement hazard analysis was also performed and is 

described in Geomatrix Consultants, Inc.,1999a, Section 7. Fault displacement hazard 

analysis is based on methodology developed for the Yucca Mountain repository. Three 

separate categories of faults that appear to underlie the site were evaluated for 

displacement hazard: faults that appear to displace the Promontory/Bonneville 

unconformity (Faults D and F), faults that appear to displace the Tertiary/Quaternary 

unconformity but not the Promontory/Bonneville (Fault C), and, the zone of distributive 

faulting between the East and West faults.  

Two separate approaches were utilized, an "earthquake approach" and a "displacement 

approach". Figure 7-8 in Geomatrix Consultants, Inc. (1999a) shows the contribution of 

the various seismic sources to the displacement hazard using the earthquake 

approach. The East fault dominates the hazard due to the potential for distributive 

faulting from a large event near the site. Figure 7-9 compares the mean hazard results 

for both approaches at the three fault locations beneath the site. The earthquake 

approach produces similar hazard as the displacement approach at Fault C and lower 

hazards at the other two locations.
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As the consequences of failure of the cask storage system due to fault displacement 

are comparable to those due to ground motions, the probability level of interest for 

displacement is also judged to be 5 x 10' per year, or a 2,000-yr return period. At 

these probability levels, the displacements associated with faulting on Faults C, D, and 

F were determined to be less than 0.1 cm (Geomatrix Consultants, Inc. 1999a, Figure 

7-7).  

2.6.4 Stability of Subsurface Materials 

2.6.4.1 Geologic Features that Could Affect Foundations 

Dolomite or limestone bedrock is believed to underlie the site at depths between 520 to 

880 ft. Examination of outcrops in the area indicates no evidence of cavernous or karst 

conditions in these rocks and there is no history of karst development in the region. The 

near-desert conditions make the development of karst very unlikely and the great depth to 

bedrock precludes effects at the ground surface. There is no evidence of any significant 

soluble mineral deposits in the unconsolidated materials beneath the site to at least a 

depth of 225 ft, and no record from water wells in the valley indicates the presence of 

similar material at greater depths. Evaporites associated with the waning stages of Lake 

Bonneville and the Great Salt Lake were not deposited here as the area remained above 

the extent of saline stages of these lakes.  

There is no history of oil or gas development or subsurface mining in the Skull Valley and 

little potential for development in the future. There are no injection wells in the area and 

no evidence of past activities affecting the ground surface. Groundwater is withdrawn at 

a few scattered locations in the valley bottom for irrigation and stock watering but not to 

such an extent to cause surface subsidence or ground cracking. The nearest wells of this
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type are located 2.5 miles northeast of the PFSF and 3 miles southeast. (See Figure 

2.5-1).  

Bedrock is not exposed at the PFSF site and will not be encountered by excavation or 

foundations. As a result, problems associated with alteration, deformation, or weathering 

of bedrock or anomalous in situ stresses are not a consideration for the foundations.

2.6.4.2 Properties of Underlying Materials

Static and dynamic engineering properties of the soils underlying the site are discussed 

in Sections 2.6.1.6, 2.6.1.11, and 2.6.2.1.

2.6.4.3 Plot Plan

The plot plan is shown in Figure 2.6-2 and discussed in Section 2.6.1.5. Refer to 

Section 2.6.1.6 for a description of the subsurface profile.

Soil and Rock Characteristics

Soil characteristics are described in detail in Sections 2.6.1.6 and 2.6.2.1. No rock will 

be encountered by excavations or foundations.

Excavations and Backfill

Refer to Section 2.6.1.7 for a discussion of excavations and backfill.
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2.6.4.6 Groundwater Conditions 

Groundwater conditions at and near the PFSF are discussed in Sections 2.5 and 

2.6.1.9.  

2.6.4.7 Response of Soil and Rock to Dynamic Loading 

The dynamic engineering properties of the soils underlying the site are discussed in 

Section 2.6.2.1.  

Dynamic settlements due to the design basis ground motion are not expected to occur 

at the PFSF site because of the nature of the subsurface materials. Dynamic 

settlements, as reported in the geotechnical literature, are based on two different 

mechanisms, depending on whether the soils are above the groundwater table or below 

the groundwater table. Silver and Seed (1971) developed a technique for estimating 

dynamic settlements of dry cohesionless sands above the groundwater table. For such 

soils, the dynamic settlement mechanism is compaction due to soil grain slip, and it is a 

function of the magnitude of the cyclic shear strain developed due to the earthquake, the 

applied number of cycles of this shear strain, and the relative density of the soils.  

As indicated in Section 2.6.1.9, the groundwater table is about 125 ft deep at the site.  

The top 30 ft of the profile consists of silt, silty clay, and clayey silt. The median blow 

count for this material is 14 blows per ft, indicating that it is "stiff'. It appears to be weakly 

cemented, and unconsolidated-undrained triaxial tests on this material indicate that it has 

an apparent cohesion that is greater than-2,000 psf. Therefore, the technique for 

estimating dynamic settlements of soils above the groundwater table is not applicable for 

these materials, since they are not expected to compact as a result of soil grain slip.
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In addition, cyclic triaxial tests were conducted on undisturbed thin-walled tube samples 

of the soils obtained from the upper -25-ft thick layer at the site to assess the potential 

that they might collapse due to shaking caused by the design basis ground motion. These 

test results are included in Attachment 6 of Appendix 2A.  

Five tests were performed on samples from borings in the Canister Transfer Building 

area. Three of the samples were from the 6 to 10-ft depth range, and the other two were 

from the 20 to 25-ft depth range. These samples were tested at their natural water 

content in a partially saturated state. The shallower samples were highly plastic and had 

void ratios of 1.90, 2.04, and 2.22. The two deeper samples were moderately plastic and 

had void ratios of 1.26 and 1.55.  

Under a confining stress of 2.0 ksf, which approximates the final stresses under the 

storage pads and the Canister Transfer Building in the upper 25 ft layer, an axial cyclic 

stress of 1.9 ksf was applied at a rate of 1 Hz for at least 500 cycles. This cyclic stress 

was determined based on the accelerations associated with the PFSF deterministic 

design basis ground motion (i.e., 0.67g), not the lower accelerations associated with the 

PSHA 2,000-yr design basis ground motion (i.e., 0.53g); therefore, these results are very 

conservative.  

The range of double-amplitude strains measured during the test was 0.3% to 1.2%, with 

an average of 0.7%. All of the samples showed little or no increase of cyclic strain with 

an increase in the number of stress cycles. The axial cyclic displacement appeared to be 

elastic in nature. These results demonstrate that these soils will not collapse due to 

shaking caused by earthquakes with peak-ground accelerations that exceed those due to 

the design basis ground motion.
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The upper soil layer is underlain by very dense, fine sands that have uncorrected blow 

counts that commonly exceed 100 blows per ft. This material is underlain by silts that 

have even higher blow counts. Because of their very dense nature, these materials are 

not susceptible to settlement due to the dynamic settlement mechanism applicable for 

soils above the groundwater table; i.e., compaction due to grain slip.  

The underlying soils that are below the groundwater table are greater than 125 ft below 

grade. The penetration resistances of these soils, as measured down to a depth of 226 ft 

in Boring CTB-1 and as indicated by the P-wave velocities (5,100 ft/sec to 5,900 ft/sec) 

reported by Geosphere Midwest, Inc. (Appendix 2B), demonstrate that these soils are 

also very dense. Because of their very dense nature, these materials are not susceptible 

to dynamic settlements, even though they may be saturated.  

The in situ void ratio of 1.9 reported in Section 2.6.1.11 for the upper layer of soils in the 

subsurface profile was determined based on data obtained in performing the 

consolidation tests that are presented in Attachment 2 of Appendix 2A. These tests were 

performed on samples of the clayey silt. The void ratio of the nonplastic silts was not 

determined, but based on the standard penetration test (SPT) N-values of the soils, these 

nonplastic silts would not be characterized as loose.  

A review of test results indicated that nonplastic silts were observed in the split-spoon 

samples obtained above and below Sample U2 in Boring A-2. Therefore, this Shelby 

tube was opened to see if it contained nonplastic silts that could be tested to determine 

the void ratio. However, as indicated by the Atterberg limits test results shown on Table 1 

of Attachment 3 of Appendix 2A, this tube contained highly plastic clayey silt. Torvane 

tests performed on these soils demonstrated that the undrained shear strength ranged 

from 0.65 to 1.8 tons/fl2, with an average value of 1.25 tons/ft2, and the void ratio
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averaged 2.1. These results are consistent with the test results reported in Attachment 2 

of Appendix 2A for the clayey silt.  

Additional Atterberg limits tests were performed on split-spoon samples obtained in 

Borings A-2, B-3, 0-4, and D-4. These results, shown in Table 1 of Attachment 3 of 

Appendix 2A, confirmed that Samples S3 in Borings A-2 and C-4, and Sample S3A in 

Boring D-4 were essentially nonplastic. However, these Atterberg limits indicate that 

Samples S1 in Borings A-2 and B-3 and Sample S2 in Boring D-4, which were described 

as nonplastic in the boring logs, are actually slightly or moderately plastic. The 

descriptions on the boring logs were revised to reflect these laboratory results, as well as 

those included in Attachments 4 through 7 of Appendix 2A.  

A review of the sample descriptions included in the boring logs indicates that only two 

samples of nonplastic silt are characterized as "loose". These two samples, Samples S-1 

in Borings AR-2 and AR-3, were both obtained at the ground surface along the access 

road. Soils at the ground surface are not of interest since they will be removed during 

construction. All other nonplastic silt samples for which density is included in the 

description are characterized as being dense, very dense, or compact.  

The following discussion applies to the SPT samples obtained in the upper layer of silt, 

silty clay, and clayey silt in the areas of the site proposed for the cask storage pads, the 

Canister Transfer Building, and the Security and Health Physics Building. It excludes the 

samples obtained at the ground surface, which represent soils that will be excavated for 

construction of the facilities.  

The borings in the vicinity of the proposed locations of the cask storage pads, the 

Canister Transfer Building, and the Security and Health Physics Building (Borings A-1 

through A-4, B-1 through B-4, C-1 through C-4, D-1 through D-4, E-3, and E-4) indicate
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that the upper layer (-30 ft) consists mostly of soils with some plasticity, especially in the 

cask storage pad area. The average thickness of nonplastic soils in these borings is -10 

ft. Borings A-2 through A-4, B-1 through B-3, C-1 through C-3, and D-3 have less than or 

equal to 10 ft of nonplastic soils. Borings A-1 in the northwest, D-1 and D-2 in the 

northeast, and B-4, C-4, D-4, and E-4 along the south have -20 ft of nonplastic soils.  

Note that these nonplastic soils often include occasional thin layers of clay or slightly 

plastic silt, which will minimize the potential for dynamically induced settlement.  

A total of 64 SPT samples of silt (ML) were obtained. Of these, 31 were nonplastic and 

33 exhibited some plasticity, ranging from slightly plastic to highly plastic. The N-values 

for the nonplastic silts in this layer ranged from 11 blows/ft to 40 blows/ft. The median N

value was 18 blows/ft, and the average was 20 blows/ft. This median N-value 

corresponds to a corrected blow count, N1, of -23 blows/ft, based on the relationship 

between penetration resistance and relative density developed by Gibbs and Holtz (1957) 

for granular soils.  

If the nonplastic silts were cohesionless, they would behave more like fine sands rather 

than cohesive soils, and based on their N-values, would be classified as very dense 

rather than loose. Figure 7.5 of Lambe and Whitman (1969) presents the relationship 

between penetration resistance and relative density developed by Gibbs and Holtz 

(1957) for granular soils. Using this relationship to estimate the relative density of the 

non-plastic silts is very conservative, since a decrease in mean grain size tends to 

cause a decrease in SPT N-value for the same relative density, and the nonplastic silts 

at the site have a much smaller mean grain-size than the sand and fine sand used by 

Gibbs and Holtz. Using the 10 psi curve in this figure, or slightly below it, which is the 

approximate overburden stress for the mid-depth of this layer, fine sands having the 

median blow count of the nonplastic silts in this layer would be characterized as "very 

dense", not "loose".
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The dynamic settlements of the nonplastic silts in this layer were estimated based on 

the method presented in Tokimatsu and Seed (1987). As they indicate, for soils above 

the groundwater table, dynamic settlements are calculated based on procedures 

originally developed by Silver and Seed (1971), and the effects of multidirectional 

shaking are estimated based on studies reported by Pyke, Seed, and Chan (1975).  

The dynamic settlement mechanism is compaction due to grain slip, and it is a function 

of the magnitude of the cyclic shear strain developed due to the earthquake, the applied 

number of cycles of this shear strain, and the relative density of the soils.  

Figure 13 of Tokimatsu and Seed (1987) presents the relationship between volumetric 

strain due to compaction, cyclic shear strain, and corrected penetration resistance (N1) 

of dry sands for 15 equivalent uniform strain cycles. The cyclic shear strain is 

estimated based on the average cyclic shear stress due to shaking caused by the 

design basis ground motion and the shear modulus of the soil. Figure 13 is used to 

estimate the volumetric strain due to compaction for 15 equivalent uniform strain cycles.  

Table 4 of Tokimatsu and Seed (1987) is then used to adjust for differences in the 

number of representative cycles of applied shear stress due to the design basis ground 

motion (-12 for Magnitude 7) and the 15 cycles used in Tokimatsu and Seed's studies.  

The dynamic settlement is calculated as the volumetric strain multiplied by the 

thickness of the nonplastic silts in the layer. Multidirectional effects of the earthquake 

are addressed by multiplying this result by 2, based on studies reported by Pyke, Seed, 

and Chan (1975).  

The average cyclic shear stress developed in the field due to earthquake shaking is 

calculated as: 

Tavg =0.65 * amax V0 rd/g 44 2 psf, 

where: amax = 0.53 g for the design basis ground motion
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C T -= Ytotal z z above the groundwater table 

7 total = 90 pcf 

z = depth below grade 

rd = stress reduction factor, which varies from 1.0 at z=0 to 0.9 at z=30'.  

An iterative technique is used to determine the cyclic strain in the field due to the 

earthquake, 7f'e•- For an assumed value of the cyclic strain, G is calculated as Gmax" G / 

Grmax, where G / Gmaxfor the nonplastic silt is estimated using the curve for PI=0 

presented in Figure 6 of Vucetic and Dobry (1991). Gmax equals -1,800 ksf, based on 

VS - 800 fps and Ytotal - 90 pcf, as indicated in Table 2.6-1 for the upper 25 to 30-ft layer.  

The following table presents the results of these iterations.  

Determination of Cyclic Shear Strain Due to the Design Basis Ground Motion

Iteration 7 assumed G / Grmax G Yfield Ay 
No. xlO4 in./in. ksf x10-4 in./in. % 

1 5.0 0.38 680 6.5 30.  

2 7.5 0.30 537 8.2 9.8 
3 10.0 0.25 447 9.9 -1.2

The cyclic strain in the field, "field, is calculated as tavg / G. Note, it is approximately equal 

to the assumed cyclic strain for Iteration No. 3; therefore, additional iterations are not 

required, and Yfied is -10 x 10' in./in., or 0.10%.  

The volumetric strain due to compaction from 15 cycles is estimated as a function of this 

cyclic shear strain and N, of -23 blows/ft,.based on Figure 13 of Tokimatsu & Seed 

(1987). This results in a volumetric strain, o15 Of 0.078%.
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The design basis ground motion is magnitude 7 (Section 2.6.2.3). Table 4 of Tokimatsu 

& Seed (1987) indicates this corresponds to -12 cycles of loading and that the volumetric 

strain ratio, 6c,N=12/ &c,N=15, should be -0.9. Therefore, the volumetric strain corresponding 

to the design basis ground motion is ECN=l 2 which is 0.9 x 0.078%, or 0.07%.  

6 = ApdYn where APdyn is the dynamic settlement of the layer, 

AH and AH is the thickness of the layer.  

The thickness of the nonplastic silts in the upper layer is conservatively estimated to be 20 ft, 

based on the discussion presented above. Therefore, for unidirectional shaking, 

APdyn,1 = 0.17 inches = 20 ft x 12 in./ft x 6 c,N=12 / 100%.  

The dynamic settlement is multiplied by 2 to account for multidirectional shaking due to 

the earthquake. This results in an estimated dynamic settlement of the nonplastic silts in 

the upper layer of 0.34 inches.  

Examination of these soils, which are deposits from ancient Lake Bonneville, indicates the 

presence of numerous tiny shells (Ostracodes). Considerable void space was present 

under some of these shells, and it is believed that these voids are contributing to the high, 

in situ void ratio measured for the clayey silt.  

Calcium carbonate is present in these soils, as evidenced by a vigorous reaction upon 

application of hydrochloric acid to these soils. Therefore, these soils are believed to be 

cemented, the result of carbonate cement bonding of the silt and clay-size particles, 

imparting cohesion to these soils.  

The void ratio of 1.9 reported in Section 2.6.1.11 was determined on samples of the 

clayey silts from the upper layer, not the nonplastic silts. As evidenced by the SPT data,
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these nonplastic silts are not loose. The dense nature of these soils, which is most likely 

the result of carbonate cement bonding of the silt particles, minimizes the potential for 

dynamically induced settlements due to the design basis ground motion. Ignoring this 

cementing, the total dynamic settlement is conservatively estimated to be less than /2 of 

an inch.  

This estimated dynamic settlement was determined based on the thickness of nonplastic 

silts in areas where the nonplastic silts are thickest, not on an average or median 

thickness. This conservatively overestimates the settlement. In addition, it conservatively 

neglects the fact that these nonplastic silts are stratified with layers of clay and clayey silt, 

which will minimize the potential for dynamically induced settlements. Thus, this 

estimated dynamic settlement is very conservative.  

Dynamic settlements will be much less than this over most of the cask storage pad area, 

since most of the soils in this area are not nonplastic. Rather, these soils are sufficiently 

stiff and cohesive that they will not experience dynamic compaction due to the shaking 

caused by the design basis ground motion.  

Dynamic settlements of this magnitude are not expected to adversely affect the 

performance of the facilities.  

2.6.4.8 Liquefaction Potential 

The soils underlying the proposed PFSF site are not susceptible to liquefaction as a result 

of the design basis ground motion because they are only partially saturated from grade 

down to the groundwater level at a depth of 125 ft. The upper -30-ft thick layer of soils 

are typically cohesive or cemented and, being essentially dry or only partially saturated, 

are not subject to liquefaction. The soils from that depth down to the groundwater table at

SARCH2.doc



PRIVATE FUEL STORAGE FACILITY SAR CHAPTER 2 
SAFETY ANALYSIS REPORT REVISION 6 

PAGE 2.6-83 

a depth of 125 ft are similarly only partially saturated and they are very dense. The 

standard penetration test N-values for these soils typically exceed 100 blows per ft, and 

they increase with depth. The presence of this greater than 90-ft thick, very dense layer 

overlying the saturated soils is expected to preclude any surface manifestation of 

liquefaction (e.g., sand boils) of the saturated soils below the groundwater table, if it were 

possible for them to liquefy. Below the groundwater table, liquefaction is considered 

unlikely, however, because the density of the soils encountered in the borings increases 

with depth, as evidenced by the SPT N-values down to a depth of 226 ft in Boring CTB-1 

and the high P-wave velocities (5,100 ft/sec to 5,900 ft/sec) measured for the soils below 

the groundwater table, reported by Geosphere Midwest, Inc. (Appendix 2B).  

2.6.4.9 Design Basis Ground Motion 

The design basis ground motion was determined by a probabilistic seismic hazard 

analysis and is defined as having a peak horizontal ground acceleration of 0.53g and a 

peak vertical ground acceleration of 0.53g. The development of the design basis 

ground motion is described in Geomatrix Consultants, Inc. (1999a and 1999b). The site 

specific response spectra are presented in Table 1 and Figure 5 of Geomatrix 

Consultants, Inc. (1999b).  

2.6.4.10 Static Analyses 

Refer to Section 2.6.1.12 for a detailed discussion of static analyses in the stability of 

foundations for structures.  

2.6.4.11 Techniques to Improve Subsurface Conditions 

The subsurface conditions at the PFSF site are suitable for support of the proposed 

structures; therefore, no special construction techniques are required for improving the 

subsurface conditions.
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2.6.4.12 Criteria and Design Methods 

The allowable bearing capacity of footings is limited by shear failure of the underlying 

soil and by footing settlement. The minimum factor of safety against a bearing capacity 

failure from static loads (dead load plus maximum live loads) is 3.0 and from static 

loads plus loads due to extreme environmental conditions, such as design basis ground 

motion, is 1.1. Allowable settlements are determined based on Table 14.1, "Allowable 

Settlement," of Lambe & Whitman (1969) and assume that the differential settlement 

will be 3/4 of the maximum settlement. Section 2.6.1.12 provides more details.  

In order to comply with the requirements of NUREG-75/087, Section 3.8.5, 

"Foundations," Section 11.5, "Structural Acceptance Criteria," the recommended 

minimum factor of safety against overturning or sliding failure from static loads (dead 

load plus maximum live loads) is 1.5 and from static loads plus loads due to extreme 

environmental conditions, such as design basis ground motion, is 1.1. Where the factor 

of safety against sliding is less than 1 due to the design basis ground motion, the 

displacements the structure may experience are calculated using the method proposed 

by Newmark (1965) for estimating displacements of dams and embankments during 

earthquakes. The magnitude of these displacements are evaluated to assess the 

impact on the performance of the structure. See Section 2.6.1.12 for details about 

these analyses.  

2.6.5 Slope Stability 

There are no slopes close enough to the proposed important to safety facilities that 

their failure could adversely affect the operation of these facilities.
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LOW-STRAIN
TABLE 2.6-1 

DYNAMIC SOIL PROPERTIES INPUT TO SHAKE

Best Estimate Velocity Profile

Layer 
Base 

(ft) 

10 

12 

25 

45 

85 

125 

625 

Halfspace

h 

(ft) 

10 

2 

13 

20 

40 

40 

500

Wave Velocity 
Vs Vp 

(fps) (fps)

540 

720 

865 

1015 

2000 

4511 

4511 

6398

1135 

1250 

1445 

1705 

3400 

7814 

7814 

11155

Computed 
Poisson's 

Ratio 

0.354 

0.252 

0.221 

0.226 

0.235 

0.250 

0.250 

0.255

Density 

(pcf) 

85 

92.5 

92.5 

115 

120 

135 

145 

170

High and Low Velocity Profiles

Layer 
Base 

(ft) 

10 

12 

25 

45 

85 

125 

175 

625 

Halfspace

h 

(ft) 

10 

2 

13 

20 

40 

40 

50 

450

High Range
Vs 

(fps) 
661 

882 

1059 

1243 

2828 

5741 

5741 

5741 

6398

Source: Geomatrix Consultants, Inc, 1999c
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Low Range
Vp 

(fps) 

1390 

1531 

1770 

2088 

4808 

9945 

9945 

9945 

11155

Vs 

(fps) 

441 

588 

706 

829 

1414 

2000 

2500 

3281 

6398

Vp 

(f ps) 

927 

1021 

1180 

1392 

2404 

3460 

5600 

5683 

11155
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TABLE 2.6-2 
DYNAMIC SOIL PARAMETERS FOR SASSI MODEL 

High-Range Properties 
Depth Wave Velocity Damping Ratio 

Top Vs Vp Shear Compression 

(ft) (fps) (fps) (%) (%) 

0 621 1390 3.2 3.2 

4 524 1390 7.4 7.4 

10 817 1646 5.9 5.9 

14 876 1770 6.4 6.4 

20 834 1770 7.5 7.5 

25 1067 2088 4.6 4.6 

33 1013 2088 5.6 5.6 

45 2723 4808 2.3 2.3 

85 5741 9945 2.0 2.0 

125 5741 9945 2.0 2.0 

175 5741 9945 2.0 2.0 

625 6400 11155 1.8 1 

Best-Estimate Properties 
Depth Wave Velocity Damping Ratio 

Top Vs Vp Shear Compression 

(ft) (fps) (fps) (%) (%) 
0 488 1135 4.2 4.2 

4 378 1135 9.9 9.9 

10 626 1344 7.4 7.4 

14 667 1445 8.0 8.0 

20 611 1445 9.7 9.7 

25 824 1705 5.7 5.7 

33 758 1705 7.5 7.5 

45 1861 3400 3.3 3.3 

85 4511 7814 2.3 2.3 

125 4511 7814 2.3 2.3 

175 4511 7814 2.3 2.3 

625 6400 11155 1.6 1 

Low-Range Properties 
Depth Wave Velocity Damping Ratio 
Top Vs Vp Shear Compression 
(ft) (fps) (fps) (%) (%) 

0 379 927 5.5 5.5 

4 245 927 13.5 10.0 

10 467 1097 9.2 9.2 

14 477 1180 10.6 10.0 

20 407 1180 13.2 10.0 

25 615 1392 7.6 7.6 

33 535 1392 10.3 10.0 

45 1232 2404 4.9 4.9 

85 1913 3460 4.6 4.6 

125 2419 5600 4.3 4.3 

175 3281 5683 2.6 2.6 

625 6400 11155 1.4 1 

Source: Geomatrix Consultants, Inc, 1999c
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TABLE 2.6-3 
DYNAMIC SOIL PARAMETERS FOR SPRING, DASHPOT, AND MASS MODEL

VP 

Vs 

G (ksf) 
beta S (%) 
E (ksf) 
beta P (%) 
Poisson's Ratio 
Unit Wt. (pcf) 
A (30x64) ft

2

Upper Range 
1558 

728 

1461 

5.8 

3975 

5.8 

0.361 

88.8 

1920

Best 
Estimate 

1272 

553 

844 

7.5 

2336 

7.5 

0.383 

88.8 

1920

Lower Range 
1039 

402 

446 

10.0 

1260 

10.0 

0.412 

88.8 

1920

Vertical Mode 

h 11.83 11.83 11.83 height of soil prism 

m (pcf-sec 2) 32.64 32.64 32.64 mass/area (pcf-sec2) 

k, (kcf) 114.70 68.74 38.08 spring constant/area (kcf) 

c (kcf-sec) 2.83 2.19 1.63 dashpot constant/area (kcf
sec) 

Horizontal Mode 

h 2.19 2.19 2.19 height of soil prism 

kT 0.822 0.802 0.777 
m (pcf-sec 2) 6.04 6.04 6.04 mass/area (pcf-sec2) 

kh (kcf) 85.69 50.09 26.88 spring constant/area (kcf) 

c (kcf-sec)ý 1.48 1.13 0.83 dashpot constant/area (kcf
c c) sec) 

Rocking Mode 

h 15.34 15.34 15.34 height of soil prism 

K, 38,590,509 23,127,542 12,811,737 k-ft/rad 

C 291,516 225,677 167,968 k-ft-sec/rad 

m (pcf-sec2) 42.31 42.31 42.31 mass/area (pcf-sec2) 

kr (kcf) 267.99 160.61 88.97 spring constant/area (kcf) 
dashpot constant/area (kcf

c (kcf-sec) 2.02 1.57 1.17 sec)

Source: Geomatrix Consultants, Inc, 1999c
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TABLE 2.6-5 
SUMMARY OF BLOW COUNTS IN LAYER I IN STORAGE PAD AREA

ELEVATION BORING 

TOP BOTTOM A-1 A-2 A-3 A-4 B-1 B-2 B-3 B-4 

4475 4470 14 22 

4470 4465 4 18 9 9 

4465 4460 1 9 13 4 U U 

4460 4455 23 U 15 18 13 5 U 15 

4455 4450 13 11 15 12 U 13 18 21 

4450 4445 22 14 20 20 15 16 12 21 

4445 4440 19 17 30 50 20 12 24 34 

4440 4435 13 16 34 12 15 28 

4435 4430 36 

ELEVATION BORING 

TOP BOTTOM C-1 C-2 C-3 C-4 D-1 D-2 D-3 D-4 

4475 4470 15 8 

4470 4465 11 7 6 6 4 

4465 4460 3 18 6 11 6 14 24 

4460 4455 8 U 8 14 40 11 11 22 

4455 4450 U U 10 15 12 15 9 9 

4450 4445 16 13 9 20 14 18 11 16 

4445 4440 8 11 22 21 13 17 39 

4440 4435 34 16 

4435 4430

ELEVATION NAVG NMEDIAN 

TOP BOTTOM BLOWS/FT 

4475 4470 15 15 

4470 4465 8 7 

4465 4460 10 9 

4460 4455 16 14 

4455 4450 13 13 

4450 4445 16 16 

4445 4440 22 20 

4440 4435 21 16 

4435 4430 36 36

FOR ENTIRE LAYER:

NAVG " 

NMEDIAN -

U = UNDISTURBED SAMPLE

15.7 BLOWS/FT 
14.0 BLOWS/FT
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800.
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Grandeur Formation 1850 
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Utah Geological Society Guidebook 13, 134 pp.  
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CENOZOIC r-FL Quaternary 
Alluvial, glacial, and Lake Bonneville sediments - unconsolidated sand, gravel, Fitc 

silt, and clay with some ash beds and marl. gra 

Miocent-Pliocene 

Salt Lake Formation (or Group) - valley fill deposits - semi to unconsolidated Pin 

sand, gravel, silt, clay, tufl and freshwater limestone. Sta 

Basalt flow, and dikes - olivine basalts believed to mark beginning of Basin wit 

and Range rifting. Sir 

Eocene-Oligocene crs 

Andesite flows, breccia tuffs - widespread, voluminous rhyolite, dacite, Se 

latite, andesite, and welded tuft. be 

Unnamed post-thrusting conglomerate (= North Horn? Formation?) - reddish pebble 

conglomerite with argillaceous and calcareous matrix. La 
lo0' 

MESOZOIC do 

Triassic 

Thaynes Limestone - light gray limestone with red-brown to light gray shaley Fist 

siltstone aqd sandstone, minor dolomite. to 

Woodside Shale - reddish-brown, shaley siltstone and cross-bedded, fine to Ka 

medium-gained sandstone. sa 
Gai 

PALEOZOI' ar 

Permian br 

Park City/ hosphoria Formation - light gray to pink, thin to thick-bedded 

limestone Nith brown-black cherty limestone, phosphorite and phosphaticLa 

siltstone. pi 

Kirkman Lmestone and Diamond Creek Sandstone - Kirkman is light to Co 

medium-gtay, thin to thick-bedded limestone with chert; Diamond Creek lir 

Sandstone is red-brown to light brown, cross-bedded sandstone with some 0 

intercalated limestone. do 

Penn. to Perm. C 

Oquirrh G'oup - cyclic alternation of sandy limestone, brown sandstone and to 

minor shal), siltstone, and quartzite; fossiliferous. (C 

Miss. to Penn. B 

Manning ;anyon Shale - (lower) black shale, (middle) dark gray limestone, and d 

(upper) bl~lck shale and quartzite, with some pyrite nodules and chert. d 

Missisoippian lii 

Great Blue Limestone - medium to massive bedded, nearly pure, gray to dark gray T 

limestone with some chert; dark green calcareous shale near top. a 

Humbug Formation - alternating beds of limey sandstone, ortho-quartzite, C 

crinoidal limestone, and sandy limestone; yellow to red-brown and gray Ii 

alternations. P 

Deseret Fcrmation - dark gray and blue, somewhat clastic limestone with chert a 

banding and blebs (eyes). T 

Gardison imestone - dense, bluish-gray limestone, lossiliferous. c 

CARD 
Abo AvilaIble on 

Aperture Card 
SOURCES 

Heylmun, E.B., 1965. Reconnaissance of the Tertiary Sedimentary Rocks in 

Western Utah: Utah Geological and Mineralogical Survey, Bulletin 75, 38 pp.

LEC ZOIC (CONT.) 
De onian-Miss.  
chvi Ie Formation - massive to thin-bedded, light to dark gray dolomite and 

ay to buff clastic limestone 

Devonian 
nyori Peak Limestone - thin, platy, silty, or argillaceous limestone.  

ansbury Formation - highly variable conglomerate, sandstone, and quartzite 

h thin beds of gray limestone and dolomite.  
inonson (?) Dolomite - dark gray with minor light gray, medium to coarse 

'sta line, weakly bedded dolomite.  
vy Dolomite - very fine crystalline, light gray dolomite with well-defined 

ddir g. Sand layer or dolomitic conglomerate marks the top of the formation.  

Sil rian 
ket wn Dolomite - alternating light to dark gray well-bedded dolomite in 

wer Fart and coarse crystalline, massive to obscurely thick-bedded gray 

olomite in upper part.  
Ordovician 

sh Haven Dolomite - dark gray to black dolomite with some interbeds of light 

meijium gray dolomite.  
mnash Shale - green to black, graptolitic shale with interbeds of argillaceous 

.ndstone and limestone or dolomite.  
ardep City Limestone - cherty limestone and dolomite; medium gray, 

gillabeous limestone; interbedded gray argillaceous limestone and green to 

rowný shale or siltstone; sandy limestone with chert and siltstone bands.  

Cambrian 
ax Limestone - thick-bedded, dark gray, ledge-forming dolomite with 

salites, oolites, and chert nodules.  
orset Spring Shale (= Dunderberg Shale?) - thinly bedded, argillaceous 

mest)ne and dolomite interbedded with olive to brown-green silty shale.  

pex Formation - gray to black oolitic dolomite, interbedded limestone, 

0olo ite, and shale, light gray to tan dolomite at top.  

ole anyon and Bluebird Dolomites - thick to massive bedded, dark gray, medium 

tfin crystalline dolomite (Bluebird); laminated light and dark gray dolomite 

Cole ICanyon).  
owrnian-Herkimer-Dagmar Formations - medium gray, crystalline, laminated 

olonJIite (Dagmar); thin to medium-bedded gray limestone, interbedded light and 

ark nray dolomite (Herkimer); olive and tan shale with interbedded blue-gray 

rmesone (Bowman).  
euto ic Limestone - blue-gray to dark gray dolomite, thinly interbedded shale 

nd limestone, massive gray dolomite, and argillaceous limestone.  
2phir Formation - calcareous sandstone and sandy limestone, pisolitic 

messene, green shale, dark gray limestone.  

Eiochý Formation - interbedded green phyllitic shale, shale, maroon graywacke 

nd quartzite with prominent cross-bedding.  
rintic Quartzite - light colored (white, light gray, reddish brown), medium 

grain~d, medium-bedded quartzite, with a few beds of micaceous shale in the 

upperi part and pebble conglomerate.  
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Stone & Webster Boring 1 
BORING LOG J.0. 05996.01 

Engineering Corporation Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/17/96 - 10/17/96 

Coordinates: N 7317572.25 E 1281965.96 Ground Elevation: 4489.9 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.5 ft 

Contractor: Earthcore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2" O.D. Split Spoon, SPT, 18" long 

Drilling Rock: 

Comments: No bedrock or groundwater encountered. Backfilled with soil to surface, marked with stake.

Sample Description

SILT, nonplastic, dense, damp, light brown.  

Top 12": SILT, nonplastic, very dense, moist, brown, occasional 1/4" layer of silty clay, 
moderately plastic.  
Bottom 6": SAND, fine, < 10% nonplastic fines, very dense, dry, light brown.  

SILT, nonplastic, 5-15% fine sand, very dense, dry, light brown.  

Sandy SILT, nonplastic, 10-20% fine sand, dense, moist, brown, 4" section in middle, slightly 
plastic.  

Top 11": SILT, stratified, nonplastic, < 10% fine sand, dense, moist, mottled light gray and 
orange brown.  
Bottom 4": SILT. sliehtlv plastic, dense, moist, light gray and orange brown.

Legend/Notes 
* Datum is MSL - NGVD29.  

. indicates groundwater level.  

I indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
* ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  

RQD = Rock Quality Designation.  
* SPT N = Standard Penetration Test resistance to driving, blows/ft.  
* USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

rDate Tý08/31/99

I



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull V.

Elev depth Sample 

(ft) (ft)
Blows 

or 
Recovery 

RQD

SPT USC

Sample Description

SAND, uniform, fine, 10-20% nonplastic fines, very dense, damp, light brown.

nonplastic, compact, dry, light brown.

nonplastic, < 10% fine sand, very dense, dry, light brown, trace of coarse sand.

GRAVEL, fine, up to 1/2", 20-30% sand, 10-20% nonplastic fines, very dense, dry, light brown.

to 1 1/2", 10-20% sand, 30-40% nonplastic fines, very dense, dry, light

GRAVEL, up to 1 1/2", subangular to subrounded, 20-30% sand, 20-30% nonplastic fines, 
dense, dry, light brown.  

BOTTOM OF BORING AT 51.5 FEET

I I

I



Stone & Webster Boring 2 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/12/96 - 10/12/96 

Coordinates: N 7317598.43 E 1280074.22 Ground Elevation: 4488.4 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 49.3 ft 

Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 

Methods: Casing Used: 
Drilling Soil: 3 1/4" Hollow Stem Augers 6 1/4" O.D 

Sampling Soil: 2.0" O.D. Split Spoon, 140 lb hammer, 30" fall.  

Drilling Rock: 

Comments: No groundwater or bedrock encountered.

Sample Description

Silty CLAY, slightly plastic, soft to firm, damp, light yellow-brown, very thinly layered.  

Silty CLAY, similar to above, mottles of white calcareous material (?) 

Silty SAND, uniform, fine, 5-8% nonplastic fines, dense, dry, light red-brown at top to light 
brown at bottom. Calcareous (?) 

SILT, nonplastic, compact, dry, light yellow-brown, trace fine sand, very thin layers.  

SILT, nonplastic, very dense, dry, light brown-gray, trace clay in very thin layers, minor 
red-brown mottling.

Legend/Notes 
Datum is MSL - NGVD29.  

.52 indicates groundwater level.  

I indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
* ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
* RQD = Rock Quality Designation.  
• SPT N = Standard Penetration Test resistance to driving, blows/ft.  

USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

M08/31/99

1 Approved 

jDate '1M0&44,,'j 08/31/99



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) Id(ft)
Blows 

or 
tecovery 

RQD

SPT 
N

USC

Sample Description

light brown.

dry, light brown, trace subrounded medium gravel.  
dry, light gray-white, trace medium to coarse gravel.

15-25% slightly plastic fines, very dense, dry,

Gravelly SILT, slightly plastic, 10-20% coarse sand to fine gravel, very dense, dry, very light 
gray, caliche coating.

Silty CLAY, slightly plastic, trace fine sand, hard, dry, olive-gray, desication cracks.

Clayey SILT, slightly plastic, very dense, dry, light olive-gray. Interlayers of clay, 

moderately plastic.  

BOTTOM OF BORING AT 49.3 FEET

I



Stone & Webster Boring A-1 

Engineering Corporation BORING LOG J.O. 05996.01 
Sheet 1 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/17/96 - 10/22/96 

Coordinates: N 7321702.84 E 1280027.61 Ground Elevation: 4459.0 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 101 ft 

Contractor: Earthcore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D. Hollow Stem Augers to 65'. 65-100' roller cone bit with compressed air.  

Sampling Soil: 2.0" O.D. Split-barrel Spoon, 18" long.  

Drilling Rock: 

Comments: No rock or groundwater encountered. Backfilled with soil to surface, marked with stake.

-I

Sample Description

SILT, nonplastic, very stiff, dry, light brown, bottom 1" clayey.  

Clayey SILT, highly plastic, numerous silt partings, stiff, damp, light brown and gray.  

SILT, slightly plastic, very stiff, damp, brown, stratified.  

SILT, moderately plastic, very stiff, damp, brown, stratified.  

Clayey SILT, highly plastic, stiff, moist, light gray.

- Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

jApproved IDate A•r"A, 08/31/99

Legend/Notes 

* Datum is MSL - NGVD29.  
_Z indicates groundwater level.  

I indicates location of samples.  

* Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

* ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  

RQD = Rock Quality Designation.  
SPT N = Standard Penetration Test resistance to driving, blows/ft.  

• USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull

Elev depth Sample 

(ft) (ft)

140.

Blows 
or 

Recovery 

RQD

SPT USC

Sample Description

occasional 2-4 mm thick layer of clayey silt;

fine, <5% nonplastic fines, very dense, dry, some stratification.

similar to S-7, except bottom 3" contained few coarse sand pieces.

similar to S-7, except bottom 2" sandy silt, nonplastic, 10-20% fine sand.

SAND, similar to S-7, except two 1/2" thick layers of silty clay.

SAND, similar to S-7, except occasional piece of fine gravel and 1" layer with trace coarse 
sand.

Top 6": Gravelly SAND, coarse to fine, 10-20% fine gravel, <5% nonplastic fines, very 
dense, dry, light brown.  
Bottom 6": SILT, nonplastic, trace coarse sand, 20-30% fine sand, very dense, dry, light 
brown.

CLAY, moderately plastic, few pieces of fine gravel, trace sand, hard, damp, light brown.



Stone & Webster Boring A-1 
Engineering Corporation BORING LOG J.0. 05996.01 

Sheet 3 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith

Sample Description

Clayey SILT, slightly plastic, 10-20% mostly fine sand, 5-10% fine gravel, dense, damp, brown.  
(At 66', augers advancing very slow.) 

Clayey SILT, similar to S-14, except very dense and 15-25% gravel up to 1'.  

SILT, nonplastic, < 10% fine sand, very dense, dry, light brown.  

Driller took out 65' of 3" auger, replaced with 4 1/4" casing, advanced boring using 
compressed air and rollerbit.  

Sandy SILT, nonplastic, 10-20% fine sand, very dense, dry, light brown, contained two 1/2" 
layers of clayey silt, slightly plastic.  

No recovery, second attempt recovered 2". Sandy SILT, similar to S-17.  

Silty SAND, fine, uniform, 20-30% nonplastic fines, very dense, dry, light gray.  

Silty SAND, similar to S-19.  

SILT, nonplastic, < 10% fine sand, very dense, dry, light brown.  

Silty CLAY, moderately to highly plastic, hard, slightly damp, brown.  

BOTTOM OF BORING AT 101 FEET

Note: See Sheet 1 for Boring Summary and Legend Information IJDate lvfft 08/31/99

I I

I



Stone & Webster Boring A-2 
Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/28/96 - 10/28/96 

Coordinates: N 7321062.28 E 1279960.29 Ground Elevation: 4464.9 ft 
Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.0 ft 

Contractor: Earthcore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 
Methods: Casing Used: 

Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, 24" long. 3" Shelby Sampler, 30" long.  

Drilling Rock: 

Comments: No bedrock or groundwater encountered, backfilled with soil to ground surface, marked with 
stake.  

Elev Depth Sample Blows SPT1 USC 
(ft) (ft) o or V Symbol c,--. ." -- :

SILT, slightly plastic, very loose, damp, light brown.  

Top 10": SILT, moderately plastic, moist, light brown.  
Bottom 15": Clayey SILT, highly plastic, moist, light brown.  

Sandy SILT, slightly plastic, 20-30% fine sand, loose, damp, light brown.  

Clayey SILT, moderately plastic, stiff, damp, light brown.  

Clayey SILT, moderately plastic, very stiff, moist, light brown.

Legend/Notes 
• Datum is MSL - NGVD29.  

* indicates groundwater level.  

I indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
• ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  
* SPT N = Standard Penetration Test resistance to driving, blows/ft.  
* USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

* Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

Aje•ed Date ~08/31/99

aamll~plle Descipt•ion.III

I



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) (ft)

Blows 
or 

,ecovery 

RQD

I:3PTI USC

Sample Description

SILT, similar to S-5.

fines, very dense, dry, light brown, contained 1 1/2" layer of

fine, < 5 % nonplastic fines, very dense, dry, light brown, trace coarse sand.

similar to S-8.

fine, 20-30% fine gravel, <5% nonplastic fines, very dense, dry,

wn, trace coarse sand.  
nonplastic fines, very

dry, light brown.

BOTTOM OF BORING AT 51.0 FEET



Stone & Webster Boring A-3 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, lUT Logged by: R. Gillespie 
Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/24/96 - 10/24/96 
Coordinates: N 7320471.57 E 1279918.87 Ground Elevation: 4469.5 ft 
Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 50.9 ft 
Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 
Methods: Casing Used: 

Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 
Sampling Soil: 2.0" O.D. Split Spoon, SPT 
Drilling Rock: 

Comments: No groundwater or bedrock encountered

Sample Description

Clayey SILT, slightly plastic, compact, dry to damp, light brown.  

Silty CLAY, moderately to highly plastic, stiff, damp, green-gray with white and dark brown 
mottling throughout.  

Clayey SILT, highly plastic, very thinly layered, stiff to very stiff, moist, yellow-brown.  

Clayey SILT, moderately plastic, 5-15% fine sand, stiff to very stiff, damp, light 
yellow-brown, thinly layered.

Clayey SILT, similar to S-4, except very stiff.

Legend/Notes 

* Datum is MSL - NGVD29.  
._Z indicates groundwater level.  

I indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
* ( ) = inches of sample recovery.  
• Recovery = % rock core recovery.  
* RQD = Rock Quality Designation.  
- SPT N = Standard Penetration Test resistance to driving, blows/ft.  
* USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

Approved 0Date S08/3 1199



Stone & Webster 
Engineering Corporation

SSite: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) (ft)

Blows 
or 

Recovery 

RQD

frPT 
N

USC

Sample Description

slightly plastic, dense, damp, yellow-brown, thinly layered, occasional thin

dry, light gray, occasional layer of clayey silt, slightly plastic,

fine, trace coarse sand and fine gravel, very dense, dry, light gray, 3-5%

3-5% nonplastic fines, few layers of medium to coarse sand, very

light brown,
slightly cemented.

Clayey SILT, slightly plastic, very dense, damp, slightly cemented, very light brown.  

BOTTOM OF BORING AT 50.9 FEET



Stone & Webster Boring A-4 

Engineering Corporation BORING LOG J.O 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 
Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/24/96 - 10/24/96 

Coordinates: N 7319880.79 E 1279861.82 Ground Elevation: 4472.2 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 36.5 ft 

Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT 

Drilling Rock: 

Comments: No groundwater or bedrock encountered

Sample Description

Clayey SILT, slightly plastic, very dense, dry, light brown.  

Clayey SILT, highly plastic, very stiff, damp, light green-gray, very thinly layered, 
white and orange mottling.  

Top 6": SILT, nonplastic, compact, damp, light brown.  
Bottom 6": SILT, nonplastic, compact, dry, light gray.  

Silty CLAY, slightly to moderately plastic, very stiff, damp, light yellow-brown, thinly 
layered, occasional clay layer.  

Top 10": Silty CLAY, similar to S-4.  
Bottom 8": Clayey SILT, highly plastic, stiff, damp, light yellow-gray with white 
mottling, thinly layered.

Legend/Notes 
* Datum is MSL - NGVD29.  

V indicates groundwater level.  
I indicates location of samples.  

* Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

* ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
* RQD = Rock Quality Designation.  
* SPT N = Standard Penetration Test resistance to driving, blows/ft.  
". USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

Approved I Date 

"1 • 08/31/99
I



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

;PT USC N

Sample Description

Silty CLAY, slightly plastic, very stiff, damp, brown-gray with orange mottling.

Silty SAND, fine, 10-20% nonplastic fines, very dense, dry, light gray.

SILT, nonplastic, 30-40% fine sand, very dense, dry, light brown.  

BOTTOM OF BORING AT 36.5 FEET

Elev 

(ft)



Stone & Webster Boring AR-1 
Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 
Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/18/96 - 10/18/96 

Coordinates: N 7318603.98 E 1284062.70 Ground Elevation: 4487.5 ft 
Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 31.5 ft 
Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 
Methods: Casing Used: 

Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2" O.D. Split Spoon, 140# hammer.  
Drilling Rock: 

Comments: No groundwater or bedrock encountered

Sample Description

Clayey SILT, slightly plastic, compact, dry, light brown with white mottling and roots.  

SAND, uniform, fine, < 3 % nonplastic fines, very dense, dry, light brown.  

SAND, uniform, fine, 3-5% nonplastic fines, dense, dry, light brown.  

Interlayered SILT and CLAY, slightly plastic, trace fine sand, very stiff, damp, yellow-gray 
and yellow-brown.  

Silty CLAY, slightly plastic, very stiff, damp, yellow-gray, very thinly layered, trace white 
mottling.

Legend/Notes 

* Datum is MSL - NGVD29.  

:Z indicates groundwater level.  
I indicates location of samples.  

Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

S( ) = inches of sample recovery.  
Recovery = % rock core recovery.  
RQD = Rock Quality Designation.  

SPT N = Standard Penetration Test resistance to driving, blows/ft.  
USC = Unified Soil Classification system.  

* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

Aj d Date08/31/99



Stone & Webster Boring AR-1 

Engineering Corporation BORING LOG J.O. 05996.01 
Sheet 2 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev eptSamplt Blows IPT USC I 
(ft or N Symbo 

S(Recovery a S I Sample Description
RQD

29

51

I_ __ IJ - I _ I

Top 12": Silty CLAY, moderately to slightly plastic, very stiff, damp, yellow-gray and yellow
brown.  
Bottom 4": SILT, nonplastic, trace fine sand, dense, slightly damp, light gray.  

SILT and Clayey SILT, interlayered, non to slightly plastic, very dense, slightly damp, some 
fine sand, light yellow-gray.  

BOTTOM OF BORING AT 31.5 FEET

[An8ve319Date
Note: See Sheet 1 for Boring Summary and Legend Information
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Stone & Webster Boring AR-2 
Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 
Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/18/96 - 10/18/96 
Coordinates: N 7318592.99 E 1286161.25 Ground Elevation: 4494.9 ft 
Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 31.5 ft 
Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 
Methods: Casing Used: 

Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 
Sampling Soil: 2.0" O.D. Split Spoon, SPT 

Drilling Rock: 

Comments: No groundwater or bedrock encountered

Sample Description

SILT, non to slightly plastic, compact, damp, light brown, trace roots.  

SAND, uniform, fine, trace silt, very dense, slightly damp, light brown with orange streaks.  

SAND, similar to S-2.  

Sandy SILT, nonplastic, fine sand, dense, dry, red-brown, trace of clay in pockets and seams, 
moderately plastic, gray.  

SAND, uniform, fine, 5-8% nonplastic silt, very dense, dry, light brown.

Legend/Notes 
* Datum is MSL - NGVD29.  

.Z indicates groundwater level.  
| indicates location of samples.  

* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
S( ) = inches of sample recovery.  
Recovery = % rock core recovery.  
RQD = Rock Quality Designation.  
SPT N = Standard Penetration Test resistance to driving, blows/ft.  
USC = Unified Soil Classification system.  

* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

Ap 0ved.IDate •,• 08/31/99

pAparove "d 
jDate



Stone & Webster 
Engineering Corporation

" I Site: Private Fuel Storage Facility, Skull

Elev depth Sample 

(ft) (ft)

Blows 
or 

Recovery 

RQD

I !3PT 
N

USC

Sample Description

Occasional thin layer of silty

light gray, very thinly layered,

BOTTOM OF BORING AT 31.5 FEET

I



Stone & Webster Boring AR-3 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 
Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/21/96 - 10/21/96 
Coordinates: N 7318625.48 E 1288244.35 Ground Elevation: 4501.4 ft 
Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 31.5 ft 
Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 
Methods: Casing Used: 

Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT 

Drilling Rock: 

Comments: No groundwater or bedrock encountered

Sample Description

SILT, slightly plastic, compact, dry, light brown.  

Silty CLAY, slightly plastic, stiff, dry, light brown, some roots.  

SILT, slightly plastic, dense, dry, thinly layered, very light gray and light brown.  
(calichified?) 

Clayey SILT, slightly plastic, dense, dry, very thinly layered, very light gray, 
(calichified?) 

Silty SAND, uniform, fine, 8-12% nonplastic fines, very dense, dry, light brown. Occasional 
layer of gravel and pebbles intermixed with sand. Gravel to 3/4" max., subangular to 
subrounded. (Fractured by spoon)

Legend/Notes 
* Datum is MSL - NGVD29.  

__Z indicates groundwater level.  
* indicates location of samples.  

* Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

* ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
* RQD = Rock Quality Designation.  
• SPT N = Standard Penetration Test resistance to driving, blows/ft.  
• USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

* Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

o5,&".M ,& 08/31/99

c roved 
jDate



Stone & Webster 
Engineering Corporation

"' Site: Private Fuel Storage Facility, Skull Valley, UT

Elev tepth Sample 

(ft) (ft)

Blows 
or 

Recovery 

RQD

SPT USC

Sample Description

Silty GRAVEL, 20-30% nonplastic fines, coarse to fine gravel, subangular to subrounded gravel 
to 1.5" max., very dense, dry, light brown.

Top 4": Silty GRAVEL, similar to S-6.  
Bot. 10": Silty CLAY, slightly to moderately plastic, very stiff, dry, light gray.  

BOTTOM OF BORING AT 31.5 FEET



Stone & Webster Boring AR-4 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 
Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/21/96 - 10/21/96 
Coordinates: N 7318616.84 E 1290320.39 Ground Elevation: 4527.3 ft 
Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 25.0 ft 
Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 
Methods: Casing Used: 

Drilling Soil: 3 1/4" I.D Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT 
Drilling Rock: 

Comments: No groundwater or bedrock encountered

Sample Description

Silty CLAY, slightly plastic, firm, dry, light brown.  

Clayey SILT, moderately plastic, firm, dry, light gray-yellow.  

Sandy SILT, nonplastic, 10-15% fine sand, dense, dry, brown.  

Clayey SILT, slightly plastic, very dense, dry, brown, trace fine sand.  

Sandy GRAVEL, poorly graded, 10-15% slightly plastic fines, coarse to fine sand, subrounded to 
subangular gravel to 1.5", very dense, dry, light brown. Gravel to 3-4" upon augers.

Legend/Notes 
* Datum is MSL - NGVD29.  

_Z_ indicates groundwater level.  
* indicates location of samples.  

* Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30'.  

• ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  
* SPT N = Standard Penetration Test resistance to driving, blows/ft.  
• USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

•-d•jDate 

I)Ijjiva'Q-1 08/31/99



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev jepth Sample 

(ft) (f-)

Blows 
or 

Recovery 

RQD

SPT 
N

USC

Sample Description

No recovery. Very hard augering through gravel.  

BOTTOM OF BORING AT 25 FEET

I



Stone & Webster Boring AR-5 

Engineering Corporation BORING LOG J.0. 05996.01 

Sheet 1 of 1 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 
Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/21/96 - 10/22/96 
Coordinates: N 7318601.97 E 1292299.14 Ground Elevation: 4575.3 ft 
Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 14 ft 
Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 
Methods: Casing Used: 

Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 
Sampling Soil: 2.0" O.D. Split Spoon, SPT 
Drilling Rock: 

Comments: No groundwater or bedrock encountered

Sample Description

SILT, nonplastic, compact, dry, brown, trace fine sand and gravel.  

Top 8": Sandy SILT, slightly plastic, 10-15% fine sand, very dense, dry, very light tan, trace 
gravel.  
Bottom 8": Silty GRAVEL, 10-20% nonplastic fines, coarse to fine sand, angular to subrounded 
gravel to 2" max., very dense, dry, brown.  

Silty GRAVEL, similar to S-2 bot. 8".  
(3.0" spoon used)

No recovery
BOTTOM OF BORING AT 14 FEET

• Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

App..,ed IDate I r /.• , 08/31/99

Legend/Notes 
Datum is MSL - NGVD29.  

.7 indicates groundwater level.  
I indicates location of samples.  

Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

* ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
* RQD = Rock Quality Designation.  
* SPT N = Standard Penetration Test resistance to driving, blows/ft.  
: USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

I I 1 1



Stone & Webster Boring B-1 

Engineering Corporation BORING LOG J.O. 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/28/96 - 10/28/96 

Coordinates: N 7321739.31 E 1280619.03 Ground Elevation: 4459.8 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.5 ft 

Contractor: Earthcore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, 24" long. 3" O.D. Shelby Sampler, 30" long.  

Drilling Rock: 

Comments: No groundwater or bedrock encountered. Backfilled to ground surface with soil, marked with 
stake.  

Elev epthSample Blows ISPT USC 
ft) or- ýN Symbol Nam ]aTierri in

SILT, nonplastic, very dense, damp, light brown, bottom 1" slightly plastic.  

Clayey SILT, highly plastic, moist, light gray and brown.  

Clayey SILT, moderately plastic, stiff to very stiff, damp, light brown.  

Clayey SILT, moderately plastic, very stiff, moist, light brown.  

Clayey SILT, moderately to highly plastic, stiff, moist, light brown (pale green?)

Legend/Notes 

• Datum is MSL - NGVD29.  
2 indicates groundwater level.  
I indicates location of samples.  

* Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

S( ) = inches of sample recovery.  
• Recovery = % rock core recovery.  
* RQD = Rock Quality Designation.  
• SPT N = Standard Penetration Test resistance to driving, blows/ft.  
• USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

* Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

Iat°08,d9Date 
I m-:1rUUIQAL 08/31/99
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Stone & Webster Boring B-1 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 2 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Elev epth Sample Blows TPT USC 
ft) Rcoeor N Symbol (f)(f)_---_.•.Recovery -a Iybo Samole Descrivtion

Top 6": SILT, nonplastic, very dense, damp, light brown.  
Bottom 6": Silty SAND, fine, 20-30% nonplastic fines, very dense, nearly dry, light brown.  

SAND, fine, <5% nonplastic fines, very dense, dry, light brown.  

SAND, similar to S-7, 1" layer with some coarse sand.  

Silty CLAY, moderately plastic, hard, damp, light gray.  

Top 6": Gravelly SAND, coarse to fine, 20-30% mostly fine gravel, up to 1", <5% nonplastic 
fines, very dense, dry, light brown.  
Bottom 9": Sandy SILT, nonplastic, 20-30% fine sand, very dense, dry, yellow-brown.  

Top 8": SAND, <5% nonplastic fines, very dense, dry, light brown.  
Bottom 4": Silty SAND, fine, 10-20% nonplastic fines, very dense, dry, yellow brown.  

BOTTOM OF BORING AT 51.5 FEET

Note: See Sheet I for Boring Summary and Legend Information Apnroed Date 
Z7ýwdol 08/31/99
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Stone & Webster Boring B-2 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/28/96 - 10/28/96 

Coordinates: N 7321074.91 E 1280621.39 Ground Elevation: 4464.8 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.0 ft 

Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT. 3" Shelby Tube, 30" long.  

Drilling Rock: 

Comments: No groundwater or bedrock encountered

-J

Sample Description

Clayey SILT, slightly plastic, loose, dry, light brown.  

Silty CLAY, moderately plastic, firm, damp, light gray with white and orange-brown mottling.  

Top: SILT, slightly plastic, damp, yellow-brown.  
Bottom: Clayey SILT, moderately plastic, damp, brown.  

Clayey SILT, slightly to moderately plastic, 5-10% fine sand, stiff, damp, light brown with 
white mottling.  

SILT, nonplastic, 5-10% fine sand, very stiff, damp, light yellow-brown and light gray.  

Clayey SILT, highly plastic, stiff, damp, light yellow-brown and light gray.

- Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

Sa08/31/99 ,

Legend/Notes 

* Datum is MSL - NGVD29.  
._ indicates groundwater level.  

* indicates location of samples.  
• Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
* ( ) = inches of sample recovery.  
• Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  
• SPT N = Standard Penetration Test resistance to driving, blows/ft.  
* USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

r1toed 
,.jDate



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) I'(ft)
Blows 

or 
Recovety 

RQD

SPT USC

Sample Description

moderately plastic, stiff to very stiff, damp, light yellow and light gray.

SILT, nonplastic, 10-15% fine sand, very dense, dry, light gray.

uniform, fine, 3-5 % nonplastic fines, very dense, dry, light brown.

uniform, fine, 3-8 % nonplastic fines, very dense, dry, light brown, trace fine gravel.  
becomes gravelly silt and silty sand, slightly cemented.

30-40% sand, mostly fine, 3-8% nonplastic fines, gravel to 1.0",

GRAVEL, similar to S-10, 20-30% sand, 8-12% nonplastic fines, slightly cemented.  

BOTTOM OF BORING AT 51.0 FEET

1;



Stone & Webster Boring B-3 

Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/23/96 - 10/23/96 

Coordinates: N 7320517.02 E 1280582.67 Ground Elevation: 4468.2 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.5 ft 

Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT. 3" Shelby Tube, 30" long.  

Drilling Rock: 

Comments: No groundwater or bedrock encountered

Sample Description

Silty CLAY - Clayey SILT, slightly plastic, stiff, dry, light brown.  

CLAY, highly plastic, damp, light brown.  

Silty CLAY, moderately plastic, damp, yellow-brown with white mottling.  

Clayey SILT, slightly plastic, 5-15% fine sand, dense, damp, yellow-brown, very thinly layered.  

Clayey SILT, highly plastic, stiff, damp, yellow-gray, thinly layered.

Legend/Notes 

* Datum is MSL - NGVD29.  
._7 indicates groundwater level.  

I indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
• ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  
• SPT N = Standard Penetration Test resistance to driving, blows/ft.  
* USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

rApproved, lDate I• 08/31/99



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) (ft)

40.

Blows 
or 

Recovery 

RQD

SPT 
N

USC

Sample Description

Clayey SILT, similar to S-3, white and orange mottling (very small.)

Sandy SILT, nonplastic, 5-10% fine sand, dense, dry, light brown.

SAND, uniform, fine, < 3 % nonplastic fines, very dense, dry, trace of coarse sand, light brown.

SAND, uniform, fine, 3-5% nonplastic fines, very dense, dry, light brown, trace fine gravel.

plastic, trace fine sand, hard, damp, light brown-gray.

coarse to fine sand, subrounded to

BOTTOM OF BORING AT 51.5 FEET

I



Stone & Webster Boring B-4 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/28/96 - 10/28/96 

Coordinates: N 7319912.39 E 1280540.31 Ground Elevation: 4472.5 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.5 ft 

Contractor: Earthcore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT, 24" long. 3" O.D. Shelby Tube Sampler, 30" long 

Drilling Rock: 

Comments: No groundwater or bedrock encountered. Backfilled with soil, marked with stake.

Sample Description

SILT, nonplastic, very dense, damp, light brown.  

Silty CLAY, highly plastic, stiff, damp, light brown.  

Top 12": Silty CLAY, moderately plastic, moist, light brown.  
Bottom 15": SILT, nonplastic, 5-15% fine sand, dry, light brown, a few thin layers of clay.  

SILT, moderately plastic, < 10% fine sand, stiff to very stiff, damp, light brown.  

SILT, moderately plastic, very stiff, damp, with I" layers of slightly plastic silt.

Legend/Notes 

* Datum is MSL - NGVD29.  
-7- indicates groundwater level.  
I indicates location of samples.  

Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

* ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  

RQD = Rock Quality Designation.  
* SPT N = Standard Penetration Test resistance to driving, blows/ft.  
* USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

I ,.yed jDate [].•, • 08/31/99

Elev 
(ft)

*

4470-

4465

4460

4455-

.. W-



Stone & Webster Boring B-4 
Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 2 of 2 
Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Elev depth Sample Blows 1SP USC 
(ft) (ft) or IN Symbol Recovery a, aSample Description Fvne No.

SILT, similar to S-4.

Sandy SILT, nonplastic, 30-40% fine sand, dense, dry, light brown.  

Top 7": Stratified, 1/4" to 1/2" thick layers of fine SAND, < 10% nonplastic fines, 1/4" to 
1/2" thick layers of clayey SILT, slightly to moderately plastic, damp, light gray.  
Bottom 6": SAND, fine, < 5 % nonplastic fines, dense, dry, light brown.  

SAND, fine, <5% nonplastic fines, very dense, dry, light brown.  

SAND, similar to S-9, except trace coarse sand and fine gravel (top 2" moderately plastic 
clay), dry, light brown.  

SAND, similar to S-9, except trace coarse sand and fine gravel, 1/2" layer of nonplastic silt.  

BOTTOM OF BORING AT 51.5 FEET

See Sheet 1 for Boring Summary and Legend Information
j4 . JdDate S08/31/99

I
P

!Note:



Stone & Webster Boring C-1 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/28/96 - 10/28/96 

Coordinates: N 7321775.38 E 1281211.00 Ground Elevation: 4460.8 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.5 ft 

Contractor: Earthcore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, 24" long. 3" O.D. Shelby Sampler, 30" long.  

Drilling Rock: 

Comments: No groundwater or bedrock encountered. Backlilled with soil to ground surface, marked with a 
stake.  

Elev epthSample Blows lSPT USC 
or VN ymbol (ft)ft) _ IS ...... Iola D'acrY4 intln

-J

SILT, nonplastic, compact, damp, light brown.  

Clayey SILT, highly plastic, firm to stiff, moist, light brown.  

Clayey SILT, moderately to highly plastic, moist, light brown.  

Clayey SILT, moderately plastic, very stiff, damp, light brown.  

Clayey SILT, moderately plastic, firm to stiff, moist, light brown.

• Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

t o Dale08/31Date •. • 08/31/99

Legend/Notes 
Datum is MSL - NGVD29.  

2 indicates groundwater level.  

I indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
•( ) = inches of sample recovery.  

• Recovery = % rock core recovery.  
RQD = Rock Quality Designation.  

• SPT N = Standard Penetration Test resistance to driving, blows/ft.  
• USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

I,

V F



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev epth Sample 

(ft) (ft)

4o.

I Blows 
or 

Recovery 

RQD

SPT 
N

USC

Sample Description

SAND, fine, < 10% nonplastic fines, very dense, dry, light brown and gray.

SAND, fine, <5% nonplastic fines, very dense, dry, light brown.

Top 5": SAND, similar to S-7.  
Bottom 10": Silty SAND, 10-20% nonplastic fines, dense, dry, light brown.

SAND, fine, <5% nonplastic fines, very dense, dry, light brown, gravelly layers every 2 to 3", 
I" thick, 20-30% fine gravel and coarse sand.

SILT, nonplastic, very dense, dry, light brown, a few 1/2" layers of fine sand, top and bottom, 

1" of clayey silt and silty clay.

SAND, fine, < 5 % nonplastic fines, very dense, dry, light brown, 2" layer of 5-15% nonplastic 
fines.

BOTTOM OF BORING AT 51.5 FEET

I



Stone & Webster Boring C-2 
Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/28/96 - 10/28/96 

Coordinates: N 7321142.12 E 1281237.18 Ground Elevation: 4464.5 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.5 ft 

Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT. 3.0" O.D. Shelby Tube, 30" long.  

Drilling Rock: 

Comments: No groundwater or bedrock encountered

I.1

Sample Description

Clayey SILT, slightly plastic, very dense, dry, light brown, trace fine sand, roots.  

Clayey SILT, highly plastic, damp, yellow-brown.  

Clayey SILT, moderately plastic, damp, yellow-brown.  

Silty CLAY, moderately plastic, stiff, damp, yellow-brown with orange mottling, very thinly 
layered with clayey silt.  

Clayey SILT, moderately plastic, stiff, damp, yellow-gray and yellow-brown, 
very thinly bedded.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

Jd Date •_ 08/31/99

Legend/Notes 
* Datum is MSL - NGVD29.  

_Z indicates groundwater level.  

I indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
* ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  
* SPT N = Standard Penetration Test resistance to driving, blows/ft.  
* USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.



Stone & Webster Boring C-2 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 2 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev det Sample Blows ISPT [ USC 

(ft) (ft) ecovery a. Sample Description

Top 6": Clayey SILT, similar to S-3.  
Bottom 8": Sandy SILT, nonplastic, 10-15% fine sand, very dense, damp, light brown-gray.  

SAND, uniform, fine, 3-5% nonplastic fines, trace medium to coarse sand and fine gravel, very 
dense, dry, light brown.  

SAND, uniform, fine, 8-12% nonplastic fines, very dense, damp, light brown.  

Top 10": SAND, similar to S-6, except slightly cemented.  
Bot. 8": Gravelly SAND, poorly graded, 30-40% coarse to fine gravel, subangular to subrounded, 
mostly fine sand, 8-12% nonplastic fines, very dense, dry, brown.  

Sandy SILT, nonplastic, 25-35% fine sand, very dense, dry, light brown, slightly cemented.  

SAND, uniform, fine, 3-8% nonplastic fines, very dense, dry, light brown, few very thin black 
mineral layers. Bot. 2" Sandy gravel.  

BOTTOM OF BORING AT 51.5 FEET

1 for Boring Summary and Legend Information
A . Date 

08/31/99Note: See Sheet



Stone & Webster Boring C-3 
Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/22/96 - 10/22/96 

Coordinates: N 7320563.12 E 1281241.31 Ground Elevation: 4468.5 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.0 ft 

Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT 

Drilling Rock: 

Comments: No groundwater or bedrock encountered

-J

Sample Description

Silty CLAY, moderately plastic, stiff, dry, brown.  

Silty CLAY, moderately plastic, firm, damp, green-gray with white and oragne mottling.  

Clayey SILT, moderately plastic, firm to stiff, damp, yellow-green with minor orange and white 
mottling, trace sand and piece of gravel. Thinly layered.  

Silty CLAY, moderately plastic, stiff, damp, yellow-brown, trace sand, little mottling.  

Clayey SILT, highly plastic, stiff, damp, yellow-brown, thinly layered, some white mottling.

• Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

pproved [Date L 08/31/99

Legend/Notes 
• Datum is MSL - NGVD29.  

_ indicates groundwater level.  
* indicates location of samples.  

* Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

• ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  
• SPT N = Standard Penetration Test resistance to driving, blows/ft.  
• USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev jdepth Sample 

(ft) (ft)

Blows 
or 

Recovery 

RQD

SPT 
N

USC

Sample Description

Silty CLAY, slightly plastic, 5-15 % fine sand, very stiff, damp, few layers of silt, thinly 
laminated, some with white and orange mottling.

SAND, uniform, fine, very dense, dry, light brown, trace medium sand, 3-5% nonplastic fines.

SAND, uniform, fine, <3% nonplastic fines, trace medium to coarse sand, very dense, dry, light 
brown.

Top 7": SAND, similar to S-8.  
Bottom 7": Silty SAND, 15-20% nonplastic fines, very dense, dry, light green-brown, slightly 
cemented.

SAND, uniform, fine, 3-5% nonplastic fines, very dense, dry, light brown.

Sandy GRAVEL, poorly graded, 3-5% nonplastic fines, 15-25% coarse to fine sand, subangular to 
subrounded gravel to maximum 1.0", very dense, dry, brown.  

BOTTOM OF BORING AT 51.0 FEET



Stone & Webster Boring C-4 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/24/96 - 10/24/96 

Coordinates: N 7319942.04 E 1281203.84 Ground Elevation: 4473.2 ft 

Groundwater Depth: N/A ft Depth to Bedrock: NIA ft Total Depth Drilled: 51.5 ft 

Contractor: Earthcore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT, 24" long.  

Drilling Rock: 

Comments: No bedrock or groundwater encountered. Backfilled with soil, marked with a stick.

Sample Description

SILT, slightly plastic, very dense, dry, light brown.  

Top 4": CLAY, moderately plastic, firm, moist, gray.  
Bottom 8": Clayey SILT, highly plastic, firm, damp, light gray.  

SILT, slightly plastic, <5% fine sand, stiff, damp, light brown.  

SILT, similar to S-3, except moderately plastic.  

Clayey SILT, highly plastic, stiff to very stiff, damp, thinly laminated, light brown and gray.

Legend/Notes 

• Datum is MSL - NGVD29.  
._• indicates groundwater level.  

I indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
) = inches of sample recovery.  

• Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  

SPT N = Standard Penetration Test resistance to driving, blows/ft.  
USC = Unified Soil Classification system.  

* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

Ippl~roved __Dat S~08/31/99

0 Ap roved 
jDate 

MajoXi 
08/31/99



Stone & Webster Boring C-4 

Engineering Corporation BORING LOG J.O. 05996.01 
Sheet 2 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Elev epth Sample Blows [SPT USC or N 
Recovery Na S Sample Description

Silty CLAY, slightly plastic, < 10% fine sand, very stiff, damp, light brown.  

Top 3": Silty SAND, fine, 30-40% nonplastic fines, compact, dry, light brown.  
Bottom 10": SILT, nonplastic, compact, dry, light brown.  

SAND, fine, <5% nonplastic fines, very dense, dry, light brown.  

SAND, similar to S-8, trace coarse sand.  

Top 5": Gravelly SAND, coarse to fine, mostly fine, 30-40% rounded fine gravel, <5% nonplastic 
fines, very dense, dry, light brown.  
Bottom 9": Silty SAND, fine, 35-50% nonplastic fines, very dense, dry, light brown.  

SAND, fine, trace fine gravel, <5% nonplastic fines, dry, light brown. Bottom 5", 30-40% fine 
gravel and little coarse sand.  

BOTTOM OF BORING AT 51.5 FEET

Note: See Sheet 1 for Boring Summary and Legend Information
I A Date 

I ~ 08/31/991I



Stone & Webster Boring D-1 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/24/96 - 10/24/96 

Coordinates: N 7321814.43 E 1281856.37 Ground Elevation: 4460.2 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.5 ft 

Contractor: Earthcore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 

Methods: Casing Used: 
Drilling Soil: 3.0" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT, 24" long.  

Drilling Rock: 

Comments: No groundwater or bedrock encountered

Sample Description

SILT, nonplastic, very dense, dry, light brown, damp at tip.  

Silty CLAY - Clayey SILT, highly plastic, stiff, damp, light brown, two I" layers of 
slightly plastic clayey silt.  

Silty CLAY, moderately plastic, < 10% fine sand, stiff, damp, light brown.  

Clayey SILT, moderately plastic, stiff, damp to moist, thinly laminated, light brown and light 
gray.  

Silty CLAY, slightly to moderately plastic, < 10% fine sand, very stiff, damp, laminated, light 
gray and yellow brown.

Legend/Notes 
-'Datum is MSL - NGVD29.  

7 . indicates groundwater level.  

I indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
* ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
* RQD = Rock Quality Designation.  

SPT N = Standard Penetration Test resistance to driving, blows/ft.  
* USC = Unified Soil Classification system.  
• indicates use of 300 pound hammer.

- Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

Approved I Date Ip. .08/31/99



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depti Sample 

(ft) (ft)
Blows 

or 
Recovery 

RQD

SPT 
N

USC

Sample Description

SAND, fine, <7% nonplastic fines, very dense, dry, light brown.

SAND, similar to S-6.

SILT, nonplastic, 10-20% fine sand, very dense, dry, light gray, trace of clay, 3" layer of 
silty fine sand, 30-40% nonplastic fines.

SAND, fine, <5% nonplastic fines, very dense, dry, light brown. Two 2" layers with little 
medium and coarse sand, 20-30% fine gravel up to 1".

fine, < 10% fines, very dense, dry, light brown.

similar to S-10.

BOTTOM OF BORING AT 51.5 FEET

I



Stone & Webster Boring D-2 

Engineering Corporation BORING LOG J.0. 05996.01 

Sheet I of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/24/96 - 10/24/96 

Coordinates: N 7321198.17 E 1281873.25 Ground Elevation: 4467.7 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.5 ft 

Contractor: Eartheore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 

Methods: Casing Used: 
Drilling Soil: 4 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT, 24" long.  

Drilling Rock: 

Comments: No groundwater or bedrock encountered. Backfilled with soil, marked with a stake.

Sample Description

SILT, nonplastic, compact, dry, light brown.  

Clayey SILT, moderately plastic, firm, damp, light brown, middle 3" nonplastic.  

Silty CLAY, highly plastic, stiff, damp, light brown.  

Clayey SILT, moderately plastic, stiff to very stiff, damp, light brown, a few 1/4" layers of 
silty fine sand.  

SILT, moderately plastic, very stiff, damp, thinly laminated, light brown and light gray.

Legend/Notes 
• Datum is MSL - NGVD29.  

'7 indicates groundwater level.  

I indicates location of samples.  
Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
• ( ) = inches of sample recovery.  
• Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  
• SPT N = Standard Penetration Test resistance to driving, blows/ft.  

USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

r e, Dl 08/31/99



Stone & Webster Boring D-2 

Engineering Corporation BORING LOG J.0. 05996.01 
Sheet 2 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith

Sample Description

Silty CLAY, moderately plastic, very stiff, damp, thinly laminated, light brown and light gray.  

SAND, fine, < 10% nonplastic fines, very dense, dry, light brown and gray.  

SAND, similar to S-7, trace coarse sand.  

SAND, similar to S-7, trace coarse sand and fine gravel.  

Top 7": Gravelly SAND, coarse to fine, mostly fine, 20-30% fine gravel, <5% nonplastic fines, 
very dense, dry, light brown.  
Bottom 5": CLAY, highly plastic, hard, dry, gravelly at top of layer, contained 1" layer of 
silty clay.  

SAND, fine, < 5 % nonplastic fines, very dense, dry, light brown, 2" thick layer of coarse to 
fine sand with 10-20% fine gravel.  

BOTTOM OF BORING AT 51.5 FEET

Note: See Sheet 1 for Boring Summary and Legend Information d uDate 
Q f 08/31/99Iý

I



Stone & Webster Boring D-3 

Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/22/96 - 10/22/96 

Coordinates: N 7320587.09 E 1281884.33 Ground Elevation: 4469.2 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.5 ft 

Contractor: Earthcore, Inc. Driller: Strickland Rig Type: Acker Soil Sentry 

Methods: Casing Used: 
Drilling Soil: 3 1/4" I.D. Hollow Stem Augers 

Sampling Soil: 2.0" O.D Split Spoon, SPT 
Drilling Rock: 

Comments: No groundwater or bedrock encountered

�.1.

Sample Description

Silty CLAY, moderately plastic, firm, slightly damp, light green with white and orange-brown 
mottling.  

Clayey SILT, moderately plastic, stiff, dry, light brown, trace roots.  

Top 10": Clayey SILT, similar to S-2.  
Bottom 5" : SILT, nonplastic, compact, slightly damp, light brown with white mottling.  

Clayey SILT, moderately plastic, stiff, damp, yellow-brown, thinly layered, 
minor orange mottling.  

Clayey SILT, similar to above, few thin layers of silt, some white mottling.

• Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

IAp~proved IDate 
08/31/99

Legend/Notes 
* Datum is MSL - NGVD29.  

._• indicates groundwater level.  
I indicates location of samples.  

• Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

- ( ) = inches of sample recovery.  
• Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  
• SPT N = Standard Penetration Test resistance to driving, blows/ft.  

USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

I I



Stone & Webster Boring D-3 
Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 2 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev depth Sample Blows ISPT USC 
oft) (or VN Symbol Sample Description 

(fs) ~ ., Recovery aSml

SILT, nonplastic, very dense, slightly damp, light gray, minor thin layers of silty clay, some 
orange mottling.  

SAND, uniform, fine, 3-5% nonplastic fines, very dense, dry, light gray-brown.  

SAND, similar to S-7.  

SAND, similar to S-7, few thin layers of silt.  

Top 8": SAND, similar to S-7, few thin layers of silt, some medium to coarse sand.  
Bottom 10": Gravelly SAND, well graded, 3-5% nonplastic fines, coarse to fine gravel, coarse 
to fine sand, mostly fine, very dense, dry, light brown.  

Silty CLAY, moderately to highly plastic, hard, slightly damp, trace sand and gravel, 
occasional silt layer, green-brown.  

BOTTOM OF BORING AT 51.5 FEET

Note: See Sheet 1 for Boring Summary and Legend Information
Ry'rqDate11



Stone & Webster Boring D-4 
Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 1 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/22/96 - 10/23/96 

Coordinates: N 7319973.03 E 1281903.10 Ground Elevation: 4473.2 ft 

Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 100.5 ft 

Contractor: Earthcore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 

Methods: Casing Used: 
Drilling Soil: 4 1/4" I.D. Hollow Stem Augers to 65", below 65' roller cone bit with compressed air, open hole.  

Sampling Soil: 2.0" O.D. Split Spoon, SPT, 18" and 24" long.  

Drilling Rock:

Comments: No groundwater or bedrock encountered. Backfilled with soil, marked with stake.

-I

Sample Description

SILT, nonplastic, < 10% fine sand, compact, dry, light brown.  

Silty CLAY, moderately plastic, soft to firm, damp, light brown.  

Top 7": SILT, slightly plastic, very stiff, damp, bottom 2" contained 20-30% fine sand.  
Bottom 1": Silty SAND, fine, 20-30% nonplastic fines, very dense, dry, light brown.  

Top 7": SILT, nonplastic, < 10% fine sand, dense, slightly damp.  
Bottom 5": Silty CLAY, moderately plastic, very stiff, moist, brown.  

Clayey SILT, highly plastic, stiff, moist, stratified with light brown and light gray 
bands 1/8-1/2" thick.

Legend/Notes 
* Datum is MSL - NGVD29.  

.7- indicates groundwater level.  
I indicates location of samples.  

• Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

* ( ) = inches of sample recovery.  
• Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  

SPT N = Standard Penetration Test resistance to driving, blows/ft.  
USC = Unified Soil Classification system.  

* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

p��vedI 08/31/99
1 . eAd ,LDate 

• . 08/31/99
Vm I m



Stone & Webster Boring D-4 
Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 2 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Elev epth Sample Blows SPT USC I 
(ft) I(ft) o I-- or V NSymbol c, .

Sample Description

Silty CLAY - Clayey SILT, slightly plastic, 10-20% fine sand, very stiff, damp, stratified 
light brown and light gray.  

SAND, uniform, fine, <5% nonplastic fines, very dense, dry, light brown-gray, stratified with 
thin black layers at top 1/8-1/4".  

SAND, uniform, fine, < 10% nonplastic fines, very dense, dry, light brown and gray, two silty 
layers near bottom 1/4" thick.

67 SP SAND, similar to S-8, contained 1" layer with 20-30% nonplastic fines.

Silty SAND, fine, 10-20% nonplastic fines, very dense, dry, light brown, occasional 1/8-1/4" 
layer of silt.  

Top 6": Silty SAND, fine 30-40% nonplastic fines, very dense, dry, light brown.  
Bottom 7": Sandy GRAVEL, mostly fine, up to 1 1/2", subrounded, 30-40% coarse to fine sand, 
< 10% nonplastic fines, very dense, dry, light gray.  

SAND, fine, 10-20% fine gravel, <5% nonplastic fines, very dense, dry, light brown.

ML I SILT, nonplastic, 10-20% fine sand, dense, dry, light brown.

08/3ate 
L~i110 08/31/99

Note: See Sheet 1 for Boring Summary and Legend Information
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16 ICL-ML

65 1 SP

88 1 SP

Recovery 

RQD

6-7-9 
(14.0")

8-31-34 
(10.0")

15-38-50 
(13.0")

14-27-40 
(12.0") 

18-33-50 
(12.0") 

20-70-90 
(13.0") 

28-57-75 
(12.0") 

14-22-23 
(11.0")

SM 

SM 
GP 

SP

83

160

132
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Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) (ft)

Blows 
or 

,ecovery 

RQD

SPT USC

Sample Description

Silty SAND, fine, 30-40% nonplastic fines, very dense, dry, light brown.

SILT, nonplastic, < 10% fine sand, very dense, dry, light brown.

SILT, similar to S-15, slightly damp.

to S-15, slightly damp.

to S-15, slightly damp, piece of gravel in tip.

except damp.

plastic, very dense, slightly damp, light brown, some areas of silty 
silt up to 2" thick.

Silty SAND, fine, 20-30% nonplastic fines, very dense, dry, light brown, top 2" coarse to fine 
sand. BOTTOM OF BORING AT 100.5 FEET

I



Stone & Webster Boring E-1 
Engineering Corporation BORING LOG J.O. 05996.02 

Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 12/03/98 - 12/03/98 

Coordinates: N7,321,865 E1,282,600 Ground Elevation: 4462.6 ft 

Groundwater Depth: Depth to Bedrock: Total Depth Drilled: 51.5 ft 

Contractor: Earthcore Drilling Driller: T. Kern Rig Type: Mobile B-80 

Methods: Casing Used: None 
Drilling Soil: 3 1/4" ID hollow stem auger 

Sampling Soil: 2.0" OD split-spoon, SPT, 18" drive; 3.0" Shelby tube, 30" 

Drilling Rock: 

Comments:

Sample Description

Sandy SILT, moderately plastic, very stiff, dry, It. brown.  

SILT, highly plastic, stiff, damp, It. gray mottled with white, thinly layered.  

Silty CLAY, moderately plastic, stiff, damp, It. yellow-brown, layered.  

Clayey SILT, moderately plastic, stiff to very stiff, damp, yellow-brown, layered.  

Clayey SILT, moderately to highly plastic, stiff, damp, yellow-brown.

Legend/Notes 
* Datum is MSL - NGVD29.  

*.7 indicates groundwater level.  
I indicates location of samples.  

* Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

* ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
* RQD = Rock Quality Designation.  
- SPT N = Standard Penetration Test resistance to driving, blows/ft.  
- USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

* Sample Type: 
S = 2" OD Split Spoon

Aoproved IDate 

I _aa 08/31/99



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev Lepth Sample 

(ft) (ft)M

Blows 
or 

Recovery 

RQD

SPT USC

Sample Description

to coarse sand.
fine, 3-5% nonplastic fines, very dense, dry, It. gray-brown, trace of medium

uniform, fine, very dense, dry, It. brown.

plastic, hard, damp, green-gray.

uniform, fine, 5-8% nonplastic fines, very dense, dry, It. gray.

sub-angular to sub-round gravel to 1.0", <3% non plastic fines,

fine to medium, mostly fine, trace of coarse, very dense, dry, v. It. brown.

End of Boring at 51.5 ft.

\_1

I



Stone & Webster Boring E-2 

Engineering Corporation BORING LOG J.0. 05996.02 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 
Client: Private Fuel Storage, L.L.C. Date Start - Finish: 12/04/98 - 12/04/98 
Coordinates: N7,321,250 E1,282,600 Ground Elevation: 4468.0 ft 
Groundwater Depth: Depth to Bedrock: Total Depth Drilled: 51.5 ft 
Contractor: Earthcore Drilling Driller: T. Kern Rig Type: Mobile B-80 
Methods: Casing Used: None 

Drilling Soil: 3 1/4" ID hollow stem auger 
Sampling Soil: 2.0" OD split-spoon, SPT, 24" drive; 3.0" Shelby tube 
Drilling Rock: 

Comments:

Sample Description

SILT, slightly to moderately plastic, firm to stiff, dry brown, eolian.  

Top: SILT, slightly to moderately plastic, dry, brown.  
Bottom: SILT, highly plastic, damp, green-gray.  

Clayey SILT, highly plastic, stiff, damp, It. yellow-brown with white mottling, thinly layered.  

Sandy SILT, slightly to moderately plastic, 10-20% fine sand, very stiff, damp, yellow-brown.  

SILT, highly plastic, very stiff, damp, It. yellow-brown, thinly layered.

Legend/Notes 
* Datum is MSL - NGVD29.  

._• indicates groundwater level.  

I indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
* ( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  
- RQD = Rock Quality Designation.  
• SPT N = Standard Penetration Test resistance to driving, blows/ft.  

USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

r ýjFroved

1"•ate 08/31/99



Stone & Webster Boring E-2 

Engineering Corporation BORING LOG J.0. 05996.02 
Sheet 2 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev epth Blows S I USC 
() (ft) oor N Smo 

(ft) (ftV--_ .. V Symbol I Rnmnpl Dh•crintion

Top 8": Clayey SILT, moderately to highly plastic, very stiff to hard, damp, yellow-brown, 
thinly layered.  
Bottom 12": SAND, uniform, fine, dense, damp, It. gray. Thin layer of gray clay at contact.  

SAND, uniform, fine, 5-8% fines, very dense, dry, gray, some thin layering.  

SAND, uniform, fine, 3-5% fines, very dense, dry, v. It. brown.  

SAND, similar to above, becomes slightly cemented toward bottom, trace of medium gravel.  

Top 10": Silty SAND, mostly fine, 15-20% nonplastic fines, very dense, dry, gray, slightly 
cemented.  
Bottom 6": Gravelly SAND, well graded, 20-30% sub-round gravel to 1/2", 5-8% nonplastic fines, 
very dense, dry, v. It. brown.  

SAND, uniform, fine, 3-5% nonplastic fines, very dense, dry, It. brown.  

End of Boring at 51.5 ft.

Note: See Sheet 1 for Boring Summary and Legend Information " d 6LDate 
08/31/99I W



Stone & Webster Boring E-3 
Engineering Corporation BORING LOG J.O. 05996.01 

Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/23/96 - 10/23/96 
Coordinates: N 7320635 E 1282600 Ground Elevation: 4471.3 ft 
Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.1 ft 
Contractor: Earthcore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 

Methods: Casing Used: 
Drilling Soil: 4 1/4" I.D Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT 

Drilling Rock: 

Comments: No groundwater or bedrock encountered. Backfilled with soil, marked with stake.

Sample Description

SILT, nonplastic, dense, dry, light brown.  

CLAY, moderately plastic, stiff, moist, light gray, numerous silt partings.  

Silty CLAY, moderately to highly plastic, stiff, moist, light brown, bottom 4" nonplastic.  

SILT, nonplastic, < 10% fine sand, dense, damp, light brown, 1/4" layer of gray clay every 3-4".  

Clayey SILT - Silty CLAY, slightly plastic, stiff to very stiff, moist, thinly laminated, light 
brown and gray.

Legend/Notes 
* Datum is MSL - NGVD29.  

* indicates groundwater level.  
I indicates location of samples.  

* Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

- ( ) = inches of sample recovery.  
- Recovery = % rock core recovery.  
- RQD = Rock Quality Designation.  
- SPT N = Standard Penetration Test resistance to driving, blows/ft.  
* USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

* Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

Approved IDate 
M A J U 08/31/99

U



Stone & Webster 
Engineering Corporation

'~ [Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) ([f)(

Blows 
or 

Recovery 

RQD

SPT 
N

USC

Sample Description

light brown and gray, a few zones of clayey silt. Bottom 4"

fine, < 5 % nonplastic fines, very dense, dry, light brown.

similar to S-7, trace coarse sand.

SAND, similar to S-7, mottled with yellow brown.

SAND, similar to S-7, contained two layers 1-2" thick of gravelly sand, coarse to fine, mostly 
fine, 20-30% fine gravel, subrounded, <5% nonplastic fines.

SAND, similar to S-7, contained 2" thick layer of gravelly sand similar to S-10.

BOTTOM OF BORING AT 51.5 FEET



Stone & Webster Boring E-4 

Engineering Corporation BORING LOG J.O. 05996.01 
Sheet 1 of 2 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: A.C. Smith 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/23/96 - 10/23/96 
Coordinates: N 7319988 E 1282615 Ground Elevation: 4474.6 ft 
Groundwater Depth: N/A ft Depth to Bedrock: N/A ft Total Depth Drilled: 51.5 ft 
Contractor: Earthcore, Inc. Driller: W. Westbrook Rig Type: Mobile B-80 

Methods: Casing Used: 
Drilling Soil: 4 1/4" Hollow Stem Augers 

Sampling Soil: 2.0" O.D. Split Spoon, SPT, 24" long.  

Drilling Rock: 

Comments: No groundwater or bedrock encountered. Backfilled with soil, marked with stake.

Sample Description

SILT, nonplastic, very dense, dry, light brown, a few roots.  

Silty SAND, fine, 20-30% nonplastic fines, very dense, dry, light brown. Top 1" clayey silt.  

Silty SAND, fine, 10-20% nonplastic fines, very dense, dry, light brown.  

SILT, nonplastic, < 10% fine sand, very dense, dry, light brown. Bottom 2" stratified with 
1/8" layers of clay.  

Clayey SILT, slightly plastic, thinly laminated, very stiff, damp, light brown and light gray.

Legend/Notes 

- Datum is MSL - NGVD29.  
_Z indicates groundwater level.  

| indicates location of samples.  
• Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
) = inches of sample recovery.  

Recovery = % rock core recovery.  

* RQD = Rock Quality Designation.  
* SPT N = Standard Penetration Test resistance to driving, blows/ft.  
* USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 

S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

ed~ Date 
008/31/99



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) (ft)

10.

Blows 
or 

Recovery 

RQD

SPT 
N

USC

Sample Description

< 10% fine sand, dense, damp, light brown, occasional thin layer of clay.

fine, < 10% nonplastic fines, very dense, dry, light brown, top 1" damp silt, nonplastic.

SAND, similar to S-7, slightly damp.

SAND, similar to S-7, slightly damp, contained 2" layer of sandy silt.

similar to S-7, slightly damp.

10-20% mostly fine gravel, up to 1 1/2", rounded,

BOTTOM OF BORING AT 51.5 FEET

I



Stone & Webster Boring CTB-1 

Engineering Corporation BORING LOG J.O. 05996.02 
Sheet 1 of 7 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 
Client: Private Fuel Storage, L.L.C. Date Start - Finish: 12/14/98 - 01/02/99 
Coordinates: N7,320,287 E1,282,057 Ground Elevation: 4472.7 ft 
Groundwater Depth: Depth to Bedrock: Total Depth Drilled: 226.5 ft 
Contractor: Earthcore and Layne Driller: Kern and Mott Rig Type: See below 
Methods: Casing Used: 6 5/8" from 110' to 226.5' 

Drilling Soil: 3 1/4" ID hollow stem auger to 70'; air rotary with 3 1/8" open hole to 110'; mud rotary from 110'.  
Sampling Soil: 2.0" OD split-spoon w/SPT to 110'; 2.5" spoon w/300# hammer, 30" drop from 115'; 3.0" Shelby 
Drilling Rock: 

Comments: Mobile B-80 used to 110 ft; Failing-Speedstar 30K from 110 to 226.5 ft.

Elev Depth Sample Blows SPT USC 
or N (ft) (ft) V Symbo 

t ype No. Recovery a Symbol Sample Description ryeN.RQD 1 
e 

0 S 1 3-6-9-9 15 ML Clayey SILT, moderately plastic, stiff to very stiff, damp, brown, trace fine sand.  

- (7.0") 

4470

5S 2 4-3-3-3 6 CL Top 2": Silty CLAY, moderately plastic, firm, damp, light gray.  
(12.0") MH Bottom 10": Clayey SILT, highly plastic, firm, damp, gray with white mottling.  

U 3 PUSH CH Silty CLAY, highly plastic, damp, gray-brown with white mottling.  (26.0") 

S4 5-5-5-7 10 CL Top 13": Silty CLAY, moderately plastic, stiff, damp, light brown-gray.  
t0- (24.0") SM Bottom 11": Silty SAND, uniform, fine, 20-30% slightly plastic fines, compact, damp, light 

brown-gray.  
U 5 PUSH SC Top 10": Clayey SAND, fine, 20-30% moderately plastic fines, damp, yellow-brown.  

(11.0") SM Bottom 1": Silty SAND, uniform, fine, damp, 10-20% nonplastic fines, yellow-brown.  
4460

15- S 6 10-14-10- 24 ML Sandy SILT, slightly plastic, 40-50% fine sand, very stiff, damp, It. yellow-brown, 

- 14 occasional layer of moderately to highly plastic clay, gray.  
(12.0") 

4455

20 U 7 PUSH MH Clayey SILT, highly plastic, damp, It. yellow-brown.  

- _ 1 (25.5") 

Legend/Notes 

Datum is MSL - NGVD29. •Sample Type: 
.Z indicates groundwater level. S = 2" or 2.5" OD Split Spoon 

I indicates location of samples. U = 3" OD Thin-Walled Tube 
Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
) = inches of sample recovery.  

* Recovery = % rock core recovery.  
RQD = Rock Quality Designation.  

* SPT N = Standard Penetration Test resistance to driving, blows/ft.  
-USC = Unified Soil Classification system. [Approved [Date 
• indicates use of 300 pound hammer. X 08/31/99



Stone & Webster Boring CTB-1 
Engineering Corporation BORING LOG J.O. 05996.02 

Sheet 2 of 7 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev e Sample Blows SPT USC 
or N I 

(ft) Id(ft) "-------- . V Symbol I,-, l ' n
alllip UjJL ql1 L LJUIZ

Sandy SILT, slightly plastic, 10-20% fine sand, dense, damp, yellow-brown with orange 
mottling, thinly bedded, occasional thin layer of clay.  

Silty SAND, uniform, fine, 10-15% nonplastic fines, very dense, dry, It. brown. Two 2" layers 
of clay, moderately to highly plastic, green-brown.  

Silty SAND, similar to above, except no clay and 1 piece of gravel.  

SAND, uniform, fine, very dense, dry, It. brown.  

Clayey SILT, moderately to highly plastic, 10-20% fine sand, hard, dry, It. brown.  

Top 1": Clayey SILT, similar to above.  
Middle 2": SAND, uniform, fine, It. brown.  
Bottom 9": Sandy GRAVEL, poorly graded, coarse to fine gravel to 1.5", mostly fine sand, 3-5% 
slightly plastic fines, very dense, dry, It. brown.  
Silty Clay in tip of spoon, highly plastic, green-brown.

Silty SAND, uniform, fine, 10-20% non to slightly plastic fines, very dense, dry (water 
added), light brown.

[Approved• IDate 1 08/31/99Note: See Sheet 1 for Boring Summary and Legend InformationI



Stone & Webster
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev jlepth Sample 

(ft) (ft)
No.

Blows 
or 

Recovery 

RQD

SPT 
N
I USC

Sample Description

50 CL&MI. Thinly interbedded Silty CLAY and Clayey SILT, moderately plastic, dry, hard, brown, with thin 
5r I layers of fine sand.

ML

Switched to air-rotary at 70 ft. Cuttings mainly fine sand, silt, and fine gravel between 70 
to 77 ft. White volcanic ash between 77 and 80 ft.

fine sand, v. dense, dry, It. gray, volcanic ash.  
plastic, very dense, dry, brown.

ML SILT, very slightly plastic, 5-10% fine sand, very dense, dry, It. brown.

Mix of Sandy SILT (volcanic ash) and Silty SAND, very small sample, not meaningful.



Stone & Webster Boring CTB-1 

Engineering Corporation BORING LOG J.0. 05996.02 
Sheet 4 of 7 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev depth Sample Blows SPT USC 77774orN 
(ft) (ft) - Recovery V Symbol Sample Description 

ype No. RQD 1 I 
e

Silty SAND, uniform, medium to fine, mostly fine, 10-20% sl. plastic fines, very dense, damp, 
brown.  

Switched to mud-rotary, 300 lb hammer, and larger dia. spoon as noted.  

Sandy SILT, slightly to moderately plastic, 10-20% fine sand, very dense, dry, It. brown.

105

110

115

120

125

130

135

140-

100 
(5.0") 

50/3"
50*/2" 
(5.0") 

25*46*
50*/3" 
(18.0") 

30*-50*/4 
(14.0")

_ 08/31/99
II

Note: See Sheet 1 for Boring Summary and Legend Information

19 100-4 SMIs 

Is ML

4365

4360

4355

4350

4345

4340

4335

4330-

Sandy SILT, slightly to moderately plastic, 10-15% fine sand, very dense, damp(?), It. brown.  
(2.25" OD spoon)

SM I Silty SAND, uniform, fine, 20-30% slightly plastic fines, damp(?), brown.

* 

* 

*22 ML

IS 

Is



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) Id(ft)
10.

Blows 
or 

Recovery 

RQD

50*15" 
(2.5")

FvPT 
N 

V 
a

USC

Sample Description

Sandy SILT, similar to above. (2.5" OD spoon used to end of boring)

* ML Sandy SILT, nonplastic, 10-15% fine sand, very dense, saturated, It. gray, volcanic ash.

* MH Clayey SILT, moderately to highly plastic, 8-12% fine sand, very dense, damp, yellow-brown and 
brown, thinly bedded.

I



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) (ft) I

10.

Blows 
or 

Recovery 

RQD

I.3PT 
N

USC

Sample Description

wet, brown, (Separate jars)
15-20% slightly plastic fines, very

* I SP I SAND, uniform, fine, 5-10% nonplastic fines, very dense, wet, It. brown.

* SM I Silty SAND, uniform, fine, 10-20% slightly plastic fines, very dense, damp, It. brown, few 
I thin layers of clay.



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) (ft) -- '"
40.

Blows 
or 

Recovery 

RQD

NPT 
N USC

Sample Description

Silty CLAY, slightly plastic, 10-15% fine sand, hard, damp, brown. Clay appears desiccated 
(flaky).

End of Boring at 226.5 ft.

I



Stone & Webster Boring CTB-2 

Engineering Corporation BORING LOG J.0. 05996.02 
Sheet 1 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 12/07/98 - 12/08/98 

Coordinates: N7,320,217 E1,281,989 Ground Elevation: 4474.3 ft 

Groundwater Depth: Depth to Bedrock: Total Depth Drilled: 71 ft 

Contractor: Earthcore Drilling Driller: T. Kern Rig Type: Mobile B-80 

Methods: Casing Used: None 
Drilling Soil: 3 1/4" ElD hollow stem augers 

Sampling Soil: 2.0" OD split-spoon, SPT, 24" drive 

Drilling Rock: 

Comments: 

Elev Depth Sample Blows SPT USC 
or N Symbol 

y (t) Recovery a Sample Description 
y Q N D RQ 

e 

0 - 2-2-3-3 5 ML SILT, moderately plastic, 5-10% fine sand, firm, damp, brown.  

(22.0") 

4470
5- 2 6-6-7-9 13 ML Top 6": SILT, same as above.  

(16.0') CL Bottom 10": Silty CLAY, moderately plastic, stiff, damp, green-gray with white mottling.  

S 3 3-5-7-7 12 MH Clayey SILT, highly plastic, stiff, damp, green-gray with white mottling, thinly bedded.  
(10.0") 

4465- S 3-4-5-6 9 MH Clayey SILT, similar to above.  
10 (20.0") 

"S 5 5-7-9-11 16 ML SILT, slightly plastic, dense, damp, It. brown-gray, trace of fine sand.  
(3.0') 

4460
15 S 6 7-12-16- 28 CL Silty CLAY, moderately plastic, 10-15% fine sand, very stiff, damp, It. brown.  

18 
(16.0") 

4455
20 S 7 6-8-10-10 18 ML Sandy SILT, moderately plastic, 10-20% fine sand in thin layers, very stiff, damp, It. brown 

1 (18.0") with some white on some bedding surfaces.  

Legend/Notes 

• Datum is MSL - NGVD29. Sample Type: 
._vindicates groundwater level. S = 2" OD Split Spoon 

I indicates location of samples.  
Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
• ( ) = inches of sample recovery.  
• Recovery = % rock core recovery.  
RQD = Rock Quality Designation.  

• SPT N = Standard Penetration Test resistance to driving, blows/ft. _ 

• USC = Unified Soil Classification system. I vedA ID ate 
• indicates use of 300 pound hammer. w i fil 08/31/99



Stone & Webster Boring CTB-2 
Engineering Corporation BORING LOG J.O. 05996.02 

Sheet 2 of 3 
Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev epthSampe Blows SPT USC 
or I N I (ft) [. Recover Symbol Samnle Descrintion

ML Sandy SILT, similar to above, occasional thin layer of clay.

Top 3": Sandy SILT, similar to above.  
Bottom 15": SAND, uniform, fine,< 10% nonplastic fines, very dense, dry, It. brown. Three 
inch layer of clay near top of sand, highly plastic, damp, green-gray. Some iron oxide 
mottling.  

SAND, uniform, fine, < 8 % nonplastic fines, very dense, dry, It. brown, trace of medium sand.  

SAND, similar to above, trace of medium gravel.  

Silty CLAY, moderately plastic, hard, damp, gray-green,with thin layers of silt and fine sand.  
Becomes sandy silt toward bottom with few fossil fragments.  

Sandy GRAVEL, coarse to fine, sub-round to angular, coarse to fine sand, mostly fine, 3-5 % 
nonplastic fines, very dense, dry, It. brown. Three inch layer of fine sand near top, clean, 
It. brown.

Silty SAND, uniform, fine, 15-20% nonplastic fines, very dense, dry, It. brown. Severa! 
pieces of gravel at top, very thinly layered.

A0//roved Date I•'•,,.JOA 1, 08/31/99

'--ýýrved a-
Note: See Sheet 1 for Boring Summary and Legend Information

RQD I 
U 
e

-I t

ML 
SP

SP 

SP 

CL

GW

SM

I

7



Stone & Webster Boring CTB-2 

Engineering Corporation BORING LOG J.0. 05996.02 
Sheet 3 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev depth Sample Blows SPT USC 
or N 

(ft) (ft) r--Recovery a Symbol Sample Description 
LŽye No.RQD 1 e

4410

4405

4400-

I S
15 50-100 

(7.0")
100-o SM Silty SAND, widely graded, coarse to fine sand, mostly fine, 10-15% slightly plastic fines, 

10-15% gravel, very dense, It. gray-brown, thinly layered. Water added to lift cuttings.  

End of Boring at 71 ft.

1 -4

Note: See Sheet 1 for Boring Summary and Legend Information
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70

75

80

85 

90

95

100-

4390

4385

4380

4375-

, 14395-

•'•. na,• 08/31/99



Stone & Webster Boring CTB-3 
Engineering Corporation BORING LOG J.O. 05996.02 

Sheet 1 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 12/14/98 - 12/14/98 

Coordinates: N7,320,217 E1,282,124 Ground Elevation: 4473.2 ft 

Groundwater Depth: Depth to Bedrock: Total Depth Drilled: 70.45 ft 

Contractor: Earthcore Drilling Driller: T. Kern Rig Type: Mobile B-80 
Methods: Casing Used: None 

Drilling Soil: 3 1/4" ID hollow-stem augers 
Sampling Soil: 2.0" OD split-spoon, SPT, 24-inch drive 

Drilling Rock: 

Comments:

Sample Description

SILT, moderately plastic, 5-15% fine sand, stiff (frozen), damp, It. brown, eolian, becomes 
green-gray with white in tip.  

Clayey SILT, highly plastic, stiff, damp, green-gray to yellow-brown with white mottling, 
thinly layered.  

Clayey SILT, similar to above, yellow-brown.  

No Recovery 

Sandy SILT, moderately plastic, 10-20% fine sand, damp, very stiff, It. brown.  

Top 10": Silty SAND, uniform, fine, 15-25% slightly plastic fines, dense, damp, It.  
brown-gray, few layers of highly plastic Clay.  
Bottom 7": Sandy SILT, moderately plastic, very stiff, damp, yellow-brown.  

Top 4": Silty SAND, uniform, fine, 15-20% slightly plastic fines, dense, damp, yellow-brown.  
Bottom 15": Clayey SILT, highly plastic, very stiff, damp, It. yellow-brown with white 
mottling on bedding planes, thinly layered, with ostracodes.

Legend/Notes 
• Datum is MSL - NGVD29.  

*Z indicates groundwater level.  
I indicates location of samples.  

• Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

• ( ) = inches of sample recovery.  
• Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  
• SPT N = Standard Penetration Test resistance to driving, blows/ft.  
• USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon

A Date

I -



Stone & Webster Boring CTB-3 

Engineering Corporation BORING LOG J.O 05996.02 
Sheet 2 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev depth Sample Blows STt USC 
or N (fit) (ft) Recovery a Sample Description 

[ype! No. RQ I 
rp RQD lu 

_t e

24 1 CL Silty CLAY, moderately plastic, very stiff, damp, yellow-brown, interlayered with Sandy Silt, 
moderately plastic, 15-20% fine sand.

85 1 SP I SAND, uniform, fine, < 10% nonplastic fines, very dense, dry, It. brown.

4450

4445

4440

4435

4430

4425

4420

4415-

25

30

35

40

45

50

55

60-

8 5-9-15-15 
(16.0") 

25-35-50
100 
(15.0") 

30-100/5" 
(9.0") 

35-70-100 
(12.0") 

0-30-50
50 
(12.0") 

60-100/5" 
(10.0") 

60-100 
(10.0")

100-1 SP

Top 7": Clayey SILT, moderately plastic, hard, dry, gray-brown.  
Bottom 5": Silty SAND, uniform, fine, 10-20% slightly plastic fines, very dense, dry, It.  
brown, slightly cemented.  

Sandy GRAVEL, well graded, sub-round to sub-angular gravel to 1.5", coarse to fine sand, 
mostly fine, 3-5% nonplastic fines, very dense, dry, It. brown, trace fossils (gastropods), 
very thin 
caliche rinds on some gravel.  

Gravelly SAND, poorly graded, coarse to fine sand, mostly fine, 25-35% gravel to 1.0", angular 
to sub-round, 5-8% slightly plastic fines, very dense, dry (water added), It. brown-gray, 
till-like.

Note: See Sheet 1 for Boring Summary and Legend Information 08/31/99 .08/31.9

100-4 GW

9

170 1 SP I SAND, similar to above.

100-4 SP I SAND, similar to above.

ML 
SM

80



Stone & Webster Boring CTB-3 

Engineering Corporation BORING LOG J.0. 05996.02 
Sheet 3 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev depth Sample Blows SPT USC 
(ft) (ft) or V N Symbol 

(t (f)Recovery a Sample Description 
:yp N. RQD I e

100/5" 
(6.0")

10o-l SP SAND, poorly graded, coarse to fine, mostly fine, 10-15% gravel, very dense, dry, It. brown, 
water added.  

End of Boring at 70.45 ft.

Note: See Sheet 1 for Boring Summary and Legend Information
A idDate0 "I / 1,•' 08/31/99,

15

4410

4405

4400

4395

4390

4385

4380

4375-

65
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Stone & Webster Boring CTB-4 

Engineering Corporation BORING LOG J.O. 05996.02 
Sheet 1 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 12/04/98 - 12/05/98 

Coordinates: N7,320,167 E1,282,057 Ground Elevation: 4475.3 ft 

Groundwater Depth: Depth to Bedrock: Total Depth Drilled: 72 ft 

Contractor: Earthcore Drilling Driller: T. Kern Rig Type: Mobile B-80 

Methods: Casing Used: None 
Drilling Soil: 3 1/4" ID hollow stem augers 

Sampling Soil: 2.0" OD split-spoon, SPT, 24" drive; 3.0" OD Shelby tube, 30" and 24" 

Drilling Rock: 

Comments: 

Elev Depth Sample Blows SPT USC 
or N y (ft) (ft) ype-No. Recovery a Sample Description ryp p No. RQD /u 

0 5 1 1-1-3-3 4 ML SILT, moderately plastic, soft to firm, damp, It. brown, colian.  

(5.0") 

S2 3-1-4-5 5 ML Top 6": SILT, similar to above.  
(13.0") Bottom 7": Clayey SILT, moderately plastic, firm, damp, brown with white mottling.  

S 3 5-7-7-8 14 CL Silty CLAY, moderately plastic, stiff, damp, green-gray with white mottling throughout.  

4470 5 (11.0") 

U 1 PUSH CL Top 14": Silty CLAY, moderately plastic, gray.  
(24.0") MH Bottom 10": Clayey SILT, highly plastic, damp, yellow-brown.  

U 2 PUSH CH Silty CLAY, highly plastic, yellow-brown.  
(26.0") 

4465- 10 S 6 5-8-8-8 16 ML Clayey SILT, moderately plastic, very stiff, damp, yellow-brown, some partings of fine sand.  
(13.0") 

U 7 PUSH ML Top: Sandy SILT, slightly plastic, 25-35% fine sand, damp, yellow-brown.  
(16.0") SP Bottom: SAND, uniform, fine, < 10% nonplastic fines, damp, It. yellow-brown.  

S 8 8-12-12- 24 ML Top 8": Sandy SILT, slightly plastic, 30-40% fine sand, compact, damp, It. brown.  
446 15 12 SM Bottom 7": Silty SAND, uniform, fine, 35-40% nonplastic fines, dense, dry, gray-brown, a few 

(15.0") thin layers of clay.  
U 9 PUSH ML Top 1": Sandy SILT, nonplastic, 15-25% fine sand, damp, It. red-brown.  

(19.0") SM Bottom 18": Silty SAND, fine, 10-20% nonplastic fines, damp, brown-gray, occasional thin layer 
of silty clay.  

S 10 8-8-10-8 18 CL Silty CLAY, moderately plastic, < 10% fine sand, very stiff, damp, It. yellow-gray, numerous 
(18.0") thin layers of silt.  

4455- 20- U 11 PUSH ML Sandy SILT, moderately plastic, 10-20% fine sand, dry, It. yellow-brown.  
(20.0") 

Legend/Notes 

• Datum is MSL - NGVD29. Sample Type: 
'7 indicates groundwater level. S = 2" OD Split Spoon 

I indicates location of samples. U = 3" OD Thin-Walled Tube 
• Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
• ( ) = inches of sample recovery.  

Recovery = % rock core recovery.  
RQD = Rock Quality Designation.  

* SPT N = Standard Penetration Test resistance to driving, blows/ft. _ 

* USC = Unified Soil Classification system. pp. ed jDate 
• indicates use of 300 pound hammer. I U. J. .tLgL-,08/31/99



Stone & Webster Boring CTB-4 
Engineering Corporation BORING LOG J.O. 05996.02 

Sheet 2 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev epthSample Blows 1 PTf USC 
(ft) I(ft) -i . ... .or V ISymbol I . . _ •

Sample vescripuon

Clayey SILT, highly plastic, stiff, dry, yellow-brown, thinly bedded, with ostracodes.  

Clayey SILT, moderately plastic, damp, yellow-brown.  

Silty CLAY, slightly plastic, very stiff, damp, yellow-brown.  

Top 15": Sandy SILT, nonplastic, 20-30% fine sand, yellow-brown.  
Bottom 2": SAND, uniform, fine, 5-15% nonplastic fines, dry, It. brown.  

SAND, uniform, fine, 30-35 % nonplastic fines, very dense, dry, It. brown, layered, trace of 
clay at bottom.  

SAND, uniform, fine, < 10% nonplastic fines, very dense, dry, It. brown.  

SAND, similar to above.  

SAND, similar to above.

SAND, similar to above.  

Sandy GRAVEL, well graded, sub-round to angular gravel to 3/4", coarse to fine sand, 10-15% 
nonplastic fines, very dense, dry, v. It. brown.

SAproved I Date 
08/31/99Note: See Sheet 1 for Boring Summary and Legend InformationI. . _V - - I



Stone & Webster 
Engineering Corporation

\`/ [Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) (fI

Blows 
or 

Recovery 

RQD

ISPT 
N

USC

Sample Description

SM Top 11 ": Silty SAND, 15-20% gravel to 0.5", coarse to fine sand, 10-20% slightly plastic fines, 
very dense, dry (water added), brown.  
Bottom 10": Silty SAND, uniform, fine, 15-20% slightly plastic fines, very dense, dry, It.  
brown, layered.  

End of Boring at 72 ft.



Stone & Webster Boring CTB-5(OW) 

Engineering Corporation BORING LOG J.O. 05996.02 
Sheet 1 of 5 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 
Client: Private Fuel Storage, L.L.C. Date Start - Finish: 12/16/98 - 01/08/99 
Coordinates: N7,320,087 E1,282,057 Ground Elevation: 4475.1 ft 
Groundwater Depth: 124.5 ft on 01/08/99 Depth to Bedrock: Total Depth Drilled: 158.4 ft 
Contractor: Earthcore/Layne Driller: Kern/Franklin Rig Type: See below 
Methods: Casing Used: 6 5/8" 

Drilling Soil: 3 1/4" ID HSA to 95'; ODEX system (7 1/2" bit) from 92' to 158.4'.  
Sampling Soil: 2.0" OD split-spoon w/SPT to 95'; 2.5" OD spoon w/300# hammer from 92' to 158.4', 30" drop.  
Drilling Rock: None

Comments: Mobile B-80 used to 95 ft, Failing-Speedstar 30K from 92' to 158.4'. Monitoring well 
installed.  

Elev Depth Sample Blows SPT USC 
S. Recovery N Symbol Sample Description 

rype No. RQD e u 
e 

0 S 1 4-7-7-10 14 ML Sandy SILT, moderately plastic, 10-15% fine sand, stiff(frozen), dry, brown.  

(4.0") 

S2 10-10-11- 21 ML Sandy SILT, similar to above, very small sample, It. brown-gray.  
10 
(2.0") 

S 3 2-2-4-4 6 MH Clayey SILT, highly plastic, firm, damp, It. brown-gray with white mottling, thinly bedded.  
4470- 5 - (22.0") 

S . 2-4-4-6 8 CH Top 4": Silty CLAY, highly plastic, firm, damp, gray 
(24.0") SM Middle 2": Silty SAND, fine, brown.  

CH Bottom 18": Silty CLAY, highly plastic, firm to stiff, damp, yellow-brown, thinly interbedded.  

S 5 2-3-4-6 7 CH Silty CLAY, similar to above with 6" layer of soft clay, It. yellow-brown.  
(21.0") 

4465 10 U 6 PUSH ML Top 15": SILT, nonplastic, < 10% fine sand, damp, It. yellow-brown.  

(19.0") Bottom 4": Sandy SILT, nonplastic, 15-25% fine sand, damp, yellow-brown.  

7 9-12-12- 24 SM Silty SAND, uniform, fine, 15-25% nonplastic fines, very dense, dry, It. yellow-brown.  
20 
(17.0") 

U 8 PUSH SM Silty SAND, uniform, fine, 10-25% nonplastic fines, dry, It. yellow-brown and gray.  
4460- 15- (20.0") 

S 9 12-14-18- 32 ML Sandy SILT, nonplastic, 35-40% fine sand, very dense, damp, It. brown, bottom 2" contained 
14 some thin layers of silty clay.  
(8.0") 

U 10 PUSH ML SILT, moderately plastic, damp, yellow-brown.  
(22.0') 

4455 20 S 11 6-6-10-10 16 MH Clayey SILT, highly plastic, 10-15% fine sand, very stiff, damp, It. yellow-brown.  

(18.0") 

Legend/Notes 
Datum is MSL - NGVD29. - Sample Type: 

Sindicates groundwater level. S = 2" or 2.5 " OD Split Spoon 
I indicates location of samples. U = 3" OD Thin-Walled Tube 

Blows = number of blows required to drive 2" O.D. sample spoon 
6" or distance shown using 140 pound hammer falling 30".  

) = inches of sample recovery.  
Recovery = % rock core recovery.  
RQD = Rock Quality Designation.  
SPT N = Standard Penetration Test resistance to driving, blows/ft.  
USC = Unified Soil Classification system. AR roved Date 

* indicates use of 300 pound hammer. - 08/31/99



Stone & Webster Boring CTB-5(OW) 

Engineering Corporation BORING LOG J.O. 05996.02 
Sheet 2 of 5 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev depth Sample Blows SPT USC 
or N IYm 0 

( (ft) j t) Recovery a Sample Description 
'yeN.RQD lu 

e

Top 18": Clayey SILT, moderately plastic, damp, yellow-brown.  
Bottom 8": Clayey SILT, highly plastic, damp, yellow-gray.  

Silty CLAY, moderately plastic, very stiff, damp, yellow-brown with red mottling, occasional 
layer of brown-gray highly plastic clay, and fine sand.  

Top 18": Silty CLAY, moderately plastic, moist, gray.  
Bottom 2": SILT, nonplastic, 15-25% fine sand, damp, yellow-brown.  

Top 4": Silty CLAY, moderately plastic, moist, yellow-brown.  
Bottom 10": SILT, slightly plastic, < 10% fine sand, very dense, damp, yellow-brown with orange 
mottling.  
Top 6": SAND, uniform, fine, < 10% nonplastic fines, dense, dry, It. brown.  
Mid 4": Silty CLAY, moderately plastic, hard, moist, It. brown-gray.  
Bottom 7": SAND, similar to top 6".  

SAND, uniform, fine, < 10% nonplastic fines, very dense, dry, It. brown.

U 

S 

U

4450-o

_Apro~ved [Date 
JA .?J, 08/31/99Note: See Sheet 1 for Boring Summary and Legend Information

25

30

35

40

45 

50

55

60-

ML 
MH 

CL 

CL 

CL 
ML 

SP 
CL 
SP

16 

60 

32

S 

S

IS

PUSH 
(26.0") 

4-8-8-10 
(22.0") 

PUSH 
(20.0") 

12-25-35
30 
(14.0") 

6-12-20
40 
(17.0") 

35-60-100 
(14.0") 

25-50-70 
70 
(14.0") 

10-16-22 
26 
(14.0") 

25-20-40
40 
(14.0") 

35-40-70
100 
(20.0")

120 1 SP I SAND, uniform, fine, 3-8% nonplastic fines, very dense, dry, It. brown.

4445

4440

4435

4430

4425

4420

4415-

Silty CLAY, moderately to highly plastic, hard, dry, It. brown-gray, few thin layers of fine 
sand, slightly fossiliferous (molluscs).  

Silty SAND, uniform, fine, 10-15% slightly plastic fines, very dense, dry, It. brown, trace of 
gravel to 3/4", slightly cemented.  
Clay in tip, moderately plastic, hard, dry, green-gray.  

(Water being added to help lift cuttings) 

Top 14": SAND, uniform, fine to medium, mostly fine, 5-8% nonplastic fines, very dense, dry, 
It. brown, trace of clay in thin layers.  
Bottom 6": Sandy GRAVEL, poorly graded, subangular to sub-round gravel to 2.0", coarse to fine 
sand, mostly fine, very dense, dry, brown.

160 1 SP

38 ICL-CH

60 

110

SM 

SP 

GP



Stone & Webster Boring CTB-5(OW) 
Engineering Corporation BORING LOG J.O. 05996.02 Sheet 3 of 5

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) hft)

80

85

90

95-

100-

Is

I S

IS

4U.

I Blows 
or 

Recovery 

RQD

100/5" 
(12.0")

,"lot valid 
(4.0")

12*-28*
50*/5" 
(22.0")

N4ot valid 
(3.0") 

30*-50*/5 
(12.0")

SPT 
N

USC

Logged by: R. Gillespie

Sample Description

Top 5": Sandy CLAY, moderately plastic, 15-20% medium to fine sand, 5-10% gravel, hard, dry, 
It. gray-brown.  
Bot 3": SILT, slightly plastic, very dense, dry, It. gray, volcanic ash.  

Switch to air rotary at 70' (open hole). Lt. brown and gray dust between 70 and 78 ft. (ash?)

1004j ML I Sandy SILT, nonplastic, 15-25% fine sand, very dense, dry, It. gray, volcanic ash.

*

*

*

SP

ML

ML

ML

Silty SAND, uniform, fine, very dense, 5-8% nonplastic fines, dry, brown.  
(Mechanical problems with hammer system, no valid blows) 

SILT, slightly to moderately plastic, very dense, dry, It. brown, re-worked ash in tip.  

(Note: original auger hole completed to 95 ft. (S-25). Boring relocated 3.5 ft. to east 
and re-drilled and sampled with ODEX (air) from 92 ft ( S-26).) 

SILT, nonplastic, very dense, dry, It. brown, volcanic ash (possibly re-worked).  

SILT, nonplastic, very dense, damp, It. brown to gray, volcanic ash.

Note: See Sheet I for Boring Summary and Legend Information IPpr yed 03Date I ?• 7 )...J l,'• . j 08/31/99I
I ATproved 

ate

I

"11S

IS



Stone & Webster 
Engineering Corporation

'" I Site: Private Fuel Storage Facility, Skull Valley, UT

USC

Sample Description

ML I SILT, slightly to moderately plastic, 10-15% fine sand, very dense, damp, It. brown, few 
pieces of cemented siltstone, thinly bedded.

* SM 
ML

in cuttings at 119 ft.

10": Silty SAND, uniform, fine to medium, 10-20% nonplastic fines, very dense, damp, 
Pn.  
:om 8": Clayey SILT, highly plastic, hard, si. damp, It. brown, few pieces of cemented

uniform, medium to fine, very dense, wet, brown.  
SILT, very slightly plastic, very dense, wet, It. gray-brown.

Sandy SILT, slightly to moderately plastic, 15-20% fine sand, very dense, wet, layered, lt.  
brown at top to It. gray at bottom, reworked ash (?).

SPTBlows 
or 

tecovery 
RQD

* ISM 

MH



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev depth Sample 

(ft) Id(ft)
Blows 

or 
Recovery 

RQD

SPT 
N

USC

Sample Description

Silty SAND, uniform, fine, 10-20% slightly plastic fines, very dense, saturated, brown, trace 
of ash.

SM Silty SAND at top, uniform, medium to fine, very dense, saturated, It. brown-gray, reworked 
ash.  

ML Sandy SILT, nonplastic, 15-20% fine sand, very dense, saturated, It. gray, volcanic ash, 
thinly layered.  

End of Boring at 158.45 ft.



Stone & Webster Boring CTB-6 
Engineering Corporation BORING LOG J.0. 05996.02 

E Sheet 1 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 12/08/98 - 12/08/98 

Coordinates: N7,320,062 E1,281,954 Ground Elevation: 4476.5 ft 

Groundwater Depth: Depth to Bedrock: Total Depth Drilled: 71.0 ft 

Contractor: Earthcore Drilling Driller: T. Kern Rig Type: Mobile B-80 

Methods: Casing Used: None 
Drilling Soil: 3 1/4" ID hollow stem augers 

Sampling Soil: 2.0" OD split-spoon, SPT, 24" drive 

Drilling Rock: 

Comments:

Sample Description

SILT, moderately plastic, < 10% fine sand, firm, damp, It. brown, eolian.  

Silty CLAY, highly plastic, stiff, damp, It. green-gray with white mottling, thinly layered.  

Silty CLAY, highly plastic, damp, brown-gray.  

Top 12": Silty CLAY, similar to above.  
Bottom 8": SILT, moderately plastic, firm, damp, It. yellow-brown.  

Top 5": SILT, similar to above.  
Bottom 9": Silty SAND, uniform, fine, 35-45% nonplastic fines, very dense, dry, It. brown.  

Sandy SILT, moderately plastic, 10-20% fine sand, very stiff, damp, It. yellow-brown, thinly 
bedded.

Legend/Notes 
Datum is MSL - NGVD29.  
! indicates groundwater level.  

I indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
• ( ) = inches of sample recovery.  
• Recovery = % rock core recovery.  
* RQD = Rock Quality Designation.  
* SPT N = Standard Penetration Test resistance to driving, blows/ft.  
* USC = Unified Soil Classification system.  
* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube 

[Approved IDate 08/31/99 
I -M 08/



Stone & Webster 
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev lepth Sample 
(ft) Id(ft)

Blows 
or 

Recovery 

RQD

SPT 
N 

V 
a

TUSC

Sample Description

Clayey SILT, moderately plastic, stiff, damp, It. yellow-brown.

Top 6": Sandy SILT, nonplastic, 30-40% fine sand, very dense, dry, It. brown.  
Bottom 13": SAND, uniform, fine, < 10% nonplastic fines, very dense, dry, It. brown.

SAND, similar to above, thinly bedded.

SAND, similar to above.

Top 7": SAND, similar to above.  
Bottom 8": becomes interbedded CLAY and Sandy CLAY, highly plastic, fine sand, hard, dry, It.  
gray.

Gravelly SAND, poorly graded, fine sand, 15-25% sub-angular to sub-round gravel to 1.0", very 
dense, dry, It. brown.

Interbedded Clayey SAND and CLAY, moderately plastic, fine sand, hard, dry (water added), It.  
yellow-gray.



Stone & Webster Boring CTB-6 

Engineering Corporation BORING LOG J.O. 05996.02 
Sheet 3 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UlT Logged by: R. Gillespie 

Elev depth Sample Blows SPT USC 

(ft) (ft) Recovery a Symbol Sample Description 
yeN.RQD 1

4410

4405

4400

4395

4390

4385

4380

4375-

14 40-100 
(7.0")

100-4 SC Clayey SAND, uniform, fine, slightly plastic, very dense, dry (water added), It. gray-brown.  

End of Boring at71 ft.

Note: See Sheet 1 for Boring Summary and Legend Information 08/9Date
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70
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100-



Stone & Webster Boring CTB-7 

Engineering Corporation BORING LOG J.o 05996.02 
Sheet I of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 12/10/98 - 12/10/98 

Coordinates: N7,320,062 E1,282,159 Ground Elevation: 4473.4 ft 

Groundwater Depth: Depth to Bedrock: Total Depth Drilled: 68.45 ft 

Contractor: Earthcore Drilling Driller: T. Kern Rig Type: Mobile B-80 

Methods: Casing Used: None 
Drilling Soil: 3 1/4" ID hollow-stem augers 

Sampling Soil: 2.0" OD split-spoon, SPT, 24" drive 

Drilling Rock: 

Comments:

Sample Description

Silty CLAY, moderately plastic, hard(frozen), damp, gray-brown.  

Silty CLAY, highly plastic, stiff, damp, yellow-brown with white on bedding planes.  

SAND, uniform, fine, < 10% nonplastic fines, yellow-brown.  

Silty SAND, uniform, fine, 25-35% nonplastic fines, very dense, dry, It. brown.  

Top 5": Sandy SILT, nonplastic, 15-25 % fine sand, very dense, dry, yellow-brown.  
Bottom 7": SILT, moderately plastic, very stiff, damp, It. yellow-brown.  

Clayey SILT, highly plastic, stiff, damp, It. yellow-brown, with ostracodes.

Legend/Notes 
Datum is MSL - NGVD29.  
7 indicates groundwater level.  

I indicates location of samples.  
Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
) = inches of sample recovery.  

Recovery = % rock core recovery.  
RQD = Rock Quality Designation.  
SPT N = Standard Penetration Test resistance to driving, blows/ft.  
USC = Unified Soil Classification system.  

* indicates use of 300 pound hammer.

Sample Type: 
S = 2" OD Split Spoon 
U = 3" OD Thin-Walled Tube

lApproved Date I xL 08/31/99



Stone & Webster Boring CTB-7 

Engineering Corporation BORING LOG J.O. 05996.02 

E Sheet 2 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev Sample Blows lSPT USC 

00 (ft) or a Symbol 1't (f) • Rcovery ka . Iymbo Sample Description

SILT, slightly plastic, compact, damp, yellow-gray with orange mottling, thinly bedded, 
trace clay in thin layers.  

SAND, uniform, fine, < 10% nonplastic fines, very dense, dry, It. brown.  

SAND, similar to above.  

SAND, similar to above.  

Top 1": SAND, similar to above.  
Bottom 4": Gravelly SAND, coarse to fine, mostly fine, sub-round to sub-angular gravel to 
3/4", 3-5% nonplastic fines, very dense, dry. It. brown.  

Sandy SILT, slightly to moderately plastic, 20-30% fine sand, very dense, dry, It. brown, 
layer of clay at top.  

Top 4": Silty GRAVEL, poorly graded, sub-round to sub-angular to I", coarse to fine sand, 
mostly fine, 15-25% slightly plastic fines, very dense, dry (water added), It. brown-gray.  
Bottom 4": Silty SAND, uniform, fine to medium, 10-20% slightly plastic fines, very dense, It.  
gray-brown.

Note: See Sheet 1 for Boring Summary and Legend Information
proved IDate .. 08/31/99

I



Stone & Webster Boring CTB-7 

Engineering Corporation BORING LOG J.O. 05996.02 
Sheet 3 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Elev depth Sample Blows SPT USC 
(ft)(t) or VN Smo 

(ft) ype Recovery a Sample Description 

__Ro _ e Q e

100/5" 
(5.0')

100- SML

Very slow augering below 60 ft.  

Sandy SILT, non to slightly plastic, 30-40% fine sand, trace of coarse sand-fine gravel, very 
dense, dry, layered yellow-brown and gray-brown.  

End of Boring at 68.45 ft.

vv-oved a 08/31/99Note: See Sheet 1 for Boring Summary and Legend Information

IS 14

4410

4405

4400

4395

4390

4385

4380

4375-

65
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Stone & Webster Boring CTB-8 
BORING LOG J.O. 05996.02 

Engineering Corporation Sheet 1 of 3 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 12/09/98 - 12/10/98 

Coordinates: N7,320,007 E1,282,057 Ground Elevation: 4474.2 ft 

Groundwater Depth: Depth to Bedrock: Total Depth Drilled: 70.5 ft 

Contractor: Earthcore Drilling Driller: T. Kern Rig Type: Mobile B-80 

Methods: Casing Used: None 

Drilling Soil: 3 1/4" ID hollow stem augers 

Sampling Soil: 2.0" OD split-spoon, SPT, 24" drive 

Drilling Rock: 

Comments: 

Elev Depth Sample Blows SPT USC 
or N Symbol (ft (ft • ecovery a 

rype N Sample Description 

e 

0 S 1 4-7-7-7 14 ML Top 2": Sandy SILT, moderately plastic, fine sand, firm, damp, brown, eolian.  I (14.0") CL Bottom 12": Silty CLAY, moderately plastic, stiff, damp, green-gray.  

4470

5 S 2 2-3-4-6 7 CH Silty CLAY, highly plastic, firm, damp, It. yellow-brown mottled with white and red-brown.  

(20.0") 

S 3 5-9-7-8 16 ML SILT, slightly plastic, 5-15% fine sand, dense, damp, It. yellow-gray.  
(19.0") 

4465 - S 4 18-12-18- 30 SM Silty SAND, uniform, fine, 10-15% nonplastic fines, very dense, dry, It. brown.  

10- 20 
(13.0") 

S 5 20-20-30- 50 SM Silty SAND, similar to above, except 15-25% nonplastic fines.  
35 
(12.0") 

4460

15- S 56 18-20-18- 38 SM Silty SAND, uniform, fine, 30-35% nonplastic fines, very dense, dry, It. brown.  

"- 16 
(9.0") 

4455

20- S 6-8-10-12 18 SM Top 3": Silty SAND, similar to above.  

(20.0") MH Bottom 17": Clayey SILT, highly plastic, very stiff, damp, It. yellow-brown, thinly bedded, 
white on bedding surfaces, ostracodes.  

Legend/Notes 

* Datum is MSL - NGVD29. Sample Type: 

vZ indicates groundwater level. S = 2" OD Split Spoon 

* indicates location of samples.  
* Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  

S( ) = inches of sample recovery.  
* Recovery = % rock core recovery.  

RQD = Rock Quality Designation.  

* SPT N = Standard Penetration Test resistance to driving, blows/ft. _ 

* USC = Unified Soil Classification system. [A oved Date 

• indicates use of 300 pound hammer. ,4 6 -L . 08/31/99



Stone & Webster
Engineering Corporation

Site: Private Fuel Storage Facility, Skull Valley, UT

Elev Idepth Sample 

(ft) (ft)
Blows 

or 
Recovery 

RQD

SPT USC

Sample Description

Silty CLAY, moderately plastic, very stiff, damp, It. yellow-gray, interbeds of silt and clay.

Silty SAND, uniform, fine, 10-15% nonplastic fines, very dense, dry, It. brown, thinly 
layered, trace of clay.

SAND, uniform, fine, very dense, dry, It. brown, water added.

SAND, uniform, fine, < 3 % nonplastic fines, very dense, dry, It. brown. (Mechanical problem 
with hammer, water added to clear cuttings)

Top 8": SAND, similar to above.  
Bottom 5": Clayey SILT, slightly to moderately plastic, hard, dry, It. gray-brown with orange 
mottling.

Sandy GRAVEL, well graded, coarse to fine, sub-round to sub-angular gravel to 3/4", < 5 % 
nonplastic fines, very dense, dry, It. brown.

Silty SAND, uniform, fine, 10-15% slightly plastic fines, very dense, dry, It. brown, thinly 
bedded.

I



Stone & Webster 
Engineering Corporation

' I Site: Private Fuel Storage Facility, Skull

Elev depth Sample 

(ft) (fi)

Blows 
or 

Recovery 

RQD

3PT USC

Sample Description

y SAND, uniform, fine, nonplastic fines, very dense, dry, It. gray, volcanic ash.  

of Boring at 70.45 ft.

1: II



Stone & Webster Boring CTB-N 

Engineering Corporation BORING LOG J.O. 05996.02 
Sheet I of 1 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/15/98 - 10/15/98 

Coordinates: N7,320,222 E1,282,049 Ground Elevation: 4474.1 ft 

Groundwater Depth: Depth to Bedrock: Total Depth Drilled: 11.0 ft 

Contractor: Layne-Christensen Driller: Crowley Rig Type: Mobile 

Methods: Casing Used: 
Drilling Soil: 4.25 in. ID hollow-stem auger 

Sampling Soil: 3.0 in. OD Shelby tube, galvanized 

Drilling Rock: 

Comments: 

Elev Depth Sample Blows SPT USC 
or N 

(ft) No. Recovery a SymI l Sample Description 
RQD 1 

0

NO SAMPLES TAKEN 0 TO 5 FT.  

4470

U 1 PUSH CL Top 21.5": Silty CLAY, moderately plastic, gray.  
(24.0") MH Bottom 2.5": Clayey SILT, highly plastic, light brown, very thinly laminated.  

U 2 PUSH MH Clayey SILT, similar to above.  

(23.0") 

4465- U 3 PUSH CH Silty CLAY, highly plastic, light yellow-brown.  

10 (23.0") 
End of Boring at 11.0 ft.  

4460

15

4455

20

Legend/Notes 

* Datum is MSL - NGVD29. - Sample Type: 
* indicates groundwater level. S = 2" OD Split Spoon 

I indicates location of samples. U = 3" OD Thin-Walled Tube 
* Blows = number of blows required to drive 2" 0. D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
S( ) -- inches of sample recovery.  
• Recovery = % rock core recovery.  
* RQD = Rock Quality Designation.  
* SPT N = Standard Penetration Test resistance to driving, blows/ft.  

USC =.Unified Soil Classification system. Approved . Date 
* indicates use of 300 pound hammer. jaXC dfA, 08/31/99



Stone & Webster Boring CTB-S 
Engineering Corporation BORING LOG J.O. 05996.02 

E C Sheet 1 of 1 

Site: Private Fuel Storage Facility, Skull Valley, UT Logged by: R. Gillespie 

Client: Private Fuel Storage, L.L.C. Date Start - Finish: 10/15/98 - 10/15/98 

Coordinates: N7,320,065 E1,282,053 Ground Elevation: 4474.5 ft 

Groundwater Depth: Depth to Bedrock: Total Depth Drilled: 11.0 ft 

Contractor: Layne-Christensen Driller: Crowley Rig Type: Mobile 

Methods: Casing Used: 
Drilling Soil: 4.25 in. ID hollow-stem auger 

Sampling Soil: 3.0 in. OD Shelby tube, galvanized 

Drilling Rock: 

Comments: 

Elev Depth Sample Blows SPT USC 
(ft) (ft)or N Symbol 

(ft) (ft) Recovery a I Sample Description 
RQD 1 

e 

0

NO SAMPLES TAKEN 0 TO 5 FT.  

4470
5 U PUSH MH Clayey SILT, highly plastic, light brown-gray, moist, thinly laminated.  

(24.0") 

U 2 PUSH CH Silty CLAY, highly plastic, damp, light brown-gray.  
(23.0") 

4465- U 3 PUSH MH Top 14": Clayey SILT, highly plastic, damp, light brown.  
10- (24.0") SM&MI Middle 7": Silty SAND, fine, 10-20% nonplastic fines, and SILT, nonplastic, light yellow-brown.  

ML Bottom 3": SILT, moderately plastic, yellow-brown.  

End of Boring at 11.0 ft.  

4460
15

4455 20

Legend/Notes 

Datum is MSL - NGVD29. • Sample Type: 
- indicates groundwater level. S = 2" OD Split Spoon 

I indicates location of samples. U = 3" OD Thin-Walled Tube 
Blows = number of blows required to drive 2" O.D. sample spoon 

6" or distance shown using 140 pound hammer falling 30".  
* ( ) = inches of sample recovery.  
• Recovery = % rock core recovery.  
• RQD = Rock Quality Designation.  

SPT N = Standard Penetration Test resistance to driving, blows/ft.  

-USC = Unified Soil Classification system. [Ap.•_ved jDate 
Sindicates use of 300 pound hammer. L4, 08/31/99
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JO 05996.01 
PRIVATE FUEL STORAGE, LLC 
SKULL VALLEY 

TABLE 1 
LAB TEST RESULTS - % PASSING #200 SIEVE 

WATER 
BORING SAMPLE DEPTH (ft) CONTENT % PASSING 

Al S7 30-31.5 1.1 4.3 
A3 S8 35-36.5 1.3 4.1 
A4 S7 30-31.5 3.8 13.9 
Dl S5 20-21.5 20.7 91.1 
Dl S6 25-26.5 2.9 5.7 
D4 S6 25-26.5 18.0 84.2 
D4 S7 30-31.5 1.1 3.8 
E3 S7 30-31.5 1.5 3.2 
E4 56 25-26.5 20.5 93.9



JO 05996.01 
PRIVATE FUEL STORAGE, LLC 
SKULL VALLEY 

TABLE 2 
LAB TEST RESULTS - ATTERBERG LIMITS 

WATER 
BORING SAMPLE DEPTH (ft) CONTENT LL PL PI 

B4 U3D 10.4 27.4 42.5 24.7 17.8 
Cl U3B 10.8 30.3 33.0 28.1 4.9 
Cl U3C 11.2 38.9 47.8 34.6 13.2 
Cl U3D 11.4 46.7 61.1 44.1 17.0 
C2 U2C 10.9 27.6 34.6 26.9 7.7 
C2 U2E 11.7 39.7 41.2 28.5 12.7 
E3 S3 10-11.5 37.3 49.9 27.2 22.7 

AR3 S2 5-6.5 16.7 29.3 20.3 9.0 
AR4 S2 5-6.5 20.5 36.4 30.1 6.3
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Private Fuel Storage Facility SWEC Project No. 05996.02 
Supplemental Geotechnical Laboratory Testing - May 1998 Page 1 

DISCUSSION OF TESTING PROGRAM AND RESULTS 

Additional geotechnical laboratory testing was performed in April and May of 1998 in 

preparation of the response to Question 2-8 of NRC Request for Additional Information Number 

1. The focus of this question was the void ratio and the relative density of the nonplastic silts in 

the upper, -30-ft thick layer of silt, silty clay, and clayey silt. The purpose of this addendum is 

to document these test results and incorporate them into Attachment 2 of Appendix 2A of the 

SAR.  

A review of the borings indicated that nonplastic silts were observed in the split-spoon samples 

obtained above and below Sample U2 in Boring A-2. Therefore, this Shelby tube was opened to 

see if it contained nonplastic silts that could be tested to determine the void ratio. The 

dimensions and weight of the tube sections were carefully measured and the water contents of the 

samples were determined, permitting determination of the void ratio of these samples. Prior to 

extruding Sample U2C, we used the vibratory table, normally used for determining the maximum 

density of soils (ASTM D-4253), to vibrate the sample in an attempt to dynamically compact the 

sample in the tube section. However, no dynamically induced settlement occurred.  

Upon extruding the samples, we found that this tube contained highly plastic clayey silt, as 

indicated by the Atterberg limits test results shown on the table below. Torvane tests performed 

on these samples demonstrated that the undrained shear strength ranged from 0.65 to 1.8 tons/ft2 , 

with an average value of 1.25 tons/ft2, and the void ratio averaged 2.1. The locations and the 

results of these tests are presented on the attached undisturbed tube log. These results are 

consistent with the test results reported in the SAR for the clayey silt.  

Additional Atterberg limits tests were performed on split-spoon samples obtained in Borings A

2, B-3, C-4, and D-4. These results, shown in the table below, confirmed that Samples S3 in 

Borings A-2 and C-4, and Sample S3A in Boring D-4 were essentially nonplastic. However, 

these Atterberg limits indicate that Samples S1 in Borings A-2 and B-3 and Sample S2 in Boring 

D-4, which were described as nonplastic in the logs included in Appendix 2A of the original 

SAR submittal, are actually slightly or moderately plastic.  

Examination of these soils under a microscope indicates the presence of numerous tiny shells 

(Ostracodes). Considerable void space was present under some of these shells, and it is believed 

that these voids are contributing to the high, in situ void ratio measured for the clayey silt. A 

considerable amount of calcium carbonate is present in these soils, as evidenced by a vigorous 

reaction upon application of hydrochloric acid to these soils. Therefore, these soils are believed 

to be cemented, the result of carbonate cement bonding of the silt and clay-size particles, 

imparting cohesion to these soils.

G: \05996\lab\may_98\rev-0.doc STONE & WEBSTER A



Private Fuel Storage Facility 
Supplemental Geotechnical Laboratory Testing - May 1998

SWEC Project No. 05996.02 
Page 2

The tests were performed in accordance with the following American Society for Testing and 
Materials standards.  

D-2216 1992 Test Method for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 

D-4318 1995A Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils 

All laboratory equipment and materials used to conduct this testing program were calibrated and 
maintained in accordance with the requirements of the Stone & Webster Standard Nuclear 
Quality Assurance Program.  

TABLE 1 
Atterberg Limits Testing Performed in April-May 1998 

Boring Sample Depth Water LL PL PI Plastic 
Content 

Feet % % % % 

A-2 S1 1.0 15.6 28.9 23.3 5.6 Slightly 

A-2 U2C 5.9 52.8 70.2 42.9 27.3 Highly 

A-2 U2E 7.0 45.4 61.8 36.7 25.1 Highly 

A-2 S3 11.0 18.4 27.0 24.5 2.5 NP 

B-3 S1 1.0 8.9 26.6 19.7 6.9 Slightly 

C-4 S3 11.0 18.2 26.5 26.0 0.5 NP 

D-4 S2 6.0 38.0 49.3 27.7 21.6 Moderately 

D-4 S3A 10.2 16.8 24.7 23.3 1.4 NP

G: \05996 \lab \may_98\rev-O.doc
STONE & WEBSTER A
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Private Fuel Storage Facility 57f 1~3 PP 5-21-0 
Attachment 2 
Page 1 of 2

PROJECT DOCUMENT INDEPENDENT REVIEW CHECKLIST 
USING ASME N45.2 OR NQA-1 FORMAT 

Project No. Oa '5RIoz.  
,JULJ MlJ F Ih ; n) a

~u~e~n~,v77L

Type of Document ýýTECbM•c&,.- 36(ZA-rie, 7-

"* Design Criteria Rev. No.  
"* Project Specification Rev. No.  
"* Project Diagram Rev. No.  

"* List Diagrams and Revision Number 

This sheet may be used for more than 1 diagram (list or reference all diagrams below)

Were the inputs correctly selected and incorporated into the design? 

Are assumptions necessary to perform the design activity adequately 
described and reasonable? 

Where necessary, are the assumptions identified for subsequent 
reverifications when the detailed design activities are completed? 

Are the appropriate quality and quality assurance requirements specified? 

Are the applicable codes, standards, and regulatory requirements, 
including applicable issues and addenda, properly identified and are 
their requirements for design met? 

Have applicable construction and operating experience been considered? 

Have the design interface requirements been satisfied? 

Was an appropriate design method used? 

Is the output reasonable compared to inputs?

Yes No N/A 

V/ 

v/ 

V/ 

ii-

PP 5-21.doc

UUI' I--• %J.10eO %lJ"ill•-'



Private Fuel Storage Facility

Are the specified parts, equipment, and processes suitable for the 

required applications? 

Are the specified materials compatible with each other and the design 

environmental conditions to which the material will be exposed? 

Have adequate maintenance features and requirements been specified? 

Are accessibility and other design provisions adequate for performance 

of needed maintenance and repair? 

Has adequate accessibility been provided to perform the inservice 

inspection expected to be required during the plant life? 

Has the design properly considered radiation exposure to the public 

and plant personnel? 

Are the acceptance criteria incorporated in the design documents 

sufficient to allow verification that design requirements have been 

satisfactorily accomplished? 

Have adequate preoperational and subsequent periodic test 

requirements been appropriately specified? 

Are adequate handling, storage, cleaning, and shipping requirements 

specified? 

Are adequate identification requirements specified? 

Are requirements for record preparation, review, approval, retention, 

etc., adequately specified? 

Is the design output reasonable compared to the design inputs? 

Are the necessary design input and verification requirements for 

interfacing organizations specified in the design documents or in 

supporting procedures as instructions? 

[This checklist meets the requirements for both N45.2 and NQA-1 

requirements]

Printed Name Signature 0

PP 5-21-0 
Attachement 2 
Page 2 of 2 

Yes No N/A 

,-

IZ 

V/ 

V 

V/ 

V 

for design verification

Date

PP 5-21.doc
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Private Fuel Storage Facility 
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Private Fuel Storage Facility SWEC Project No. 05996.02 
Supplemental Geotechnical Laboratory Testing - November 1998 Page 1 

DISCUSSION OF TESTING PROGRAM AND RESULTS 

Two soil borings were drilled in the vicinity of the proposed location of the Canister Transfer 

Building at the Private Fuel Storage Facility in October 1998 for the purpose of retrieving thin

walled tube samples of the in situ soils near the founding level of the proposed location of the 

Canister Transfer Building for laboratory testing.  

Undisturbed samples were obtained using 3 in. diameter thin-walled tubes (Shelby tube) that 

were 30-in. long. Thin-walled tube sampling methods were performed in accordance with the 

methods outlined in ASTM D1587. All sampling tubes were new, hardened extruded steel, and 

were coated by spraying with silicone prior to sampling. These samples were carefully packed 

and shipped, via air-freight to minimize disturbance, to Stone & Webster's Geotechnical 

Laboratory in Boston, MA for testing.  

As indicated on the boring logs, continuous samples were obtained in each of these borings over 

the depth interval from 5 ft to 11 ft, pushing these tubes 24 inches for each sample. Recovery in 

these tubes was 23 to 24 inches for all samples, and the condition of the tube tip was good for all 

tubes.  

Laboratory tests were performed on these soils primarily to determine design parameters 

applicable for the in situ soils for use in assessing their ability to resist sliding of the Canister 

Transfer Building due to estimated loads from the Design Earthquake. Attachment A presents 

the general aspects of this testing program, which was prepared in accordance with the 

requirements of Stone & Webster Geotechnical Technical Procedure GTP 3.1. As indicated on 

the Utilization of Sample form (Sheet 3 of Attachment A), these tests included consolidated 

undrained triaxial compression tests, visual classifications, selected index property tests, and 

Atterberg Limits tests. The purpose of this document is to provide a record of these tests and test 

results.  

These tests were performed in accordance with the following American Society for Testing and 

Materials standards: 

D2216 1992 Standard Test Method for Laboratory Determination of Water 
(Moisture) Content of Soil and Rock 

D2487 1993 Standard Classification of Soils for Engineering Purposes 
(Unified Soil Classification System) 

D2488 1993 Standard Practice for Description and Identification of Soils 
(Visual-Manual Procedure) 

D4318A 1995 Standard Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

G: \05996 \lab \nov_98\rev-0.doc STONE & WEBSTER Ath
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D4767 1995 Standard Test Method for Consolidated Undrained Triaxial 
Compression Test for Cohesive Soils

All laboratory equipment and materials used to conduct this testing program were calibrated and 
maintained in accordance with the requirements of the Stone & Webster Standard Nuclear 
Quality Assurance Program.  

Attachment B presents the results of the consolidated undrained triaxial compression tests.  
These tests were performed in accordance with the requirements of ASTM D4767, except the 
specimens were not saturated prior to consolidation or testing because these soils are not 
expected to be saturated during the life of the facility. These tests were performed on samples 
obtained at approximately 5.5 ft below ground surface, which is the approximate depth of the 
bottom of the foundation for the Canister Transfer Building. The specimens were subjected to 
confining pressures of 1.7 ksf to emulate the anticipated loading condition beneath the 
foundation of this building prior to the earthquake. They were sheared undrained, without pore 
pressure measurements, at a strain rate of 0.7 percent per minute, until the axial strain reached 20 
percent. The results indicate that Sample U-lB in Boring CTB-N, which was a moderately 
plastic silty clay, had an undrained shear strength of 3.00 ksf, and Sample U-lB in Boring CTB
S, which was a highly plastic silt, had an undrained shear strength of 2.05 ksf.  

Atterberg limits tests were performed in accordance with the requirements of ASTM D4318A 
using the one-point liquid limit method. The specimen used for the plastic limit determination 
was taken from the liquid limit specimen. The results of these tests are summarized in Table 1 
below and indicate that the soils near the founding level of the Canister Transfer Building are 
moderately to highly plastic silty clay and highly plastic silt.
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TABLE 1 

Atterberg Limits Testing Performed in November 1998

Boring Sample Depth Water LL PL PI Plasticity 
Content 

Feet % % % % 

CTB-N U-1A 5.05 30.6 38.4 23.1 15.3 Mod'ly 

CTB-N U-lB 5.70 30.1 41.3 22.5 18.8 Mod'ly 

CTB-N U-1D 6.70 46.6 50.8 23.1 27.7 Mod'ly 

CTB-N U-1E 6.95 67.7 Highly 

CTB-N U-2A 7.10 69.0 74.2 45.4 28.8 Highly 

CTB-S U-1A 5.05 85.5 Highly 

CTB-S U-lB 5.80 73.6 66.2 40.9 25.3 Highly 

CTB-S U-I1E 6.95 56.4 Highly
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APPENDIX A 

Laboratory Testing Program
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SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION:

SPECIMEN INFORMATION: 
HEIGHT: 
DIAMETER: 
AREA: 

TEST DATA: 
LOADING: 
CELL PRESSURE:

5 10 15 20 

AXIAL STRAIN (%)

CTB-N 
U-1 B 

5.4 ft 
Silty CLAY

0.547 ft 
0.238 ft 

0.0443 ft2

Axial Compression 
1.7 ksf

DATE: 
TESTED BY: 
CHECKED:

WATER CONTENT: 
DRY UNIT WEIGHT: 

VOID RATIO:

STRAIN RATE:

10/26/98 
ACS 
PJT

30.1 % 
77.3 pcf 

1.20 

0.7 %/min

UNDRAINED SHEAR STRENGTH: 
COMPRESSIVE STRENGTH: 
FAILURE STRAIN:

PRIVATE FUEL STORAGE FACILITY 

SKULL VALLEY, UTAH 

PRIVATE FUEL STORAGE, LLC

3.00 ksf 
6.00 ksf 
8.0%

STONE & WEBSTER ENGINEERING CORP. CONSOLIDATED UNDRAINED COMPRESSION TEST JO 05996.02 

BOSTON, MASSACHUSETTS BORING CTB-N, SAMPLE U-1B November 1998



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA

SAMPLE INFORMATION: 
BORING: CTB-N DATE: 10/26/98 
SAMPLE: U-1 B " TESTED BY: ACS 

DEPTH: 5.4 ft CHECKED: PJT 

DESCRIPTION: Silty CLAY 

SPECIMEN INFORMATION: 

HEIGHT: 0.547 ft WATER CONTENT: 30.1 % 
DIAMETER: 0.238 ft DRY UNIT WEIGHT: 77.3 pcf 

AREA: 0.0443 If VOID RATIO: 1.20 

TEST DATA: 
LOADING: Axial Compression STRAIN RATE: 0.7 %/rain 

CELL PRESSURE: 1.7 ksf 

UNDRAINED SHEAR STRENGTH: 3.00 ksf 

COMPRESSIVE STRENGTH: 6.00 ksf 

FAILURE STRAIN: 8.0 % 

DIAL FORCE AXIAL FORCE AREA AXIAL SHEAR 
READING GAGE STRAIN STRESS STRESS 

mm mV % kip sq ft. ksf ksf 
0.42 32.79 0.00 0.000 0.0443 0.00 0.00 
0.50 38.94 0.05 0.036 0.0443 0.81 0.40 

0.59 43.50 0.10 0.062 0.0443 1.41 0.70 
0.75 47.84 0.20 0.088 0.0444 1.98 0.99 
0.92 51.55 0.30 0.109 0.0444 2.46 1.23 
1.09 53.80 0.40 0.122 0.0445 2.75 1.38 

1.25 56.80 0.50 0.140 0.0445 3.14 1.57 

1.42 58.78 0.60 0.151 0.0446 3.40 1.70 

1.75 61.70 0.80 0.168 0.0447 3.77 1.89 

2.09 64.16 1.00 0.183 0.0447 4.08 2.04 
2.92 68.46 1.50 0.208 0.0450 4.62 2.31 
3.75 71.36 2.00 0.225 0.0452 4.97 2.49 

5.42 75.70 3.00 0.250 0.0457 5.47 2.74 
7.09 77.85 4.00 0.263 0.0461 5.69 2.84 

8.76 79.28 5.00 0.271 0.0466 5.81 2.90 

10.42 80.39 6.00 0.277 0.0471 5.88 2.94 
12.09 81.48 7.00 0.284 0.0476 5.95 2.98 

13.76 82.36 8.00 / 0.289 0.0482 6.00 3.00 
15.42 82.90 9.00 0.292 0.0487 6.00 3.00 
17.09 83.32 10.00 0.294 0.0492 5.98 2.99 
18.76 83.76 11.00 0.297 0.0498 5.97 2.98 

20.42 84.26 12.00 0.300 0.0503 5.96 2.98 

22.09 84.85 13.00 0.303 0.0509 5.96 2.98 
23.76 85.18 14.00 0.305 0.0515 5.93 2.96 

25.43 85.45 15.00 0.307 0.0521 5.89 2.94 
27.09 85.70 16.00 0.308 0.0527 5.84 2.92 

28.76 86.00 17.00 0.310 0.0534 5.81 2.90 

30.43 86.26 18.00 0.312 0.0540 5.77 2.88 
32.09 86.50 19.00 0.313 0.0547 5.72 2.86 

33.76 86.83 20.00 0.315 0.0554 5.69 2.84
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SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION: 

SPECIMEN INFORMATION: 
HEIGHT: 
DIAMETER: 
AREA:

5 10 15 20 

AXIAL STRAIN (%)

CTB-S 
U-1 B 

5.5 ft 
S ILT 

0.543 ft 
0.238 ft 

0.0445 ft2

DATE: 
TESTED BY: 
CHECKED: 

WATER CONTENT: 
DRY UNIT WEIGHT: 

VOID RATIO:

10/26/98 
ACS 
PJT 

73.6 % 
44.9 pcf 

2.78

TEST DATA: 
LOADING: 
CELL PRESSURE:

Axial Compression 
1.7 ksf

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 
COMPRESSIVE STRENGTH: 
FAILURE STRAIN:

PRIVATE FUEL STORAGE FACILITY 

SKULL VALLEY, UTAH 

PRIVATE FUEL STORAGE, LLC

0.7 %/min

2.05 ksf 
4.09 ksf 
12.0 %

STONE & WEBSTER ENGINEERING CORP. CONSOLIDATED UNDRAINED COMPRESSION TEST JO 05996.02 

BOSTON, MASSACHUSETTS BORING CTB-S, SAMPLE U-1B November 1998



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA

SAMPLE INFORMATION: 
BORING: CTB-S DATE: 10126/98 

SAMPLE: U-1 B TESTED BY: ACS 

DEPTH: 5.5 It CHECKED: PJT 

DESCRIPTION: SILT 

SPECIMEN INFORMATION: 

HEIGHT: 0.543 It WATER CONTENT: 73.6 % 

DIAMETER: 0.238 ft DRY UNIT WEIGHT: 44.9 pd 

AREA: 0.0445 ft2  VOID RATIO: 2.78 

TEST DATA: 

LOADING: Axial Compression STRAIN RATE: 0.7 %/min 

CELL PRESSURE: 1.7 ksf 

UNDRAINED SHEAR STRENGTH: 2.05 ksf 

COMPRESSIVE STRENGTH: 4.09 ksf 

FAILURE STRAIN: 12.0 % 

DIAL FORCE AXIAL FORCE AREA AXIAL SHEAR 

READING GAGE STRAIN STRESS STRESS 

mm mV % kip sq ft. ksf ksf 

1.16 32.92 0.00 0.000 0.0445 0.00 0.00 

1.24 - 36.04 - 0.05 0.018 0.0446 0.41 0.20 

1.33 38.16 - 0.10 0.031 0.0446 0.68 0.34 
1.49 41.05 0.20 0.047 0.0446 1.06 0.53 

1.66 42.99 0.30 0.059 0.0447 1.31 0.66 

1.82 44.58 - 0.40 0.068 0.0447 1.52 0.76 

1.99 46.02 0.50 0.076 0.0448 1.70 0.85 

2.15 47.27 0.60 0.084 0.0448 1.87 0.93 

2.48 49.32 0.80 0.096 0.0449 2.13 1.06 

2.82 50.92 1.00 0.105 0.0450 2.33 1.17 

3.64 53.90 1.50 0.122 0.0452 2.70 1.35 

4.47' 56.15 2.00 0.135 0.0455 2.98 1.49 

6.13 59.27 3.00 0.154 0.0459 3.34 1.67 

7.78 61.38 4.00 0.166 0.0464 3.57 1.79 

9.44 62.92 5.00 0.175 0.0469 3.73 1.86 

11.09 64.18 6.00 0.182 0.0474 3.84 1.92 

12.75 65.21 7.00 0.188 0.0479 3.93 1.96 

14.40 66.10 - 8.00 0.193 0.0484 3.99 2.00 

16.06 66.82- 9.00 0.198 0.0490 4.03 2.02 

17.71 67.50 10.00 0.201 0.0495 4.07 2.04 

19.37 68.05 - 11.00 0.205 0.0501 4.09 2.04 

21.02 68.47 - 12.00 0.207 0.0506 4.09 2.05 

22.68 68.81 13.00 0.209 0.0512 4.08 2.04 

24.33 69.10 14.00 0.211 0.0518 4.07 2.03 

25.99 69.32 15.00 0.212 0.0524 4.05 2.02 

27.64 69.42 16.00 0.213 0.0530 4.01 2.00 

29.30 69.48 17.00 0.213 0.0537 3.97 1.98 

30.95 69.36 18.00 0.212 0.0543 3.91 1.95 

32.61 69.05 19.00 0.210 0.0550 3.83 1.91 

34.26 68.00 20.00 0.204 0.0557 3.67 1.84
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Are the specified parts, equipment, and processes suitable for the 
required applications?.  

Are the specified materials compatible with each other and the design 
environmental conditions to which the material will be exposed? 

Have adequate maintenance features and requirements been specified? 

Are accessibility and other design provisions adequate for performance 
of needed maintenance and repair? 
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Are adequate identification requirements specified? 
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supporting procedures as instructions? 
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INTRODUCTION 

Additional geotechnical laboratory testing was performed in March of 1999 in preparation of the 

response to the NRC request (NRC/PFS TELECONFERENCE of 3/16/99) that PFS (Private Fuel 

Storage, LLC) provide profiles of Atterberg limits and shear strength across the pad 

emplacement area. These tests were performed on undisturbed tube samples and Standard 

Penetration Test (SPT) jar samples obtained from the borings that were drilled in the pad 

emplacement area in October of 1996. The logs of these borings are included in Appendix 2A of 

the Safety Analysis Report (SAR) of the Private Fuel Storage Facility, Docket No. 72-22. The 

purpose of this addendum is to document these test results and incorporate them into Attachment 

2 of Appendix 2A of the SAR.  

The tests performed included water content, Atterberg limits, and consolidated-undrained triaxial 

compression tests. A total of 63 natural water content tests, 63 Atterberg limits tests, and 3 

consolidated-undrained triaxial compression tests were performed on soil samples that were 

obtained from borings drilled in the pad emplacement area.  

The tests were conducted in accordance with the following American Society for Testing and 

Materials standards: 

D-2216 1992 Test Method for Laboratory Determination of Water (Moisture) 

Content of Soil, Rock, and Soil-Aggregate Mixtures 

D-2850 1995 Test Method for Unconsolidated, Undrained Compressive Strength 

of Cohesive Soils in Triaxial Compression 

D-4318 1995A Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils 

All laboratory equipment and materials used to conduct this testing program were calibrated and 

maintained in accordance with the requirements of the Stone & Webster Standard Nuclear 

Quality Assurance Program.  

DISCUSSION OF TESTING PROGRAM AND RESULTS 

Table 1 presents results of testing for water content and Atterberg limits in the form of a matrix 

of these data vs depth, along with data for all samples that have been tested in the borings drilled 

in the proposed emplacement area. The Zavg column shows the midpoint depth for the sample 

(e.g.; zavg = 3 ft for a split-spoon sample that was driven from 2 ft to 4 ft). For the undisturbed

G: \05996\lab\mar99\rev-O.doc 
STONE & WEBSTER
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tube samples, the zavg value is the midpoint of the section of the undisturbed tube sample that was 
tested.  

In this matrix, the data are arranged to correspond with the locations of the borings in the field, 
with north situated at the top of the sheet. For example, Boring A-i, which was drilled in the 
northwest corner of the proposed emplacement area, is located in the upper left comer of the 
matrix. Borings B-I, C-I, and D-1 were drilled in locations east of A-i, and these are arranged 
to the right of A-1 in the matrix. Boring A-2 was drilled at a location south of A-I, and it is 
arranged in the matrix in the row just below A-1. The remaining borings are located similarly 
with respect to their locations in the plan view. This results, therefore, in Borings A-4 through 
D-4 being located at the bottom of the matrix, with A-4 on the left (i.e., the southwestern corner 
of the proposed emplacement area) and D-4 on the far right (i.e., the southeastern corner of the 
proposed emplacement area).  

Since the samples were taken in October 1996, the water contents determined for the SPT 
samples, which were stored in glass jars, are questionable. The lids of the jar samples were 
sealed in wax when received in the laboratory in November of 1996, but some of them were 
opened and examined since then. Most of the jar samples tested for water content in March 
1999, however, appeared to have been unopened.  

Two of the samples, Boring D-1, Sample S-5, and Boring D-4, Sample S-6, had been opened and 
tested for water content in January 1997. The water contents measured in January 1997 were 
20.7% and 18.0%. As measured during this program in March 1999, the water contents of these 
samples had dropped to 18.0% and 13.4%. This drop in water content for these samples is likely 
due to exposure to air during a check of the soil description. The water contents reported in 
Table I for these samples are those from the January 1997 tests.  

The consolidated-undrained triaxial compression tests were conducted on undisturbed tube 
samples from Borings B-i, B-3, and C-2. These samples were setup in a triaxial cell, 
consolidated to a confining pressure equal to the expected overburden pressure at the center of 
the fully loaded pad, and sheared undrained at a strain rate of 0.8% per minute. The procedures 
specified in ASTM D-2850 were followed in performing these tests, except, prior to loading, the 
samples were allowed to consolidate for at least one hour. Previous testing on the soils from this 
site, presented in Appendix 2A of the SAR, indicates that these soils are partially saturated; 
therefore, consolidation due to the imposed confining pressure was not expected to take long.  
The one-hour wait appeared to be adequate, since most of the change in vertical deformation 
took place in the first 10 minutes of consolidation. Subsequently, the drain line was closed and 
the sample was loaded to an axial strain of 20%. The results of the triaxial compression tests are 
presented in the form of tables and plots of the axial strain vs shear stress on the pages following 
Table 1. As shown, the undrained shear strength exceeded 3 ksf for all of these samples.  
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LABORATORY TESTING PROGRAM 
SPECIFIC TEST REQUIREMENTS
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Natural 
Boring Sample wCternt 

No. Zav Cntent 

A-i S 1 0.8 

A-1 S 2 5.8 34.7 

A-I S 3 10.8 19.8 

A-1 S 4 15.8 22.3 

A-1 S5 20.8 55.4 

A-i S 6 25.8 

A-2 S 1 0.8 15.6 

A-2 U 2C 6.2 52.8 

A-2 U 2E 7.0 45.4 

A-2 S 3 10.8 18.4 

A-2 S 4 15.8 29.7 

A-2 S 5 20.8 28.2 

A-2 S 6 25.8 27.9 

A-3 S 1 0.8 

A-3 S 2 5.8 36.0 

A-3 S 3 10.8 43.3 

A-3 S 4 15.8 25.9 

A-3 S 5 20.8 

A-3 S 6 25.8 

A-4 S 1 0.8 

A-4 S 2 5.8 44.2 

A-4 S 3 10.8 10.8 

A-4 S 4 15.8 19.3 

A-4 S 5 20.8 37.8 

A-4 S 6 25.8 15.2

Natural 
Liquidity Boring Water 
index No. Sme . Content 

B-I S 1 0.8 

0.16 B-I U 2D 6.7 45.2 

-2.00 B-1 S 3 10.8 23.0 

-2.04 B-1 S 4 15.8 23.0 

* 0.79 B-i S 5 20.8 45.9 

B-I S 6 25.8 

-1.38 B-2 S 1 0.8 
0.36 B-2 S 2 5.8 32.0 

-X 0.35 B-2 U 1 9.0 

-2.44 B-2 S 3 10.8 18.9 

0.32 B-2 S 4 15.8 12.6 

0.13 B-2 S 5 20.8 43.9 

-0.23 B-2 S 6 25.8 20.1 

B-3 S 1 0.8 8.9 

" :. 0.48 B-3 U IB 5.5 33.5 

0.33 B-3 U 2 11.0 

-0.22 B-a S 2 15.8 

B-3 S 3 20.8 44.6 

B-3 S 4 25.8 

B-3 S 5 30.8 

B-4 S 1 0.8 

6.8 B-4 S 2 5.8 48.4 

B-4 U 3D 10.7 42.6 

-41.3 B-4 S 4 15.8 19.9 

-25.5 B-4 S 5 20.8 24.2 

-49.5 B-4 S 6 25.8 24.5

Natural 

Liq dity Boring Sample water 
in ex No. Z"9 Content I i 4%) ! 

C-i S 1 0.8 
042 c-I S 2 5.8 53.0 

-458 C-1 U 3B 10.9 30.3 

C-i U 3C 11.1 38.9 

C-1 U 3D 11.5 46.7 41 C-i S 4 15.8 27.4 
S 70 C-I S 5 20.8 42.7 

C-1 S 6 25.8 

C-2 s 1 0.8 
029 C-2 U 1D 6.5 50.5 

C-2 U 2C 11.0 27.6 

-. 73 C-2 U 2E 11.8 39.7 

C-2 S 2 15.8 30.3 

-('26 C-2 S 3 20.8 41.8 

01 C-2 S 4 25.8 
C-2 S 5 30.8 

-57 C-a S 1 0.8 

C .31 C-3 S 2 5.8 26.8 

C-a S 3 10.8 32.6 

C-3 S 4 15.8 27.9 

0.24 C-3 S 5 20.8 39.5 
C-3 S 6 25.8 18.1 

- - C-4 S 1 0.8 

0.72 C-4 S 2A 5.2 28.6 

C-4 S 2B 6.0 50.6 

x i.01 C-4 S 3 10.8 18.2 

-3.77 C-4 S 4 15.8 26.5 

-1.04 C-4 S 5 20.8 40.7 

0.02 C-4 S 6 25.8 18.7

Natural 

Liquidity Boring Sample Zv w Content 
Index NO.  

D-1 S 1 0.8 

0.49 D-1 S 2 5.8 36.3 

0.45 D-I S 3 10.8 28.6 

0.33 

0.15 

0.31 D-1 S 4 15.8 32.2 

0.36 D-i S 5 20.8 20.7

0.32 

0.09 
0.88.  
0.38 
0.40

D-2 
D-2 

D-2 
D-2 
D-2 
D-2

-9 1 -0.8 S 2 5.8 

S 3 10.8 
S 4 15.8 

S 5 20.8 
S 6 25.8

D-3 S 1 0.8 
0.21 D-3 S 2 5.8 23.5 

0.16 D-3 S 3 10.8 25.0 

0.49 D-3 S 4 15.8 36.8 

0.25 D-3 S 5 20.8 42.0 

-0.21 D-3 S 6 25.8

D-4 S 1 0.8 
0.25 D-4 S 2 5.8 38.0 

0.25 

-15.60 D-4 S 3A 10.3 16.8 

-0.04 D-4 S 4A 15.4 8.3 
D-4 S 4B 16.2 32.8 

-0.07 D-4 S 5 20.8 43.4 

-0.15 D-4 S 6 25.8 18.0

Note: The natural water contents on split spoon samples shown above, other than D-I/S-5 and D-4/S-6, were tested in April 1998 and March 1999. Although the jar lids were 

sealed, some of them had been opened for visual classification at various times. Therefore, these values may not reflect actuaý conditions at the time of the sampling in October 

1996.

[geotl\05996\lab\rai-2\Limits.xls Sheet "MATRIX" on 4/27/99 Page 1 of I

Liquidity 
Index 

0.27 
0.22 

-0.06 

0.11

0.38 

0.22 
-0.51 

-3.18 
-0.47

D

-0.24 

0.70 
0.58

9909150136-1)

-4.64 

0.42 
0.14 

-0.67

TABLE 1 
MATRIX OF ATTERBERG LIMITS IN 
PROPOSED EMPLACEMENT AREA 

PFSF SAFETY ANALYSIS REPORT



Private Fuel Storage Facility 
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APPENDIX A 

Triaxial Test Plots and Data
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SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION:

SPECIMEN INFORMATION: 
HEIGHT: 
DIAMETER: 

AREA: 

TEST DATA: 
LOADING: 
CELL PRESSURE:

5 10 15 20 

AXIAL STRAIN (%)

B-1 
U-2D 

6.5 ft 
Clayey SILT

0.539 ft 
0.237 ft 

0.0441 ft2

Axial Compression 
2.1 ksf

DATE: 
TESTED BY: 
CHECKED:

WATER CONTENT: 
DRY UNIT WEIGHT: 

VOID RATIO:

STRAIN RATE:

03/29/99 
ACS 
TYC

45.2 % 
52.8 pcf 

2.22 

0.8 %/min

UNDRAINED SHEAR STRENGTH: 
COMPRESSIVE STRENGTH: 
FAILURE STRAIN:

3.26 ksf 
6.51 ksf 
15.0 %

I STONE & WEBSTER ENGINEERING CORP. CONSOUDATED UNDRAINED COMPRESSION TEST JO 05996.02 
_/ BOSTON, MASSACHUSETrS BORING B-1, SAMPLE U-2D March 1999

PRIVATE FUEL STORAGE FACILITY 

SKULL VALLEY, UTAH 

PRIVATE FUEL STORAGE, LLC



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA 

SAMPLE INFORMATION: 
BORING: B-1 DATE: 03/29/99 
SAMPLE: U-2D TESTED BY: ACS 
DEPTH: 6.5 ft CHECKED: *T(c_ 
DESCRIPTION: Clayey SILT 

SPECIMEN INFORMATION: 
HEIGHT: 0.539 ft WATER CONTENT: 45.2 % 
DIAMETER: 0.237 ft DRY UNIT WEIGHT: 52.8 pcf 
AREA: 0.0441 ft2  VOID RATIO: 2.22 

TEST DATA: 
LOADING: Axial Compression STRAIN RATE: 0.8 %/min 
CELL PRESSURE: 2.13 ksf 

UNDRAINED SHEAR STRENGTH: 3.26 ksf 

COMPRESSIVE STRENGTH: 6.51 ksf 

FAILURE STRAIN: 15.0 % 

DIAL FORCE AXIAL FORCE AREA AXIAL SHEAR 
READING GAGE STRAIN STRESS STRESS 

mm mV % kip sq ft. ksf ksf 
0.80 1.84 0.00 0.000 0.0441 0.00 0.00 
0.88 7.32 0.05 0.017 0.0441 0.39 0.19 
0.96 13.90 0.10 0.038 0.0441 0.85 0.42 
1.13 20.33 0.20 0.058 0.0442 1.30 0.65 
1.29 24.90 0.30 0.072 0.0442 1.62 0.81 
1.46 29.32 0.40 0.085 0.0443 1.93 0.96 
1.62 32.00 0.50 0.094 0.0443 2.12 1.06 
1.79 36.96 0.60 0.109 0.0444 2.46 1.23 
2.11 42.44 0.80 0.126 0.0445 2.84 1.42 
2.44 47.09 1.00 0.141 0.0446 3.16 1.58 
3.26 56.80 1.50 0.171 0.0448 3.82 1.91 
4.09 63.76 2.00 0.193 0.0450 4.28 2.14 
5.73 73.08 3.00 0.222 0.0455 4.87 2.44 
7.37 79.50 4.00 0.242 0.0459 5.26 2.63 
9.02 84.30 5.00 0.256 0.0464 5.52 2.76 
10.66 88.30 6.00 0.269 0.0469 5.73 2.87 
12.30 91.73 7.00 0.280 0.0474 5.89 2.95 
13.94 94.79 8.00 0.289 0.0479 6.03 3.01 
15.59 97.52 9.00 0.298 0.0485 6.14 3.07 
17.23 100.00 10.00 0.305 0.0490 6.23 3.11 
18.87 102.42 11.00 0.313 0.0496 6.31 3.16 
20.52 104.60 12.00 0.320 0.0501 6.38 3.19 
22.16 106.70 13.00 0.326 0.0507 6.43 3.22 
23.80 108.60 14.00 0.332 0.0513 6.47 3.24 
25.45 110.45 15.00 0.338 0.0519 6.51 3.25 
27.09 112.25 16.00 0.343 0.0525 6.54 3.27 
28.73 113.80 17.00 0.348 0.0531 6.55 3.28 
30.37 115.20 18.00 0.353 0.0538 6.55 3.28 
32.02 116.50 19.00 0.357 0.0545 6.55 3.27 
33.66 117.71 20.00 0.360 0.0551 6.54 3.27
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SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION:

SPECIMEN INFORMATION: 
HEIGHT: 
DIAMETER: 
AREA: 

TEST DATA: 
LOADING: 
CELL PRESSURE:

5 10 15 

AXIAL STRAIN (%)

B-3 
U-1 B 

5.2 ft 
Silty CLAY

0.515 ft 
0.237 ft 

0.0440 ft2

Axial Compression 
2.1 ksf

DATE: 
TESTED BY: 
CHECKED:

WATER CONTENT: 
DRY UNIT WEIGHT: 

VOID RATIO:

STRAIN RATE:

20

03/29/99 
ACS 
TYC

33.5 % 
67.9 pcf 

1.50 

0.8 %/min

UNDRAINED SHEAR STRENGTH: 
COMPRESSIVE STRENGTH: 
FAILURE STRAIN:

PRIVATE FUEL STORAGE FACILITY 

SKULL VALLEY, UTAH 

PRIVATE FUEL STORAGE, LLC

3.55 ksf 
7.10 ksf 

8.0%

STONE & WEBSTER ENGINEERING CORP. CONSOLIDATED UNDRAINED COMPRESSION TEST JO 05996.02 

zk BOSTON, MASSACHUSETTS BORING B-3, SAMPLE U-1B March 1999



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA 

SAMPLE INFORMATION: 
BORING: B-3 DATE: 03/29/99 
SAMPLE: U-1 B TESTED BY: ACS 
DEPTH: 5.2 ft CHECKED: "-((.  
DESCRIPTION: Silty CLAY 

SPECIMEN INFORMATION: 
HEIGHT: 0.515 ft WATER CONTENT: 33.5 % 
DIAMETER: 0.237 ft DRY UNIT WEIGHT: 67.9 pcf 
AREA: 0.0440 ft2  VOID RATIO: 1.50 

TEST DATA: 
LOADING: Axial Compression STRAIN RATE: 0.8 %/min 
CELL PRESSURE: 2.13 ksf 

UNDRAINED SHEAR STRENGTH: 3.55 ksf 

COMPRESSIVE STRENGTH: 7.10 ksf 

FAILURE STRAIN: 8.0 % 

DIAL FORCE AXIAL FORCE AREA AXIAL SHEAR 
READING GAGE STRAIN STRESS STRESS 

mm mV % kip sq ft. ksf ksf 
0.76 2.10 0.00 0.000 0.0440 0.00 0.00 
0.84 14.50 0.05 0.039 0.0440 0.88 0.44 
0.92 19.45 0.10 0.054 0.0440 1.23 0.61 
1.07 26.10 0.20 0.075 0.0441 1.69 0.85 
1.23 31.85 0.30 0.093 0.0441 2.10 1.05 
1.39 36.62 0.40 0.107 0.0442 2.43 1.22 
1.54 41.41 0.50 0.122 0.0442 2.77 1.38 
1.70 44.66 0.60 0.132 0.0442 2.99 1.50 
2.02 51.80 0.80 0.155 0.0443 3.49 1.74 
2.33 60.30 1.00 0.181 0.0444 4.07 2.04 
3.11 72.60 1.50 0.219 0.0447 4.91 2.46 
3.90 80.38 2.00 0.243 0.0449 5.42 2.71 
5.47 91.17 3.00 0.277 0.0453 6.11 3.05 
7.04 97.00 4.00 0.295 0.0458 6.44 3.22 
8.61 100.00 5.00 0.304 0.0463 6.58 3.29 
10.18 104.40 6.00 0.318 0.0468 6.80 3.40 
11.75 109.54 7.00 0.334 0.0473 7.06 3.53 
13.32 111.25 8.00 0.339 0.0478 7.10 3.55 
14.88 111.52 9.00 0.340 0.0483 7.04 3.52 
16.45 111.64 10.00 0.341 0.0489 6.97 3.49 
18.02 111.15 11.00 0.339 0.0494 6.86 3.43 
19.59 110.80 12.00 0.338 0.0500 6.76 3.38 
21.16 109.00 13.00 0.332 0.0506 6.58 3.29 
22.73 107.35 14.00 0.327 0.0511 6.40 3.20 
24.30 105.95 15.00 0.323 0.0517 6.24 3.12 
25.87 104.50 16.00 0.318 0.0524 6.08 3.04 
27.44 103.30 17.00 0.315 0.0530 5.94 2.97 
29.01 102.45 18.00 0.312 0.0536 5.82 2.91 
30.58 101.80 19.00 0.310 0.0543 5.71 2.86 
32.15 101.24 20.00 0.308 0.0550 5.61 2.80
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SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION:

SPECIMEN INFORMATION: 
HEIGHT: 
DIAMETER: 

AREA: 

TEST DATA: 
LOADING: 

CELL PRESSURE:

5 10 15 20 

AXIAL STRAIN (%)

C-2 
U-11D 

6.3 ft 
Clayey SILT

0.543 ft 
0.237 ft 

0.0441 ft2

Axial Compression 
2.1 ksf

DATE: 
TESTED BY: 
CHECKED:

WATER CONTENT: 
DRY UNIT WEIGHT: 

VOID RATIO:

STRAIN RATE:

03/29/99 
ACS 
TYC

50.5 
49.5 

2.43

pcf

0.8 %/min

UNDRAINED SHEAR STRENGTH: 
COMPRESSIVE STRENGTH: 
FAILURE STRAIN:

3.03 ksf 
6.06 ksf 
12.0 %

A STONE &WEBSTER ENGINEERING CORP. CONSOLIDATED UNDRAINED COMPRESSION TEST JO 05996.02 

BOSTON, MASSACHUSETTS BORING C-2, SAMPLE U-1D March 1999

PRIVATE FUEL STORAGE FACILITY 

SKULL VALLEY, UTAH 

PRIVATE FUEL STORAGE, LLC



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA 

SAMPLE INFORMATION: 
BORING: C-2 DATE: 03/29/99 
SAMPLE: U-1D TESTED BY: ACS 
DEPTH: 6.3 ft CHECKED: T-((C 
DESCRIPTION: Clayey SILT 

SPECIMEN INFORMATION: 
HEIGHT: 0.543 ft WATER CONTENT: 50.5 % 
DIAMETER: 0.237 ft DRY UNIT WEIGHT: 49.5 pcf 
AREA: 0.0441 ft2  VOID RATIO: 2.43 

TEST DATA: 
LOADING: Axial Compression STRAIN RATE: 0.8 %/min 
CELL PRESSURE: 2.13 ksf 

UNDRAINED SHEAR STRENGTH: 3.03 ksf 
COMPRESSIVE STRENGTH: 6.06 ksf 

FAILURE STRAIN: 12.0 % 

DIAL FORCE AXIAL FORCE AREA AXIAL SHEAR 
READING GAGE STRAIN STRESS STRESS 

mm mV % kip sq ft. ksf ksf 
1.04 2.00 0.00 0.000 0.0441 0.00 0.00 
1.12 10.15 0.05 0.025 0.0441 0.57 0.29 
1.21 16.62 0.10 0.045 0.0442 1.03 0.51 
1.37 24.68 0.20 0.071 0.0442 1.60 0.80 
1.54 30.93 0.30 0.090 0.0442 2.03 1.02 
1.70 35.66 0.40 0.105 0.0443 2.36 1.18 
1.87 40.00 0.50 0.118 0.0443 2.67 1.33 
2.03 43.90 0.60 0.130 0.0444 2.94 1.47 
2.36 48.08 0.80 0.143 0.0445 3.22 1.61 
2.69 54.85 1.00 0.164 0.0446 3.69 1.84 
3.52 63.30 1.50 0.191 0.0448 4.26 2.13 
4.35 68.96 2.00 0.208 0.0450 4.63 2.31 
6.00 76.10 3.00 0.230 0.0455 5.07 2.53 
7.66 81.30 4.00 0.247 0.0459 5.37 2.68 
9.31 85.00 5.00 0.258 0.0464 5.56 2.78 
10.96 88.30 6.00 0.268 0.0469 5.72 2.86 
12.62 90.75 7.00 0.276 0.0474 5.82 2.91 
14.27 93.11 8.00 0.283 0.0479 5.91 2.96 
15.93 95.08 9.00 0.289 0.0485 5.97 2.99 
17.58 96.81 10.00 0.295 0.0490 6.02 3.01 
19.23 98.20 11.00 0.299 0.0496 6.04 3.02 
20.89 99.64 12.00 0.304 0.0501 6.06 3.03 
22.54 100.60 13.00 0.307 0.0507 6.05 3.02 
24.20 101.60 14.00 0.310 0.0513 6.04 3.02 
25.85 102.35 15.00 0.312 0.0519 6.01 3.01 
27.50 102.87 16.00 0.314 0.0525 5.97 2.99 
29.16 103.00 17.00 0.314 0.0531 5.91 2.96 
30.81 102.60 18.00 0.313 0.0538 5.82 2.91 
32.47 100.65 19.00 0.307 0.0545 5.63 2.82 
34.12 93.60 20.00 0.285 0.0551 5.17 2.58
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Type of Document 
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* Project Specification Rev. No.  
* Project Diagram Rev. No.  
* License Document Rev. No.  
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This sheet may be used for more than 1 diagram (list or reference all diagrams below)

Were the inputs correctly selected and incorporated into the design? 

Are assumptions necessary to perform the design activity adequately 
described and reasonable? 

Where necessary, are the assumptions identified for subsequent 
reverifications when the detailed design activities are completed? 

Are the appropriate quality and quality assurance requirements specified? 

Are the applicable codes, standards, and regulatory requirements, 
including applicable issues and addenda, properly identified and are 
their requirements for design met? 

Have applicable construction and operating experience been considered? 

Have the design interface requirements been satisfied? 

Was an appropriate design method used? 

Is the output reasonable compared to inputs? 
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Are the specified parts, equipment, and processes suitable for the 
required applications? 

Are the specified materials compatible with each other and the design 

environmental conditions to which the material will be exposed? 

Have adequate maintenance features and requirements been specified? 

Are accessibility and other design provisions adequate for performance 
of needed maintenance and repair? 

Has adequate accessibility been provided to perform the inservice 
inspection expected to be required during the plant life? 

Has the design properly considered radiation exposure to the public 
and plant personnel? 

Are the acceptance criteria incorporated in the design documents 
sufficient to allow verification that design requirements have been 
satisfactorily accomplished? 

Have adequate preoperational and subsequent periodic test 
requirements been appropriately specified? 

Are adequate handling, storage, cleaning, and shipping requirements 

specified? 

Are adequate identification requirements specified? 

Are requirements for record preparation, review, approval, retention, 
etc., adequately specified? 

Is the design output reasonable compared to the design inputs? 

Are the necessary design input and verification requirements for 
interfacing organizations specified in the design documents or in 
supporting procedures as instructions? 

[This checklist meets the requirements for both N45.2 and NQA-1 for 
requirements]
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INTRODUCTION 

The Geotechnical Laboratory received 21 boxes of split spoon jar samples and 18 thin-walled 
tube samples from the Skull Valley site in December 1998 and 4 boxes of split spoon samples in 
January 1999. Six thin-walled tube samples from Borings CTB-N and CTB-S were delivered in 
October 1998. A testing program was developed identifying types of tests to be performed and 
which samples to test. The primary objective of the laboratory testing program was to develop 
the static and dynamic properties of the soils underlying the Canister Transfer Building. Testing 
began on March 8, 1999 and ended on June 22, 1999.  

The tests performed were classification, water content, Atterberg limits, gradation analysis, 
specific gravity, density, consolidation, consolidated-undrained triaxial compression, cyclic 
triaxial compression, and resonant-column. They were conducted in accordance with the 
following American Society for Testing and Materials standards.  

C-136 1996 Test Method for Sieve Analysis of Fine and Coarse Aggregates 

D-422 1990 Test Method for Particle-Size Analysis of Soils 

D-854 1992 Test Method for Specific Gravity of Soils 

D-1 140 1992 Test Method for Amount of Material in Soils Finer Than the No. 200 
Sieve 

D-2216 1992 Test Method for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 

D-2435 1990 Test Method for One-Dimensional Consolidation Properties of Soils 

D-4015 1992 Test Methods for Modulus and Damping of Soils by the Resonant
Column Method 

D-4318 1995a Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils 

D-4767 1995 Test Method for Consolidated Undrained Triaxial Compression Test 
for Cohesive Soils 

D-5311 1992 Test Method for Load Controlled Cyclic Triaxial Strength of Soil 

All laboratory equipment and materials used to conduct this testing program were calibrated and 
maintained in accordance with the requirements of the Stone & Webster Standard Nuclear 
Quality Assurance Program.

G: \05996\lab june_99\rev-O.doc on 6/25/99 STONE & WEBSTER A
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TEST RESULTS 

A total of 92 classification, 146 water content, 35 Atterberg limits, 4 percent fines, 18 gradation 
analysis, 36 density, 6 specific gravity, 5 consolidation, 10 consolidated-undrained triaxial 
compression, 5 cyclic triaxial compression, and 2 resonant-column tests were performed on the 
soil samples.  

The results of testing for classification, water content, Atterberg limits, percent fines, specific 
gravity, wet density, dry density, void ratio, consolidation, and consolidated-undrained triaxial 
compression are presented in Table 1. Void ratio was determined from the dry density and the 
percent fines determined from the gradation analysis are shown. This table also contains data 
from tests conducted in October 1998 on soil from Borings CTB-N and CTB-S.  

The gradation analysis results are shown in Figures 1 through 18. Hydrometer analyses and 
sieve analyses were performed on the samples shown in Figures 5, 6, 8, and 18. Only sieve 
analyses were performed on the rest of the samples shown in these figures.  

The consolidation tests were conducted on thin-walled (Shelby) tube samples obtained from 
Borings CTB-4, CTB-5, CTB-N, and CTB-S. The stress vs strain plots, strain vs time plots, and 
data from these tests are presented in Appendix A. The samples from Borings CTB-N and 
CTB-S were inundated with water after primary consolidation had occurred during the pressure 
increment of 2 kips per square foot (ksf). This loading is slightly higher than the static load at 
the base of the Canister Transfer Building. The samples did not collapse after being inundated.  
The other samples were not inundated. Normally the applied loads are doubled for each 
increment of loading, but the load increments were reduced when the applied pressure neared the 
existing overburden pressure. This was done to obtain more data for the applied pressure vs 
strain plot to help define the maximum past pressure.  

The consolidated-undrained triaxial compression tests were conducted on thin-walled tube 
samples from Borings CTB-1, CTB-4, CTB-5, CTB-6, CTB-N and CTB-S. The samples were 
setup in a triaxial cell and consolidated using a confining pressure (1.7 ksf) equivalent to the final 
effective stresses expected underneath the Canister Transfer Building. They were sheared 
undrained after consolidating for at least one hour. Since the in situ soils are not expected to be 
saturated throughout the life of the facility, these samples were not saturated prior to shearing.  
The axial strain vs shear stress plots and data from the triaxial compression tests are presented in 
Appendix B.  

Cyclic triaxial compression tests were performed on thin-walled tube samples from Borings 
CTB-4, CTB-5, CTB-N, and CTB-S to demonstrate that these soils, even though they have high 
void ratios, will not collapse due to shaking caused by the Design Earthquake. The void ratios of 
the soils tested, listed in order of increasing depth below existing grade, were 2.20 at a depth of 
6.3 ft, 2.01 at 8 ft, 1.90 at 9.6 ft, 1.58 at 23 ft, and 1.30 at 24.9 ft. The samples were consolidated 
under a confining pressure of 2.0 ksf for at least 2 hours, but they were not saturated prior to 
testing, since the in situ soils are not expected to be saturated throughout the life of the facility.

G:\05996\lab\june_99\rev-0.doc on 6/25/99
STONE & WEBSTER AA
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The tests were run undrained using a sinusoidal cyclic stress of 1.9 ksf applied at a frequency of 
1 hertz for 500 cycles. The applied axial load and displacement were recorded using a strip-chart 
recorder. The test results and sample data, presented in Appendix C, indicate that the double

amplitude strain test results range from 0.3% to 1.2%. As indicated by the measured double
amplitude strains, none of these samples experienced strains that would be characterized as 
collapse due to shaking at cyclic stress levels in excess of those that might be caused due to the 
design earthquake.  

Two thin-walled tube samples from Boring CTB-1 were used to conduct the resonant-column 
test. The shear modulus vs shear strain amplitude plots, G/Go vs shear strain amplitude plots, 
damping ratio vs shear strain amplitude plots, maximum shear modulus vs effective confining 
pressure plots, and data are presented in Appendix D. The each sample was tested unsaturated at 

three confining pressures. First at the existing overburden pressure, then at the expected 
overburden pressure from the Canister Transfer building, and last at the expected overburden 
pressure plus the increase in overburden pressure due to the building.

G: \05996 \lab \june99\rev-O.doc on 6/25/99 
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Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Stone & Webster Engineering Corporation
JO: 05996.02 

June 1999

TABLE 1 
Laboratory Test Results - 1998 CTB Borings 

Average Water Atterberg Limits USC % Specific Wet Dry Void Consolidation Test CU Triaxial Test 
Boring Sample Depth Elevation Content LL PL PI Code Fines Gravity Density Density Ratio rmpp CR RR Cc Cr 0 c Su Ca 

(ft) (ft) (M) (pci) (pcf) (ksf) (ks/) (ksi) (%) 

CTB-1 8-1 1.0 4471.4 25.3 ML 

CTB-1 8-2 (top) 5.1 4467.3 30.1 40.1 22.3 17.8 CL 

CTB-1 8-2 (bot) 6.1 4466.3 65.6 MH 

CTB-i U-3C 8.1 4464.3 50.6 56.0 28.9 27.1 CH 86.4 57.4 1.96 

CTB-1 U-3D 8.7 4463.7 47.9 CH 91.9 62.1 1.73 1.7 2.84 5.0 

CTB-1. U-3E 9.1 4463.3 48.8 CH 

CTB-1 8-4 (top) 9.5 4462.9 37.4 41.2 23.2 18.0 CL 

CTB-1 S-4 (hot) 10.5 4461.9 27.3 SM 

CTB-l U-5D 11.6 4460.8 31.6 SC 111.2 84.5 0.987 

CTB-1 U-5E 11.8 4460.6 28.6 SC 

CTB-1 S-6 16.0 4456.4 10.7 ML 56.8 

CTB-1 U-7C 21.1 4451.3 51.9 56.5 42.4 14.1 MH 83.8 55.2 2.08 

CTB-1 U-7D 21.7 4450.7 45.1 MH 91.2 62.9 1.70 1.7 2.73 5.0 
CTIB- 1 U-7E 22.1 4450.3 43.0 MH 

CTB-1 8-8 26.0 4446.4 20.9 ML 

CTB-1 S-9 31.0 4441.4 4.0 SM 14.6 

CTB-1 S-10 35.7 4436.7 1.5 SM 

CTB-21 S-1 1.0 4473.0 24.6 ML 

CTB-2 S-2 (top) 5.3 4468.7 28.7 ML 

CTB-2 8-2 (bot) 6.3 4467.7 29.4 40.8 21.1 19.7 CL 

CTB-2 S-3 8.0 4466.0 60.1 MH 

CTB-2 S-4 10.0 4464.0 45.8 56.2 29.9 26.3 MH 

CTB-2 S-5 12.0 4462.0 26.0 ML 

CTB-2 S-6 16.0 4458.0 27.8 34.3 21.9 12.4 CL 

CTB-2 S-7 21.0 4453.0 28.6 ML 

CTB-2 S-8 26.0 4448.0 30.0 ML 
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Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Stone & Webster L o•;neering Corporation
JO: 05996.02 

June 1999

TABLE 1 
Laboratory Test Results - 1998 CTB Borings 

Average Water Atterberg Limits USC % Specific Wet Dry Void Consolidation Test CU Triaxial Test 
Boring Sample Depth Elevation Content LL PL PI Code Fines Gravity Density Density Ratio 0 mpp CR RR Cc Cr a© Su ea 

(ft) Ift) (%) (pcf) (pcf) (ksf) (ksl) (ks/) l%) 

CTB-2 S-9 (top) 30.1 4443.9 26.8 ML 

CTB-2 8-9 (bot) 31.1 4442.9 2.6 SP 

CTB-2 S-10 35.7 4438.3 1.7 SP 7.9 

CTB-3 8-1 1.0 4471.9 18.7 ML 

CTB-3 S-2 6.0 4466.9 55.2 58.7 32.3 26.4 MH 

CTB-3 8-3 8.0 4464.9 53.7 MH 

CTB-3 S-5 12.0 4460.9 39.5 ML 

CTB-3 8-6 (top) 15.4 4457.5 14.6 SM 

CTB-3 S-6 (bot) 16.4 4456.5 24.0 ML 

CTB-3 8-7 (bot) 21.2 4451.7 53.1 MH 

CTB-3 8-8 26.0 4446.9 28.3 32.0 22.1 9.9 CL 

CTB-3 S-9 31.0 4441.9 2.8 SP 8.4 

CTB-3 8-10 35.4 4437.5 1.4 SP 

CTB-4 8-2 (top) 2.2 4472.8 22.6 ML 

CTB-4 S-2 (bot) 3.2 4471.8 41.1 ML 

CTB-4 8-3 5.0 4470.0 27.9 39.9 22.4 17.5 CL 

CTB-4 U-lA 6.0 4469.0 28.9 CL 

CTB-4 U-IC 7.0 4468.0 34.5 CL 97.6 95.7 71.2 1.38 

CTB-4 U-1D 7.5 4467.5 60.3 67.9 39.3 28.6 MH 2.73 74.9 46.7 2.65 

CTB-4 U-1E 7.9 4467.1 64.2 MH 

CTB-4 U-2D 9.5 4465.5 45.2 CH 87.7 60.4 1.81 1.7 3.11 6.0 
CTB-4 U-2E 9.9 4465.1 48.9 58.1 28.6 29.5 CH 94.1 63.2 1.69 12.6 0,35 0.02 0.93 0.05 

CTB-4 U-2F 10.1 4464.9 53.0 CH 

CTB-4 S-6 11.0 4464.0 28.5 34.3 24.8 9.5 ML 

CTB-4 U-7D 13.0 4462.0 22.6 ML 69.2 101.3 82.7 1.03 

CTB-4 U-7E 13.2 4461.8 10.2 SP 

Page 2 of 6



Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Stone & Webster Engineering Corporation 

TABLE 1 

Laboratory Test Results - 1998 CTB Borings

Average Water Atterberg Limits USC % Specific Wet Dry Void Consolidation Test CU Triaxial Test 
Boring Sample Depth Elevation Content LL PL PI Code Fines Gravity Density Density Ratio Umpp CR RR Cc Cr (Yc Su Ea 

(ft) (ft) (%) (pcf) (pcf) (ksf) (kaf) (kaf) (%) 

CTB-4 S-8 (top) 14.3 4460.7 20.4 ML 

CTB-4 S-8 (bot) 15.4 4459.6 5.4 SM 37.5 

CTB-4 U-9A 16.0 4459.0 4.6 ML 

CTB-4 U-9D 16.7 4458.3 4.5 SM 2.69 

CTB-4 U-gE 16.9 4458.1 5.2 SM 16.7 98.4 93.5 0.796 

CTB-4 U-9F 17.1 4457.9 9.7 SM 34.2 101.0 92.1 0.823 

CTB-4 U-9H 17.5 4457.5 6.6 SM 

CTB-4 8-10 19.0 4456.0 32.7 41.4 24.1 17.3 CL 

CTB-4 U-11D 21.2 4453.8 31.5 37.2 33.5 3.7 ML 97.2 89.8 68.4 1.48 1.7 3.15 8.0 

CTB-4 U-11E 21.6 4453.4 25.0 ML 

CTB-4 8-12 23.0 4452.0 52.0 57.8 48.1 9.7 MH 

CTB-4 U-13D 25.2 4449.8 37.4 43.2 26.7 16.5 ML 2.72 101.4 73.8 1.30 

CTB-4 U-13E 25.5 4449.5 40.3 ML 

CTB-4 8-14 27.0 4448.0 14.8 28.3 18.5 9.8 CL 

CTB-4 U-15C 28.0 4447.0 18.3 ML 115.5 97.6 0.721 

CTB-4 U-15D 29.2 4445.8 14.4 ML 

CTB-4 U-15E 29.3 4445.7 7.7 SM 

CTB-4 S-16 31.0 4444.0 3.9 SM 32.4 

CTB-4 S-17 35.3 4439.7 2.1 SP 7.6 

CTB-5 S-2 3.0 4471.8 32.7 ML 

CTB-5 8-3 5.0 4469.8 72.6 75.3 43.5 31.8 MH 

CTB-5 S-4 (bot) 7.2 4467.6 51.2 CH

CTB-51 S-5 9.0 4465.8 48.8

CTB-5 U-6A 10.0 4464.8 31.7 

CTB-5 U-6C 10.8 4464.0 12.7 

CTB-5 U-6D 11.1 4463.7 18.6

51.5 1 27.3 1 24.2 CH

ML _ _ _ _I I_ _ _ 

ML 101.8 90.3 0.860 I 
ML 111.3 93.8 0.790 L.....__ ____
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Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Stone & Webster L,. ineering Corporation

TABLE 1 
Laboratory Test Results - 1998 CTB Borings 

Average Water Atterberg Limits USC % Specific Wet Dry Void Consolidation Test CU Triaxial Test 

Boring Sample Depth Elevation Content LL PL PI Code Fines Gravity Density Density Ratio ampp CR RR C, C, a€ Su Ea 

(ft) (ft) N%} (pci) (pci) (ksl) (ksf) (ksf) (%) 

CTB-5 U-6E 11.3 4463.5 20.0 ML 79.8 118.0 98.3 0.708 

CTB-5 U-6F 11.5 4463.3 16.4 ML 

CTB-5 S-7 13.0 4461.8 4.1 SM 21.6 

CTB-5 U-BA 14.0 4460.8 3.7 SM 

CTB-5 U-8D 15.4 4459.4 3.4 SM 105.8 102.4 0.640 

CTB-5 U-8E 15.6 4459.2 6.5 SM 

CTB-5 S-9 17.0 4457.8 12.2 ML 63.3 

CTB-5 U-10D 19.4 4455.4 27.7 ML 94.5 74.0 1.29 1.7 2.93 8.0 

CTB-5 U-10E 19.8 4455.0 33.3 ML 

CTB-5 S-11 21.0 4453.8 47.6 51.5 47.2 4.3 MH 

CTB-5 U-12B 23.2 4451.6 42.3 ML 93.6 65.8 1.58 

CTB-5 U-12C 23.6 4451.2 52.4 51.5 32.8 18.7 MH 96.4 63.3 1.68 12.3 0.33 0.014 0.89 0.04 

CTB-5 U-12D 23.9 4450.9 45.1 MH 93.7 64.6 1.63 

CTB-5 U-12E 24.1 4450.7 50.8 MH 

CTB-5 8-13 25.0 4449.8 33.6 39.8 24.2 15.6 CL 

CTB-5 U-14D 27.0 4447.8 30.5 CL 113.9 87.2 0.947 1.7 1.66 12.0 

CTB-5 U-14E 27.4 4447.4 26.2 30.0 19.5 10.5 CL 114.7 90.9 0.868 25.5 0.13 0.014 0.25 0.03 

CTB-5 U-14F 27.6 4447.2 27.1 CL 

CTB-5 8-15 (top) 28.2 4446.6 17.6 CL 

CTB-5 S-15 (bot) 29.2 4445.6 9.0 ML 

CTB-5 8-16 (top) 30.2 4444.6 3.3 SP 

CTB-5 S- 1 6 (mid 30.7 4444.1 26.5 CL 

CTB-5 S-16 (bot) 31.4 4443.4 3.3 SP 

CTB-5 8-17 35.6 4439.2 1.5 SP 5.6 

CTB-61 S-1 1.0 4475.2 20.3 ML 

CTB-6 8-2 6.0 4470.2 31.0 42.9 21.5 21.4 CL 
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Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Stone & Webster Engineering Corporation
JO: 05996.02 

June 1999

TABLE 1 
Laboratory Test Results - 1998 CTB Borings 

Average Water Atterberg Limits USC % Specific Wet Dry Void Consolidation Test CU Triaxial Test 
Boring Sample Depth Elevation Content LL PL PI Code Fines Gravity Density Density Ratio ampp CR RR C€ Cr Gc S. 6a 

(ftA (ft) (%) (pc/) (pcf) (ksf) (ksf) (kaf) (%) 

CTB-6 U-3D 8.3 4467.9 52.7 CH 85.7 56.2 2.02 1.7 2.70 7.0 
CTB-6 U-3E 8.7 4467.5 55.5 CH 

CTB-6 S-4 (top) 10.5 4465.7 52.9 56.9 27.9 29.0 CH 

CTB-6 8-4 (bot) 11.5 4464.7 42.1 ML 

CTB-6 8-5 (top) 15.2 4461.0 10.2 ML 

CTB-6 S-5 (bot) 16.2 4460.0 5.6 SM 

CTB-6 S-6 21.0 4455.2 30.7 ML 

CTB-6 8-7 26.0 4450.2 37.8 41.5 33.9 7.6 ML 

CTB-6 S-8 (top) 30.2 4446.0 6.5 ML 

CTB-6 S-8 (bot) 31.2 4445.0 3.1 SP 

CTB-7 8-1 1.0 4472.1 21.1 CL 

CTB-7 8-2 6.0 4467.1 52.8 58.1 29.9 28.2 CH 

CTB-7 U-3D 8.3 4464.8 2.7 SP 8.7 2.69 102.3 99.6 0.686 

CTB-7 U-3E 8.5 4464.6 2.6 SP 

CTB-7 S-4 11.0 4462.1 6.4 SM 

CTB-7 S-5 (top) 15.2 4457.9 7.4 ML 

CTB-7 8-5 (rot) 16.2 4456.9 33.6 ML 

CTB-7 S-6 21.0 4452.1 46.9 51.6 33.5 18.1 MH 

CTB-7 S-7 26.0 4447.1 20.9 ML 

CTB-7 8-8 31.0 4442.1 2.0 SP 

CTB-8 1-1 (bot) 1.1 4472.8 31.8 CL 

CTB-8 S-2 6.0 4467.9 53.3 55.3 28.5 26.8 CH 

CTB-8 8-3 8.0 4465.9 24.1 ML 
CTB-8 S-4 10.0 4463.9 3.6 SM 14.8 

CTB-8 8-5 12.0 4461.9 3.0 SM 

CTB-8 S-6 16.0 4457.9 5.5 SM 34.8 

Page 5 of 6
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( 
Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Stone & Webster iteering Corporation
JO: 05996.02 

June 1999

TABLE 1 
Laboratory Test Results - 1998 CTB Borings 

Average Water Atterberg Limits USC % Specific Wet Dry Void Consolidation Test CU Triaxial Test 

Boring Sample Depth Elevation Content LL PL PI Code Fines Gravity, Density Density Ratio Tmpp CR RR C. Cr acI Su 8 a 

(ft) (ft) 1%) (pcf) (pcf) (ksf) (ksf) (ksf) /%) 

CTB-8 S-7 (bot) 21.1 4452.8 57.0 MH 

CTB-8 S-8 26.0 4447.9 26.7 30.5 18.3 12.2 CL 

CTB-8 8-9 30.7 4443.2 2.2 SM 11.3 

CTB-N U-IA 5.1 4469.0 30.6 38.4 23.1 15.3 CL 

CTB-N U-lB 5.7 4468.4 30.1 41.3 22.5 18.8 CL 100.6 77.3 1.20 1.7 3.00 8.0 

CTB-N U-ID 6.7 4467.4 46.6 50.8 23.1 27.7 CH 

CTB-N U-IE 6.9 4467.2 67.7 MH 

CTB-N U-2A 7.1 4467.0 69.0 74.2 45.4 28.8 MH 

CTB-N U-2B 7.7 4466.4 65.4 MH 74.6 45.1 2,76 1.7 2.41 13.0 

CTB-N U-2C 8.3 4465.8 52.6 MH 86.3 56.5 2.01 

CTB-N U-2D 8.7 4465.4 63.0 60.6 36.8 23.8 MH 78.8 48.4 2.51 6.1 0.37 0.02 1.31 0.07 

CTB-N U-2E 8.8 4465.3 52.1 MH 

CTB-N U-3A 9.0 4465.1 53.7 CH 

CTB-N U-3C 9.9 4464.2 47.1 CH 86.1 58.5 1.90 

CTB-N U-3D 10.5 4463.6 52.2 61.1 30.8 30.3 CH 2.71 86.3 56.7 1.98 1.7 2.73 7.0 

CTB-N U-3E 10.9 4463.2 53.1 CH 

CTB-S U-lA 5.1 4469.4 85.5 MH 

CTB-S U-lB 5.8 4468.7 73.6 66.2 40.9 25.3 MH 78.0 44.9 2.78 1.7 2.05 12.0 

CTB-S U-ID 6.6 4467.9 60.7 MH 84.8 52.8 2.22 

CTB-S U-IE 6.9 4467.6 56.4 MH 

CTB-S U-2D 8.4 4466.1 54.6 57.9 28.9 29.0 CH 90.0 58.2 1.92 1.7 2.40 5.0 

CTB-S U-2E 8.8 4465.7 56.7 CH 

CTB-S U-3C 10.1 4464.4 72.2 66.0 37.8 28.2 MH 99.2 2.72 89.5 51.9 2.27 8.4 0.36 0.02 1.17 0.07 

CTB-S U-3D 10.4 4464.1 10.0 SM 18.9 84.7 77.0 1.18 

CTB-S U-3F 10.9 4463.6 31.2 ML

Page 6 of 6
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STONE & WEBSTER ENGINEERING INC. PRIVATE FUEL STORAGE, LLC GRAIN SIZE DISTRIBUTION JUNE 1999 

BOSTON, MASSACHUSE'TS PFSF, SKULL VALLEY, UT BORING CTB-1, SAMPLE S-9, DEPTH 30.0-32.0 ft 

JO 05996.02 DESCRIPTION: Silty SAND (SM) Figure 2
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GRAVEL I SAND SILT & CLAY 
COARSE I FINE lCOARSE MEDIUM FINE 

77.  

#20 

I t\\I



U.S. SIANDARO SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS

1 0 0 I . . I . ... .. .,',r-ok . . .- " 

90 

80 ,

70 

60 
z_ 

ff• 50 

S 40 

30, 

20, 

1 0, 

0~ 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS

STONE & WEBSTER ENGINEERING INC. PRIVATE FUEL STORAGE, LLC GRAIN SIZE DISTRIBUTION JUNE 1999 

BOSTON, MASSACHUSETTS PFSF, SKULL VALLEY, UT BORING CTB-4, SAMPLE S-8, DEPTH 14.7-16.0 ft i JO 05996.02 DESCRIPTION: Silty SAND (SM) Figure

, (

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS



(
U.S. STANDARD SIEVE OPENING IN INCHES 

3•" #4
U.S. STANDARD SIEVE NUMBERS

GRAVEL 

COARSE I FINE
100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 
100

SAND

I COARSE I MEDIUM I FINE

1 
GRAIN SIZE IN MILLIMETERS

( C

#200

SILT & CLAY

En z0 
Ur) 

0/ 

wI 
UJ

10 0.1 0.01

STONE & WEBSTER ENGINEERING INC. PRIVATE FUEL STORAGE, LLC GRAIN SIZE DISTRIBUTION JUNE 1999 
BOSTON,MASSACHUSETTS PFSF, SKULL VALLEY, UT BORING CTB-4, SAMPLE U-11D, DEPTH 20.9-21.5ft 

JO 05996.02 DESCRIPTION: SILT (ML) Figure 8

0.001

v .....v

I I

i



II C CrAk1riA~f lncfllk*Kf IliLf0jCIi CA=n fln1%

100- ' , / IVE . J I FE IJ _ 

90 1 _ 

80 

70 

60 
z 
(I) 

50 
z 
w 4 

0 

w 0 11 - --- 1 1 11-- -t 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS

STONE & WEBSTER ENGINEERING INC. PRIVATE FUEL STORAGE, LLC GRAIN SIZE DISTRIBUTION JUNE 1999 

BOSTON, MASSACHUSE'TS PFSF, SKULL VALLEY, UT BORING CTB-4, SAMPLE S-16, DEPTH 30.0-32.0 ft 
JO 05996.02 DESCRIPTION: Silty SAND (SM) Figure 9
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JO 05996.02 DESCRIPTION: SAND (SP) Figure 10
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JO 05996.02 DESCRIPTION: Sandy SILT (ML) Figure 12
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BOSTON, MASSACHUSETTS PFSF, SKULL VALLEY, UT BORING CTB-5, SAMPLE S-17, DEPTH 35.0-36.5ft 
JO 05996.02 DESCRIPTION: SAND (SP) Figure 13
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BT JO 05996.02 DESCRIPTION: SAND (SP) Figure 14
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SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION:

SPECIMEN INFORMATION: 
WATER CONTENT: 

DRY UNIT WEIGHT: 
VOID RATIO: 
SATURATION:

100.01.0 10.0 

VERTICAL STRESS (ksf)

CTB-4 
U-2E 

9.8 ft 
CLAY (CH) 

IN ITIA L 
48.9 % 
63.2 pcf 

1.687 
78.8 %

DATE: 
TESTED BY: 
CHECKED:

FINAL 
42.1 
75.8 

1.240
pcf

4/21/99 
ACS 
TYC

SPECIFIC GRAVITY: 
2.72 (est)

92.3 %

NOTE: Sample was not inundated 

PRIVATE FUEL STORAGE FACILITY 

SKULL VALLEY 
PRIVATE FUEL STORAGE, LLC

STONE & WEBSTER ENGINEERING CORP. CONSOLIDATION TEST RESULTS JO 05996.02 

BOSTON, MASSACHUSETTS BORING CTB-4, SAMPLE U-2E April 1999



CONSOLIDATION TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

SPECIMEN INFORMATION:

WATER CONTENT: 

DRY UNIT WEIGHT: 

VOID RATIO: 

SATURATION: 

HEIGHT: 

AREA: 

SP. GRAVITY:

TEST DATA:

APPLIED 

PRESSURE 

ksf 

0.20 

0.50 

1.00 

2.00 

3.00 

3.00 

1.00 

0.50 

1.00 

2.00 

4.00 

6.00 

8.00 

16.00 

32.00 

32.00 

8.00 

2.00 

0.50

STRAIN 

0.07 

0.13 

0.38 

0.92 

1.37 

1.46 

1.14 

0.91 

0.98 

1.24 

1.76 

2.33 

3.00 

6.87 

17.23 

20.79 

19.78 

18.67 

17.61

DATE: 
TESTED BY: 
CHECKED:

4/21199 

ACS 

TYC

CTB-4 
U-2E 

9.8 ft 
CLAY (CH)

INITIAL 

48.9 % 

63.2 pcf 

1.687 

78.8 % 

1.901 cm 

31.60 sq cm 

2.72 (est)

FINAL 

42.1 % 

75.8 pef 
1.240 

92.3 % 

1.585 cm



LOAD INCREMENT DATA

TEST NAME CTB4-U2E 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME
ELAPSED TIME 

(min)

0.00 tsf to

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

PAGE NO: 

0.10 tsf

VOID STRAIN 
RATIO in %

04-22-99 14:42:42

DATE

0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00

0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83

0.0005 
0.0004 
0.0005 
0.0005 
0.0005 

0.0005 

0.0004 
0.0004 
0.0002 
0. 0001 
0.0001

1.685 
1.686 
1.685 
1.685 
1.685 
1.685 
1.686 
1.686 
1.686 
1.687 
1.687

0.07 
0.05 
0.07 
0.07 
0.07 
0.07 
0.05 
0.05 
0.03 
0.02 
0.02



LOAD INCREMENT DATA

TEST NAME CTB4-U2E 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME
ELAPSED TIME 

(min)

0.10 tsf to

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

PAGE NO: 2 

0.25 tsf

VOID STRAIN 
RATIO in %

04-22-99 14:51:20

DATE

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00

0.0004 
0.0009 
0.0010 
0.0009 
0.0009 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0011 
0.0010 
0.0010 
0.0011 
0.0011

1.686 
1.684 
1.683 
1.684 
1.684 
1.683 
1.683 
1.683 
1.683 
1.683 
1.683 
1.683 
1.683 
1.683 
1.683 
1.683 
1.683

0.05 
0.12 
0.13 
0.12 
0.12 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.15 
0.13 
0.13 
0.15 
0.15



LOAD INCREMENT DATA

TEST NAME CTB4-U2E PAGE NO: 3 

TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.25 tsf to 0.50 tsf

DATE TIME

04-22-99 15:28:05

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00

CHANGE IN 
HEIGHT in

0.0011 
0.0027 
0.0027 
0.0029 
0.0029 
0.0029 
0.0030 
0.0030 
0.0030 
0.0030 
0.0030 
0.0031 
0.0031 
0.0031 
0.0032 
0.0032 
0.0032 
0.0032

VOID 
RATIO 

1.683 
1.677 
1.677 
1.677 
1.677 
1.677 
1.676 
1.676 
1.676 
1.676 
1.676 
1.676 
1.676 
1.676 
1.675 
1.675 
1.675 
1.675

STRAIN 
in %

0.15 
0.36 
0.36 
0.38 
0.38 
0.38 
0.40 
0.40 
0.40 
0.40 
0.40 
0.41 
0.41 
0.41 
0.43 
0.43 
0.43 
0.43



LOAD INCREMENT DATA

PAGE NO: 4TEST NAME CTB4-U2E 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM

DATE TIME
ELAPSED TIME 

(min)

04-22-99 16:20:51 0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 

120.00 
180.00 
240.00 
360.00 

04-23-99 00:20:51 480.00 
720.00 
900.00

0.50 tsf to 1.00 tsf

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75 

10.95 
13.42 
15.49 
18.97 
21.91 
26.83 
30.00

CHANGE IN 
HEIGHT in

0.0032 
0.0063 
0.0064 
0.0067 
0.0067 
0.0068 
0.0068 
0.0068 
0.0068 
0.0069 
0.0071 
0.0071 
0.0071 
0.0072 
0.0072 
0.0073 
0.0073 
0.0073 
0.0074 
0.0076 
0.0077 
0.0078 
0.0079 
0.0081 
0.0082 
0.0082

VOID 
RATIO 

1.675 
1.664 
1.664 
1.663 
1.663 
1.663 
1.663 
1.663 
1.663 
1.662 
1.662 
1.662 
1.662 
1.661 
1.661 
1.661 
1.661 
1.661 
1.660 
1.660 
1.659 
1.659 
1.659 
1.658 
1.658 
1.658

STRAIN 
in %

0.43 
0.84 
0.86 
0.89 
0.89 
0.91 
0.91 
0.91 
0.91 
0.93 
0.94 
0.94 
0.94 
0.96 
0.96 
0.98 
0.98 
0.98 
0.99 
1.01 
1.03 
1.04 
1.06 
1.08 
1.09 
1.09



LOAD INCREMENT DATA

TEST NAME CTB4-U2E 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME

ELAPSED TIME 
(min)

1.00 tsf to

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

PAGE NO: 5 

1.50 tsf

VOID STRAIN 
RATIO in %

04-23-99 07:56:13 0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00

0.00 0.0083 
0.32 0.0099 
0.50 0.0100 
0.71 0.0102 
1.00 0.0102 
1.25 0.0103 
1.41 0.0103 
1.50 0.0103 
1.75 0.0103 
2.00 0.0104 
2.50 0.0105 
2.83 0.0105 
3.50 0.0107 
3.87 0.0107 
4.69 0.0108 
5.48 0.0108 
6.00 0.0108 
7.00 0.0109

DATE

1.657 
1.651 
1.651 
1.650 
1.650 
1.650 
1.650 
1.650 
1.650 
1.650 
1.649 
1.649 
1.649 
1.649 
1.648 
1.648 
1.648 
1.648

1.11 
1.33 
1.34 
1.36 
1.36 
1.38 
1.38 
1.38 
1.38 
1.39 
1.41 
1.41 
1.42 
1.42 
1.44 
1.44 
1.44 
1.46



LOAD INCREMENT DATA

TEST NAME CTB4-U2E PAGE NO: 6 

TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.50 tsf to 0.50 tsf

DATE TIME

04-23-99 08:50:05

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69

CHANGE IN 
HEIGHT in

0.0109 
0.0088 
0.0087 
0.0086 
0.0086 
0.0084 
0.0084 
0.0084 
0.0084 
0.0084 
0.0084 
0.0084 
0.0083 
0.0084 
0.0083

VOID 
RATIO 

1.648 
1.655 
1.656 
1.656 
1.656 
1.657 
1.657 
1.657 
1.657 
1.657 
1.657 
1.657 
1.657 
1.657 
1.657

STRAIN 
in %

1.46 
1.18 
1.16 
1.14 
1.14 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.11 
1.13 
1.11



LOAD INCREMENT DATA

PAGE NO: 7TEST NAME CTB4-U2E 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.50 tsf to 0.25 tsf

DATE TIME

04-23-99 09:19:06

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69

CHANGE IN 
HEIGHT in

0.0084 
0.0071 
0.0069 
0.0068 
0.0068 
0.0068 
0.0067 
0.0067 
0.0067 
0.0067 
0.0067 
0.0066 
0.0066 
0.0066 
0.0066

VOID 
RATIO 

1.657 
1.662 
1.662 
1.663 
1.663 
1.663 
1.663 
1.663 
1.663 
1.663 
1.663 
1.663 
1.663 
1.663 
1.663

STRAIN 
in %

1.13 
0.94 
0.93 
0.91 
0.91 
0.91 
0.89 
0.89 
0.89 
0.89 
0.89 
0.88 
0.88 
0.88 
0.88



LOAD INCREMENT DATA

TEST NAME CTB4-U2E 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.25 taf to

PAGE NO: 8 

0.50 tsf

DATE TIME

04-23-99 09:45:16

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69

CHANGE IN 
HEIGHT in

0.0066 
0.0073 
0.0073 
0.0073 
0.0073 
0.0073 
0.0073 
0.0073 
0.0073 
0.0073 
0.0074 
0.0074 
0.0073 
0.0074 
0.0074

VOID STRAIN 
RATIO in %

1.663 
1.661 
1.661 
1.661 
1.661 
1.661 
1.661 
1.661 
1.661 
1.661 
1.660 
1.660 
1.661 
1.660 
1.660

0.88 
0.98 
0.98 
0.98 
0.98 
0.98 
0.98 
0.98 
0.98 
0.98 
0.99 
0.99 
0.98 
0.99 
0.99



LOAD INCREMENT DATA

TEST NAME CTB4-U2E PAGE NO: 9 

TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.50 tsf to

ELAPSED TIME 
(min)

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-23-99 10:08:02

DATE TIME

1.00 tsf

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69

0.0073 
0.0092 
0.0092 
0.0093 
0.0093 
0.0093 
0.0093 
0.0093 
0.0093 
0.0093 
0.0093 
0.0093 
0.0093 
0.0093 
0.0093

1.661 
1.654 
1.654 
1.654 
1.654 
1.654 
1.654 
1.654 
1.654 
1.654 
1.654 
1.654 
1.654 
1.654 
1.654

0.98 
1.23 
1.23 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24



LOAD INCREMENT DATA

TEST NAME CTB4-U2E 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM

PAGE NO: 10

1.00 tsf to 2.00 tsf

DATE TIME

04-23-99 10:38:09

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1,75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

CHANGE IN 
HEIGHT in

0.0094 
0.0126 
0.0128 
0.0129 
0.0130 
0.0131 
0.0131 
0.0131 
0.0133 
0.0133 
0.0134 
0.0134 
0.0135 
0.0136 
0.0136 
0.0138 
0.0138 
0.0139 
0.0139

VOID 
RATIO 

1.653 
1.642 
1.641 
1.641 
1.640 
1.640 
1.640 
1.640 
1.639 
1.639 
1.639 
1.639 
1.638 
1.638 
1.638 
1.638 
1.638 
1.637 
1.637

STRAIN 
in %

1.26 
1.69 
1.71 
1.72 
1.74 
1.76 
1.76 
1.76 
1.77 
1.77 
1.79 
1.79 
1.81 
1.82 
1.82 
1.84 
1.84 
1.86 
1.86



LOAD INCREMENT DATA

TEST NAME CTB4-U2E PAGE NO: 11 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM 2.00 tsf to

ELAPSED TIME SQ RT OF 
(min) TIME(min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-23-99 11:49:00

DATE TIME

3.00 tsf

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

0.0140 
0.0166 
0.0170 
0.0174 
0.0176 
0.0177 
0.0179 
0.0179 
0.0180 
0.0181 
0.0182 
0.0184 
0.0186 
0.0187 
0.0188 
0.0190 
0.0192 
0.0193 
0.0195

1.637 
1.627 
1.626 
1.625 
1.624 
1.623 
1.623 
1.623 
1.622 
1.622 
1.622 
1.621 
1.620 
1.620 
1.619 
1.619 
1.618 
1.618 
1.617

1.87 
2.22 
2.27 
2.32 
2.35 
2.37 
2.39 
2.39 
2.40 
2.42 
2.44 
2.45 
2.49 
2.50 
2.52 
2.53 
2.57 
2.58 
2.60



LOAD INCREMENT DATA

TEST NAME CTB4-U2E 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM 3.00 tsf to

PAGE NO: 12 

4.00 tsf

DATE TIME

04-23-99 12:57:01

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 
92.00

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

0.00 0.0195 
0.32 0.0217 
0.50 0.0221 
0.71 0.0223 
1.00 0.0227 
1.25 0.0229 
1.41 0.0231 
1.50 0.0231 
1.75 0.0233 
2.00 0.0234 
2.50 0.0238 
2.83 0.0239 
3.50 0.0243 
3.87 0.0246 
4.69 0.0249 
5.48 0.0253 
6.00 0.0254 
7.00 0.0258 
7.75 0.0260 
9.59 0.0267

VOID 
RATIO 

1.617 
1.609 
1.608 
1.607 
1.606 
1.605 
1.604 
1.604 
1.603 
1.603 
1.602 
1.601 
1.600 
1.599 
1.598 
1.596 
1.596 
1.594 
1.594 
1.591

STRAIN 
in %

2.60 
2.90 
2.95 
2.98 
3.03 
3.06 
3.08 
3.08 
3.11 
3.13 
3.18 
3.20 
3.25 
3.28 
3.33 
3.38 
3.40 
3.45 
3.48 
3.56



LOAD INCREMENT DATA

TEST NAME CTB4-U2E PAGE NO: 13 

TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM 4.00 tsf to

ELAPSED TIME 
(min)

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-23-99 14:29:07

DATE TIME

8.00 tsf

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

0.0267 
0.0454 
0.0493 
0.0523 
0.0554 
0.0575 
0.0588 
0.0594 
0.0609 
0.0622 
0.0646 
0.0660 
0.0684 
0.0696 
0.0718 
0.0737 
0.0748 
0.0766 
0.0779

1.591 
1.524 
1.510 
1.499 
1.488 
1.480 
1.476 
1.474 
1.468 
1.464 
1.455 
1.450 
1.441 
1.437 
1.429 
1.423 
1.419 
1.412 
1.407

3.56 
6.06 
6.59 
6.99 
7.41 
7.69 
7.85 
7.94 
8.13 
8.32 
8.63 
8.81 
9.15 
9.29 
9.59 
9.84 
9.99 

10.24 
10.40



LOAD INCREMENT DATA

TEST NAME CTB4-U2E 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM

PAGE NO: 14

8.00 tsf to 16.00 tsf

DATE TIME

04-23-99 15:48:02

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 
75.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 

5.48 
6.00 
7.00 
7.75 
8.66

CHANGE IN 
HEIGHT in

0.0797 
0.1166 
0.1231 
0.1280 
0.1324 
0.1352 
0.1365 
0.1373 
0.1390 
0.1404 
0.1428 
0.1441 
0.1464 
0.1474 
0.1494 
0.1510 
0.1520 
0.1536 
0.1546 
0.1556

VOID 
RATIO 

1.401 
1.269 
1.245 
1.228 
1.212 
1.202 
1.197 
1.194 
1.188 
1.183 
1.174 
1.170 
1.161 
1.158 
1.151 
1.145 
1.141 
1.135 
1.132 
1.128

STRAIN 
in % 

10.65 
15.57 
16.45 
17.10 
17.69 
18.06 
18.24 
18.34 
18.57 
18.75 
19.09 
19.25 
19.57 
19.70 
19.96 
20.18 
20.31 
20.53 
20.66 
20.79



LOAD INCREMENT DATA

TEST NAME CTB4-U2E PAGE NO: 15 

TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM 16.00 tsf to 4.00 tsf

ELAPSED TIME 
(min)

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-23-99 17:03:08

DATE TIME

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

0.1556 
0.1485 
0.1484 
0.1482 
0.1480 
0.1480 
0.1479 
0.1479 
0.1478 
0.1478 
0.1478 

0.1477 
0.1477 
0.1477 
0.1476 
0.1476

1.128 
1.154 
1.154 
1.155 
1.155 
1.155 
1.156 
1.156 
1.156 
1.156 
1.156 
1.157 
1.157 
1.157 
1.157 
1.157

20.79 
19.85 
19.83 
19.80 
19.78 
19.78 
19.76 
19.76 
19.75 
19.75 
19.75 
19.73 
19.73 
19.73 
19.71 
19.71



LOAD INCREMENT DATA

TEST NAME CTB4-U2E 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM

PAGE NO: 16

4.00 tsf to 1.00 tsf

DATE TIME
ELAPSED TIME 

(min)

04-23-99 17:36:02 0.00 
0.10 

0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

CHANGE IN 
HEIGHT in

0.1476 
0.1411 
0.1405 
0.1399 

0.1392 
0.1389 
0.1386 
0.1386 
0.1384 
0.1383 
0.1380 
0.1379 
0.1376 
0.1375 
0.1374 
0.1373

VOID 
RATIO 

1.157 
1.180 

1.183 
1.185 
1.187 
1.188 
1.189 
1.189 
1.190 
1.191 
1.192 
1.192 
1.193 
1.193 
1.194 
1.194

STRAIN 
in % 

19.71 
18.85 
18.77 
18.69 
18.60 
18.56 
18.52 
18.52 
18.49 
18.47 
18.44 
18.42 
18.39 
18.37 
18.36 
18.34



LOAD INCREMENT DATA

PAGE NO: 17TEST NAME CTB4-U2E 
TEST NO: 5 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.00 tsf to 0.25 tBf

DATE TIME

04-23-99 18:11:12

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

CHANGE IN 
HEIGHT in

0.1373 
0.1333 
0.1324 
0.1314 
0.1303 
0.1296 
0.1291 
0.1288 
0.1283 
0.1278 
0.1272 
0.1270 
0.1265 
0.1261 
0.1257 
0.1254 
0.1251 
0.1249 
0.1246

VOID 
RATIO 

1.194 
1.208 
1.212 
1.215 
1.219 
1.222 
1.224 
1.224 
1.226 
1.228 
1.230 
1.231 
1.233 
1.234 
1.236 
1.237 
1.238 
1.239 
1.240

STRAIN 
in % 

18.34 
17.81 
17.69 
17.56 
17.41 
17.31 
17.25 
17.21 
17.15 
17.08 
17.00 
16.96 
16.90 
16.85 
16.80 
16.75 
16.72 
16.68 
16.65
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SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION:

SPECIMEN INFORMATION: 
WATER CONTENT: 
DRY UNIT WEIGHT: 
VOID RATIO: 
SATURATION:

1.0 10.0 

VERTICAL STRESS (ksf)

CTB-5 
U-12C 

23.5 ft 
SILT (M H) 

INITIAL 
52.4 % 
63.3 pcf 

1.683 
84.6 %

DATE: 
TESTED BY: 
CHECKED:

FINAL 
43.6 % 
75.0 pcf 

1.265 
93.8 %

100.0

4/14/99 
ACS 
TYC

SPECIFIC GRAVITY: 
2.72 (est)

NOTE: Sample was not inundated

PRIVATE FUEL STORAGE FACILITY 

SKULL VALLEY 
PRIVATE FUEL STORAGE, LLC

STONE & WEBSTER ENGINEERING CORP. CONSOUDATION TEST RESULTS JO 05996.02 

BOSTON, MASSACHUSETTS BORING CTB-5, SAMPLE U-12C April 1999



CONSOLIDATION TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

SPECIMEN INFORMATION:

WATER CONTENT: 

DRY UNIT WEIGHT: 

VOID RATIO: 

SATURATION: 

HEIGHT: 

AREA: 

SP. GRAVITY:

TEST DATA:

APPLIED 
PRESSURE 

ksf 

0.20 

0.50 

1.00 

2.00 

4.00 

8.00 

8.00 

2.00 

0.50 

1.00 

2.00 

4.00 

8.00 

12.00 

16.00 

24.00 

32.00 
32.00 

8.00 

2.00 

0.50

STRAIN 

0.12 

0.27 

0.50 

0.84 

1.32 

2.13 

2.50 

1.97 

1.47 

1.52 

1.72 

2.07 

2.64 

3.69 

7.02 

12.37 

16.76 

19.13 

18.16 

17.32 

16.44

DATE: 

TESTED BY: 

CHECKED:

4/14/99 
ACS 
TYC

CTB-5 

U-12C 

23.5 ft 
SILT (MH)

INITIAL 

52.4 % 

63.3 pcf 

1.683 

84.6 % 
1.901 cm 

31.60 sq cm 

2.72 (est)

FINAL 

43.6 % 

75.0 pd 
1.265 

93.8 % 

1.604 cm



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM

PAGE NO: 1

0.00 tsf to 0.10 tsf

DATE TIME

04-14-99 15:41:09

ELAPSED TIME 
(min)

0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

SQ RT OF 
TIME (min)

0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69

CHANGE IN 
HEIGHT in

0.0009 
0.0009 
0.0010 
0.0009 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0009 
0.0009 
0.0009 
0.0009 
0.0009

VOID 
RATIO 

1.680 
1.680 
1.679 
1.680 
1.679 
1.679 
1.679 
1.679 
1.679 
1.680 
1.680 
1.680 
1.680 
1.680

STRAIN 
in %

0.12 
0.12 
0.13 
0.12 
0.13 
0.13 
0.13 
0.13 
0.13 
0.12 
0.12 
0.12 
0.12 
0.12



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME
ELAPSED TIME 

(min)

0.10 tsf to

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

PAGE NO: 2 

0.25 tsf

VOID STRAIN 
RATIO in %

04-14-99 16:04:58

DATE

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69

0.0009 
0.0017 
0.0019 
0.0019 
0.0019 
0.0019 
0.0019 
0.0019 
0.0019 
0.0019 
0.0020 
0.0020 
0.0020 
0.0020 
0.0020

1.680 
1.677 

1.676 
1.676 
1.676 
1.676 
1.676 
1.676 
1.676 
1.676 
1.676 
1.676 
1.676 
1.676 
1.676

0.12 
0.23 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.27 
0.27 
0.27 
0.27 
0.27



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.25 tsf to

PAGE NO: 3 

0.50 tsf

DATE TIME

04-14-99 16:34:04

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

CHANGE IN 
HEIGHT in

0.0020 
0.0035 
0.0036 
0.0036 
0.0036 
0.0036 
0.0037 
0.0037 
0.0037 
0.0037 
0.0037 
0.0037 
0.0038 
0.0038 
0.0038 
0.0038

VOID 
RATIO 

1.676 
1.671 
1.670 
1.670 
1.670 
1.670 
1.670 
1.670 
1.670 
1.670 
1.670 
1.670 
1.669 
1.669 
1.669 
1.669

STRAIN 
in %

0.27 
0.46 
0.48 
0.48 
0.48 
0.48 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.51 
0.51 
0.51 
0.51



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM

DATE TIME
ELAPSED TIME 

(min)

04-14-99 17:09:33 0.00 
0.10 

0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 

120.00 
180.00 
240.00 
360.00 

04-15-99 01:09:33 480.00 
720.00 
840.00

PAGE NO: 4

0.50 tsf to 1.00 tsf

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75 

10.95 
13.42 
15.49 
18.97 
21.91 
26.83 
28.98

CHANGE IN 
HEIGHT in

0.0040 
0.0060 
0.0061 
0.0062 
0.0062 
0.0062 
0.0062 
0.0062 
0.0063 
0.0063 
0.0063 
0.0064 
0.0064 
0.0064 
0.0064 
0.0064 
0.0064 
0.0066 
0.0066 
0.0067 
0.0068 
0.0068 
0.0069 
0.0069 
0.0071 
0.0069

VOID 
RATIO 

1.669 
1.662 
1.661 
1.661 
1.661 
1.661 
1.661 
1.661 
1.660 
1.660 
1.660 
1.660 
1.660 
1.660 
1.660 
1.660 
1.660 
1.659 
1.659 
1.659 
1.659 
1.659 
1.658 
1.658 
1.658 
1.658

STRAIN 
in %

0.53 
0.80 
0.81 
0.83 
0.83 
0.83 
0.83 
0.83 
0.84 
0.84 
0.84 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.88 
0.88 
0.89 
0.91 
0.91 
0.93 
0.93 
0.94 
0.93



LOAD INCREMENT DATA

PAGE NO: 5TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.00 tsf to

ELAPSED TIME SQ RT OF 
(min) TIME(min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-15-99 07:58:57 0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

0.00 0.0069 
0.32 0.0094 
0.50 0.0095 
0.71 0.0097 
1.00 0.0098 
1.25 0.0098 
1.41 0.0098 
1.50 0.0098 
1.75 0.0099 
2.00 0.0099 
2.50 0.0099 
2.83 0.0099 
3.50 0.0100 
3.87 0.0102 
4.69 0.0102 

5.48 0.0102 
6.00 0.0102 
7.00 0.0103 
7.75 0.0103

DATE TIME

2.00 tsf

1.658 
1.649 
1.649 
1.648 
1.648 
1.648 
1.648 
1.648 
1.647 
1.647 
1.647 
1.647 
1.647 
1.647 
1.647 
1.647 
1.647 
1.646 
1.646

0.93 
1.26 
1.28 
1.29 
1.31 
1.31 
1.31 
1.31 
1.33 
1.33 
1.33 
1.33 
1.34 
1.36 
1.36 
1.36 
1.36 
1.38 
1.38



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME
ELAPSED TIME 

(min)

2.00 tsf to

SQ RT OF 
TIME(min)

CHANGE IN 
HEIGHT in

PAGE NO: 6 

4.00 tsf

VOID STRAIN 
RATIO in %

04-15-99 09:04:38

DATE

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

0.0104 
0.0150 
0.0154 
0.0156 
0.0160 
0.0161 
0.0164 
0.0164 
0.0165 
0.0166 
0.0169 
0.0170 
0.0172 
0.0175 
0.0177 
0.0180 
0.0181 
0.0185 
0.0186

1.646 
1.629 
1.628 
1.627 
1.626 
1.625 
1.624 
1.624 
1.624 
1.623 
1.623 
1.622 
1.621 
1.620 
1.619 
1.619 
1.618 
1.617 
1.616

1.39 
2.00 
2.05 
2.09 
2.14 
2.15 
2.19 
2.19 
2.20 
2.22 
2.25 
2.27 
2.30 
2.34 
2.37 
2.40 
2.42 
2.47 
2.49



LOAD INCREMENT DATA

TEST NAME CTB5-12C PAGE NO: 7 

TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME

04-15-99 10:18:33

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

4.00 tsf to 1.00 tsf

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00

CHANGE IN 
HEIGHT in

0.0187 
0.0151 
0.0150 
0.0149 
0.0149 
0.0149 
0.0148 
0.0148 
0.0148 
0.0148 
0.0148 
0.0148 
0.0146 
0.0148 
0.0146 
0.0146 
0.0146

VOID STRAIN 
RATIO in %

1.616 
1.629 
1.629 
1.630 
1.630 
1.630 
1.630 
1.630 
1.630 
1.630 
1.630 
1.630 
1.631 
1.630 
1.631 
1.631 
1.631

2.50 
2.02 
2.00 
1.99 
1.99 
1.99 
1.97 
1.97 
1.97 
1.97 
1.97 
1.97 
1.95 
1.97 
1.95 
1.95 
1.95

DATE



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM

PAGE NO: 8

1.00 tsf to 0.25 tsf

DATE TIME

04-15-99 11:07:02

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

CHANGE IN 
HEIGHT in

0.0146 
0.0117 
0.0114 
0.0112 
0.0110 
0.0110 
0.0110 
0.0110 
0.0109 
0.0109 
0.0109 
0.0108 
0.0108 
0.0108 
0.0107 
0.0107 
0.0107 
0.0107 
0.0107

VOID 
RATIO 

1.631 
1.641 
1.642 
1.643 
1.643 
1.643 
1.643 
1.643 
1.644 
1.644 
1.644 
1.644 
1.644 
1.644 
1.645 
1.645 
1.645 
1.645 
1.645

STRAIN 
in %

1.95 
1.56 
1.52 
1.49 
1.47 
1.47 
1.47 
1.47 
1.46 
1.46 
1.46 
1.44 
1.44 
1.44 
1.42 
1.42 
1.42 
1.42 
1.42



LOAD INCREMENT DATA

TEST NAME CTBS-12C PAGE NO: 9 

TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME

04-15-99 12:12:35

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

0.25 tsf to 0.50 tsf

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00

CHANGE IN 
HEIGHT in

0.0107 
0.0114 
0.0113 
0.0113 
0.0114 
0.0114 
0. 114 
0.0114 
0.0114 
0.0114 
0.0113 
0.0114 
0.0113 
0.0114 
0.0113 
0.0113 
0.0114

VOID STRAIN 
RATIO in %

1.645 
1.642 
1.643 
1.643 
1.642 
1.642 
1.642 
1.642 
1.642 
1.642 
1.643 
1.642 
1.643 
1.642 
1.643 
1.643 
1.642

DATE

1.42 
1.52 
1.51 
1.51 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.51 
1.52 
1.51 
1.52 
1.51 
1.51 
1.52



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM

PAGE NO: 10

0.50 tsf to 1.00 tsf

DATE TIME

04-15-99 12:49:49

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

CHANGE IN 
HEIGHT in

0.0114 
0.0128 
0.0128 
0.0129 
0.0128 
0.0129 
0.0129 
0.0129 
0.0129 
0.0129 
0.0129 
0.0129 
0.0130 
0.0130 
0.0130 
0.0130

VOID 
RATIO 

1.642 
1.637 
1.637 
1.637 
1.637 
1.637 
1.637 
1.637 
1.637 
1.637 
1.637 
1.637 
1.636 
1.636 
1.636 
1.636

STRAIN 
in %

1.52 
1.71 
1.71 
1.72 
1.71 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.74 
1.74 
1.74 
1.74



LOAD INCREMENT DATA

TEST NAME CTB5-12C PAGE NO: 11 

TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.00 tsf to

DATE TIME

04-15-99 13:25:46

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

2.00 tsf

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00

CHANGE IN 
HEIGHT in

0.0130 
0.0153 
0.0154 
0.0154 
0.0155 
0.0155 
0.0155 
0.0155 
0.0155 
0.0155 
0.0156 
0.0155 
0.0156 
0.0156 
0.0156 
0.0156 
0.0156

VOID 
RATIO 

1.636 
1.628 
1.628 
1.628 
1.627 
1.627 
1.627 
1.627 
1.627 
1.627 
1.627 
1.627 
1.627 
1.627 
1.627 
1.627 
1.627

STRAIN 
in %

1.74 
2.04 
2.05 
2.05 
2.07 
2.07 
2.07 
2.07 
2.07 
2.07 
2.09 
2.07 
2.09 
2.09 
2.09 
2.09 
2.09



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM 2.00 tsf to

PAGE NO: 12

4.00 tsf

DATE TIME

04-15-99 14:10:58

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00

CHANGE IN 
HEIGHT in

0.0157 
0.0191 
0.0193 
0.0195 
0.0196 
0.0197 
0.0197 
0.0197 
0.0198 
0.0198 
0.0200 
0.0201 
0.0202 
0.0202 
0.0203 
0.0206 
0.0206

VOID 
RATIO 

1.627 
1.615 
1.614 
1.613 
1.613 
1.612 
1.612 
1.612 
1.612 
1.612 
1.611 
1.611 
1.611 
1.611 
1.610 
1.609 
1.609

STRAIN 
in %

2.10 
2.55 
2.58 
2.60 
2.62 
2.63 
2.63 
2.63 
2.65 
2.65 
2.67 
2.68 
2.70 
2.70 
2.72 
2.75 
2.75



LOAD INCREMENT DATA

TEST NAME CTB5-12C PAGE NO: 13 

TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM 4.00 tsf to

DATE TIME

04-15-99 14:57:22

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
42.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
6.48

CHANGE IN 
HEIGHT in

0.0207 
0.0255 
0.0268 
0.0278 
0.0290 
0.0299 
0.0304 
0.0306 
0.0314 
0.0321 
0.0332 
0.0340 
0.0352 
0.0358 
0.0371 
0.0382 
0.0388 
0.0394

VOID STRAIN 
RATIO in %

1.609 
1.591 
1.587 
1.583 
1.579 
1.576 
1.574 
1.573 
1.571 
1.568 
1.564 
1.561 
1.557 
1.555 
1.550 
1.546 
1.544 
1.542

2.77 
3.41 
3.58 
3.71 
3.88 
3.99 
4.06 
4.09 
4.19 
4.29 
4.44 
4.54 
4.71 
4.79 
4.95 
5.10 
5.19 
5.27

6.00 tsf



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME
ELAPSED TIME 

(min)

6.00 tsf to

SQ RT OF 
TIME(min)

CHANGE IN 
HEIGHT in

PAGE NO: 14 

8.00 tsf

VOID STRAIN 
RATIO in %

04-15-99 15:39:33

DATE

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
45.50

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
6.75

0.0394 
0.0433 
0.0464 
0.0486 
0.0511 
0.0528 
0.0538 
0.0543 
0.0557 
0.0569 
0.0589 
0.0601 
0.0622 
0.0632 
0.0651 
0.0667 
0.0677 
0.0689

1.542 
1.528 
1.517 
1.509 
1.500 
1.494 
1.490 
1.488 
1.483 
1.479 
1.472 
1.467 
1.460 
1.456 
1.450 
1.444 
1.440 
1.436

5.27 
5.78 
6.20 
6.49 
6.83 
7.06 
7.19 
7.26 
7.44 
7.60 
7.87 
8.04 
8.32 
8.45 
8.70 
8.91 
9.05 
9.21



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM 8.00 tsf to

PAGE NO: 15

12.00 tsf

ELAPSED TIME 
(min)

SQ RT OF 
TIME(min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-15-99 16:25:09

DATE TIME

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

0.0689 
0.0826 
0.0869 
0.0905 
0.0944 
0.0968 
0.0981 
0.0988 
0.1004 
0.1019 
0.1043 
0.1055 
0.1079 
0.1089 
0.1108 
0.1125

1.436 
1.387 
1.371 
1.359 
1.345 
1.336 
1.331 
1.329 
1.323 
1.318 
1.309 
1.305 
1.296 
1.293 
1.286 
1.280

9.21 
11.03 
11.61 
12.09 
12.61 
12.94 
13.10 
13.20 
13.42 
13.62 
13.93 
14.10 
14.41 
14.55 
14.81 
15.03



LOAD INCREMENT DATA

PAGE NO: 16TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM 12.00 tsf to 16.00 tsf

ELAPSED TIME 
(min)

SQ RT OF 
TIME(min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-15-99 16:56:20

DATE TIME

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
35.20

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
5.93

0.1127 
0.1199 
0.1224 
0.1245 
0.1272 
0.1291 
0.1301 
0.1307 
0.1321 
0.1332 
0.1353 
0.1364 
0.1384 
0.1394 
0.1411 
0.1425 
0.1432

1.279 
1.253 
1.244 
1.237 
1.227 
1.220 
1.217 
1.215 
1.210 
1.206 
1.198 
1.194 
1.187 
1.183 
1.177 
1.172 
1.170

15.06 
16.02 
16.35 
16.63 
17.00 
17.25 
17.38 
17.46 
17.64 
17.79 
18.07 
18.22 
18.49 
18.62 
18.85 
19.04 
19.13



LOAD INCREMENT DATA

TEST NAME CTB5-12C PAGE NO: 17 

TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM

DATE TIME

04-15-99 17:31:38 

04-16-99 01:31:38

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 

120.00 
180.00 
240.00 
360.00 
480.00 
720.00 
840.00

16.00 tef to 4.00 tsf

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75 

10.95 
13.42 
15.49 
18.97 
21.91 
26.83 
28.98

CHANGE IN 
HEIGHT in

0.1432 
0.1364 
0.1363 
0.1361 
0.1359 
0.1359 
0.1359 
0.1359 
0.1358 
0.1358 
0.1358 
0.1356 
0.1356 
0.1356 
0.1356 
0.1355 
0.1355 
0.1355 
0.1355 
0.1355 
0.1355 
0.1355 
0.1355 
0.1355 
0.1355 
0.1355

VOID STRAIN 
RATIO in %

1.170 
1.194 
1.195 
1.195 
1.196 
1.196 
1.196 
1.196 
1.196 
1.196 
1.196 
1.197 
1.197 
1.197 
1.197 

1.197 
1.197 
1.197 

1.197 
1.197 
1.197 
1.197 
1.197 
1.197 
1.197 
1.197

19.13 
18.22 
18.21 
18.19 
18.16 
18.16 
18.16 
18.16 
18.14 
18.14 
18.14 
18.12 
18.12 
18.12 
18.12 
18.11 
18.11 
18.11 
18.11 
18.11 
18.11 
18.11 
18.11 
18.11 
18.11 
18.11



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM 4.00 tef to

PAGE NO: 18

1.00 tsf

DATE TIME

04-16-99 07:55:07

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00

CHANGE IN 
HEIGHT in

0.1355 
0.1308 
0.1303 
0.1299 
0.1294 
0.1292 
0.1291 
0.1291 
0.1290 
0.1288 
0.1287 
0.1286 
0.1285 
0.1283 
0.1282 
0.1282 
0.1281 
0.1280

VOID STRAIN 
RATIO in %

1.197 
1.214 
1.216 
1.217 
1.219 
1.220 
1.220 
1.220 
1.221 
1.221 
1.222 
1.222 
1.223 
1.223 
1.223 
1.223 
1.224 
1.224

18.11 
17.48 
17.41 
17.36 
17.30 
17.26 
17.25 
17.25 
17.23 
17.21 
17.20 
17.18 
17.16 
17.15 
17.13 
17.13 
17.11 
17.10



LOAD INCREMENT DATA

TEST NAME CTB5-12C 
TEST NO: 2 TESTED BY: ACS

PRESSURE INCREMENT FROM

PAGE NO: 19

1.00 tsf to 0.25 tsf

DATE TIME

04-16-99 08:50:35

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 

120.00 
149.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75 

10.95 
12.21

CHANGE IN 
HEIGHT in

0.1278 
0.1242 
0.1235 
0.1226 
0.1218 
0.1210 
0.1206 
0.1205 
0.1200 
0.1198 
0.1193 
0.1190 
0.1188 
0.1185 
0.1183 
0.1180 
0.1179 
0.1177 
0.1175 
0.1170 
0.1168

VOID 
RATIO 

1.225 
1.238 
1.240 
1.243 
1.247 
1.249 
1.251 
1.251 
1.253 
1.254 
1.255 
1.256 
1.257 
1.258 
1.259 
1.260 
1.260 
1.261 
1.262 
1.263 
1.264

STRAIN 
in % 

17.08 
16.60 
16.50 
16.38 
16.27 
16.17 
16.12 
16.10 
16.04 
16.00 
15.94 
15.90 
15.87 
15.84 
15.80 
15.77 
15.76 
15.72 
15.71 
15.64 
15.61
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SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION:

1.0 10.0 

VERTICAL STRESS (ksf)

CTB-5 
U-14E 

27.3 ft 
CLAY (CL)

DATE: 
TESTED BY: 
CHECKED:

SPECIMEN INFORMATION: 
WATER CONTENT: 
DRY UNIT WEIGHT: 
VOID RATIO: 
SATURATION: 

NOTE: Sample was not inundated

IN ITIA L 
26.2 
90.9 

0.868 
82.1

pcf

FINAL 
24.9 
97.9 

0.735 
92.2

SPECIFIC GRAVITY: 
2.72 (est)pcf

PRIVATE FUEL STORAGE FACILITY 

SKULL VALLEY 
PRIVATE FUEL STORAGE, LLC

100.0

4/14199 
ACS 
TYC

STONE & WEBSTER ENGINEERING CORP. CONSOLIDATION TEST RESULTS JO 05996.02 

BOSTON, MASSACHUSETTS BORING CTB-5, SAMPLE U-14E April 1999



CONSOLIDATION TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

SPECIMEN INFORMATION:

WATER CONTENT: 

DRY UNIT WEIGHT: 
VOID RATIO: 
SATURATION: 
HEIGHT: 
AREA: 
SP. GRAVITY:

TEST DATA:
APPLIED 

PRESSURE 

ksf 

0.20 

0.50 

1.00 

2.00 

4.00 

8.00 

8.00 

2.00 

0.50 

0.50 

1.00 

2.00 

4.00 

8.00 

12.00 

16.00 

24.00 

32.00 

64.00 

64.00 

32.00 

8.00 

2.00 

0.50

STRAIN 

0.06 

0.20 

0.46 

0.89 

1.44 

2.25 

2.39 

2.00 

1.58 

1.47 

1.54 

1.73 

2.02 

2.46 

2.87 

3.35 

4.27 

5.15 

9.10 

10.20 

9.70 

8.85 

8.10 

7.40

DATE: 
TESTED BY: 
CHECKED:

4/14/99 
ACS 
TYC

CTB-5 
U-14E 

27.3 ft 
CLAY (CL)

INITIAL 
26.2 % 

90.9 pcf 
0.868 

82.1 % 
1.902 cm 
31.63 sq cm 
2.72 (est)

FINAL 

24.9 % 

97.9 pcf 
0.735 
92.2 % 
1.767 cm



LOAD INCREMENT DATA

TEST NAME CTB5-14E PAGE NO: 

TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.00 tsf to

DATE TIME

04-14-99 15:54:35

ELAPSED TIME SQ RT OF 
(min) TIME(min)

0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25

0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50

CHANGE IN 
HEIGHT in

0.0003 
0.0003 
0.0003 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005

VOID STRAIN 
RATIO in %

0.867 
0.867 
0.867 
0.867 
0.867 
0.867 
0.867 
0.867 
0.867 
0.867 
0.867 
0.867

0.05 
0.05 
0.05 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06

0.10 tsf



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM

PAGE NO: 2

0.10 tsf to 0.25 tsf

ELAPSED TIME 
(min)

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-14-99 16:08:10

DATE TIME

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69

0.0005 
0.0014 
0.0014 
0.0015 
0.0015 
0.0015 
0.0015 
0.0015 
0.0015 
0.0016 
0.0016 
0.0016 
0.0016 
0.0016 
0.0017

0.867 
0.865 
0.865 
0.864 
0.864 
0.864 
0.864 
0.864 
0.864 
0.864 
0.864 
0.864 
0.864 
0.864 
0.864

0.06 

0.19 
0.19 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.22 
0.22 
0.22 
0.22 
0.22 
0.23



LOAD INCREMENT DATA

TEST NAME CTBS-14E PAGE NO: 3 

TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.25 tsf to

DATE TIME

04-14-99 16:35:37

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

0.50 tsf

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00

CHANGE IN 
HEIGHT in

0.0017 
0.0031 
0.0034 
0.0034 
0.0035 
0.0035 
0.0036 
0.0036 
0.0036 
0.0036 
0.0037 
0.0037 
0.0037 
0.0037 
0.0038 
0.0038 
0.0039

VOID 
RATIO 

0.864 
0.860 
0.860 
0.860 
0.859 
0.859 
0.859 
0.859 
0.859 
0.859 
0.859 
0.859 
0.859 
0.859 
0.858 
0.858 
0.858

STRAIN 
in %

0.23 
0.42 
0.45 
0.45 
0.46 
0.46 
0.48 
0.48 
0.48 
0.48 
0.49 

0.49 
0.49 
0.49 
0.51 
0.51 
0.52



LOAD INCREMENT DATA

TEST NAME CTB5-14E PAGE NO: 4 
TEST NO: 3 TESTED BY: ACS 

PRESSURE INCREMENT FROM 0.50 tsf to 1.00 tsf 

ELAPSED TIME SQ RT OF CHANGE IN VOID STRAIN 
DATE TIME (min) TIME(min) HEIGHT in RATIO in % 

04-14-99 17:12:10 0.00 0.00 0.0039 0.858 0.52 
0.10 0.32 0.0061 0.853 0.82 
0.25 0.50 0.0064 0.852 0.85 
0.50 0.71 0.0065 0.852 0.86 
1.00 1.00 0.0067 0.851 0.89 
1.57 1.25 0.0067 0.851 0.89 
2.00 1.41 0.0068 0.851 0.91 
2.25 1.50 0.0068 0.851 0.91 
3.07 1.75 0.0068 0.851 0.91 
4.00 2.00 0.0068 0.851 0.91 
6.25 2.50 0.0069 0.851 0.93 
8.00 2.83 0.0069 0.851 0.93 

12.25 3.50 0.0070 0.850 0.94 
15.00 3.87 0.0070 0.850 0.94 
22.00 4.69 0.0070 0.850 0.94 
30.00 5.48 0.0072 0.850 0.96 
36.00 6.00 0.0072 0.850 0.96 
49.00 7.00 0.0073 0.850 0.97 
60.00 7.75 0.0073 0.850 0.97 

120.00 10.95 0.0074 0.850 0.99 
180.00 13.42 0.0075 0.849 1.00 
240.00 15.49 0.0076 0.849 1.02 
360.00 18.97 0.0076 0.849 1.02 

04-15-99 01:12:10 480.00 21.91 0.0077 0.849 1.03 
720.00 26.83 0.0079 0.848 1.05 
840.00 28.98 0.0077 0.849 1.03



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.00 tsf to

PAGE NO: 5 

2.00 tsf

DATE TIME

04-15-99 08:00:35

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

CHANGE IN 
HEIGHT in

0.0079 
0.0104 
0.0105 
0.0107 
0.0109 
0.0110 
0.0110 
0.0111 
0.0111 
0.0111 
0.0112 
0.0112 
0.0113 
0.0114 
0.0114 
0.0116 
0.0116 
0.0116 
0.0117

VOID STRAIN 
RATIO in %

0.848 
0.842 
0.842 
0.841 
0.841 
0.841 
0.841 
0.840 
0.840 
0.840 
0.840 
0.840 
0.840 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839

1.05 
1.39 
1 .40 
1.43 
1.45 
1.47 
1.47 
1.48 
1.48 
1.48 
1.50 
1.50 
1.51 
1.53 
1.53 
1.54 
1.54 
1.54 
1.56



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 2.00 tsf to

PAGE NO: 6 

4.00 tsf

ELAPSED TIME 
(min)

SQ RT OF 
TIME(min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-15-99 09:06:28 0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

0.00 0.0117 
0.32 0.0158 
0.50 0.0163 
0.71 0.0164 
1.00 0.0166 
1.25 0.0168 
1.41 0.0169 
1.50 0.0169 
1.75 0.0170 
2.00 0.0170 
2.50 0.0171 
2.83 0.0172 
3.50 0.0173 
3.87 0.0174 
4.69 0.0176 
5.48 0.0177 
6.00 0.0177 
7.00 0.0178 
7.75 0.0178

DATE TIME

0.839 
0.829 
0.827 
0.827 
0.826 
0.826 
0.826 
0.826 
0.826 
0.826 
0.825 
0.825 
0.825 
0.824 
0.824 
0.824 
0.824 
0.824 
0.824

1.56 
2.11 
2.18 
2.19 
2.22 
2.24 
2.25 
2.25 
2.27 
2.27 
2.28 
2.30 
2.31 
2.33 
2.35 
2.36 
2.36 
2.38 
2.38



LOAD INCREMENT DATA

TEST NAME CTB5-14E PAGE NO: 7 

TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 4.00 tsf to

DATE TIME

04-15-99 10:20:36

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

1.00 tsf

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00

CHANGE IN 
HEIGHT in

0.0179 
0.0153 
0.0151 
0.0151 
0.0150 
0.0149 
0.0149 
0.0149 
0.0149 
0.0149 
0.0148 
0.0148 
0.0148 
0.0148 
0.0148 
0.0148 
0.0147

VOID 
RATIO 

0.823 
0.830 
0.830 
0.830 
0.831 
0.831 
0.831 
0.831 
0.831 
0.831 
0.831 
0.831 
0.831 
0.831 
0.831 
0.831 
0.831

STRAIN 
in %

2.39 
2.04 
2.02 
2.02 
2.01 
1.99 
1.99 
1.99 
1.99 
1.99 
1.97 
1.97 
1.97 
1.97 
1.97 
1.97 
1.96



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.00 tsf to

PAGE NO: 8 

0.25 tsf

DATE TIME

04-15-99 11:08:40

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

CHANGE IN 
HEIGHT in

0.0148 
0.0124 
0.0121 
0.0119 
0.0117 
0.0116 
0.0116 
0.0116 
0.0114 
0.0114 
0.0113 
0.0113 
0.0112 
0.0112 
0.0111 
0.0111 
0.0111 
0.0110 
0.0110

VOID STRAIN 
RATIO in %

0.831 
0.837 
0.838 
0.838 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839 
0.840 
0.840 
0.840 
0.840 
0.840 
0.840 
0.840 
0.841 
0.841

1.97 
1.65 
1.62 
1.59 
1.56 
1.54 
1.54 
1.54 
1.53 
1.53 
1.51 
1.51 
1.50 
1.50 
1.48 
1.48 
1.48 
1.47 
1.47



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.25 tsf to

PAGE NO: 9 

0.50 tsf

DATE TIME

04-15-99 12:14:01

ELAPSED TIME SQ RT OF 
(min) TIME(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41

CHANGE IN 
HEIGHT in

0.0110 
0.0116 
0.0116 
0.0116 
0.0116 
0.0116 
0.0116

1.50 0.0116 
1.75 0.0116 
2.00 0.0116 
2.50 0.0116 
2.83 0.0116 
3.50 0.0116 
3.87 0.0116 
4.69 0.0116 
5.48 0.0116 
6.00 0.0117

VOID 
RATIO 

0.841 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839 
0.839

STRAIN 
in %

1.47 
1.54 
1.54 
1.54 
1.54 
1.54 
1.54 
1.54 
1.54 
1.54 
1.54 
1.54 
1.54 
1.54 
1.54 
1.54 
1.56



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME
ELAPSED TIME 

(min)

0.50 tsf to

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

PAGE NO: 10 

1.00 tsf

VOID STRAIN 
RATIO in %

04-15-99 12:51:07

DATE

0.00 
0.10 

0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

0.0117 
0.0128 
0.0128 
0.0129 
0.0129 
0.0129 
0.0129 
0.0129 
0.0129 
0.0129 
0.0129 
0.0129 
0.0131 
0.0129 
0.0131 
0.0131

0.839 
0.836 
0.836 
0.836 
0.836 
0.836 
0.836 
0.836 
0.836 
0.836 
0.836 
0.836 
0.835 
0.836 
0.835 
0.835

1.56 
1.71 
1.71 
1.73 
1.73 
1.73 
1.73 
1.73 
1.73 
1.73 
1.73 
1.73 
1.74 
1.73 
1.74 
1.74



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME
ELAPSED TIME 

(min)

1.00 tsf to

SQ RT OF 
TIME(min)

CHANGE IN 
HEIGHT in

PAGE NO: 11 

2.00 tBf

VOID STRAIN 
RATIO in %

04-15-99 13:27:13 0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

0.00 0.0131 
0.32 0.0149 
0.50 0.0151 
0.71 0.0150 
1.00 0.0151 
1.25 0.0153 
1.41 0.0151 
1.50 0.0151 
1.75 0.0153 
2.00 0.0151 
2.50 0.0153 
2.83 0.0153 
3.50 0.0153 
3.87 0.0153 
4.69 0.0154 
5.48 0.0154 
6.00 0.0154

DATE

0.835 
0.831 
0.830 
0.831 
0.830 
0.830 
0.830 
0.830 
0.830 
0.830 
0.830 
0.830 
0.830 
0.830 
0.830 
0.830 
0.830

1.74 
1.99 
2.02 
2.01 
2.02 
2.04 
2.02 
2.02 
2.04 
2.02 
2.04 
2.04 
2.04 
2.04 
2.05 
2.05 
2.05



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 2.00 tsf to

PAGE NO: 12 

4.00 tsf

DATE TIME

04-15-99 14:12:06

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 
89.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 

7.75 
9.43

CHANGE IN 
HEIGHT in

0.0155 
0.0180 
0.0181 
0.0181 
0.0183 
0.0183 
0.0184 
0.0184 
0.0184 
0.0185 
0.0185 
0.0185 
0.0186 
0.0186 
0.0187 
0.0187 
0.0188 
0.0188 
0.0188 
0.0189

VOID 
RATIO 

0.829 
0.823 
0.823 
0.823 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.821 
0.821 
0.821 
0.821 
0.821 
0.821

STRAIN 
in %

2.07 
2.41 
2.42 
2.42 
2.44 
2.44 
2.45 
2.45 
2.45 
2.47 
2.47 
2.47 
2.48 
2.48 
2.50 
2.50 
2.51 
2.51 
2.51 
2.53



LOAD INCREMENT DATA

TEST NAME CTB5-14E PAGE NO: 13 

TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 4.00 tsf to 6.00 taf

DATE TIME

04-15-99 15:41:18

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

SQ RT OF 
TIME(min)

0.00 0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00

CHANGE IN 
HEIGHT in

0.0189 0.0210 
0.0213 
0.0214 
0.0215 
0.0216 
0.0217 
0.0217 
0.0218 
0.0220 
0.0221 
0.0221 
0.0223 
0.0223 
0.0224 
0.0225 
0.0226

VOID 
RATIO 

0.821 
0.816 
0.815 
0.815 
0.814 
0.814 
0.814 
0.814 
0.814 
0.813 
0.813 
0.813 
0.812 
0.812 
0.812 
0.812 
0.812

STRAIN in % 

2.53 
2.81 
2.84 
2.85 
2.87 
2.89 
2.90 
2.90 
2.92 
2.93 
2.95 
2.95 
2.98 
2.98 
2.99 
3.01 
3.02



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
PAGE NO: 14 TEST NO: 3 TESTED BY: ACS 

PRESSURE INCREMENT FROM 6.00 tsf to 8.00 tsf 

ELAPSED TIME SQ RT OF CHANGE IN VOID STRAIN DATE TIME (min) TIME(min) HEIGHT in RATIO in % 

04-15-99 16:22:24 0.00 0.00 0.0228 0.811 3.04 
0.10 0.32 0.0238 0.809 3.18 
0.25 0.50 0.0246 0.807 3.29 
0.50 0.71 0.0248 0.806 3.32 
1.00 1.00 0.0251 0.805 3.35 
1.57 1.25 0.0253 0.805 3.38 
2.00 1.41 0.0253 0.805 3.38 
2.25 1.50 0.0254 0.805 3.39 
3.07 1.75 0.0254 0.805 3.39 
4.00 2.00 0.0256 0.804 3.43 
6.25 2.50 0.0258 0.804 3.44 
8.00 2.83 0.0259 0.803 3.46 

12.25 3.50 0.0261 0.803 3.49 
15.00 3.87 0.0262 0.803 3.50 
22.00 4.69 0.0263 0.802 3.52 30.00 5.48 0.0266 0.802 3.55 
36.00 6.00 0.0267 0.801 3.56 
49.00 7.00 0.0268 0.801 3.58 
60.00 7.75 0.0269 0.801 3.59 

120.00 10.95 0.0273 0.800 3.64 
180.00 13.42 0.0276 0.799 3.69 
240.00 15.49 0.0277 0.799 3.70 
360.00 18.97 0.0281 0.798 3.75 04-16-99 00:22:24 480.00 21.91 0.0283 0.797 3.78 
720.00 26.83 0.0285 0.797 3.81 
900.00 30.00 0.0287 0.797 3.83



LOAD INCREMENT DATA

TEST NAME CTB5-14E PAGE NO: 15 

TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 8.00 tsf to

ELAPSED TIME 
(min)

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-16-99 07:56:30

DATE TIME

12.00 tsf

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00

0.0287 
0.0313 
0.0317 
0.0319 
0.0321 
0.0323 
0.0325 
0.0326 
0.0327 
0.0328 
0.0330 
0.0332 
0.0335 
0.0337 
0.0340 
0.0342 
0.0343 
0.0347

0.797 0.790 
0.789 
0.788 
0.788 
0.787 
0.787 
0.787 
0.786 
0.786 
0.786 
0.785 
0.784 
0.784 
0.783 
0.783 
0.782 
0.782

3.83 
4.18 
4.23 
4.26 
4.29 
4.32 
4.34 
4.35 
4.37 
4.38 
4.41 
4.43 
4.47 
4.51 
4.54 
4.57 
4.58 
4.63



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 12.00 tsf to

PAGE NO: 16

16.00 tsf

DATE TIME

04-16-99 08:53:51

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

CHANGE IN 
HEIGHT in

0.0348 
0.0374 
0.0380 
0.0384 
0.0388 
0.0393 
0.0395 
0.0395 
0.0399 
0.0401 
0.0406 
0.0408 
0.0414 
0.0416 
0.0421 
0.0424 
0.0426 
0.0431 
0.0433

VOID STRAIN 
RATIO in %

0.781 
0.775 
0.773 
0.772 
0.771 
0.770 
0.769 
0.769 
0.769 
0.768 
0.767 
0.766 
0.765 
0.764 
0.763 
0.762 
0.762 
0.760 
0.760

4.64 
5.00 
5.08 
5.12 
5.18 
5.25 
5.28 
5.28 
5.32 
5.35 
5.42 
5.45 
5.52 
5.55 
5.62 
5.66 
5.69 
5.75 
5.79



LOAD INCREMENT DATA

TEST NAME CTB5-14E PAGE NO: 17 

TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM

DATE TIME

ELAPSED TIME 
(min)

04-16-99 10:30:49 0.00 
0.10 
0.25 
0.50 

7 1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

16.00 tsf to 32.00 tsf

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

CHANGE IN 
HEIGHT in

0.0441 
0.0512 
0.0624 
0.0656 
0.0676 
0.0686 
0.0692 
0.0694 
0.0701 
0.0707 
0.0717 
0.0722 
0.0731 
0.0736 
0.0744 
0.0751 
0.0756 
0.0763 
0.0766

VOID STRAIN 
RATIO in %

0.758 
0.740 
0.712 
0.704 
0.699 
0.697 
0.695 
0.695 
0.693 
0.692 
0.689 
0.688 
0.686 
0.684 
0.682 
0.681 
0.680 
0.678 
0.677

5.89 
6.83 
8.33 
8.76 
9.03 
9.16 
9.24 
9.27 
9.37 
9.44 
9.58 
9.64 
9.77 
9.83 
9.94 

10.03 
10.09 
10.18 
10.23



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 32.00 tsf to

PAGE NO: 18

16.00 tsf

DATE TIME

04-16-99 11:32:14

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

CHANGE IN 
HEIGHT in

0.0766 
0.0750 
0.0728 
0.0727 
0.0727 
0.0727 
0.0727 
0.0727 
0.0727 
0.0727 
0.0727 
0.0727 
0.0726 
0.0726 
0.0726 
0.0726

VOID 
RATIO

0.677 
0.681 
0.686 
0.687 
0.687 
0.687 
0.687 
0.687 
0.687 
0.687 
0.687 
0.687 
0.687 
0.687 
0.687 
0.687

STRAIN 
in % 

10.23 
10.01 
9.72 
9.70 
9.70 
9.70 
9.70 
9.70 
9.70 
9.70 
9.70 
9.70 
9.69 
9.69 
9.69 
9.69



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
PAGE NO: 19 

TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 16.00 tsf to

DATE TIME

04-16-99 12:04:08

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00

CHANGE IN 
HEIGHT in

0.0724 
0.0667 
0.0664 
0.0663 
0.0662 
0.0661 
0.0661 
0.0660 
0.0660 
0.0660 
0.0660 
0.0659 
0.0659 
0.0659 
0.0659 
0.0657 
0.0657

VOID STRAIN 
RATIO in %

0.687 0.702 
0.702 
0.703 
0.703 
0.703 
0.703 
0.703 
0.703 
0.703 
0.703 
0.704 
0.704 
0.704 
0.704 
0.704 
0.704

9.67 
8.90 
8.87 
8.86 
8.84 
8.83 
8.83 
8.81 
8.81 
8.81 
8.81 
8.79 
8.79 
8.79 
8.79 
8.78 
8.78

4.00 tsf



LOAD INCREMENT DATA

TEST NAME CTB5-14E 
TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME
ELAPSED TIME 

(min)

4.00 tsf to

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

PAGE NO: 20 

1.00 tsf

VOID STRAIN 
RATIO in %

04-16-99 12:52:18

DATE

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

0.0657 
0.0616 
0.0611 
0.0608 
0.0605 
0.0603 
0.0602 
0.0602 
0.0601 
0.0600 
0.0598 
0.0598 
0.0597 
0.0596 
0.0595 
0.0595 
0.0594 
0.0594 
0.0593

0.704 
0.714 
0.716 
0.716 
0.717 
0.718 
0.718 
0.718 
0.718 
0.718 
0.719 
0.719 
0.719 
0.719 
0.720 
0.720 
0.720 
0.720 
0.720

8.78 
8.22 
8.16 
8.12 
8.08 
8.05 
8.04 
8.04 
8.02 
8.01 
7.99 
7.99 
7.98 
7.96 
7.95 
7.95 
7.93 
7.93 
7.92



LOAD INCREMENT DATA

TEST NAME CTB5-14E PAGE NO: 21 

TEST NO: 3 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.00 tsf to

ELAPSED TIME 
(min)

SQ RT OF 
TIME(min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-16-99 14:04:16

DATE TIME

0.25 tsf

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 
87.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 

7.00 
7.75 
9.33

0.0593 
0.0594 
0.0594 
0.0593 
0.0563 
0.0558 

0.0556 
0.0555 
0.0552 
0.0550 
0.0548 
0.0545 
0.0543 
0.0542 
0.0540 
0.0538 
0.0537 
0.0536 
0.0535 
0.0533

0.720 
0.720 
0.720 
0.720 
0.728 
0.729 
0.729 
0.730 
0.730 
0.731 
0.731 
0.732 
0.733 
0.733 
0.733 
0.734 
0.734 
0.734 
0.735 
0.735

7.92 7.93 
7.93 
7.92 
7.51 
7.45 
7.42 
7.41 
7.37 
7.34 
7.31 
7.28 
7.25 
7.24 
7.21 
7.19 
7.17 
7.16 
7.14 
7.11
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SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION: 

SPECIMEN INFORMATION: 
WATER CONTENT: 
DRY UNIT WEIGHT: 
VOID RATIO: 
SATURATION:

100.01.0 10.0 

VERTICAL STRESS (ksf)

CTB-N 
U-2D 

8.6 ft 
SILT (M H) 

INITIAL 
63.0 % 
48.4 pcf 

2.511 
68.2 %

DATE: 
TESTED BY: 
CHECKED:

FINAL 
60.6 % 
64.0 pcf 

1.655 
99.5 %

4112/99 
ACS 
TYC

SPECIFIC GRAVITY: 
2.72 (est)

NOTE: Sample was inundated 41 minutes after applying a vertical stress of 2 ksf

PRIVATE FUEL STORAGE FACILITY 
SKULL VALLEY 

PRIVATE FUEL STORAGE, LLC

STONE &WEBSTER ENGINEERING CORP. CONSOLIDATION TEST RESULTS JO 05996.02 

BOSTON, MASSACHUSETTS BORING CTB-N, SAMPLE U-2D April 1999



CONSOLIDATION TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

SPECIMEN INFORMATION:

WATER CONTENT: 

DRY UNIT WEIGHT: 

VOID RATIO: 

SATURATION: 

HEIGHT: 

AREA: 

SP. GRAVITY:

TEST DATA:

APPLIED 
PRESSURE 

ksf 

0.20 

0.50 

1.00 

2.00 

2.00 

4.00 

8.00 

16.00 

24.00 

24.00 

8.00 

2.00 

0.50

STRAIN

0.19 

0.38 

0.61 

0.95 

1.15 

1.78 

6.90 

18.41 

25.20 

28.46 

27.70 

26.40 

25.10

(after inundation)

DATE: 
TESTED BY: 
CHECKED:

4112/99 
ACS 
TYC

CTB-N 

U-2D 

8.6 ft 

SILT (MH)

INITIAL 

63.0 % 

48.4 pcf 
2.511 
68.2 % 

1.894 cm 
31.61 sq cm 

2.72 (est)

FINAL 

60.6 % 

64.0 pcf 
1.655 
99.5 % 
1.432 cm



LOAD INCREMENT DATA

TEST NAME CTBN-U2D PAGE NO: 

TEST NO: 1 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.00 tsf to

DATE TIME

04-14-99 15:25:16

ELAPSED TIME 
(min)

0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

0.10 tsf

SQ RT OF 
TIME (min)

0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

CHANGE IN 
HEIGHT in

0.0013 
0.0013 
0.0014 
0.0014 
0.0013 
0.0014 
0.0013 
0.0014 
0.0014 
0.0014 
0.0014 
0.0014 
0.0016 
0.0016 
0.0017

VOID 
RATIO 

2.505 
2.505 
2.504 
2.504 
2.505 
2.504 
2.505 
2.504 
2.504 
2.504 
2.504 
2.504 
2.504 
2.504 
2.503

STRAIN 
in %

0.17 
0.17 
0.19 
0.19 
0.17 
0.19 
0.17 
0.19 
0.19 
0.19 
0.19 
0.19 
0.21 
0.21 
0.23



LOAD INCREMENT DATA

TEST NAME CTBN-U2D 
TEST NO: 1 TESTED BY: ACS

PRESSURE INCREMENT FROM

PAGE NO: 2

0.10 tsf to 0.25 tsf

DATE TIME

04-14-99 16:01:19

ELAPSED TIME 
(min)

0.00 
0.10 

0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69

CHANGE IN 
HEIGHT in

0.0017 
0.0027 
0.0027 
0.0027 
0.0027 
0.0028 
0.0028 
0.0028 
0.0028 
0.0028 
0.0028 
0.0028 
0.0030 
0.0030 
0.0030

VOID 
RATIO 

2.503 
2.498 
2.498 
2.498 
2.498 
2.498 
2.498 
2.498 
2.498 
2.498 
2.498 
2.498 
2.497 
2.497 
2.497

STRAIN 
in %

0.23 
0.36 
0.36 
0.36 
0.36 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.40 
0.40 
0.40



LOAD INCREMENT DATA

TEST NAME CTBN-U2D PAGE NO: 3 

TEST NO: 1 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.25 tsf to

ELAPSED TIME 
(min)

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-14-99 16:29:04

DATE TIME

0.50 tsf

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00

0.0030 
0.0043 
0.0044 
0.0044 
0.0045 
0.0044 
0.0045 
0.0044 
0.0045 
0.0045 
0.0045 
0.0045 
0.0047 
0.0047 
0.0048 
0.0048 
0.0048

2.497 
2.491 
2.490 
2.490 
2.490 
2.490 
2.490 
2.490 
2.490 
2.490 
2.490 
2.490 
2.489 
2.489 
2.488 
2.488 
2.488

0.40 
0.57 
0.59 
0.59 
0.61 
0.59 
0.61 
0.59 
0.61 
0.61 
0.61 
0.61 
0.62 
0.62 
0.64 
0.64 
0.64



LOAD INCREMENT DATA

TEST NAME CTBN-U2D PAGE NO: 4 
TEST NO: 1 TESTED BY: ACS 

PRESSURE INCREMENT FROM 0.50 tsf to 1.00 tsf 

ELAPSED TIME SQ RT OF CHANGE IN VOID STRAIN 
DATE TIME (min) TIME(min) HEIGHT in RATIO in % 

04-14-99 17:07:33 0.00 0.00 0.0048 2.488 0.64 
0.10 0.32 0.0068 2.479 0.92 
0.25 0.50 0.0068 2.479 0.92 
0.50 0.71 0.0070 2.478 0.94 
1.00 1.00 0.0071 2.478 0.95 
1.57 1.25 0.0071 2.478 0.95 
2.00 1.41 0.0072 2.477 0.97 
2.25 1.50 0.0072 2.477 0.97 
3.07 1.75 0.0072 2.477 0.97 
4.00 2.00 0.0072 2.477 0.97 
6.25 2.50 0.0074 2.476 0.99 
8.00 2.83 0.0074 2.476 0.99 

12.25 3.50 0.0075 2.476 1.00 
15.00 3.87 0.0075 2.476 1.00 
22.00 4.69 0.0075 2.476 1.00 
30.00 5.48 0.0076 2.475 1.02 
36.00 6.00 0.0076 2.475 1.02 
49.00 7.00 0.0076 2.475 1.02 
60.00 7.75 0.0076 2.475 1.02 

120.00 10.95 0.0079 2.474 1.06 
180.00 13.42 0.0080 2.473 1.07 
240.00 15.49 0.0081 2.473 1.09 
360.00 18.97 0.0083 2.472 1.11 

04-15-99 01:07:33 480.00 21.91 0.0084 2.471 1.13 
720.00 26.83 0.0087 2.470 1.16 
840.00 28.98 0.0085 2.471 1.14



LOAD INCREMENT DATA

TEST NAME CTBN-U2D PAGE NO: 5 

TEST NO: 1 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.00 tsf to

ELAPSED TIME 
(min)

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-15-99 07:57:17

DATE TIME

2.00 tsf

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 

1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

0.0085 
0.0121 
0.0127 
0.0130 
0.0134 
0.0138 
0.0141 
0.0141 
0.0143 
0.0146 
0.0150 
0.0152 
0.0158 
0.0160 
0.0165 
0.0169 
0.0171 
0.0176 
0.0180

2.471 
2.454 
2.451 
2.450 
2.448 
2.446 
2.445 
2.445 
2.443 
2.442 
2.440 
2.439 
2.437 
2.436 
2.433 
2.431 
2.431 
2.428 
2.426

1.14 
1.63 
1.70 
1.75 
1.80 
1.85 
1.89 
1.89 
1.92 
1.96 
2.01 
2.04 
2.11 
2.15 
2.22 
2.27 
2.29 
2.36 
2.41



LOAD INCREMENT DATA

TEST NAME CTBN-U2D 
TEST NO: 1 TESTED BY: ACS

PRESSURE INCREMENT FROM 2.00 tsf to

PAGE NO: 6 

4.00 tsf

DATE TIME

04-15-99 09:03:05

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 
70.40

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75 
8.39

CHANGE IN 
HEIGHT in

0.0181 
0.0407 
0.0461 
0.0496 
0.0530 
0.0552 
0.0563 
0.0570 
0.0585 
0.0599 
0.0623 
0.0637 
0.0660 
0.0672 
0.0695 
0.0713 
0.0723 
0.0743 
0.0754 
0.0766

VOID 
RATIO 

2.426 
2.319 
2.294 
2.277 
2.262 
2.251 
2.246 
2.243 
2.235 
2.229 
2.218 
2.211 
2.200 
2.195 
2.184 
2.175 
2.170 
2.161 
2.156 
2.150

STRAIN 
in % 

2.43 
5.46 
6.18 
6.65 

7.10 
7.40 
7.55 
7.64 
7.85 
8.04 
8.35 
8.54 
8.85 
9.01 
9.32 
9.56 
9.70 
9.96 

10.12 
10.27



LOAD INCREMENT DATA

PAGE NO: 7TEST NAME CTBN-U2D 

TEST NO: 1 TESTED BY: ACS

PRESSURE INCREMENT FROM 4.00 tsf to

DATE TIME

04-15-99 10:13:30

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00

CHANGE IN 
HEIGHT in

0.0766 
0.1167 
0.1274 
0.1337 
0.1390 
0.1422 
0.1439 
0.1447 
0.1468 
0.1484 
0.1514 
0.1530 
0.1557 
0.1570 
0.1593 
0.1612 
0.1624 
0.1642

8.00 tsf

VOID 
RATIO 

2.150 
1.962 
1.911 
1.881 
1.857 
1.841 
1.833 
1.830 
1.820 
1.812 
1.798 
1.791 
1.778 
1.772 
1.761 
1.752 
1.746 
1.738

STRAIN 
in % 

10.27 
15.64 
17.08 
17.93 
18.64 
19.07 
19.30 
19.40 
19.68 
19.91 
20.30 
20.51 
20.88 
21.05 
21.36 
21.62 
21.78 
22.02



LOAD INCREMENT DATA

TEST NAME CTBN-U2D 
TEST NO: 1 TESTED BY: ACS

PRESSURE INCREMENT FROM 8.00 tsf to

PAGE NO: 8

12.00 tsf

DATE TIME

04-15-99 11:05:16

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 
70.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 

0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75 
8.37

CHANGE IN 
HEIGHT in

0.1646 
0.1775 
0.1820 
0.1856 
0.1894 
0.1918 
0.1931 
0.1938 
0.1955 
0.1969 
0.1993 
0.2006 
0.2029 
0.2041 
0.2060 
0.2079 
0.2088 
0.2104 
0.2115 
0.2122

VOID 
RATIO 

1.736 
1.675 
1.654 
1.637 
1.619 
1.608 
1.602 
1.599 
1.591 
1.584 
1.572 
1.566 
1.555 
1.550 
1.541 
1.532 
1.528 
1.520 
1.515 
1.512

STRAIN 
in % 

22.07 
23.80 
24.41 
24.90 
25.40 
25.73 
25.90 
25.99 
26.21 
26.40 
26.73 
26.90 
27.22 
27.37 
27.63 
27.88 
28.00 
28.22 
28.36 
28.46



LOAD INCREMENT DATA

TEST NAME CTBN-U2D PAGE NO: 9 

TEST NO: 1 TESTED BY: ACS

PRESSURE INCREMENT FROM 12.00 tsf to

DATE TIME

04-15-99 12:15:40

ELAPSED TIME SQ RT OF 
(min) TIME(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

4.00 tsf

CHANGE IN 
HEIGHT in

0.2122 
0.2067 
0.2066 
0.2064 
0.2063 
0.2063 
0.2062 
0.2062 
0.2062 
0.2062 
0.2062 
0.2060 
0.2060 
0.2060 
0.2060 
0.2060

VOID 
RATIO 

1.512 
1.538 
1.538 
1.539 
1.540 
1.540 
1.540 
1.540 
1.540 
1.540 
1.540 
1.541 
1.541 
1.541 
1.541 
1.541

STRAIN 
in % 

28.46 
27.72 
27.70 
27.68 
27.67 
27.67 
27.65 
27.65 
27.65 
27.65 
27.65 
27.63 
27.63 
27.63 
27.63 
27.63



LOAD INCREMENT DATA

TEST NAME CTBN-U2D 
TEST NO: 1 TESTED BY: ACS

PRESSURE INCREMENT FROM 4.00 tsf to

PAGE NO: 10 

1.00 tsf

DATE TIME

04-15-99 12:48:27

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

CHANGE IN 
HEIGHT in

0.2059 
0.1991 
0.1982 
0.1975 
0.1970 
0.1967 
0.1966 
0.1965 
0.1964 
0.1964 
0.1961 
0.1961 
0.1960 
0.1958 
0.1957 
0.1957

VOID 
RATIO 

1.541 
1.574 
1.578 
1.581 
1.583 
1.585 
1.585 
1.586 
1.586 
1.586 
1.588 
1.588 
1.588 
1.589 
1.589 
1.589

STRAIN 
in % 

27.62 
26.70 
26.58 
26.49 
26.42 
26.39 
26.37 
26.35 
26.33 
26.33 
26.30 
26.30 
26.28 
26.26 
26.25 
26.25



LOAD INCREMENT DATA

TEST NAME CTBN-U2D PAGE NO: 11 

TEST NO: 1 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.00 tsf to

DATE TIME

04-15-99 13:24:11

ELAPSED TIME 

(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 

120.00 
180.00 
196.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75 

10.95 
13.42 
14.00

CHANGE IN 
HEIGHT in

0.1956 
0.1909 
0.1894 
0.1880 
0.1864 
0.1856 
0.1851 
0.1850 
0. 1846 
0.1843 
0.1838 
0.1836 
0.1833 
0.1832 
0.1829 
0.1827 
0.1825 
0.1824 
0.1823 
0.1820 
0.1818 
0.1818

VOID STRAIN 
RATIO in %

1.590 
1.612 
1.619 
1.626 
1.633 
1.637 
1.639 
1.640 
1.642 
1.643 
1.645 
1.647 
1.648 
1.648 
1.650 
1.651 
1.652 
1.652 
1.653 
1.654 
1.655 
1.655

26.23 
25.61 
25.40 
25.21 
25.00 
24.90 
24.83 
24.81 
24.76 
24.72 
24.65 
24.62 
24.58 
24.57 
24.53 
24.50 
24.48 
24.46 
24.44 
24.41 
24.38 
24.38

0.25 tsf
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100.01.0 10.0 

VERTICAL STRESS (ksf)

SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION: 

SPECIMEN INFORMATION: 
WATER CONTENT: 
DRY UNIT WEIGHT: 
VOID RATIO: 
SATURATION:

CTB-S 
U-3C 

10 ft 
S ILT (M H) 

IN ITIA L 
72.2 % 
51.9 pcf 

2.269 
86.6 %

DATE: 
TESTED BY: 
CHECKED:

FINAL 
54.4 % 
67.4 pcf 

1.519 
97.4 %

4121/99 
ACS 
TYC

SPECIFIC GRAVITY: 
2.72 (est)

NOTE: Sample was inundated 34 minutes after applying a vertical stress of 2 ksf

PRIVATE FUEL STORAGE FACILITY 

SKULL VALLEY 

PRIVATE FUEL STORAGE, LLC

0

4 

8 

12

16

CD

20 

24 

28

32

0.1

STONE & WEBSTER ENGINEERING CORP. CONSOLIDATION TEST RESULTS JO 05996.02 

BOSTON, MASSACHUSETTS BORING CTB-S, SAMPLE U-3C April 1999



CONSOLIDATION TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

SPECIMEN INFORMATION:

WATER CONTENT: 

DRY UNIT WEIGHT: 

VOID RATIO: 

SATURATION: 

HEIGHT: 

AREA: 

SP. GRAVITY:

TEST DATA:

APPLIED 
PRESSURE 

ksf 

0.20 

0.50 

1.00 

2.00 

2.00 

3.00 

3.00 

1.00 

0.50 

1.00 

2.00 

4.00 

6.00 

8.00 

16.00 

32.00 

32.00 

8.00 

2.00 

0.50

STRAIN

0.10 

0.26 

0.43 

0.68 

0.80 

0.96 

1.06 

0.80 

0.68 

0.76 

0.92 

1.29 

2.18 

3.86 

12.53 

23.63 

27.62 

26.50 

25.32 

23.90

(after inundation)

DATE: 
TESTED BY: 
CHECKED:

4/21199 
ACS 
TYC

CTB-S 
U-3C 
10.0 ft 

SILT (MH)

INITIAL 

72.2 % 

51.9 pcf 

2.269 

86.6 % 

1.894 cm 

31.61 sq cm 

2.72 (est)

FINAL 

54.4 % 

67.4 pd 

1.519 

97.4 % 

1.459 cm



LOAD INCREMENT DATA

TEST NAME CTBS-U3C PAGE NO: 

TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.00 tsf to

ELAPSED TIME SQ RT OF 
(min) TIME(min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-22-99 14:29:27

DATE TIME

0.10 tsf

0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00

0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87

0.0006 
0.0006 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008

2.266 
2.266 
2.266 
2.266 
2.266 
2.266 
2.266 
2.266 
2.266 
2.266 
2.266 
2.266 
2.266

0.09 0.09 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10



LOAD INCREMENT DATA

TEST NAME CTBS-U3C 
TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME
ELAPSED TIME 

(min)

0.10 tsf to

SQ RT OF 
TIME(min)

CHANGE IN 
HEIGHT in

PAGE NO: 2 

0.25 tsf

VOID STRAIN 
RATIO in %

04-22-99 14:50:03

DATE

0.00 
0.10 

0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

0.0009 
0.0018 
0.0018 
0.0018 
0.0019 
0.0018 
0.0018 
0.0018 
0.0018 
0.0018 
0.0019 
0.0019 
0.0019 
0.0019 
0.0019 
0.0019

2.265 
2.261 
2.261 
2.261 
2.261 
2.261 
2.261 
2.261 
2.261 
2.261 
2.261 
2.261 
2.261 
2.261 
2.261 
2.261

0.12 
0.24 
0.24 
0.24 
0.26 
0.24 
0.24 
0.24 
0.24 
0.24 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26



LOAD INCREMENT DATA

TEST NAME CTBS-U3C PAGE NO: 3 

TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.25 tsf to

DATE TIME

04-22-99 15:26:46

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00

CHANGE IN 
HEIGHT in

0.0019 
0.0030 
0.0031 
0.0031 
0.0031 
0.0031 
0.0031 
0.0031 
0.0031 
0.0031 
0.0032 
0.0032 
0.0032 
0.0032 
0.0032 
0.0034 
0.0034 
0.0034

0.50 tsf

VOID 
RATIO 

2.261 
2.256 
2.255 
2.255 
2.255 
2.255 
2.255 
2.255 
2.255 
2.255 
2.255 
2.255 
2.255 
2.255 
2.255 
2.254 
2.254 
2.254

STRAIN 
in %

0.26 
0.40 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.43 
0.43 
0.43 
0.43 
0.43 
0.45 
0.45 
0.45



LOAD INCREMENT DATA

TEST NAME CTBS-U3C 
TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.50 tsf to

PAGE NO: 4

1.00 tsf

DATE TIME

04-22-99 16:18:33 

04-23-99 00:18:33

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 

120.00 
180.00 
240.00 
360.00 
480.00 
720.00 
900.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75 

10.95 
13.42 
15.49 
18.97 
21.91 
26.83 
30.00

CHANGE IN 
HEIGHT in

0.0034 
0.0048 
0.0049 
0. 0049 
0.0050 
0.0050 
0.0050 
0.0050 
0.0052 

0.0052 
0.0052 
0.0052 
0.0053 
0.0053 
0.0053 

0.0054 
0.0054 
0.0054 
0.0054 
0.0056 
0.0056 
0.0057 
0.0058 
0.0058 
0.0059 
0.0059

VOID 
'RATIO 

2.254 
2.248 
2.247 
2.247 
2.247 
2.247 
2.247 
2.247 
2.246 
2.246 
2.246 
2.246 
2.246 
2.246 
2.246 
2.245 
2.245 
2.245 
2.245 
2.245 
2.245 
2.244 
2.244 
2.244 
2.243 
2.243

STRAIN 
in %

0.45 
0.64 
0.66 
0.66 
0.68 
0.68 
0.68 
0.68 
0.69 
0.69 
0.69 
0.69 
0.71 
0.71 
0.71 
0.73 
0.73 
0.73 
0.73 
0.74 
0.74 
0.76 
0.78 
0.78 
0.80 
0.80



LOAD INCREMENT DATA

TEST NAME CTBS-U3C PAGE NO: 5 

TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.00 tsf to

DATE TIME

04-23-99 07:54:28

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00

CHANGE IN 
HEIGHT in

0.0059 
0.0070 
0.0070 
0.0070 
0.0071 
0.0072 
0.0072 
0.0072 
0.0072 
0.0072 
0.0074 
0.0074 
0.0075 
0.0075 
0.0076 
0.0076 
0.0078 
0.0078

VOID STRAIN 
RATIO in %

2.243 
2.238 
2.238 
2.238 
2.238 
2.237 
2.237 
2.237 
2.237 
2.237 
2.237 
2.237 
2.236 
2.236 
2.236 
2.236 
2.235 
2.235

0.80 0.94 
0.94 
0.94 
0.95 
0.97 
0.97 
0.97 
0.97 
0.97 
0.99 
0.99 
1.00 
1.00 
1.02 
1.02 
1.04 
1.04

1.50 tsf



LOAD INCREMENT DATA

TEST NAME CTBS-U3C 
TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME

04-23-99 08:48:45

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

PAGE NO: 6

1.50 tsf to 0.50 tsf

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69

CHANGE IN 
HEIGHT in

0.0079 
0.0061 
0.0061 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059 
0.0059

VOID STRAIN 
RATIO in %

2.234 
2.242 
2.242 
2.243 
2.243 
2.243 
2.243 
2.243 
2.243 
2.243 
2.243 
2.243 
2.243 
2.243 
2.243

1.06 
0.81 
0.81 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80

DATE



LOAD INCREMENT DATA

PAGE NO: 7TEST NAME CTBS-U3C 

TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.50 tsf to

ELAPSED TIME SQ RT OF 
(min) TIME(min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-23-99 09:17:33 0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

0.00 0.0058 
0.32 0.0052 
0.50 0.0052 
0.71 0.0050 
1.00 0.0052 

1.25 0.0052 
1.41 0.0050 

1.50 0.0050 

1.75 0.0050 
2.00 0.0050 
2.50 0.0050 

2.83 0.0050 
3.50 0.0050 

3.87 0.0050 

4.69 0.0050

DATE TIME

0.25 tsf

2.244 
2.246 
2.246 
2.247 
2.246 
2.246 
2.247 
2.247 
2.247 
2.247 
2.247 
2.247 
2.247 
2.247 
2.247

0.78 
0.69 
0.69 
0.68 
0.69 
0.69 
0.68 
0.68 
0.68 
0.68 
0.68 

0.68 
0.68 
0.68 
0.68



LOAD INCREMENT DATA

TEST NAME CTBS-U3C 
TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.25 tsf to

PAGE NO: 8 

0.50 tsf

DATE TIME

04-23-99 09:43:07

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69

CHANGE IN 
HEIGHT in

0.0050 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057 
0.0057

VOID 
RATIO 

2.247 
2.244 
2.244 
2.244 
2.244 
2.244 
2.244 
2.244 
2.244 
2.244 
2.244 
2.244 
2.244 
2.244 
2.244

STRAIN 
in %

0.68 
0.76 
0.76 
0.76 
0.76 
0.76 
0.76 
0.76 
0.76 
0.76 
0.76 
0.76 
0.76 
0.76 
0.76



LOAD INCREMENT DATA

TEST NAME CTBS-U3C PAGE NO: 9 

TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 0.50 tsf to

ELAPSED TIME 
(min)

SQ RT OF 
TIME(min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-23-99 10:07:02

DATE TIME

1.00 tsf

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69

0.0057 
0.0067 
0.0068 
0.0067 
0.0068 
0.0068 
0.0068 
0.0068 
0.0068 
0.0068 
0.0068 
0.0068 
0.0068 
0.0068 
0.0068

2.244 
2.240 
2.239 
2.240 
2.239 
2.239 
2.239 
2.239 
2.239 
2.239 
2.239 
2.239 
2.239 
2.239 
2.239

0.76 
0.90 
0.92 
0.90 
0.92 
0.92 
0.92 
0.92 
0.92 
0.92 
0.92 
0.92 
0.92 
0.92 
0.92



LOAD INCREMENT DATA

TEST NAME CTBS-U3C 
TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.00 tsf to

PAGE NO: 10

2.00 tsf

DATE TIME

04-23-99 10:37:05

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

CHANGE IN 
HEIGHT in

0.0068 
0.0092 
0.0093 
0.0094 
0.0096 
0.0097 
0.0098 
0.0098 
0.0099 
0.0099 
0.0101 
0.0102 
0.0103 
0.0105 
0.0107 
0.0109 
0.0110 
0.0111 
0.0112

VOID 
RATIO 

2.239 
2.229 
2.228 
2.228 
2.227 
2.227 
2.226 
2.226 
2.225 
2.225 
2.225 
2.224 
2.224 
2.223 
2.222 
2.221 
2.221 
2.220 
2.220

STRAIN 
in %

0.92 
1.23 
1.25 
1.26 
1.28 
1.30 
1.32 
1.32 
1.33 
1.33 
1.35 
1.37 
1.39 
1.40 
1.44 
1.46 
1.47 
1.49 
1.51



LOAD INCREMENT DATA

PAGE NO: 11TEST NAME CTBS-U3C 

TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 2.00 tsf to

ELAPSED TIME 
(min)

SQ RT OF 
TIME(min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-23-99 11:47:04

DATE TIME

3.00 tsf

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

0.0115 
0.0145 
0.0151 
0.0160 
0.0168 
0.0172 
0.0174 
0.0176 
0.0180 
0.0182 
0.0189 
0.0192 
0.0199 
0.0202 
0.0208 
0.0214 
0.0217 
0.0223 
0.0229

2.219 
2.206 
2.203 
2.199 
2.195 
2.194 
2.193 
2.192 
2.190 
2.189 
2.186 
2.185 
2.182 
2.181 
2.178 
2.175 
2.174 
2.171 
2.169

1.54 
1.94 
2.03 
2.15 
2.25 
2.30 
2.34 
2.36 
2.41 
2.44 
2.53 
2.58 
2.67 
2.70 
2.79 
2.88 
2.91 
3.00 

3.07



LOAD INCREMENT DATA

TEST NAME CTBS-U3C 
TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM

PAGE NO: 12

3.00 tsf to 4.00 tsf

DATE TIME

04-23-99 12:55:16

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 
91.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75 
9.54

CHANGE IN 
HEIGHT in

0.0231 
0.0266 
0.0276 
0.0285 
0.0296 
0.0305 
0.0310 
0.0313 
0.0319 
0.0326 
0.0337 
0.0345 
0.0358 
0.0366 
0.0379 
0.0390 
0.0398 
0.0411 
0.0420 
0.0439

VOID 
RATIO 

2.168 

2.152 
2.148 
2.144 
2.139 
2.135 
2.133 

2.132 
2.129 
2.126 
2.121 
2.118 
2.112 
2.109 
2.103 

2.098 
2.095 
2.089 
2.085 
2.076

STRAIN 
in %

3.10 
3.57 
3.71 
3.83 
3.97 
4.09 
4.16 
4.19 
4.28 
4.37 
4.52 
4.63 
4.80 
4.90 
5.08 
5.23 
5.34 
5.51 
5.63 
5.89



LOAD INCREMENT DATA

TEST NAME CTBS-U3C PAGE NO: 13 

TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM

TIME

04-23-99 14:27:15

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

4.00 tsf to 8.00 tsf

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

CHANGE IN 
HEIGHT in

0.0439 
0.0766 
0.0849 
0.0911 
0.0969 
0.1005 
0.1024 
0.1032 
0.1054 
0.1072 
0.1102 
0.1119 
0.1146 
0.1159 
0.1186 
0.1205 
0.1218 
0.1239 
0.1253

VOID STRAIN 
RATIO in %

2.076 
1.933 
1.897 
1.870 
1.844 
1.828 
1.820 
1.816 
1.807 
1.799 
1.786 
1.779 
1.767 
1.761 
1.749 
1.741 
1.735 
1.726 
1.720

5.89 
10.27 
11.38 
12.21 
12.99 
13.48 
13.74 
13.84 
14.14 
14.38 
14.78 
15.00 
15.37 
15.54 
15.90 
16.16 
16.34 
16.61 
16.80

DATE



LOAD INCREMENT DATA

TEST NAME CTBS-U3C 
TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 8.00 tsf to

PAGE NO: 14

16.00 tsf

ELAPSED TIME 
(min)

SQ RT OF 
TIME(min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-23-99 15:46:00 0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00 
75.00

0.00 0.1274 
0.32 0.1590 
0.50 0.1685 
0.71 0.1748 
1.00 0.1805 
1.25 0.1837 
1.41 0.1854 
1.50 0.1862 
1.75 0.1881 
2.00 0.1896 
2.50 0.1922 
2.83 0.1936 
3.50 0.1961 
3.87 0.1973 
4.69 0.1993 
5.48 0.2010 
6.00 0.2020 
7.00 0.2036 
7.75 0.2048 
8.66 0.2059

DATE TIME

1.711 
1.572 
1.530 
1.503 
1.478 
1.464 
1.456 
1.453 
1.444 
1.438 
1.426 
1.420 
1.409 
1.404 
1.395 
1.388 
1.383 
1.376 
1.371 
1.366

17.08 
21.33 
22.59 
23.44 
24.20 
24.64 
24.86 
24.96 
25.22 
25.43 
25.78 
25.97 
26.30 
26.45 
26.73 
26.96 
27.10 
27.30 
27.46 
27.62



LOAD INCREMENT DATA

TEST NAME CTBS-U3C PAGE NO: 15 

TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 16.00 tsf to

DATE TIME

04-23-99 17:01:44

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

SQ RT OF 
TIME (min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

CHANGE IN 
HEIGHT in

0.2059 
0.1982 
0.1979 
0.1977 
0.1975 
0.1974 
0.1973 
0.1973 
0.1973 
0.1973 
0.1971 
0.1971 
0.1970 
0.1970 
0.1969 
0.1969

VOID STRAIN 
RATIO in %

1.366 
1.400 
1.401 
1.403 
1.403 
1.404 
1.404 
1.404 
1.404 
1.404 
1.405 
1.405 
1.405 
1.405 
1.406 
1.406

27.62 
26.58 
26.54 
26.51 
26.49 
26.47 
26.45 
26.45 
26.45 
26.45 
26.44 
26.44 
26.42 
26.42 
26.40 
26.40

4.00 tsf



LOAD INCREMENT DATA

TEST NAME CTBS-U3C 
TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 4.00 tsf to

PAGE NO: 16 

1.00 tsf

DATE TIME

04-23-99 17:34:53

ELAPSED TIME 
(min)

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00

SQ RT OF 
TIME(min)

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48

CHANGE IN 
HEIGHT in

0.1969 
0.1904 
0.1896 
0.1887 
0.1880 
0.1874 
0.1872 
0.1871 
0.1868 
0.1865 
0.1863 
0.1862 
0.1859 
0.1858 
0.1856 
0.1855

VOID STRAIN 
RATIO in %

1.406 
1.434 
1.438 
1.442 
1.445 
1.447 
1.448 
1.449 
1.450 
1.451 
1.452 
1.453 
1.454 
1.455 
1.455 
1.456

26.40 
25.54 
25.43 
25.31 
25.21 
25.14 
25.10 
25.09 
25.05 
25.02 
24.98 
24.96 
24.93 
24.91 
24.90 
24.88



LOAD INCREMENT DATA

TEST NAME CTBS-U3C PAGE NO: 17 

TEST NO: 4 TESTED BY: ACS

PRESSURE INCREMENT FROM 1.00 tsf to

ELAPSED TIME 
(min)

SQ RT OF 
TIME (min)

CHANGE IN 
HEIGHT in

VOID STRAIN 
RATIO in %

04-23-99 18:09:59

DATE TIME

0.25 tsf

0.00 
0.10 
0.25 
0.50 
1.00 
1.57 
2.00 
2.25 
3.07 
4.00 
6.25 
8.00 

12.25 
15.00 
22.00 
30.00 
36.00 
49.00 
60.00

0.00 
0.32 
0.50 
0.71 
1.00 
1.25 
1.41 
1.50 
1.75 
2.00 
2.50 
2.83 
3.50 
3.87 
4.69 
5.48 
6.00 
7.00 
7.75

0.1855 
0.1818 
0.1807 
0.1796 
0.1781 
0.1771 
0.1765 
0.1762 
0.1754 
0.1749 
0.1740 
0.1736 
0.1730 
0.1727 
0.1723 
0.1719 
0.1717 
0.1714 
0.1712

1.456 1.472 
1.477 
1.482 
1.488 
1.493 
1.495 
1.497 
1.500 
1.502 
1.506 
1.508 
1.511 
1.512 
1.514 
1.515 
1.516 
1.517 
1.519

24.88 24.38 
24.24 
24.08 
23.89 
23.75 
23.67 
23.63 
23.53 
23.46 
23.34 
23.28 
23.20 
23.16 
23.11 
23.06 
23.02 
22.99 
22.95
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APPENDIX B 

Triaxial Test Plots and Data
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STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

CONSOLIDATED UNDRAINED TRIAXIAL

0 2 4 6 8 10 12 14 16 18 20 

AXIAL STRAIN (%)

SAMPLE INFORMATION: 
BORING: 
SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-1 
U-3D 

8.4 ft 

CLAY 

0.546 ft 

0.238 ft 

0.0444 ft

Axial Compression 
1.7 ksf

DATE: 
TESTED BY: 

CHECKED: 

WATER CONTENT: 

INITIAL DRY UNIT WEIGHT: 

INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 
COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

3.0 

2.5 

2.0

U)

1.5 

1.0

0.5 

0.0

04/30/99 
ACS 

47.9 % 

62.1 pd 

1.73

0.8 %/min

2.84 ksf 
5.67 ksf 

5.0 %



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA

SAMPLE INFORMATION: 
BORING: CTB-1 DATE: 04130199 
SAMPLE: U-3D TESTED BY: ACS 
DEPTH: 8.4 ft CHECKED: .J ' 
DESCRIPTION: CLAY 

HEIGHT: 0.546 ft WATER CONTENT: 47.9 % 
DIAMETER: 0.238 ft INITIAL DRY UNIT WEIGHT 62.1 pcf 
AREA: 0.0444 Ift2  INITIAL VOID RATIO: 1.73 

TEST DATA: 
LOADING: Axial Compression STRAIN RATE: 0.8 %/min 
CELL PRESSURE: 1.7 ksf 

UNDRAINED SHEAR STRENGTH: 2.84 ksf 

COMPRESSIVE STRENGTH: 5.67 ksf 

FAILURE STRAIN: 5.0 % 

DIAL LOAD AXIAL FORCE AREA AXIAL SHEAR 
READING CELL STRAIN STRESS STRESS 

mm mV % kip sq ft. ksf ksf 
1.33 1.30 0.00 0.000 0.0444 0.00 0.00 
1.41 6.04 0.05 0.015 0.0445 0.33 0.17 
1.50 9.21 0.10 0.025 0.0445 0.55 0.28 
1-66 13.71 0.20 0.039 0.0445 0.87 0.43 
1.83 17.27 0.30 0.050 0.0446 1.11 0.56 
2.00 21.36 0.40 0.062 0.0446 1.40 0.70 
2.16 24.55 0.50 0.072 0.0447 1.62 0.81 
2.33 28.70 0.60 0.085 0.0447 1.91 0.95 
2.66 35.15 0.80 0.105 0.0448 2.35 1.18 
2.99 42.00 1.00 0.127 0.0449 2.82 1.41 
3.82 57.30 1.50 0.174 0.0451 3.86 1.93 
4.66 68.70 2.00 0.210 0.0453 4.62 2.31 
6.32 80.12 3.00 0.245 0.0458 5.35 2.68 
7.98 84.78 4.00 0.260 0.0463 5.61 2.80 
9.65 86.62 5.00 0.265 0.0468 5.67 2.84 

11.31 86.72 6.00 0.266 0.0473 5.62 2.81 
12.97 86.42 7.00 0.265 0.0478 5.54 2.77 
14.63 85.48 8.00 0.262 0.0483 5.42 2.71 
16.30 80.84 9.00 0.247 0.0488 5.07 2.53 
17.96 76.66 10.00 0.234 0.0494 4.75 2.37 
19.62 73.68 11.00 0.225 0.0499 4.51 2.25 
21.29 72.20 12.00 0.220 0.0505 4.37 2.18 
22.95 70.54 13.00 0.215 0.0511 4.22 2.11 
24.61 68.40 14.00 0.209 0.0517 4.04 2.02 
26.28 63.63 15.00 0.194 0.0523 3.71 1.85 
27.94 55.65 16.00 0.169 0.0529 3.20 1.60 
29.60 49.20 17.00 0.149 0.0535 2.78 1.39 
31.27 44.60 18.00 0.135 0.0542 2.48 1.24 
32.93 38.45 19.00 0.116 0.0549 2.11 1.05 
34.59 33.56 20.00 0.100 0.0555 1.81 0.90



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

CONSOLIDATED UNDRAINED TRIAXIAL

0 2 4 6 8 10 12 14 16 18 20 

AXIAL STRAIN (%)

SAMPLE INFORMATION: 
BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION:

CTB-1 
U-7D 
21.4 ft 

Clayey SILT

DATE: 
TESTED BY: 
CHECKED:

05/03/99 
ACS 

J-41%

HEIGHT: 

DIAMETER: 

AREA:

TEST DATA: 
LOADING: 
CELL PRESSURE:

0.547 ft 
0.239 ft 

0.0447 ft2

Axial Compression 
1.7 ksf

WATER CONTENT: 
INITIAL DRY UNIT WEIGHT: 
INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

3.0 

2.5 

2.0
C, 
o, 

1-
c') w 

I 
LU,

1.5 

1.0

0.5 

0.0

45.1 % 
62.9 pd 
1.70 

0.8 %/min

2.73 ksf 
5.45 ksf 

5.0 %



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-1 
U-7D 
21.4 ft 

Clayey SILT 

0.547 ft 
0.239 ft 

0.0447 ft2 

Axial Compression 
1.7 ksf

DATE: 
TESTED BY: 
CHECKED: 

WATER CONTENT: 
INITIAL DRY UNIT WEIGHT 
INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

DIAL 

READING 

mm 

0.96 
1.04 
1.13 

1.29 

1.46 

1.63 

1.79 
1.96 

2.29 

2.63 

3.46 

4.29 

5.96 

7.63 
9.29 

10.96 

12.63 

14.29 

15.96 

17.63 

19.29 

20.96 

22.63 

24.30 

25.96 

27.63 

29.30 

30.96 

32.63 

34.30

LOAD 

CELL 

mV 
1.25 

7.09 
10.03 

13.91 

18.66 

23.16 

27.38 

32.14 

40.46 

48.65 

63.60 

71.97 

79.76 

82.62 

83.69 

83.27 

79.70 

70.52 

67.34 

65.14 

63.41 

60.63 

58.76 

59.85 

61.02 

61.62 

61.57 

60.92 

58.30 

52.83

AXIAL 
STRAIN 

0.00 
0.05 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.80 
1.00 
1.50 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00

FORCE AREA

05/03/99 

ACS 

45.1 % 
62.9 pcf 

1.70

0.8 %/min

2.73 ksf 

5.45 ksf 

5.0 %

kip 

0.000 

0.018 

0.027 

0.039 

0.054 

0.068 

0.081 

0.096 

0.122 

0.147 

0.194 

0.220 

0.244 

0.253 

0.256 

0.255 

0.244 

0.215 

0.206 

0.199 

0.193 

0.185 

0.179 

0.182 

0.186 

0.188 

0.188 

0.186 

0.177 

0.160

sq ft.  

0.0447 
0.0447 

0.0447 

0.0448 

0.0448 

0.0449 

0.0449 

0.0450 

0.0450 

0.0451 

0.0454 

0.0456 

0.0461 

0.0465 

0.0470 

0.0475 

0.0480 

0.0486 

0.0491 

0.0496 

0.0502 

0.0508 

0.0514 

0.0520 

0.0526 

0.0532 

0.0538 

0.0545 

0.0552 

0.0559

AXIAL 

STRESS 
ksf 

0.00 

0.41 

0.61 

0.88 

1.21 

1.52 

1.81 

2.14 

2.71 

3.27 

4.27 

4.82 

5.30 

5.44 

5.45 

5.37 

5.08 

4.44 

4.19 

4.00 

3.85 

3.64 

3.48 

3.51 

3.54 

3.53 

3.48 

3.41 

3.22 

2.87

SHEAR 
STRESS 

ksf 
0.00 
0.20 
0.31 
0.44 
0.60 
0.76 
0.90 
1.07 
1.35 
1.63 
2.14 
2.41 
2.65 
2.72 
2.73 
2.68 
2.54 
2.22 
2.09 
2.00 
1.93 
1.82 
1.74 
1.75 
1.77 
1.76 
1.74 
1.70 
1.61 
1.44



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

CONSOLIDATED UNDRAINED TRIAXIAL

0 2 4 6 8 10 12 14 16 18 20 

AXIAL STRAIN (%)

SAMPLE INFORMATION: 
BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 
AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-4 
U-2D 

9.2 ft 

CLAY 

0.552 ft 
0.238 ft 

0.0446 ft?

Axial Compression 
1.7 ksf

DATE: 
TESTED BY: 
CHECKED: 

WATER CONTENT: 
INITIAL DRY UNIT WEIGHT: 
INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

3.5 

3.0 

2.5

w 19 

U) 

I-
C', 

n

-r-

2.0 

1.5

1.0 

0.5 

0.0

04/29/99 
ACS 

45.2 % 

60.4 pcf 

1.81

0.8 %/min

3.11 ksf 
6.22 ksf 

6.0 %



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA 

SAMPLE INFORMATION:

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA:

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-4 

U-2D 

9.2 ft 
CLAY 

0.552 ft 

0.238 ft 
0.0446 ft2

Axial Compression 
1.7 ksf

DATE: 04/29/99 

TESTED BY: ACS 

CHECKED: ) Ul,$

WATER CONTENT: 

INITIAL DRY UNIT WEIGHT 

INITIAL VOID RATIO:

STRAIN RATE:

45.2 % 

60.4 pcf 

1.81 

0.8 %/min

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

DIAL 
READING 

mm 
1.25 
1.33 
1.42 
1.59 
1.75 
1.92 
2.09 
2.26 
2.60 
2.93 
3.77 
4.61 
6.30 
7.98 
9.66 
11.34 
13.02 
14.70 
16.39 
18.07 
19.75 
21.43 
23.11 
24.79 
26.48 
28.16 
29.84 
31.52 
33.20 
34.88

LOAD 
CELL 
mV 

1.40 
5.36 
8.90 
13.75 
17.26 
21.01 
24.54 
28.26 
35.36 
42.70 
60.14 
73.43 
87.42 
92.33 
94.94 
96.20 
96.70 
96.70 
96.62 
96.11 
95.23 
94.00 
92.94 
91.51 
89.70 
88.58 
87.62 
86.39 
85.21 
84.27

AXIAL 

STRAIN 

0.00 

0.05 

0.10 

0.20 

0.30 

0.40 

0.50 

0.60 

0.80 

1.00 

1.50 

2.00 

3.00 

4.00 

5.00 

6.00 

7.00 

8.00 

9.00 

10.00 

11.00 

12.00 

13.00 

14.00 

15.00 

16.00 

17.00 

18.00 

19.00 

20.00

FORCE AREA

3.11 ksf 

6.22 ksf 

6.0 %

kip 

0.000 
0.012 

0.023 

0.038 

0.049 

0.061 

0.072 

0.084 

0.106 

0.128 

0.183 

0.224 

0.268 

0.283 

0.291 

0.295 

0.296 

0.296 

0.296 

0.295 

0.292 

0.288 

0.285 

0.280 

0.275 

0.271 

0.268 

0.264 

0.261 

0.258

sq ft.  
0.0446 

0.0446 

0.0446 
0.0447 

0.0447 

0.0448 

0.0448 

0.0449 

0.0449 

0.0450 

0.0453 

0.0455 

0.0460 

0.0464 

0.0469 

0.0474 

0.0479 

0.0485 

0.0490 

0.0495 

0.0501 

0.0507 

0.0512 

0.0518 

0.0525 

0.0531 

0.0537 

0.0544 

0.0550 

0.0557

AXIAL 

STRESS 
ksf 

0.00 

0.28 

0.52 

0.86 

1.10 

1.36 

1.61 

1.86 

2.35 

2.85 

4.04 

4.92 

5.82 

6.09 

6.20 

6.22 

6.18 

6.12 

6.04 

5.95 

5.83 

5.68 

5.56 

5.41 

5.24 

5.11 

4.99 

4.86 

4.74 

4.62

SHEAR 

STRESS 
ksf 

0.00 

0.14 

0.26 

0.43 

0.55 

0.68 

0.80 

0.93 

1.17 

1.43 

2.02 

2.46 

2.91 

3.04 

3.10 

3.11 

3.09 

3.06 

3.02 

2.97 

2.91 

2.84 

2.78 

2.70 

2.62 

2.55 

2.50 

2.43 

2.37 

2.31



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

CONSOLIDATED UNDRAINED TRIAXIAL

0 2 4 6 8 10 12 14 16 18 20 

AXIAL STRAIN (%)

SAMPLE INFORMATION: 
BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-4 
U-11D 

20.9 ft 

SILT 

0.551 ft 

0.239 ft 
0.0447 ft2

Axial Compression 
1.7 ksf

DATE: 
TESTED BY: 

CHECKED: 

WATER CONTENT: 

INITIAL DRY UNIT WEIGHT: 

INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 
COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

3.5 

3.0 

2.5

al) 

C," 

1-
CD 

I,"

2.0 

1.5

1.0 

0.5 

0.0

05114/99 
ACS 

cwA,, 

31.5 % 

68.4 pcf 

1.48

0.8 %/min

3.15 ksf 
6.30 ksf 

8.0 %



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA

SAMPLE INFORMATION: 
BORING: CTB-4 DATE: 05/14/99 
SAMPLE: U-11D TESTED BY: ACS 
DEPTH: 20.9 ft CHECKED: 
DESCRIPTION: SILT ( 

HEIGHT: 0.551 ft WATER CONTENT: 31.5 % 
DIAMETER: 0.239 ft INITIAL DRY UNIT WEIGHT 68.4 pcf 
AREA: 0.0447 ft2  INITIAL VOID RATIO: 1.48 

TEST DATA: 
LOADING: Axial Compression STRAIN RATE: 0.8 %/min 
CELL PRESSURE: 1.7 ksf 

UNDRAINED SHEAR STRENGTH: 3.15 ksf 

COMPRESSIVE STRENGTH: 6.30 ksf 

FAILURE STRAIN: 8.0 % 

DIAL LOAD AXIAL FORCE AREA AXIAL SHEAR 
READING CELL STRAIN STRESS STRESS 

mm mV % kip sq ft. ksf ksf 
0.56 1.30 0.00 0.000 0.0447 0.00 0.00 
0.64 9.74 0.05 0.026 0.0448 0.59 0.29 
0.73 14.09 0.10 0.040 0.0448 0.89 0.44 
0.90 20.00 0.20 0,058 0.0448 1.30 0.65 
1.06 25.78 0.30 0.076 0.0449 1.70 0.85 
1.23 31.80 0.40 0.095 0.0449 2.11 1.06 
1.40 36.17 0.50 0.108 0.0450 2.41 1.21 
1.57 41.78 0.60 0.126 0.0450 2.80 1.40 
1.90 49.12 0.80 0.149 0.0451 3.30 1.65 
2.24 58.67 1.00 0.178 0.0452 3.95 1.97 
3.08 72.03 1.50 0.220 0.0454 4.84 2.42 
3.92 79.36 2.00 0.243 0.0457 5.32 2.66 
5.60 87.03 3.00 0.267 0.0461 5.78 2.89 
7.27 91.25 4.00 0.280 0.0466 6.00 3.00 
8.95 94.01 5.00 0.288 0.0471 6.12 3.06 
10.63 96.20 6.00 0.295 0.0476 6.20 3.10 
12.31 98.00 7.00 0.301 0.0481 6.25 3.13 
13.99 99.80 8.00 0.306 0.0486 6.30 3.15 
15.67 100.92 9.00 0.310 0.0492 6.30 3.15 
17.34 101.74 10.00 0.312 0.0497 6.28 3.14 
19.02 102.50 11.00 0.315 0.0503 6.26 3.13 
20.70 102.55 12.00 0.315 0.0508 6.19 3.10 
22.38 102.48 13.00 0.315 0.0514 6.12 3.06 
24.06 102.20 14.00 0.314 0.0520 6.03 3.02 
25.74 101.80 15.00 0.313 0.0526 5.94 2.97 
27.41 101.05 16.00 0.310 0.0533 5.82 2.91 
29.09 100.20 17.00 0.308 0.0539 5.71 2.85 
30.77 99.56 18.00 0.306 0.0546 5.60 2.80 
32.45 98.90 19.00 0.304 0.0552 5.50 2.75 
34.13 98.30 20.00 0.302 0.0559 5.39 2.70



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

CONSOLIDATED UNDRAINED TRIAXIAL

0 2 4 6 8 10 12 14 16 18 20 

AXIAL STRAIN (%)

SAMPLE INFORMATION: 
BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-5 
U-10D 

19.1 ft 
SILT 

0.545 ft 

0.237 ft 

0.0440 f 2

Axial Compression 
1.7 ksf

DATE: 
TESTED BY: 

CHECKED: 

WATER CONTENT: 

INITIAL DRY UNIT WEIGHT: 

INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

3.5 

3.0 

2.5

0 

U, 
C,, 
w 

I.
Co 

I 
cn

2.0 

1.5

1.0 

0.5 

0.0

05117/99 
ACS 

JvfAA 

27.7 % 

74.0 pcf 

1.29

0.8 %/min

2.93 ksf 
5.86 ksf 

8.0 %



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA 

SAMPLE INFORMATION: 
BORING: CTB-5 DATE: 05/17/99 

SAMPLE: U-10D TESTED BY: ACS 
DEPTH: 19.1 ft CHECKED: 

DESCRIPTION: SILT 

HEIGHT: 0.545 ft WATER CONTENT: 27.7 % 
DIAMETER: 0.237 ft INITIAL DRY UNIT WEIGHT 74.0 pcf 
AREA: 0.0440 ft2  INITIAL VOID RATIO: 1.29 

TEST DATA: 
LOADING: Axial Compression STRAIN RATE: 0.8 %/min 
CELL PRESSURE: 1.7 ksf 

UNDRAINED SHEAR STRENGTH: 2.93 ksf 

COMPRESSIVE STRENGTH: 5.86 ksf 

FAILURE STRAIN: 8.0 % 

DIAL LOAD AXIAL FORCE AREA AXIAL SHEAR 
READING CELL STRAIN STRESS STRESS 

mm mV % kip sq ft. ksf ksf 
1.03 1.25 0.00 0.000 0.0440 0.00 0.00 
1.11 9.00 0.05 0.024 0.0440 0.55 0.27 
1.20 13.03 0.10 0.037 0.0441 0.83 0.42 

1.36 17.52 0.20 0.051 0.0441 1.15 0.57 
1.53 22.17 0.30 0.065 0.0441 1.47 0.74 
1.69 26.59 0.40 0.079 0.0442 1.78 0.89 
1.86 30.54 0.50 0.091 0.0442 2.06 1.03 

2.03 34.74 0.60 0.104 0.0443 2.35 1.18 
2.36 41.76 0.80 0.126 0.0444 2.84 1.42 

2.69 48.15 1.00 0.146 0.0445 3.28 1.64 
3.52 60.83 1.50 0.185 0.0447 4.15 2.07 
4.35 68.85 2.00 0.210 0.0449 4.68 2.34 

6.01 77.34 3.00 0.237 0.0454 5.22 2.61 
7.67 82.40 4.00 0.252 0.0458 5.51 2.75 

9.34 85.60 5.00 0.262 0.0463 5.66 2.83 
11.00 88.20 6.00 0.270 0.0468 5.78 2.89 
12.66 90.22 7.00 0.277 0.0473 5.85 2.92 

14.32 91.45 8.00 0.281 0.0478 5.86 2.93 
15.98 92.36 9.00 0.283 0.0484 5.86 2.93 
17.64 93.00 10.00 0.285 0.0489 5.84 2.92 
19.30 93.36 11.00 0.286 0.0494 5.79 2.90 
20.96 93.36 12.00 0.286 0.0500 5.73 2.86 
22.62 93.20 13.00 0.286 0.0506 5.65 2.83 
24.28 92.65 14.00 0.284 0.0512 5.55 2.78 
25.95 92.25 15.00 0.283 0.0518 5.47 2.73 

27.61 92.52 16.00 0.284 0.0524 5.42 2.71 
29.27 92.84 17.00 0.285 0.0530 5.37 2.69 
30.93 93.50 18.00 0.287 0.0537 5.35 2.67 
32.59 93.94 19.00 0.288 0.0543 5.31 2.65 
34.25 94.38 20.00 0.290 0.0550 5.27 2.63



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

CONSOLIDATED UNDRAINED TRIAXIAL

0 2 4 6 8 10 12 14 16 18 20 

AXIAL STRAIN (%)

SAMPLE INFORMATION: 
BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-5 
U-14D 

26.7 ft 

Silty CLAY

0.550 ft 
0.238 ft 

0.0444 fl?

Axial Compression 
1.7 ksf

DATE: 
TESTED BY: 

CHECKED:

WATER CONTENT: 
INITIAL DRY UNIT WEIGHT: 
INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

C', 

ci) 
ci, 
w 
I
ci, 

I 
ci,

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0

04/29/99 
ACS 

JC4I 

30.5 % 

87.2 pcf 

0.95

0.8 %/min

1.66 ksf 
3.32 ksf 

12.0 %



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA

SAMPLE INFORMATION: 

BORING: CTB-5 DATE: 04129199 
SAMPLE: U-14D TESTED BY: ACS 
DEPTH: 26.7 ft CHECKED: 
DESCRIPTION: Silty CLAY 

HEIGHT: 0.550 ft WATER CONTENT: 30.5 % 
DIAMETER: 0.238 ft INITIAL DRY UNIT WEIGHT 87.2 pcf 
AREA: 0.0444 ft' INITIAL VOID RATIO: 0.95 

TEST DATA: 

LOADING: Axial Compression STRAIN RATE: 0.8 %/rmin 

CELL PRESSURE: 1.7 ksf 

UNDRAINED SHEAR STRENGTH: 1.66 ksf 

COMPRESSIVE STRENGTH: 3.32 ksf 

FAILURE STRAIN: 12.0 % 

DIAL LOAD AXIAL FORCE AREA AXIAL SHEAR 
READING CELL STRAIN STRESS STRESS 

mm mV % kip sq ft. ksf ksf 
1.70 1.28 0.00 0.000 0.0444 0.00 0.00 
1.78 4.84 0.05 0.011 0.0444 0.25 0.12 
1.87 6.96 0.10 0.018 0.0444 0.40 0.20 

2.04 9.21 0.20 0.025 0.0444 0.55 0.28 
2.20 10.78 0.30 0.030 0.0445 0.66 0.33 

2.37 12.08 0.40 0.034 0.0445 0.75 0.38 
2.54 13.31 0.50 0.037 0.0446 0.84 0.42 
2.71 14.36 0.60 0.041 0.0446 0.91 0.46 
3.04 16.09 0.80 0.046 0.0447 1.03 0.52 
3.38 17.78 1.00 0.051 0.0448 1.15 0.57 

4.22 21.54 1.50 0.063 0.0450 1.40 0.70 

5.05 24.99 2.00 0.074 0.0453 1.63 0.81 
6.73 31.21 3.00 0.093 0.0457 2.04 1.02 

8.41 36.67 4.00 0.110 0.0462 2.38 1.19 
10.09 41.66 5.00 0.126 0.0467 2.69 1.35 
11.76 45.70 6.00 0.138 0.0472 2.93 1.46 
13.44 48.32 7.00 0.146 0.0477 3.07 1.53 
15.12 50.51 8.00 0.153 0.0482 3.18 1.59 
16.79 51.88 9.00 0.157 0.0487 3.23 1.61 
18.47 53.05 10.00 0.161 0.0493 3.27 1.63 
20.15 53.93 11.00 0.164 0.0498 3.29 1.64 

21.83 55.01 12.00 0.167 0.0504 3.32 1.66 
23.50 55.44 13.00 0.168 0.0510 3.30 1.65 
25.18 55.72 14.00 0.169 0.0516 3.28 1.64 

26.86 55.76 15.00 0.169 0.0522 3.25 1.62 
28.53 55.55 16.00 0.169 0.0528 3.20 1.60 
30.21 55.06 17.00 0.167 0.0534 3.13 1.57 
31.89 54.38 18.00 0.165 0.0541 3.05 1.53 

33.57 53.82 19.00 0.163 0.0548 2.98 1.49 
35.24 53.62 20.00 0.163 0.0554 2.94 1.47



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

CONSOLIDATED UNDRAINED TRIAXIAL

0 2 4 6 8 10 12 14 16 18 20 

AXIAL STRAIN (%)

SAMPLE INFORMATION: 
BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-6 
U-3D 

8ft 

CLAY 

0.561 ft 

0.238 ft 

0,•0445 f

Axial Compression 
1.7 ksf

DATE: 
TESTED BY: 

CHECKED:

WATER CONTENT: 
INITIAL DRY UNIT WEIGHT: 

INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

3.0 

2.5 

2.0

co 
U) 

w 
Of 

Ci)
1.5 

1.0

0.5 

0.0

05/18/99 
ACS 

52.7 % 

56.2 pcf 

2.02

0.7 %/min

2.70 ksf 
5.40 ksf 

7.0 %



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-6 

U-3D 

8.0 ft 
CLAY 

0.561 ft 

0.238 ft 

0.0445 e

Axial Compression 

1.7 ksf

DATE: 05/18/99 
TESTED BY: ACS 
CHECKED: Vki-

WATER CONTENT: 
INITIAL DRY UNIT WEIGHT 
INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

DIAL 

READING 

mm 

0.65 

0.74 

0.82 

0.99 

1.16 

1.33 

1.51 

1.68 

2.02 

2.36 

3.22 

4.07 

5.78 

7.49 

9.20 

10.91 

12.62 

14.33 

16.04 

17.76 

19.47 

21.18 

22.89 

24.60 

26.31 

28.02 

29.73 

31.44 

33.15 

34.86

LOAD 

CELL 

mV 

1.25 

7.59 

11.65 

18.04 

23.70 

28.98 

34.35 

39.03 

47.35 

53.88 

65.19 

71.18 

76.90 

79.92 

81.75 

83.30 

84.32 

85.17 

85.65 

85.88 

85.80 

85.76 

85.30 

83.90 

83.06 

82.36 

81.15 

80.25 

79.56 

79.20

AXIAL 
STRAIN 

0.00 
0.05 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.80 
1.00 
1.50 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00

FORCE AREA

52.7 % 

56.2 pcf 

2.02 

0.7 %/min

2.70 ksf 

5.40 ksf 

7.0 %

kip 

0.000 

0.020 

0.032 

0.052 

0.070 

0.086 

0.103 

0.117 

0.143 

0.164 

0.199 

0.217 

0.235 

0.245 

0.250 

0.255 

0.258 

0.261 

0.262 

0.263 

0.263 

0.263 

0.261 

0.257 

0.254 

0.252 

0.248 

0.246 

0.244 

0.242

sq ft.  

0.0445 

0.0445 

0.0446 

0.0446 

0.0446 

0.0447 

0.0447 

0.0448 

0.0449 

0.0450 
0.0452 

0.0454 

0.0459 

0.0464 

0.0469 

0.0474 

0.0479 

0.0484 

0.0489 

0.0495 

0.0500 

0.0506 

0.0512 

0.0518 

0.0524 

0.0530 

0.0536 

0.0543 

0.0550 

0.0556

AXIAL 
STRESS 

ksf 

0.00 

0.44 

0.73 

1.17 

1.56 

1.93 

2.30 

2.62 

3.20 

3.64 

4.40 

4.79 

5.13 

5.28 

5.34 

5.39 

5.40 

5.39 

5.37 

5.32 

5.26 

5.20 

5.11 

4.97 

4.86 

4.76 

4.63 

4.53 

4.43 

4.36

SHEAR 
STRESS 

ksf 
0.00 
0.22 
0.36 
0.59 
0.78 
0.96 
1.15 
1.31 
1.60 
1.82 
2.20 
2.39 
2.56 
2.64 
2.67 
2.69 
2.70 
2.70 
2.68 
2.66 
2.63 
2.60 
2.55 
2.48 
2.43 
2.38 
2.32 
2.26 
2.22 
2.18



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

CONSOLIDATED UNDRAINED TRIAXIAL

0 2 4 6 8 10 12 14 16 18 20 

AXIAL STRAIN (%)

SAMPLE INFORMATION: 
BORING: 

SAMPLE: 

DEPTH: 
DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-N 
U-2B 

7.4 It 

Clayey SILT 

0.550 ft 

0.238 ft 
0.0443 ft 

Axial Compression 

1.7 ksf

DATE: 
TESTED BY: 
CHECKED: 

WATER CONTENT: 
INITIAL DRY UNIT WEIGHT: 
INITIAL VOID RATIO: 

STRAIN RATE:

04128199 
ACS 

\)jJ/N

65.4 % 

45.1 pcf 

2.76 

0.8 %/min

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

3.0 

-2.5 

2.0

Cl) 

Uf) 

C4

1.5 

1.0

0.5 

0.0

2.41 ksf 
4.81 ksf 

13.0 %



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-N 
U-2B 

7.4 ft 
Clayey SILT 

0.550 ft 
0.238 ft 

0.0443 f 

Axial Compression 
1.7 ksf

DATE: 
TESTED BY: 
CHECKED: 

WATER CONTENT: 
INITIAL DRY UNIT WEIGHT 
INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

DIAL 

READING 
mm 

0.65 

0.73 

0.82 

0.98 

1.15 

1.32 
1.49 

1.65 

1.99 

2.32 

3.16 

4.00 

5.67 

7.35 

9.02 

10.70 

12.37 

14.05 
15.72 

17.40 

19.07 

20.75 

22.42 

24.10 

25.77 

27.45 
29.12 

30.80 

32.47 

34.15

LOAD 
CELL 

mV 
1.40 
6.04 
11.52 
16.95 
21.68 
25.53 
28.42 
31.54 
36.19 
39.90 
45.30 
51.83 
58.60 
63.25 
67.18 
69.64 
72.00 
74.00 
75.80 
77.02 
78.25 
79.30 
80.23 
80.97 
81.57 
82.18 
82.35 
81.50 
79.50 
78.40

AXIAL 
STRAIN 

0.00 
0.05 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.80 
1.00 
1.50 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00

FORCE AREA

04/28/99 
ACS 

65.4 % 
45.1 pcf 
2.76

0.8 %/min

2.41 ksf 

4.81 ksf 

13.0 %

kip 

0.000 

0.014 

0.031 

0.048 

0.063 

0.075 

0.084 

0.094 

0.108 

0.120 

0.137 

0.157 

0.178 

0.192 

0.205 

0.212 

0.220 

0.226 

0.231 

0.235 

0.239 

0.242 

0.245 

0.247 

0.249 

0.251 

0.252 

0.249 

0.243 

0.239

sq ft.  
0.0443 
0.0444 
0.0444 
0.0444 
0.0445 
0.0445 
0.0446 
0.0446 
0.0447 
0.0448 
0.0450 
0.0452 
0.0457 
0.0462 
0.0467 
0.0472 
0.0477 
0.0482 
0.0487 
0.0493 
0.0498 
0.0504 
0.0510 
0.0516 
0.0522 
0.0528 
0.0534 
0.0541 
0.0547 
0.0554

AXIAL 
STRESS 

ksf 
0.00 
0.33 
0.71 
1.09 
1.42 
1.69 
1.89 
2.10 
2.42 
2.67 
3.03 
3.47 
3.89 
4.16 
4.38 
4.50 
4.61 
4.68 
4.75 
4.77 
4.80 
4.81 
4.81 
4.80 
4.78 
4.76 
4.71 
4.61 
4.44 
4.32

SHEAR 
STRESS 

ksf 
0.00 
0.16 
0.35 
0.54 
0.71 
0.84 
0.94 
1.05 
1.21 
1.34 
1.52 
1.73 
1.95 
2.08 
2.19 
2.25 
2.30 
2.34 
2.37 
2.39 
2.40 
2.40 
2.41 
2.40 
2.39 
2.38 
2.36 
2.30 
2.22 
2.16



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

CONSOLIDATED UNDRAINED TRIAXIAL

2 4 6 8 10 12 14 16 18 20 

AXIAL STRAIN (%)

SAMPLE INFORMATION: 
BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-N 
U-3D 

10.2 ft 

CLAY 

0.553 ft 

0.238 ft 

0.0443 ft

Axial Compression 
1.7 ksf

DATE: 
TESTED BY: 

CHECKED: 

WATER CONTENT: 

INITIAL DRY UNIT WEIGHT: 

INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

3.0 

2.5 

2.0
C, 
CD 

c/) 
uJ 

w 
IC,, 

w 
LU 
-r"

1.5 

1.0

0.5 

0.0

0

04/28/99 
ACS 

52.2 % 

56.7 pd 
1.98

0.8 %/min

2.73 ksf 
5.45 ksf 

7.0 %



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA 

SAMPLE INFORMATION: 
BORING: CTB-N DATE: 04/28199 
SAMPLE: U-3D TESTED BY: ACS 
DEPTH: 10.2 ft CHECKED: 
DESCRIPTION: CLAY 

HEIGHT: 0.553 ft WATER CONTENT: 52.2 % 
DIAMETER: 0.238 ft INITIAL DRY UNIT WEIGHT 56.7 pcf 
AREA: 0.0443 ft2  INITIAL VOID RATIO: 1.98 

TEST DATA: 
LOADING: Axial Compression STRAIN RATE: 0.8 %/min 
CELL PRESSURE: 1.7 ksf 

UNDRAINED SHEAR STRENGTH: 2.73 ksf 

COMPRESSIVE STRENGTH: 5.45 ksf 

FAILURE STRAIN: 7.0 % 

DIAL LOAD AXIAL FORCE AREA AXIAL SHEAR 
READING CELL STRAIN STRESS STRESS 

mm mV % kip sq ft. ksf ksf 
0.53 1.40 0.00 0.000 0.0443 0.00 0.00 
0.61 9.00 0.05 0.024 0.0443 0.53 0.27 
0.70 15.44 0.10 0.044 0.0444 0.98 0.49 
0.87 23.73 0.20 0.069 0.0444 1.56 0.78 
1.04 30.25 0.30 0.090 0.0444 2.02 1.01 
1.20 36.40 0.40 0.109 0.0445 2.45 1.22 
1.37 40.50 0.50 0.122 0.0445 2.73 1.37 
1.54 44.32 0.60 0.133 0.0446 2.99 1.50 
1.88 50.50 0.80 0.153 0.0447 3.42 1.71 
2.22 55.30 1.00 0.168 0.0448 3.74 1.87 
3.06 63.58 1.50 0.193 0.0450 4.30 2.15 
3.90 69.20 2.00 0.211 0.0452 4.66 2.33 
5.59 76.00 3.00 0.232 0.0457 5.08 2.54 
7.28 79.86 4.00 0.244 0.0462 5.29 2.64 
8.97 82.21 5.00 0.251 0.0466 5.39 2.69 
10.65 83.87 6.00 0.256 0.0471 5.44 2.72 
12.34 84.96 7.00 0.260 0.0476 5.45 2.73 
14.03 85.60 8.00 0.262 0.0482 5.44 2.72 
15.71 85.86 9.00 0.263 0.0487 5.39 2.70 
17.40 85.88 10.00 0.263 0.0492 5.34 2.67 
19.09 85.05 11.00 0.260 0.0498 5.22 2.61 
20.77 83.46 12.00 0.255 0.0504 5.07 2.53 
22.46 80.78 13.00 0.247 0.0509 4.85 2.42 
24.15 75.80 14.00 0.231 0.0515 4.49 2.25 
25.84 71.45 15.00 0.218 0.0521 4.18 2.09 
27.52 71.94 16.00 0.219 0.0528 4.16 2.08 
29.21 73.36 17.00 0.224 0.0534 4.19 2.10 
30.90 74.80 18.00 0.228 0.0540 4.22 2.11 
32.58 76.29 19.00 0.233 0.0547 4.26 2.13 
34.27 76.14 20.00 0.232 0.0554 4.20 2.10



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

CONSOLIDATED UNDRAINED TRIAXIAL

0 2 4 6 8 10 12 14 16 18 20 

AXIAL STRAIN (%)

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 
DIAMETER: 

AREA: 

TEST DATA: 

LOADING: 

CELL PRESSURE:

CTB-S 
U-2D 

8.1 ft 
CLAY 

0.554 ft 

0.237 ft 

0.0442 ft2

Axial Compression 
1.7 ksf

DATE: 
TESTED BY: 

CHECKED: 

WATER CONTENT: 

INITIAL DRY UNIT WEIGHT: 

INITIAL VOID RATIO:

STRAIN RATE:

UNDRAINED SHEAR STRENGTH: 

COMPRESSIVE STRENGTH: 

FAILURE STRAIN:

3.0 

2.5 

2.0

U) 

U) 
Co 

w)

1.5 

1.0

0.5 

0.0

04130199 
ACS 

54.6 % 

58.2 pd 

1.92

0.8 %/min

2.40 ksf 
4.79 ksf 

5.0 %



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST DATA 

SAMPLE INFORMATION: 
BORING: CTB-S DATE: 04/30/99 
SAMPLE: U-2D TESTED BY: ACS 
DEPTH: 8.1 ft CHECKED: " 
DESCRIPTION: CLAY 

HEIGHT: 0.554 ft WATER CONTENT: 54.6 % 
DIAMETER: 0.237 ft INITIAL DRY UNIT WEIGHT 58.2 pdf 
AREA: 0.0442 fte INITIAL VOID RATIO: 1.92 

TEST DATA: 
LOADING: Axial Compression STRAIN RATE: 0.8 %/min 
CELL PRESSURE: 1.7 ksf 

UNDRAINED SHEAR STRENGTH: 2.40 ksf 

COMPRESSIVE STRENGTH: 4.79 ksf 

FAILURE STRAIN: 5.0 % 

DIAL LOAD AXIAL FORCE AREA AXIAL SHEAR 
READING CELL STRAIN STRESS STRESS 

mm mV % kip sq ft. ksf ksf 
0.87 1.30 0.00 0.000 0.0442 0.00 0.00 
0.95 7.74 0.05 0.020 0.0442 0.45 0.23 
1.04 11.33 0.10 0.031 0.0442 0.71 0.35 
1.21 17.22 0.20 0.050 0.0443 1.12 0.56 
1.38 22.38 0.30 0.066 0.0443 1.48 0.74 
1.55 26.78 0.40 0.079 0.0444 1.79 0.89 
1.71 30.80 0.50 0.092 0.0444 2.07 1.03 
1.88 33.51 0.60 0.100 0.0445 2.25 1.13 
2.22 39.82 0.80 0.120 0.0445 2.69 1.34 
2.56 44.35 1.00 0.134 0.0446 3.00 1.50 
3.40 53.71 1.50 0.163 0.0449 3.63 1.82 
4.25 59.97 2.00 0.182 0.0451 4.05 2.02 
5.93 67.17 3.00 0.205 0.0456 4.50 2.25 
7.62 71.10 4.00 0.217 0.0460 4.72 2.36 
9.31 73.00 5.00 0.223 0.0465 4.79 2.40 

11.00 73.73 6.00 0.225 0.0470 4.79 2.40 
12.69 73.55 7.00 0.225 0.0475 4.73 2.36 
14.37 72.97 8.00 0.223 0.0480 4.64 2.32 
16.06 72.15 9.00 0.220 0.0486 4.54 2.27 
17.75 70.97 10.00 0.217 0.0491 4.41 2.21 
19.44 69.35 11.00 0.212 0.0497 4.26 2.13 
21.13 67.64 12.00 0.206 0.0502 4.11 2.05 
22.81 65.68 13.00 0.200 0.0508 3.94 1.97 
24.50 62.18 14.00 0.189 0.0514 3.68 1.84 
26.19 60.70 15.00 0.185 0.0520 3.55 1.78 
27.88 59.66 16.00 0.181 0.0526 3.45 1.72 
29.57 59.44 17.00 0.181 0.0532 3.40 1.70 
31.25 59.08 18.00 0.180 0.0539 3.33 1.67 
32.94 59.71 19.00 0.182 0.0546 3.33 1.66 
34.63 60.00 20.00 0.183 0.0552 3.30 1.65
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STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
June 1999

CYCLIC TRIAXIAL TEST

SAMPLE INFORMATION:

DATE: 
TESTED BY: 

CHECKED:

Before 
Consolidation

HEIGHT: 
DIAMETER: 

AREA: 
WATER CONTENT: 
DRY UNIT WEIGHT: 

VOID RATIO: 

CYCLIC LOAD DATA:

0.544 
0.238 

0.0447 
37.4 
73.8 
1.30

CONSOLIDATION PRESSURE: 
STRESS RATIO: 

CYCLIC STRESS: 
CYCLIC LOAD:

NUMBER OF CYCLES: 
DOUBLE AMPLITUDE DISPL: 

DOUBLE AMPLITUDE STRAIN:

ft 
ft 

f% 

pcf

After 
Consolidation 

0.541 ft 
0.237 ft 

0.0442 ft 
37.4 % 
75.0 pcf 
1.26

2.0 ksf 
0.48 

1.9 ksf 
86 lb

513 
0.08 inches 
1.23 %

NOTE: During the eleventh cycle, the cyclic controller applied a tensile load greater than the confing load.  

This lifted the top cap off the specimen. This caused a increase in height of the specimen of approximately 

0.04 inches.

BORING: 
SAMPLE: 

DEPTH:

CTB-4 
U-13D 

24.9 ft

05/13/99 
ACS 

T'((C-

TEST RESULTS:



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
June 1999

CYCLIC TRIAXIAL TEST

DATE: 05/13/99 
TESTED BY: ACS

STRIP CHART OUTPUT AT START OF TEST

BORING: 

SAMPLE: 

DEPTH:

CTB-4 

U-13D 

24.9 ft



STONE &WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

JO: 05996.02 
June 1999

CYCLIC TRIAXIAL TEST

CTB-4 

U-13D 

24.9 ft 

STRIP CHART OUTPUT AT END OF TEST

DATE: 05/13/99 
TESTED BY: ACS

-- .. . . ... .... . -•- • •-_

__ -� -I- -

- z;i�i -��ii-- - 177- 7

- __ � -__

_____________ ��1����
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BORING: 
SAMPLE: 

DEPTH:

F

[



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

CYCLIC TRIAXIAL TEST

SAMPLE INFORMATION:

DATE: 
TESTED BY: 

CHECKED:

HEIGHT: 
DIAMETER: 

AREA: 
WATER CONTENT: 
DRY UNIT WEIGHT: 

VOID RATIO: 

CYCLIC LOAD DATA:

Before 
Consolidation 

0.557 ft 
0.237 ft 

0.0441 ft2 

42.3 % 
65.8 pcf 
1.58

After 
Consolidation 

0.555 ft 
0.236 ft 

0.0438 ft 
42.3 % 
66.5 pcf 
1.55

CONSOLIDATION PRESSURE: 
STRESS RATIO: 

CYCLIC STRESS: 
CYCLIC LOAD:

NUMBER OF CYCLES: 
DOUBLE AMPLITUDE DISPL: 

DOUBLE AMPLITUDE STRAIN:

JO: 05996.02 
June 1999

BORING: 
SAMPLE: 

DEPTH:

CTB-5 
U-12B 

23.0 ft

05/12/99 
ACS 

TM-'

2.0 ksf 
0.48 

1.9 ksf 
85 lb

TEST RESULTS:

507 
0.04 inches 
0.60 %



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
June 1999

CYCLIC TRIAXIAL TEST

DATE: 05112/99 

TESTED BY: ACS

STRIP CHART OUTPUT AT START OF TEST

BORING: 
SAMPLE: 

DEPTH:

CTB-5 
U-12B 

23.0 ft



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

JO: 05996.02 
June 1999

CYCLIC TRIAXIAL TEST

DATE: 05/12/99 
TESTED BY: ACS

STRIP CHART OUTPUT AT END OF TEST

BORING: 

SAMPLE: 

DEPTH:

CTB-5 
U-12B 

23.0 ft



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

CYCLIC TRIAXIAL TEST

SAMPLE INFORMATION:

CTB-N 
U-2C 

8.0 ft

DATE: 
TESTED BY: 

CHECKED:

HEIGHT: 
DIAMETER: 

AREA: 
WATER CONTENT: 
DRY UNIT WEIGHT: 

VOID RATIO: 

CYCLIC LOAD DATA:

Before 
Consolidation 

0.493 ft 
0.237 ft 

0.0441 f 
52.6 % 
56.5 pcf 
2.01

After 
Consolidation

0.491 ft 
0.236 ft 

0.0438 ft2 

52.6 % 
57.2 pcf 
1.97

CONSOLIDATION PRESSURE: 
STRESS RATIO: 

CYCLIC STRESS: 
CYCLIC LOAD:

NUMBER OF CYCLES: 
DOUBLE AMPLITUDE DISPL: 

DOUBLE AMPLITUDE STRAIN:

JO: 05996.02 
June 1999

BORING: 
SAMPLE: 

DEPTH:

06/16/99 
ACS

2.0 ksf 
0.48 

1.9 ksf 
84 lb

TEST RESULTS:

515 
0.04 inches 
0.68 %



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
June 1999

CYCLIC TRIAXIAL TEST

DATE: 06/16/99 

TESTED BY: ACS

STRIP CHART OUTPUT AT START OF TEST

BORING: 

SAMPLE: 

DEPTH:

CTB-N 

U-2C 

8.0 ft



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

JO: 05996.02 
June 1999

CYCLIC TRIAXIAL TEST

CTB-N 
U-2C 

8.0 ft

DATE: 06/16/99 
TESTED BY: ACS

STRIP CHART OUTPUT AT END OF TEST

L-

77

�IzzIzzII-7Ž47
-777 77=7_- -_

S•. ..= "- - --= -:: :: :• ::-•:7Z •

BORING: 
SAMPLE: 

DEPTH:

m

S... ................... .. J

-
-- --------

L7I -7



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
June 1999

CYCLIC TRIAXIAL TEST

SAMPLE INFORMATION:

DATE: 
TESTED BY: 

CHECKED:

HEIGHT: 
DIAMETER: 

AREA: 
WATER CONTENT: 
DRY UNIT WEIGHT: 

VOID RATIO: 

CYCLIC LOAD DATA:

Before 
Consolidation 

0.558 ft 
0.238 ft 

0.0443 ft 
47.1 % 
58.5 pcf 
1.90

After 
Consolidation 

0.556 ft 
0.237 ft 

0.0440 f 
47.1 % 
59.1 pcf 
1.87

CONSOLIDATION PRESSURE: 
STRESS RATIO: 

CYCLIC STRESS: 
CYCLIC LOAD:

NUMBER OF CYCLES: 
DOUBLE AMPLITUDE DISPL: 

DOUBLE AMPLITUDE STRAIN:

BORING: 
SAMPLE: 

DEPTH:

CTB-N 
U-3C 

9.6 ft

05/11/99 
ACS

2.0 ksf 
0.48 

1.9 ksf 
85 lb

TEST RESULTS:

514 
0.02 inches 
0.30 %



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
June 1999

CYCLIC TRIAXIAL TEST

DATE: 05/11199 
TESTED BY: ACS

STRIP CHART OUTPUT AT START OF TEST

I

BORING: 
SAMPLE: 

DEPTH:

CTB-N 
U-3C 

9.6 ft



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT JO: 05996.02 

June 1999

CYCLIC TRIAXIAL TEST

DATE: 05/11/99 
TESTED BY: ACS

STRIP CHART OUTPUT AT END OF TEST

BORING: 
SAMPLE: 

DEPTH:

CTB-N 

U-3C 

9.6 ft



STONE & WEBSTER ENGINEERING CORPORATION

Private Fuel Storage, LLC.  
PFSF, Skull Valley, UT

JO: 05996.02 
June 1999

CYCLIC TRIAXIAL TEST

SAMPLE INFORMATION:

DATE: 
TESTED BY: 

CHECKED:

HEIGHT: 
DIAMETER: 

AREA: 
WATER CONTENT: 
DRY UNIT WEIGHT: 

VOID RATIO: 

CYCLIC LOAD DATA:

Before 
Consolidation 

0.556 ft 
0.236 ft 

0.0438 ft2 

60.7 % 
52.8 pcf 
2.22

After 
Consolidation 

0.553 ft 
0.235 ft 

0.0432 f 
60.7 % 
53.7 pcf 
2.16

CONSOLIDATION PRESSURE: 
STRESS RATIO: 

CYCLIC STRESS: 
CYCLIC LOAD:

NUMBER OF CYCLES: 
DOUBLE AMPLITUDE DISPL: 

DOUBLE AMPLITUDE STRAIN:

BORING: 
SAMPLE: 

DEPTH:

CTB-S 
U-1 D 

6.3 ft

05/04/99 
ACS

2.0 ksf 
0.48 

1.9 ksf 
83 lb

TEST RESULTS:

518 
0.06 inches 
0.90 %



STONE & WEBSTER ENGINEERING CORPORATION
Private Fuel Storage, LLC. JO: 05996.02 PFSF, Skull Valley, UT 
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CYCLIC TRIAXIAL TEST 
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SAMPLE: U-1D TESTED BY: ACS 
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STRIP CHART OUTPUT AT START OF TEST 
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JO: 05996.02 
June 1999

CYCLIC TRIAXIAL TEST

BORING: 
SAMPLE: 

DEPTH:

CTB-S 
U-1D 

6.3 ft

DATE: 05/04/99 
TESTED BY: ACS

STRIP CHART OUTPUT AT END OF TEST

_~- --- ----_
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APPENDIX D 

Resonant - Column Test Plots and Data
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Stone & Webster Engineering Corp.  

Resonant Column Test - Specimen Properties

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Date: 
Tested By: 

Checked By:

JO: 05996.02 

5/19/99 
ACS 

Trtc.

confining pressure: 
total weight: 

dry weight: 
height: 

diameter 
volume: 

dry density: 
void ratio:

5.0 psi 
867.34 gm 
575.92 gm 

15.14 cm 
7.259 cm 
626.6 cc 

57.4 pcf 
1.96

Jo: 30.38 gm-cm-sec2

17.0 psi 
867.34 gm 
575.92 gm 

15.07 cm 
7.238 cm 
619.9 cc 

58.0 pcf 
1.93

specific gravity:

29.0 psi 
867.34 gm 
575.92 gm 

14.99 cm 
7.217 cm 
613.2 cc 
58.6 pcf 
1.90 

2.72 (est.)

2500 pk-mv/pk-g

strain ampl. facto r: 0.070711 
J: 5.825518 

J/Jo: 0.19176 

Ws: 0.4244

C2:

Effective 
Confining 
Pressure 

(psi) 

5.0 
17.0 
29.0

Coil 
Voltage 
(mv..) 

370 
145 
150

70.9

Acceler.  
Voltage 
(mvmMs) 

109 
42.6 
44.0

average 0.069158

Boring: 
Sample: 
Depth:

CTB-1 
U-3C 
7.9ft

tors. acc.:

0.070857 
5.79186 

0.19065 

0.42324 

0.19065 

71.4

0.071005 
5.758301 

0.18954 

0.42208 

0.18954 

71.8

Damping 
Calibration 

Factor 

0.069297 
0.069132 
0.069046

YsTAN(ys): 0.19177



Stone & Webster Engineering Corp.  

Resonant Column Test - Vibration Data

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Boring: 
Sample: 
Depth: 

Effective 
Confining 
Pressure 

(psi) 

5.0 

17.0 

29.0

CTB-1 
U-3C 
7.9ft 

Coil 
Voltage 
(mvr) 

6.9 
12.7 
21.8 
35.4 
73.0 
135 
194 
352 

6.50 
13.2 
19.9 
40.0 
73.1 
136 
248 
483 
911 
1770 

6.6 
11.2 
20.3 
37.6 
74.7 
143 
277 
540 
976 

1960

De 

Tested 
Checked

Acceler.  
Voltage 
(mvrm) 

54.7 
96.9 
154 
223 
380 
595 
735 
1036 

62.2 
124 
180 
335 
550 
870 
1260 
1870 
2650 
3730 

53.3 
90.8 
161.3 
280 
515 
867 
1380 
2094 
2920 
4240

Resonant 
Frequency 

(Hz)

JO: 05996.02 

ite: 5/19/99 
By: ACS 
By:--Cf_.• 

Notes

64.1 
63.9 
63.5 
62.9 
61.9 
60.4 
59.2 
56.9 

76.8 
76.7 
76.6 
76.2 
75.5 
74.5 
72.9 
70.2 
66.6 
61.4 

80.2 
80.2 
80.1 
79.9 
79.4 
78.5 
77.1 
74.7 
71.8 
67.4



Stone & Webster Engineering Corp.  

Resonant Column Test 
Modulus and Damping Ratio Computations

JO: 05996.02Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Boring: CTB-1 
Sample: U-3C 
Depth: 7.9 ft 

Effective 
Confining Go 
Pressure 

(psi) (psi)

Date: 5/19/99 
Tested By: ACS 

Checked By: Tt-_

Shear 
Strain 

Amplitude 
(%)

5.0 4,160 0.00094 
0.00168 
0.00270 
0.00399 
0.00701 
0.01153 
0.01483 
0.02263 

17.0 6,000 0.00075 
0.00149 
0.00217 
0.00409 
0.00684 
0.01111 
0.01680 
0.02689 
0.04233 
0.07011 

29.0 6,600 0.00059 
0.00100 
0.00179 
0.00311 
0.00580 
0.00999 
0.01648 
0.02665 
0.04022 
0.06627

Shear 
Modulus 

(psi) 

4,140 
4,120 
4,070 
3,990 
3,860 
3,680 
3,540 
3,270 

5,990 
5,970 
5,960 
5,890 
5,790 
5,630 
5,390 
5,000 
4,500 
3,830 

6,570 
6,570 
6,550 
6,520 
6,440 
6,290 
6,070 
5,700 
5,270 
4,640

G/Go Damping 
Ratio 
(%)

0.995 
0.990 
0.978 
0.959 
0.928 
0.885 
0.851 
0.786 

0.998 
0.995 
0.993 
0.982 
0.965 
0.938 
0.898 
0.833 
0.750 
0.638 

0.995 
0.995 
0.992 
0.988 
0.976 
0.953 
0.920 
0.864 
0.798 
0.703

0.87 
0.91 
0.98 
1.10 
1.33 
1.57 
1.83 
2.35 

0.72 
0.74 
0.76 
0.83 
0.92 
1.08 
1.36 
1.79 
2.38 
3.28 

0.86 
0.85 
0.87 
0.93 
1.00 
1.14 
1.39 
1.78 
2.31 
3.20



Stone & Webster Engineering Corporation

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

Boring: CTB-1, Sample: U-3C, Depth: 7.9 ft

Shear Strain Amplitude, %
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Stone & Webster Engineering Corporation

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT 

1.00 
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JO: 05996.02 
May 1999

Boring: CTB-1, Sample: U-3C, Depth: 7.9 ft
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Private Fuel Storage, LLC 
PFSF, Skull Valley, UT 
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JO: 05996.02 
May 1999
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Private Fuel Storage, LLC 
PFSF, Skull Valley, UT
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Stone & Webster Engineering Corp.  

Resonant Column Test - Specimen Properties

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Date: 
Tested By: 

Checked By:

JO: 05996.02 

5/24/99 
ACS 

Twc_

confining pressure: 
total weight: 

dry weight: 
height: 

diameter.  
volume: 

dry density: 
void ratio: 

J": 30.38 

tors. acc.: 2500

12.0 psi 
826.08 gm 
543.83 gm 

14.96 cm 
7.236 cm 
615.2 cc 

55.2 pcf 
2.08

gm-cm-sec 2 

pk-mv/pk-g

24.0 psi 
826.08 gm 
543.83 gm 

14.91 cm 
7.220 cm 
610.4 cc 

55.6 pcf 
2.05

specific gravity:

36.0 psi 
826.08 gm 
543.83 gm 

14.81 cm 
7.214 cm 
605.3 cc 

56.1 pcf 
2.03 

2.72 (est.)

strain ampl. facto r: 0.071335 
J: 5.513289 

J/Jo: 0.18148

Ws: 
W'.TAN(Wus): 

C2:

Effective 
Confining 
Pressure 

(psi) 

12.0 
24.0 
36.0

Coil 
Voltage 
(mv.) 

140 
141 
149

0.41354 

0.18148 

70.7

Acceler.  
Voltage 
(mvrm) 

42.5 
41.3 
43.0

average 0.0696

Boring: 
Sample: 
Depth:

CTB-1 
U-7C 
20.8 ft

0.071416 
5.488935 

0.18068 

0.41268 

0.18068 

71.1

0.071838 
5.479815 

0.18038 

0.41236 

0.18038 

70.9

Damping 
Calibration 

Factor

0.0716 
0.0691 
0.0681



Stone & Webster Engineering Corp.  

Resonant Column Test - Vibration Data

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Boring: 
Sample: 
Depth: 

Effective 
Confining 
Pressure 

(psi) 

12.0 

24.0 

36.0

CTB-1 
U-7C 
20.8 ft 

Coil 
Voltage 
(mv,,.) 

8.2 
16.7 
33.9 
67.6 
133.0 
269 
340 

8.4 
17.0 
34.2 
68.1 
134 
262 
518 
983 

10.1 
20.4 
40.5 
71.2 
141.5 
279 
564 
990 
1479 
1972 
2940 
4420 
4840

Da 

Tested 
Checked

Acceler.  
Voltage 

(mvn) 

81.5 
157.5 
285 
476 
740 
1105 
1261 

73.1 
145 
272 
483 
792 

1235 
1828 
2590 

83.0 
165 
315 
511 
862 
1375 
2068 
2852 
3580 
4180 
5160 
6520 
6830

Resonant 
Frequency 

(Hz)

JO: 05996.02 

ite: 5/24/99 
By: ACS 
By: U-fC.  

Notes

69.1 
68.9 
68.4 
67.4 
66.0 
64.2 
63.2 

73.7 
73.6 
73.2 
72.5 
71.4 
70.0 
67.2 
64.2 

79.0 
78.9 
78.7 
78.2 
77.1 
75.6 
72.7 
70.0 
67.6 
65.3 
62.4 
58.1 
56.8



Stone & Webster Engineering Corp.  

Resonant Column Test 
Modulus and Damping Ratio Computations

JO: 05996.02Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Boring: CTB-1 
Sample: U-7C 
Depth: 20.8 ft 

Effective 
Confining G, 
Pressure 

(psi) (psi)

Date: 5/24/99 
Tested By: ACS 

Checked By: -r.

Shear 

Strain Shear 

Amplitude Modulus 
(%) (psi)

12.0 4,820 0.00122 4,800 
0.00237 4,780 
0.00435 4,710 
0.00747 4,570 
0.01212 4,380 
0.01912 4,150 
0.02252 4,020 

24.0 5,510 0.00096 5,490 
0.00191 5,480 
0.00363 5,420 
0.00656 5,320 
0.01109 5,160 
0.01800 4,960 
0.02891 4,570 
0.04488 4,170 

36.0 6,300 0.00096 6,290 
0.00190 6,270 
0.00365 6,240 
0.00600 6,160 
0.01042 5,990 
0.01728 5,760 
0.02811 5,330 

0.04181 4,940 
0.05628 4,610 

0.07042 4,300 
0.09520 3,920 
0.13876 3,400 
0.15208 3,250

G/G0  Damping 
Ratio 
(%)

0.996 
0.992 
0.977 
0.948 
0.909 
0.861 
0.834 

0.996 
0.995 
0.984 
0.966 
0.936 
0.900 
0.829 
0.757 

0.998 
0.995 
0.990 
0.978 
0.951 
0.914 
0.846 
0.784 
0.732 
0.683 
0.622 
0.540 
0.516

0.70 
0.74 
0.83 
0.99 
1.25 
1.69 
1.88 

0.80 
0.82 
0.88 
0.98 
1.18 
1.48 
1.97 
2.64 

0.85 
0.86 
0.90 
0.97 
1.14 
1.41 
1.90 
2.42 
2.88 
3.28 
3.97 
4.72 
4.93



Stone & Webster Engineering Corporation

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

Boring: CTB-1, Sample: U-7C, Depth: 20.8 ft
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Stone & Webster Engineering Corporation

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT 
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Stone & Webster Engineering Corporation

Private Fuel Storage, LLC 

PFSF, Skull Valley, UT

JO: 05996.02 
May 1999

Boring: CTB-1, Sample: U-7C, Depth: 20.8 ft
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Stone & Webster Engineering Corporation

Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

Boring: CTB-1, Sample: U-7C, Depth: 20.8 ft
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Private Fuel Storage Facility PP 5-21-1 
Attachment 2 
Page 1 of 2

PROJECT DOCUMENT INDEPENDENT REVIEW CHECKLIST 
USING ASME N45.2 OR NQA-1 FORMAT 

Project No. oq&4,.  
Job Book File Location Q2.9 

Type of Document 
_____ d:ýtcep~ " )"6E (9 

* Design Criteria Rev. No.  
• Project Specification Rev. No.  

* Project Diagram Rev. No.  
* License Document Rev. No.  
* List Drawing/Diagrams and Revision Number 

This sheet may be used for more than 1 diagram (list or reference all diagrams below)

Were the inputs correctly selected and incorporated into the design? 

Are assumptions necessary to perform the design activity adequately 
described and reasonable? 

Where necessary, are the assumptions identified for subsequent 
reverifications when the detailed design activities are completed? 

Are the appropriate quality and quality assurance requirements specified? 

Are the applicable codes, standards, and regulatory requirements, 
including applicable issues and addenda, properly identified and are 
their requirements for design met? 

Have applicable construction and operating experience been considered? 

Have the design interface requirements been satisfied? 

Was an appropriate design method used? 

Is the output reasonable compared to inputs? 

PP 5-21.doc

Yes No N/A 

V/ 

vII 

V/ 

V/ 

--- I



Private Fuel Storage Facility 

RG P~&P-t 5 'uPPt---A9 `1L G8TrrC.141 LCI 6 (_ L.A66RA-roP V 

Are the specified parts, equipment, and processes suitable for the 
required applications? 

Are the specified materials compatible with each other and the design 
environmental conditions to which the material will be exposed? 

Have adequate maintenance features and requirements been specified? 

Are accessibility and other design provisions adequate for performance 
of needed maintenance and repair? 

Has adequate accessibility been provided to perform the inservice 
inspection expected to be required during the plant life? 

Has the design properly considered radiation exposure to the public 
and plant personnel? 

Are the acceptance criteria incorporated in the design documents 
sufficient to allow verification that design requirements have been 
satisfactorily accomplished? 

Have adequate preoperational and subsequent periodic test 
requirements been appropriately specified? 

Are adequate handling, storage, cleaning, and shipping requirements 
specified? 

Are adequate identification requirements specified? 

Are requirements for record preparation, review, approval, retention, 
etc., adequately specified? 

Is the design output reasonable compared to the design inputs? 

Are the necessary design input and verification requirements for 
interfacing organizations specified in the design documents or in 
supporting procedures as instructions? 

[This checklist meets the requirements for both N45.2 and NQA-1 for 
requirements]

PP 5-21-1 
Attachment 2 
Page 2 of 2 
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Private Fuel Storage Facility SWEC Project No. 05996.02 
Supplemental Geotechnical Laboratory Testing - August 1999 Page 1 

INTRODUCTION 

The primary objective of the laboratory testing program was to determine the cohesion and 

friction angle of the soils at the base of the mat foundations for use in the sliding stability 

analyses. The direct shear test specimens were obtained from preserved tube sections of thin

walled tube samples obtained from prior testing programs. Testing began on August 9, 1999 and 

ended on August 18, 1999.  

The tests performed included classification, water content, Atterberg limits, and direct shear.  

They were conducted in accordance with the following American Society for Testing and 

Materials standards.  

D-2216 1992 Test Method for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 

D-3080 1998 Test Methods for Direct Shear Test of Soils Under Consolidated 
Drained Conditions 

D-4318 1995a Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils 

All laboratory equipment and materials used to conduct this testing program were calibrated and 

maintained in accordance with the requirements of the Stone & Webster Standard Nuclear 
Quality Assurance Program.  

TEST RESULTS 

A total of 10 direct shear tests were performed on a thin-walled tube sample from Borings C-2, 

CTB-6, and CTB-S. The test results are shown in Table 1. A plot of the normal stress vs peak 

shear stress for each tube sample is shown after Table 1. The plots of horizontal displacement vs 
shear stress and data for each test are in Appendix A.  

The samples were trimmed into a nominal 2.5-inch diameter ring and placed in the direct shear 

apparatus. The samples were not inundated because the soils at the site are not expected to be 

saturated during the life of the facility. A normal load was applied and the deformation 

measured. Primary consolidation occurred prior to 1 minute. After at minimum of 90 minutes, 

the sample was sheared at a displacement rate of 18 mm/hr. The test continued until the shear 

load peaked and remained constant or started decreasing after 0.25 inches of displacement. The 

sample was removed and oven dried.  

The trimmings from each test were retained and used to prepare an Atterberg limits test sample.  

The trimmings from the same tube were combined for one Atterberg limits test. The results are 

shown in Table 1.

G: \05996\lab \aug_99\rev-0.doc STONE & WEBSTER A
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S" NUMBER OF UNDISTURBED SAMPLES: 

TYPE OF REPORT TO CONTAIN RESULTS: UNITS FOR REPORTING STRESSES: 
50IOL: LAoGvToky 1ES-n tJý - UNITS F E NS 

ADDITIONAL: T oq\ '- ýAPGk T'3F 

?(Z6,RA"~ 7WA-7 MIEFT$ 71kG A9P CPA9tl ?,FVIPG0ý-tkm 0ý o--,o AePP~k~u( ?, 

AD"-t> \.7Z %72-



LABORATORY TESTING PROGRAM 
SPECIFIC TEST REQUIREMENTS

STONE a WEBSTER 
ENGINEERING CORPORATION

C.LIEN Iz ýlLc J.O. NUMBER REVISION I 2 3 4 PREPARED BY DATE PREPARED 

SITE -DATE ~L4Aa~q 
5 APPROVED BY RECEIVED BY 

NOTE COL. TYPE OF TEST REQUIREMENTS OF TYPE OF TEST AND PROCEDURES TO BE USED 
E NO. (SIZE OF SPECIMENS, RATES OF STRAIN, CONFINING PRESSURES, CYCLES OF RECOMPRESSION ETC.) 

A ALL ALL TESTS SELECTION OF NECESSARY AND APPROPRIATE DETERMINATIONS AND/OR TEST PROCEDURES TO 

BE MADE BY LABORATORY PERSONNEL.  

B I CLASSIFICATION VISUAL-MANUAL CLASSIFICATION ONLY; NO INDEX PROPERTIES TO BE DETERMINED.  

C I CLASSIFICATION VISUAL-MANUAL CLASSIFICATION TO BE SUPPLEMENTED BY DETERMINATIONS OF SPECIFIC 
INDEX DETERMINATIONS INDICATED IN SUBSEQUENT COLUMNS.  

D 3 ATTERBERG LIMITS FOR CLASSIFICATION PURPOSES ONLY; ONE-POINT LIQUID LIMIT DETERMINATION ACCEPTABLE.  
E 5 GRADATION ANALYSES SIEVE ANALYSIS ONLY; NO HYDROMETER ANALYSIS REGARDLESS OF PERCENT FINES.  

t __> tz)s~ Zý$ kec 33"A, (-- -Y, KSI FOP IECý _TEST Lo ATIc&J rcb P&*-1

( (

SHEET

0) 

3
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LABORATORY TESTING PROGRAM 
UTILIZATION OF SAMPLE

:LIENT J.O. NUMBER 

lp~t)A-ý LTa-C IU o5qqe,..oz 34,7tJ[
E 
pf:s F

SKUw%-VAMug&<, LA7

LETTERS BELOW SPECIFIC 

TYPES OF TESTS CORRESPOND 

TO SIMILARLY LETTERED NOTES 

GIVEN ON SHEET 2

I

(
STONE & WEBSTER 

ENGINEERING CORPORATION

REVISION 

DAT E 

REVISED BY

12 13 1 14 1 15 1 16 1 17

(

REMARKS OR REQUIREMENTS FOR 
TESTING OF SPECIFIC SAMPLES 
(REFER TO COL. NO. FOR TYPE OF 
TEST)

"-, "*ET•S Cp VR oAC.

Co)

m TEST COMPLETED & CHECKED

I

I

_= TEST CANCELLED
--•1 TEST TO BE PERFORMED F• TEST IN PROGRESS



Stone & Webster Engineering Corporation
Private Fuel Storage, LLC 
PFSF, Skull Valley, UT

TABLE 1 
Direct Shear Test Results

JO: 05996.02 
August 1999

Atterberg Limits USC Water Initial After Consolid. Normal Peak 

Boring Sample Depth Elevation LL PL PI Code Content YM Yd Void Yd Void Stress Shear Cohesion Tan ý 
(ft) (ft) (%) (pci) (pci) Ratio (pcf) Ratio (ksf) (kaf) (ksf) (deg) 

C-2 U-1C1 5.7 4458.5 55.7 69.4 44.50 2.81 45.1 2.76 3.0 2.60 
C-2 U-IC2 5.9 4458.3 76.9 39.1 37.8 MH 58.2 63.7 40.20 3.22 40.5 3.19 2.0 2.17 1.22 0.465 24.9 
C-2 U-1C3 6.0 4458.2 52.7 75.1 49.2 2.45 49.3 2.44 1.0 1.67 

CTB-6 U-3B1 7.2 4469.0 61.7 74.7 46.2 2.68 46.5 2.65 1.0 1.01 
CTB-6 U-3B3 7.5 4468.7 65.3 32.5 32.8 MH 61.3 81.9 50.7 2.35 51.2 2.32 2.0 2.15 1.26 0.375 20.6 
CTB-6 U-3B4 7.7 4468.5 60.3 80.5 50.2 2.38 50.9 2.34 3.0 2.32 
CTB-61 U-3C 7.8 4468.4 56.6 88.5 J 56.4 2.01 56.7 2.00 1.0 1.571 

CTB-S U-1AA3 5.1 4469.4 80.9 75.7 41.8 3.06 42.6 2.98 3.0 2.24 
CTB-S U-1AA2 5.3 4469.2 82.7 44.8 37.9 MH 84.6 73.1 39.6 3.29 39.9 3.25 2.0 1.75 1.00 0.397 21.6 
CTB-S U-1AA1 5.4 4469.1 86.8 70.9 37.9 3.48 38.1 3.45 1.0 1.42

( Q (



DIRECT SHEAR TEST 
Boring C-2, Sample U-1C 
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DIRECT SHEAR TEST 
Boring CTB-6, Sample U-3B&C 
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DIRECT SHEAR TEST 
Boring CTB-S, Sample U-1AA 
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APPENDIX A 

Direct Shear Test Plots and Data

G: \05996\lab\aug..99\rev-O.dOC 
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DIRECT SHEAR TEST 
Boring C-2, Sample U-1C 
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DIRECT SHEAR TEST 
Boring C-2, Sample U-1C 
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DIRECT SHEAR TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA:

MOIST UNIT WEIGHT: 
DRY UNIT WEIGHT: 
VOID RATIO:

C-2 
U-1C3 

6.0 ft 
Clayey SILT (MH) 

0.99 inches 
2.50 inches 
4.90 sq. in.

INITIAL 
75.1 pcf 
49.2 pcf 
2.45

DATE: 
TESTED BY: 

CHECKED: 

WATER CONTENT: 

DRY WEIGHT SOIL: 

SPECIFIC GRAVITY: 

AFTER CONSOLIDATION 

49.3 pd 

2.44

TEST DATA: 
NORMAL STRESS: 

STRAIN RATE: 

PEAK SHEAR STRESS:

ELAPSED HORIZONTAL VERTICAL 

TIME DISPLACEMENT DEFORMATION

min.  

0.00 
0.55 

0.76 

1.18 

2.33 

3.19 

3.58 

3.96 
4.98 
6.00 

8.06 

10.14 
12.20 

14.20 

16.20 

18.20 

20.20 

22.20

in.  

0.000 
0.001 

0.0025 

0.005 

0.010 

0.015 

0.020 
0.025 
0.0375 
0.050 
0.075 

0.100 

0.125 

0.150 

0.175 

0.200 
0.225 

0.250

mm 

1.94 

1.94 

1.94 

1.94 

1.945 

1.97 

2.00 

2.00 

2.02 
2.03 

2.06 

2.07 

2.08 

2.09 

2.10 

2.10 

2.105 

2.11

08/17/99 
ACS 

52.7 % 

62.79 g 

2.72

1.0 ksf 
0.012 in/min 

1.67 ksf

SHEAR 
FORCE 

div.  

0 
19 

22 

40 

100 

147 

161 

139 

134 
132 

127 

123 

121 

118 

118 

118 

116.5 

115

SHEAR 
FORCE 

lb.  

0.0 

6.7 
7.7 

14.1 

35.2 

51.7 

56.7 

48.9 
47.2 
46.5 

44.7 

43.3 

42.6 

41.5 

41.5 
41.5 

41.0 

40.5

SHEAR 
STRESS 

ksf 

0.00 

0.20 
0.23 

0.41 

1.03 

1.52 

1.67 

1.44 

1.39 
1.37 

1.31 

1.27 

1.25 

1.22 

1.22 

1.22 
1.20 

1.19

STRESS 
RATIO 

0.00 
0.20 
0.23 
0.41 
1.03 
1.52 
1.67 
1.44 
1.39 
1.37 
1.31 
1.27 
1.25 
1.22 
1.22 
1.22 
1.20 
1.19



DIRECT SHEAR TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA:

MOIST UNIT WEIGHT: 

DRY UNIT WEIGHT: 

VOID RATIO:

C-2 
U-1 C2 

5.9 ft 
Clayey SILT (MH) 

0.99 inches 

2.50 inches 

4.90 sq. in.

INITIAL 

63.7 pcf 

40.2 pcf 
3.22

DATE: 

TESTED BY: 

CHECKED: 

WATER CONTENT: 

DRY WEIGHT SOIL: 

SPECIFIC GRAVITY: 

AFTER CONSOLIDATION 

40.5 pcf 

3.19

TEST DATA: 

NORMAL STRESS: 
STRAIN RATE: 
PEAK SHEAR STRESS:

ELAPSED HORIZONTAL 

TIME DISPLACEMENT 

min. in.

0.00 

0.66 

1.05 

1.44 

2.16 

3.06 

3.78 

4.44 

5.46 

6.50 

8.58 

10.68 

12.82 

14.88 

16.96 

19.10 

21.24 

23.30 

25.36 

27.42

0.000 

0.001 

0.0025 

0.005 

0.010 

0.015 
0.020 

0.025 

0.0375 

0.050 

0.075 

0.100 

0.125 

0.150 

0.175 

0.200 

0.225 

0.250 

0.275 

0.300

VERTICAL 

DEFORMATION 

mm 

1.80 

1.795 

1.795 

1.79 

1.79 

1.79 

1.79 
1.79 

1.74 

1.69 

1.62 

1.55 

1.48 

1.43 

1.38 

1.34 

1.30 

1.28 

1.25 

1.20

SHEAR SHEAR 
FORCE FORCE 

div. lb.

0 

31 

55 

72 

105 

154 

186 

206 

202 

203 

204 

204 

206 

206 
208 

208 

210 

210 

209 

203

0.0 

10.9 

19.4 

25.3 

37.0 

54.2 

65.5 

72.5 

71.1 

71.5 

71.8 

71.8 

72.5 

72.5 

73.2 

73.2 

73.9 

73.9 

73.6 

71.5

08/17/99 

ACS 

Tc.  

58.2 % 

51.31 g 

2.72

2.0 ksf 
0.012 in/min 
2.17 ksf

SHEAR 

STRESS 

ksf 

0.00 

0.32 

0.57 

0.74 

1.09 

1.59 

1.92 

2.13 

2.09 

2.10 

2.11 

2.11 

2.13 

2.13 

2.15 

2.15 

2.17 

2.17 

2.16 

2.10

STRESS 

RATIO 

0.00 

0.16 

0.28 

0.37 

0.54 

0.80 

0.96 

1.07 

1.04 

1.05 

1.05 

1.05 

1.07 

1.07 

1.08 

1.08 

1.09 

1.09 

1.08 

1.05



DIRECT SHEAR TEST DATA

SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION: 

HEIGHT: 
DIAMETER: 
AREA:

MOIST UNIT WEIGHT: 

DRY UNIT WEIGHT: 

VOID RATIO:

C-2 
U-IC1 

5.7 ft 
Clayey SILT (MH) 

0.99 inches 
2.50 inches 
4.90 sq. in.

INITIAL 
69.4 pd 
44.5 pd 
2.81

DATE: 
TESTED BY: 
CHECKED: 

WATER CONTENT: 
DRY WEIGHT SOIL: 
SPECIFIC GRAVITY: 

AFTER CONSOLIDATION 

45.1 pcf 
2.76

TEST DATA: 

NORMAL STRESS: 

STRAIN RATE: 

PEAK SHEAR STRESS:

ELAPSED HORIZONTAL VERTICAL 

TIME DISPLACEMENT DEFORMATION

min.  

0.00 
0.69 
1.20 
1.53 
2.27 
2.95 
3.75 
4.41 
5.81 
6.95 
9.15 
11.30 
13.44 
15.50 
17.62 
19.74 
21.87 
23.98 
26.04 
28.12

in.  

0.000 
0.001 
0.0025 

0.005 

0.010 

0.015 

0.020 
0.025 

0.0375 
0.050 

0.075 

0.100 

0.125 

0.150 

0.175 

0.200 

0.225 

0.250 

0.275 

0.300

mm 

1.675 

1.675 

1.67 

1.66 

1.655 

1.65 

1.64 

1.63 

1.59 
1.55 

1.48 

1.41 

1.33 

1.26 

1.17 

1.11 

1.02 

0.94 

0.86 

0.80

08117/99 
ACS 

55.7 % 

56.85 g 

2.72

3.0 ksf 
0.012 in/min 
2.60 ksf

SHEAR 
FORCE 

div.  

0 

32 

64 

74 

102 

132 

172 

200 

226 
237 

246 

248 

250 

251 

251 
251 

251 

251 

251 

251

SHEAR 
FORCE 

lb.  

0.0 

11.3 

22.5 

26.0 

35.9 

46.5 

60.5 

70.4 

79.6 
83.4 

86.6 

87.3 

88.0 

88.4 

88.4 

88.4 

88.4 

88.4 

88.4 

88.4

SHEAR 
STRESS 

ksf 

0.00 

0.33 

0.66 

0.77 

1.05 

1.37 

1.78 

2.07 

2.34 
2.45 

2.54 

2.56 

2.59 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60

STRESS 
RATIO 

0.00 
0.11 
0.22 
0.26 
0.35 
0.46 
0.59 
0.69 
0.78 
0.82 
0.85 
0.85 
0.86 
0.87 
0.87 
0.87 
0.87 
0.87 
0.87 
0.87



DIRECT SHEAR TEST 
Boring CTB-6, Sample U-3B&C
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DIRECT SHEAR TEST 
Boring CTB-6, Sample U-3B&C
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DIRECT SHEAR TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA:

MOIST UNIT WEIGHT: 

DRY UNIT WEIGHT: 

VOID RATIO:

CTB-6 

U-3B1 

7.2 ft 

Clayey SILT (MH) 

0.99 inches 

2.50 inches 

4.90 sq. in.

INITIAL 
74.7 pdf 
46.2 pcf 
2.68

DATE: 
TESTED BY: 

CHECKED: 

WATER CONTENT: 

DRY WEIGHT SOIL: 

SPECIFIC GRAVITY: 

AFTER CONSOLIDATION 

46.5 pd 
2.65

TEST DATA: 

NORMAL STRESS: 

STRAIN RATE: 
PEAK SHEAR STRESS:

ELAPSED HORIZONTAL VERTICAL 

TIME DISPLACEMENT DEFORMATION 

min. in. mm

0.00 
0.29 

0.89 

1.50 

1.98 

2.50 

3.06 
4.48 
5.67 

7.77 

9.90 

12.04 

14.12 

16.24 

18.32 

20.44 

22.50 

24.62 

26.69

0.000 
0.001 
0.0025 
0.005 
0.010 
0.015 
0.020 
0.0250 
0.0375 
0.050 
0.075 
0.100 
0.125 
0.150 
0.175 
0.200 
0.225 
0.250 
0.275 
0.300

1.82 
1.82 

1.82 

1.82 

1.825 

1.83 

1.84 
1.85 

1.895 

1.97 

2.02 

2.015 

2.01 
2.005 

1.97 

1.94 

1.91 

1.89 

1.86 

1.845

NOTE: Soil sample taken from near the top of the tube was disturbed.

08112/99 
ACS 

61.7 % 
58.95 g 
2.72

1.0 ksf 
0.012 in/min 

1.01 ksf

SHEAR 
FORCE 

div.  

0 
9 
19 
28 
42 
48 
59 
72 
87 
98 

93.5 
92 

92.5 
93 

93.5 
94 

94.5 
94.5 
95 
95

SHEAR 

FORCE 

lb.  

0.0 

3.2 

6.7 

9.9 

14.8 

16.9 

20.8 

25.3 

30.6 

34.5 

32.9 

32.4 

32.6 

32.7 

32.9 
33.1 

33.3 

33.3 
33.4 

33.4

SHEAR 
STRESS 

ksf 

0.00 

0.09 

0.20 

0.29 
0.43 

0.50 

0.61 

0.74 

0.90 
1.01 

0.97 

0.95 

0.96 

0.96 

0.97 
0.97 

0.98 

0.98 

0.98 

0.98

STRESS 
RATIO 

0.00 

0.09 

0.20 

0.29 

0.43 

0.50 

0.61 

0.74 
0.90 

1.01 

0.97 

0.95 

0.96 
0.96 

0.97 
0.97 

0.98 

0.98 

0.98 

0.98



DIRECT SHEAR TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION:

HEIGHT: 

DIAMETER: 

AREA: 

MOIST UNIT WEIGHT: 

DRY UNIT WEIGHT: 

VOID RATIO:

CTB-6 

U-3B3 

7.5 ft 

Clayey SILT (MH)

0.99 inches 

2.50 inches 

4.90 sq. in.  

INITIAL 

81.9 pcf 

50.7 pcf 

2.35

DATE: 08/12/99 

TESTED BY: ACS 
CHECKED: TeC-

WATER CONTENT: 

DRY WEIGHT SOIL: 

SPECIFIC GRAVITY: 

AFTER CONSOLIDATION 

51.2 pcf 

2.32

TEST DATA: 

NORMAL STRESS: 

STRAIN RATE: 
PEAK SHEAR STRESS:

ELAPSED HORIZONTAL VERTICAL 
TIME DISPLACEMENT DEFORMATION

min.  

0.00 
0.56 

0.87 

1.97 

2.78 

3.61 

4.36 

5.38 

6.41 

8.49 

10.58 

12.70 

14.72 

16.82 

18.91 

21.00 

23.07 
25.15 

27.24

in.  

0.000 
0.001 

0.0025 

0.010 

0.015 

0.020 

0.025 
0.029 

0.0375 
0.050 
0.075 
0.100 
0.125 
0.150 
0.175 
0.200 
0.225 
0.250 
0.275 
0.300

mm 

1.79 

1.795 

1.79 

1.78 

1.78 

1.78 

1.785 

1.78 

1.76 

1.735 

1.685 

1.64 

1.60 

1.565 

1.525 

1.48 

1.45 

1.42 

1.39 

1.365

SHEAR SHEAR 
FORCE FORCE 

div. lb.

0 

27 

47 

89 

128 

174 

205 

208 

200 

198.5 

196.5 

194 

193 

192 

190 

189 

188 

187 

185 

184

0.0 

9.5 

16.5 

31.3 

45.1 

61.2 

72.2 

73.2 

70.4 

69.9 

69.2 

68.3 

67.9 

67.6 

66.9 

66.5 

66.2 

65.8 

65.1 

64.8

61.3 % 

64.79 g 

2.72

2.0 ksf 

0.012 in/min 

2.15 ksf

SHEAR 

STRESS 

ksf 

0.00 

0.28 

0.49 

0.92 

1.32 

1.80 

2.12 

2.15 

2.07 

2.05 

2.03 

2.01 

2.00 

1.99 

1.97 

1.95 

1.94 

1.93 

1.91 

1.90

STRESS 

RATIO 

0.00 
0.14 

0.24 

0.46 

0.66 

0.90 

1.06 

1.08 

1.03 

1.03 

1.02 

1.00 

1.00 

0.99 

0.98 

0.98 

0.97 

0.97 

0.96 

0.95



DIRECT SHEAR TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA:

MOIST UNIT WEIGHT: 
DRY UNIT WEIGHT: 
VOID RATIO:

CTB-6 
U-3B4 

7.7 ft 
Clayey SILT (MH) 

0.99 inches 
2.50 inches 
4.90 sq. in.

INITIAL 
80.5 pcf 
50.2 pcf 
2.38

DATE: 
TESTED BY: 
CHECKED: 

WATER CONTENT: 
DRY WEIGHT SOIL: 
SPECIFIC GRAVITY: 

AFTER CONSOLIDATION 

50.9 pcf 
2.34

TEST DATA: 
NORMAL STRESS: 

STRAIN RATE: 

PEAK SHEAR STRESS:

ELAPSED HORIZONTAL VERTICAL 

TIME DISPLACEMENT DEFORMATION

min.

0.00 
0.70 

1.18 

1.60 

2.30 
3.09 
3.90 
4.63 
5.80 
6.88 
9.02 

11.10 
13.30 
15.36 
17.49 
19.60 
21.70 
23.79 
25.88 
27.98 
32.25 
36.46

in.

0.000 

0.001 

0.0025 

0.005 

0.010 

0.015 
0.020 
0.025 
0.0375 

0.050 

0.075 

0.100 

0.125 

0.150 

0.175 

0.200 

0.225 

0.250 

0.275 

0.300 

0.350 

0.400

mm 

1.67 

1.67 
1.67 

1.66 

1.655 

1.65 

1.645 

1.635 
1.58 

1.53 

1.44 

1.35 

1.27 
1.19 

1.12 

1.03 

0.955 

0.89 

0.835 

0.785 

0.68 

0.595

SHEAR 
FORCE

SHEAR SHEAR STRESS 
FORCE STRESS RATIO

div. lb.

0 
29 

56 

76 

101 

140 

180 

204 
208 

212 

213 

216 

216 
216 

220 

223 

224 

224 

224 

224 

224 

224

0.0 
10.2 
19.7 

26.8 

35.6 

49.3 

63.4 

71.8 
73.2 
74.6 

75.0 

76.0 

76.0 
76.0 

77.4 

78.5 

78.8 

78.8 

78.8 

78.8 

78.8 

78.8

ksf

0.00 
0.30 
0.58 

0.79 

1.04 

1.45 

1.86 
2.11 

2.15 
2.19 

2.20 

2.23 

2.23 

2.23 
2.28 

2.31 

2.32 
2.32 

2.32 

2.32 

2.32 

2.32

0.00 
0.10 

0.19 

0.26 

0.35 

0.48 

0.62 

0.70 

0.72 

0.73 
0.73 

0.74 

0.74 

0.74 
0.76 

0.77 

0.77 

0.77 

0.77 

0.77 

0.77 

0.77

08/13/99 
ACS 
TMC 

60.3 % 

64.1 g 

2.72

3.0 ksf 
0.012 in/min 

2.32 ksf



DIRECT SHEAR TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA:

MOIST UNIT WEIGHT: 

DRY UNIT WEIGHT: 

VOID RATIO:

CTB-6 
U-3C 

7.8 ft 
Clayey SILT (MH) 

0.99 inches 
2.50 inches 
4.90 sq. in.

INITIAL 
88.5 pcf 
56.4 pcf 
2.01

DATE: 
TESTED BY: 
CHECKED: 

WATER CONTENT: 
DRY WEIGHT SOIL: 
SPECIFIC GRAVITY: 

AFTER CONSOLIDATION 

56.7 pcf 
2.00

TEST DATA: 

NORMAL STRESS: 

STRAIN RATE: 
PEAK SHEAR STRESS:

ELAPSED HORIZONTAL VERTICAL 
TIME DISPLACEMENT DEFORMATION

min.  

0.00 
0.50 

0.72 

0.92 

1.86 

2.60 

3.22 

3.82 

4.70 

5.74 

7.84 

9.92 

11.96 

14.00 

16.09 

18.18 

22.30 

26.50

in.  

0.000 
0.001 
0.0025 

0.005 

0.010 

0.015 

0.020 

0.0250 

0.030 

0.0375 

0.050 

0.075 

0.100 

0.125 

0.150 

0.175 

0.200 

0.250 

0.300

mm 

1.90 

1.90 

1.905 

1.90 

1.90 

1.91 

1.93 

1.96 

1.99 

1.995 

1.995 

2.025 

2.06 

2.09 

2.12 

2.15 

2.18 

2.23 

2.275

08/13/99 
ACS 

-(GC

56.6 
72.05 
2.72

g

1.0 ksf 
0.012 in/min 

1.57 ksf

SHEAR 

FORCE 

div.  

0 

18 

23 

34 

72 

106 

130 

147 

152 

120 

120 

120 

119 

113 

111 

110 

108 

106 

105

SHEAR 

FORCE 

lb.  

0.0 

6.3 

8.1 

12.0 

25.3 

37.3 
45.8 

51.7 

53.5 

42.2 

42.2 

42.2 

41.9 

39.8 

39.1 

38.7 

38.0 

37.3 

37.0

SHEAR 

STRESS 

ksf 

0.00 

0.19 

0.24 

0.35 

0.74 

1.10 

1.34 

1.52 

1.57 

1.24 

1.24 

1.24 

1.23 

1.17 

1.15 

1.14 

1.12 

1.10 

1.09

STRESS 

RATIO 

0.00 

0.19 

0.24 

0.35 

0.74 

1.10 

1.34 

1.52 

1.57 

1.24 

1.24 

1.24 

1.23 

1.17 

1.15 

1.14 

1.12 

1.10 

1.09
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DIRECT SHEAR TEST DATA

SAMPLE INFORMATION: 
BORING: 

SAMPLE: 
DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 

AREA:

MOIST UNIT WEIGHT: 

DRY UNIT WEIGHT: 

VOID RATIO:

CTB-S 
U-1AA1 

5.4 ft 
Clayey SILT (MH) 

0.99 inches 
2.50 inches 
4.90 sq. in.

INITIAL 
70.9 pcf 

37.9 pcf 

3.48

DATE: 
TESTED BY: 
CHECKED: 

WATER CONTENT: 
DRY WEIGHT SOIL: 
SPECIFIC GRAVITY: 

AFTER CONSOLIDATION 

38.1 pcf 
3.45

TEST DATA: 
NORMAL STRESS: 

STRAIN RATE: 

PEAK SHEAR STRESS:

ELAPSED HORIZONTAL VERTICAL 

TIME DISPLACEMENT DEFORMATION

min.  

0.00 
1.74 

3.90 

6.05 

8.28 

10.52 

12.77 

15.00 
17.20 

19.36 
23.60

in.  

0.000 
0.010 

0.0250 

0.050 
0.075 

0.100 

0.125 

0.1500 
0.175 

0.200 

0.250

mm 

0.950 

0.975 

1.050 

1.050 

1.040 

1.035 

1.030 

1.025 
1.020 

1.020 

1.020

08/10/99 
ACS 

'rqc_ 

86.8 % 

48.40 g 

2.72

1.0 ksf 
0.012 in/min 

1.42 ksf

SHEAR 
FORCE 

div.  

0.0 

70.0 

137.0 

112.0 

111.0 

108.5 

108.5 

108.5 

108.5 

108.0 

107.0

SHEAR 
FORCE 

lb.  

0.0 
24.6 

48.2 

39.4 

39.1 

38.2 

38.2 
38.2 

38.2 

38.0 

37.7

SHEAR 
STRESS 

ksf 

0.00 

0.72 

1.42 

1.16 

1.15 

1.12 

1.12 

1.12 

1.12 
1.12 

1.11

STRESS 
RATIO 

0.00 

0.72 

1.42 

1.16 

1.15 

1.12 
1.12 

1.12 

1.12 

1.12 

1.11



DIRECT SHEAR TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION:

CTB-S 

U-1AA2 

5.3 ft 
Clayey SILT (MH)

DATE: 08/11/99 
TESTED BY: ACS 
CHECKED: Tq1C.

HEIGHT: 

DIAMETER: 

AREA: 

MOIST UNIT WEIGHT: 

DRY UNIT WEIGHT: 

VOID RATIO:

TEST DATA: 
NORMAL STRESS: 

STRAIN RATE: 
PEAK SHEAR STRESS:

0.99 inches 
2.50 inches 
4.90 sq. in.  

INITIAL 
73.1 pcf 
39.6 pcf 
3.29

WATER CONTENT: 

DRY WEIGHT SOIL: 
SPECIFIC GRAVITY: 

AFTER CONSOLIDATION 

39.9 pcf 

3.25

2.0 ksf 

0.012 in/min 

1.75 ksf

ELAPSED HORIZONTAL VERTICAL 
TIME DISPLACEMENT DEFORMATION 
min. in. mm

0.00 
1.00 

1.52 
2.06 

2.87 

3.57 

4.85 

7.19 

9.50 

11.83 

14.10 

16.30 

18.56 

20.80 

23.00 

25.20 

2735 

29.50

0.000 

0.001 

0.0025 

0.005 
0.010 

0.015 

0.025 

0.0375 

0.050 
0.075 

0.100 

0.125 

0.150 
0.175 

0.200 
0,225 
0.250 
0.275 

0.300

0.750 

0.745 

0.745 

0.740 

0.735 

0.730 
0.710 

0.660 

0.585 

0.470 

0.350 

0.250 

0.160 

0.080 

0.000 
-0.060 

-0.120 

-0.175 

-0.220

SHEAR 

FORCE 

div.  

0.0 

20.0 

41.0 

66.0 

96.0 

120.0 

153.0 

154.0 

156.0 

158.5 

162.0 

166.0 

168.0 

169.0 

169.0 

168.0 

167.0 

166.0 

165.0

SHEAR 

FORCE 

lb.  

0.0 

7.0 

14.4 

23.2 

33.8 

42.2 

53.9 

54.2 

54.9 

55.8 

57.0 

58.4 

59.1 

59.5 

59.5 

59.1 

58.8 

58.4 

58.1

SHEAR 

STRESS 

ksf 

0.00 

0.21 

0.42 

0.68 

0.99 

1.24 

1.58 

1.59 

1.61 

1.64 

1.68 

1.72 

1.74 

1.75 

1.75 

1.74 

1.73 

1.72 

1.71

84.6 % 

50.50 g 

2.72

STRESS 

RATIO 

0.00 

0.10 

0.21 

0.34 

0.50 

0.62 

0.79 

0.80 

0.81 

0.82 

0.84 

0.86 

0.87 

0.87 

0.87 

0.87 

0.86 

0.86 

0.85



DIRECT SHEAR TEST DATA

SAMPLE INFORMATION: 

BORING: 

SAMPLE: 

DEPTH: 

DESCRIPTION: 

HEIGHT: 

DIAMETER: 
AREA:

MOIST UNIT WEIGHT: 
DRY UNIT WEIGHT: 
VOID RATIO:

CTB-S 
U-1AA3 

5.1 ft 

Clayey SILT (MH) 

0.99 inches 
2.50 inches 
4.90 sq. in.

INITIAL 
75.7 pcf 
41.8 pd 
3.06

DATE: 
TESTED BY: 

CHECKED: 

WATER CONTENT: 

DRY WEIGHT SOIL: 

SPECIFIC GRAVITY: 

AFTER CONSOLIDATION 

42.6 pcf 

2.98

TEST DATA: 

NORMAL STRESS: 3.0 

STRAIN RATE: 0.012 

PEAK SHEAR STRESS: 2.24 

ELAPSED HORIZONTAL VERTICAL 

TIME DISPLACEMENT DEFORMATION

min.  

0.00 
0.56 

1.03 

1.50 

2.21 

2.74 

3.24 

3.72 

4.87 
5.88 

7.82 

9.80 

11.78 

13.76 

15.75 

17.80 

19.90 

22.05 

24.15 

26.30 

28.45 

30.55 

34.80

in.  

0.000 
0.001 

0.0025 

0.005 

0.010 

0.015 

0.020 
0.025 

0.0375 

0.050 

0.075 

0.100 

0.125 

0.150 

0.175 

0.200 

0.225 

0.250 

0.275 

0.300 

0.325 

0.350 

0.400

mm 

0.980 

0.980 

0.980 

0.975 

0.960 

0.950 

0.935 

0.915 
0.845 
0.750 

0.600 

0.440 

0.310 

0.190 

0.075 
-0.030 

-0.125 

-0.205 
-0.285 

-0.350 

-0.410 

-0.465 

-0.565

08/11/99 
ACS 

7%(c.  

80.9 % 

53.35 g 
2.72

ksf 
in/min 
ksf

SHEAR 
FORCE 

div.  

0.0 

31.0 

62.0 
90.0 

122.0 

141.0 

157.0 

167.0 

184.0 
190.0 

197.5 

201.5 

203.0 

206.0 

210.0 

212.5 
214.0 

215.0 

216.5 

217.0 

217.0 

217.0 

217.0

SHEAR 
FORCE 

lb.  

0.0 
10.9 

21.8 

31.7 

42.9 

49.6 

55.3 

58.8 

64.8 
66.9 

69.5 

70.9 

71.5 

72.5 

73.9 

74.8 

75.3 

75.7 

76.2 

76.4 

76.4 

76.4 

76.4

SHEAR 
STRESS 

ksf 

0.00 

0.32 

0.64 

0.93 

1.26 

1.46 

1.62 

1.73 

1.90 
1.97 

2.04 

2.08 

2.10 

2.13 

2.17 

2.20 

2.21 

2.22 

2.24 

2.24 

2.24 

2.24 

2.24

STRESS 
RATIO 

0.00 

0.11 

0.21 

0.31 

0.42 

0.49 

0.54 

0.58 

0.63 
0.66 

0.68 

0.69 

0.70 

0.71 

0.72 

0.73 

0.74 

0.74 

0.75 

0.75 

0.75 

0.75 

0.75
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Were the inputs correctly selected and incorporated into the design? 

Are assumptions necessary to perform the design activity adequately 
described and reasonable? 

Where necessary, are the assumptions identified for subsequent 
reverifications when the detailed design activities are completed? 

Are the appropriate quality and quality assurance requirements specified? 

Are the applicable codes, standards, and regulatory requirements, 
including applicable issues and addenda, properly identified and are 
their requirements for design met? 

Have applicable construction and operating experience been considered? 

Have the design interface requirements been satisfied? 

Was an appropriate design method used? 

Is the output reasonable compared to inputs? 
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Private Fuel Storage Facility 

Are the specified parts, equipment, and processes suitable for the 

required applications? 

Are the specified materials compatible with each other and the design 

environmental conditions to which the material will be exposed? 

Have adequate maintenance features and requirements been specified? 

Are accessibility and other design provisions adequate for performance 

of needed maintenance and repair? 

'Hag adequate accessibility been provided to perform the inservice 

inspection expected to be required during the plant life? 

Has the design properly considered radiation exposure to the public 

and plant personnel? 

Are the acceptance criteria incorporated in the design documents 

sufficient to allow verification that design requirements have been 

satisfactorily accomplished? 

Have adequate preoperational and subsequent periodic test 

requirements been appropriately specified? 

Are adequate handling, storage, cleaning, and shipping requirements 

specified? 

Are adequate identification requirements specified? 

Are requirements for record preparation, review, approval, retention, 

etc., adequately specified? 

Is the design output reasonable compared to the design inputs? 

Are the necessary design input and verification requirements for 

interfacing organizations specified in the design documents or in 

supporting procedures as instructions? 

[This checklist meets the requirements for both N45.2 and NQA-1 for 

requirements]
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4.2.3.4 Components 

The components of the cask storage pads consist of the materials of construction, 

which include concrete with a minimum 28-day compressive strength of 3,000 psi and 

reinforcing steel with a minimum yield strength of 60,000 psi.  

4.2.3.5 Design Bases and Safety Assurance 

The design bases for the cask storage pads are identified in Chapter 3.  

The cask storage pads are classified as being Important to Safety in order to provide 

the appropriate level of quality assurance in the design and construction. This provides 

for the safety assurance that the cask storage pads will perform their intended function.  

4.2.3.5.1 Storage Pad Analysis 

The reinforced concrete pads were analyzed and designed in accordance with nuclear 

industry standard structural analysis and design methods (Reference 16). The static and 

dynamic analyses for evaluating the concrete pad response displacements and internal 

stresses have used standard finite element analysis computer programs CECSAP 

(Reference 17) and SASSI (Reference 18) computer codes.  

Static analyses have been performed for the dead load and design live (storage cask) 

loads using the CECSAP computer program. Dynamic analyses have been performed 

for the PFSF deterministic design earthquake loading also using the CECSAP computer 

program. In addition, a separate dynamic analysis was performed using the SASSI 

computer program to more rigorously account for the effect of soil-structure interaction.  

These static and dynamic analyses confirm the structural adequacy of the reinforced 

concrete storage pad for supporting the storage casks when subjected to the design
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loading conditions. The results of the pad dynamic analysis using SASSI confirmed 

validity and indicated conservatism of the corresponding results using CECSAP.  

The structural analyses of the pad used a three-dimensional flat-shell finite element 

model for the concrete pad. The finite element model mesh developed for the pad is 

shown in Figure 4.2-8. A total of 264 flat-shell finite elements have been used to model 

the concrete pad. Gross uncracked stiffnesses have been used for the model. The finite 

element mesh was developed with the consideration that it would produce reasonably 

refined distribution of internal forces and moments. Also, the nodal points of the mesh 

coincided with the locations of the static and dynamic loadings associated with one to 

eight casks to be applied on the pad. These loadings are lumped to four points on the 

outer circular perimeter of each cask corresponding to the four quadrants of the cask.  

Various cask loading patterns were considered to determine the maximum pad internal 

stresses.  

To represent the soil support condition of the pads for the long-term static (i.e. dead and 

live) load conditions, vertical boundary soil springs tributary to each node of the pad finite 

element model were used in the CECSAP static finite element model. The spring 

stiffness values for the static loading cases were developed from the modulus of 

subgrade reaction (20 kips/ft3) of the supporting soil medium (Reference 19). For the 

short-term PFSF deterministic design earthquake dynamic loading condition, three

component (two horizontal and one vertical) boundary soil springs and dashpots 

representing the dynamic soil stiffnesses and radial damping characteristics of the 

supporting soil medium were used to connect to each node of the pad model. The soil 

spring stiffness (and its associated soil mass), and radial damping coefficient tributary to 

each node were derived from the lumped soil spring stiffness, mass, and damping 

coefficient values based on the procedure in ASCE-4 (Reference 20). For the dynamic 

analysis using the SASSI computer program, the soil support to the pad was represented 

by three-component (two horizontal and one vertical) complex-valued dynamic soil
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impedance functions that are connected to each node of the pad finite element model.  

The soil impedance functions were computed numerically within the SASSI computer 

program based on the free-field profile and dynamic properties of the soil layers 

underlying the pad.  

The pad structural analyses included both static and dynamic analyses. The static 

analysis evaluated the pad response stresses due to the dead and (cask) live loads. The 

dynamic analysis evaluated the pad response due to the PFSF deterministic design 

earthquake loadings. The pad responses obtained from these analyses were then 

combined to give the combined maximum response values in accordance with the 

applicable load combinations. The combined response values were then used for 

checking the structural adequacy of the concrete pad and the soil bearing and sliding 

stabilities. The static and dynamic pad analyses performed for the pad are separately 

described below.  

A. Static Analysis 

The static pad analysis, using the CECSAP finite element model for the pad, was 

conducted for the dead load equal to the gravitational dead weight of the pad and the live 

load of the casks. The live loads from three loading patterns of 2, 4, and 8 fully-loaded 

casks were considered. The weight of one fully-loaded cask considered was 356.5 kips.  

To simulate the condition of one fully-loaded cask being transported onto the pad, one 

additional cask loading pattern consisting of 7 fully-loaded casks and one fully-loaded 

cask being lifted by a cask transporter on the pad having a weight of 135 kips 

(Reference 21) was also considered. For conservatism, a dynamic impact factor equal to 

1.0 was used for the load of one fully-loaded cask plus the transporter to account for any 

dynamic effect that may arise during transporting of the cask. From the analysis results 

obtained, the worst-case cask-loading pattern that produces the highest pad internal 

stresses is that of four casks on the pad and the worst-case loading that produces the
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largest soil bearing pressure is that of 7 casks plus one cask being carried by a 

transporter. The maximum response results obtained from the static analyses are 

summarized in Table 4.2-7.  

Soil pressures beneath the storage pad were also verified to be within the acceptance 

criteria for static loading conditions. Actual soil bearing pressures were calculated 

beneath the pad and compared to the allowable soil bearing pressures identified in 

Section 2.6.1.12.1 for various static load combinations. The maximum static soil 

pressure was calculated to be 2.12 ksf, 2.31 ksf, and 2.02 ksf for the pad dead load 

plus 2 casks, 4 casks, and 8 casks, respectively. A worst-case static soil pressure was 

determined for a loading condition consisting of 7 casks plus 1 cask on the transporter 

with a dynamic impact factor of 1.0. This case resulted in a maximum soil bearing 

pressure of 3.5 ksf. All of the static load cases were within the allowable soil bearing 

pressure of 4.0 ksf.  

B. Dynamic Analysis 

The dynamic analysis was performed to determine the pad response stresses under the 

PFSF deterministic design earthquake loading. The global seismic time-history response 

analysis was performed utilizing a series of cask-pad-soil interaction models representing 

the dynamic characteristics of one to eight casks supported on the pad, which is 

supported on the site soil. To account for uncertainties in the frictional resistance to 

horizontal movements of casks on the pad, the friction coefficient between the cask base 

and the concrete pad considered in these analyses was varied from a lower-bound value 

of 0.2 to an upper-bound value of 0.8. The case with the lower-bound friction results in 

an upper-bound estimate of the sliding displacements of the casks on the pad and a 

lower-bound estimate of the cask dynamic forces acting on the pad, whereas the upper

bound friction case results in a lower-bound estimate of the sliding displacements and an 

upper-bound estimate of the cask dynamic forces acting on the pad. Thus, for the
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purpose of determining the upper-bound seismic stresses in the pad, the cask dynamic 

force time histories resulting from the upper-bound friction case were conservatively used 

as the dynamic forcing function inputs to the pad. The HI-STORM storage cask weight 

and center of gravity loadings bound those of the TranStor storage cask; therefore, the 

dynamic forcing function inputs were obtained from the Holtec site-specific cask stability 

analysis for the HI-STORM storage cask (Reference 7). For the pad analysis, these 

dynamic forcing time histories were evaluated for each cask at four points that are 

equally-spaced along the circular outer perimeter of the cask base. At each point, a set of 

three-component (two horizontal and one vertical) dynamic forcing time histories was 

evaluated, which represents the lumped dynamic reaction forces of the pad to the cask 

within the four quadrants of each circular cask-base area.  

In evaluating the pad dynamic stresses due to the dynamic forces of the casks acting on 

the pad, the finite element dynamic model of the pad-soil system (using CECSAP) was 

used and the dynamic force time histories of the casks were applied on the pad as nodal 

forcing functions. To reasonably bound the various cask loading patterns, the same 2, 4, 

and 8 cask loading configurations as considered in the static analyses were also 

considered in the dynamic response analysis. The maximum values of the pad response 

shear forces and bending moments resulting from the analysis were then evaluated and 

used for checking the structural adequacy of the pad design. The maximum values of the 

three-component (two horizontal and one vertical) soil-spring reaction forces were also 

evaluated and used for checking the bearing and sliding stabilities of the soil supporting 

the pad.  

To provide a comparison and an assessment of the accuracy and conservatism of the 

dynamic analysis results from the CECSAP pad-soil system model, a dynamic analysis 

using a finite element model using the SASSI computer program was also performed for 

a selected dynamic loading case. The dynamic response results obtained from this 

SASSI analysis were compared with the corresponding results obtained the CECSAP
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analysis. This comparison indicates that the CECSAP analysis results are closely 

comparable to the corresponding SASSI analysis results and that the CECSAP results 

are conservative relative to the corresponding SASSI results by a margin of greater than 

20 percent.  

The results of the maximum dynamic response values obtained from the dynamic 

analyses described above are summarized in Table 4.2-8. Based on these results, the 

worst-case cask-loading pattern that produces the maximum dynamic pad internal 

stresses and soil pressures is that of two casks, and the worst-case loading that produces 

the largest seismic horizontal soil reaction forces is that of 8 casks. These values were 

included in the analyses of dynamic bearing capacity and sliding stability of the pad, 

which are discussed in Section 2.6.1.12.1. The maximum dynamic soil pressures, which 

include earthquake loadings, were also calculated for the pad dead load plus 2 casks, 4 

casks, and 8 casks. The resulting soil pressure distribution was converted to an 

average soil pressure over an effective pad width and compared to the allowable 

dynamic soil pressures. All of the dynamic load cases were below the minimum 

allowable dynamic soil bearing pressure.  

The sliding stability of the cask storage pads was also analyzed using the dynamic 

forces applicable for the PFSF deterministic design earthquake. As indicated in Section 

2.6.1.12.1, the storage pads founded on clayey soils have an adequate factor of safety 

against sliding due to these forces. Founded on cohesionless soils, however, the factor 

of safety against sliding would be less than 1. Since some of the soils underlying the 

pads may be cohesionless, especially within the depth zone of 10 to 20 ft, analyses 

were performed to address the possibility that sliding may occur along the clayey 

soil/sandy soil interface as a result of the earthquake forces.  

Where the factor of safety against sliding is less than 1, the displacements the pads 

may experience were calculated using the method proposed by Newmark (1965) for
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estimating displacements of dams and embankments during earthquakes. In these 

analyses, several conservative assumptions were made, and even with this high level 

of conservatism, the estimated relative displacement of the pads ranged from 0.4 

inches to 0.7 inches. Motions of this magnitude, occurring at the depth of the silty 

sand/sandy silt layer, would likely not even be evident at the ground surface. Further, 

movements of this amount as a result of the earthquake are much less than those 

applicable for the casks (Section 8.2.1.2) and, thus, would not adversely affect the 

performance of the cask storage system.  

4.2.3.5.2 Storage Pad Design 

The storage pad design is a 3-ft thick reinforced concrete slab with #10 longitudinal and 

transverse horizontal reinforcing bars spaced at 12 inches on center each way at the top 

face and #10 longitudinal and transverse horizontal reinforcing bars spaced at 6 inches 

on center each way at the bottom face of the pad. The top and bottom face horizontal 

reinforcements are tied through the thickness of the pad by #7 vertical shear reinforcing 

bars spaced at 12 inches on center each way in two ways uniformly distributed over the 

entire pad. The concrete has a minimum 28-day compressive strength of 3,000 psi and 

the reinforcing steel has a minimum yield strength of 60,000 psi. The design provides an 

ultimate static moment capacity of 338 k-ft/ft, an ultimate dynamic (impulse or impactive) 

moment capacity of 423 k-ft/ft, and a corresponding ultimate static and dynamic shear 

capacity of 123 k/ft and 135 k/ft, respectively. The maximum bending moment and shear 

force demands associated with the normal loading condition (1.4D + 1.7L + 1.7H) are 

145.4 k-ft/ft and 19.2 k/ft, respectively; the maximum bending moment and shear force 

demands associated with the accident-level loading condition (D + L + H + E) are 383.3 k

ft/ft and 111.1 k/ft. Therefore, the storage pad as designed provides adequate strength 

for accommodating the design loading conditions.
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4.2.3.5.3 Storage Pad Settlement 

The relationship of major foundations to subsurface materials is contained in Section 

2.6.1.6. Storage pad soil settlement analyses are described in Section 2.6.1.12.1.  

The in situ soil is suitable for supporting the cask storage pads, but settlements are 

expected to occur. Analyses were performed to calculate the estimated settlement of 

the storage pads from the weight of the pad with 8 fully loaded casks in place. The 

nominal soil bearing pressure for this case is approximately 1.9 ksf, and the total 

estimated settlement of the pad is approximately 3.3 inches.  

In order to accommodate the total estimated settlement, the storage pads will be 

constructed 3.5 inches above adjacent finished grade. Exposed edges of the pad will 

be chamfered, and the crushed rock surface materials will be feathered to meet the 

edges of the raised pads for transporter access.  

Foundation preparation for the storage pad consists of the necessary soil excavation 

and placement of a 4-inch thick concrete mud mat on the in situ soil to preclude 

excessive disturbance of the existing soil and its natural cohesive structure. The 

bottom of the mud mat and the bottom of the cask storage pad are below the specified 

local frost depth of 30 inches below grade, in accordance with the Geotechnical section 

of the Storage Facility Design Criteria (Reference 22).  

Uniform downward settlement has no adverse effect on either the pad or the casks, it 

only lowers the final elevation of the storage pad. The storage pads will be constructed 

3.5 inches above the surrounding grade to allow for settlements and yet maintain the 

surface drainage scheme at the site. The first pads constructed and loaded will be 

monitored for settlements to confirm the calculated settlements and make future 

adjustments, if necessary. The temporary uniform differential settlement of the pad
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from partial cask placements causes no loss of structural integrity to the pad. The 

storage pad is not susceptible to subsurface failures associated with liquefaction since 

the site is not subject to liquefaction.  

4.2.3.5.4 Cask Stability 

Cask stability ensures the storage casks will not tip over or slide excessively during a 

seismic event. The generic cask stability analyses in the HI-STORM SAR and TranStor 

SAR do not consider soil-structure interaction, which can amplify seismic accelerations.  

Consequently, site-specific cask stability analyses, performed by both Holtec and SNC 

demonstrate the storage casks will not tip over or slide excessively during the PFSF 

design basis ground motion. The cask stability analyses are described in detail in 

Section 8.2.1. The cask storage pad is designed for the loads generated from the site

specific cask stability analyses and will provide the required support for the storage 

casks.
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walls and doors, equipment lay-down areas, storage cask delivery and staging platform, 

mechanical and electrical equipment areas, and personnel offices and restroom areas.  

4.7.1.4.1 Seismic Support Struts 

The seismic support struts are rigid strut assemblies that secure the shipping and 

transfer casks to the Canister Transfer Building columns during transfer operations.  

The struts ensure that the casks will remain stable and will not topple in the event of an 

earthquake. The struts are designed to resist the horizontal forces due to the seismic 

accelerations developed in the seismic analysis of the building (Reference 62). The 

casks do not require seismic restraint in the vertical direction since the upward seismic 

forces are less than the deadweight of the casks.  

The struts are connected to the shipping cask after it is moved into the transfer cell.  

Struts are also attached to the transfer cask when it is placed on top of the shipping 

cask or storage cask, prior to disconnecting the transfer cask from the crane. Each 

cask utilizes two struts, vertically positioned near the cask center of gravity, that provide 

lateral restraint in two orthogonal directions. Figure 4.7-7 is a schematic diagram of the 

support struts.  

The support struts are procured as standard sway strut assemblies that conform to 

ASME III, NF requirements for Class 2 nuclear grade supports. The struts consist of a 

rigid tubular body with threaded eye rods on both ends. Each strut is pinned to a 

bracket that is secured to the cask and to the building columns. At the building 

columns, the brackets are welded to steel plate secured to the column with anchor 

rods.  

4.7.1.5 Design Bases and Safety Assurance 

The Canister Transfer Building is classified as being Important to Safety to provide the 

safety assurance commensurate with canister transfer activities. The design bases for 

the Canister Transfer Building are described in Chapter 3.  
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4.7.1.5.1 Structural Design 

The building structure has been analyzed and critical areas have been designed for the 

critical loads cases. The final design of the Canister Transfer Building will be completed 

during the detailed design phase of the project. The preliminary design has considered 

the worst loading case and areas of the structure that are considered to be the most 

likely to cause problems have been designed. During the detailed design phase, all 

load cases as described in Chapter 3 and all areas will be addressed in detail.  

The Canister Transfer Building is a large and massive building consisting of exterior 

reinforced concrete walls 2'-0" thick, a reinforced concrete roof 1'-0" thick, and a solid 

reinforced concrete mat foundation 5'-0" thick. The interior partitions that make up the 
low level waste holding area will be constructed of concrete or concrete masonry. The 

equipment and office areas on the east side of the building will utilize steel framed 

partition walls covered with gypsum board. The total weight (static load) of the building 

and foundation is approximately 75,000 kips (Reference 44) or 37,500 tons.  

The following provides verification that the site specific and operational criteria of the 

PFSF are enveloped by the Canister Transfer Building analysis and design.  

A. Dead Loads 

The Canister Transfer Building will be designed for the self weight of the structure and 

all permanently attached equipment.  

B. Live Load 

The Canister Transfer Building will be designed for the following live loads:
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* Snow and ice loads - 45 psf per County Building Department exposure C, 

importance factor = 1.2 (Category IV) per ASCE-7 

* Bridge crane and semi-gantry crane loads 

* Normal crane handling loads and transfer operationsNormal wind load - 90 

mph, exposure C, importance factor = 1.15 (Category IV) per ASCE-7 

* Vehicle loads (including impact loads) 

- Fully loaded cask transport vehicle 

- H20-44 truck per AASHTO 

- Heavy haul tractor/trailer 

- Rail car and prime mover 

* Equipment Loads 

- Concrete storage cask (with loaded canister and transfer cask) 

- Transfer cask (with loaded canister) 

- Shipping cask (with loaded canister and transfer cask) 

The overall seismic analysis of the building and foundation does not specifically include 

the additional weight of the shipping casks, transfer casks, and storage casks.  

However, an allowance of 5 percent of the mass of the mat was included in the lumped 

mass model to account for miscellaneous equipment and minor structural elements not 

discretely included in the mass calculations. The heaviest cask is a loaded concrete 

storage cask with a maximum weight of approximately 177 tons (Section 4.7.2.5.1).  

Although the loaded concrete storage casks are very heavy, each would equal only 

about 0.5 percent of the total mass of the structure. In addition, the casks will be 

located directly on the mat foundation and will have very little effect on the seismic 

response of the building itself.  

The Canister Transfer Building is provided with three bays that are used for canister 

transfer operations. Shipping casks containing canisters will be moved immediately 

from the heavy haul tractor-trailer or rail car to the canister transfer bays. If the canister
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transfer bays are in-use, a maximum of two loaded shipping casks can be parked in the 

rail bays. Therefore, the maximum number of loaded casks within the entire building 

would be five at any one time (3 storage and 2 shipping). Empty shipping casks will be 

returned immediately or stored on the trailer or rail car outside of the Canister Transfer 

Building. There will be a maximum of four metal transfer casks (two for each cask 

vendor), but their weight is relatively insignificant, when not loaded.  

For the design of the mat foundation, two worst-case load combinations were 

investigated. These are described in Section 4.7.1.5.3. Ground floor live loads (i.e., 

casks at various locations) were neglected in both of the load combinations considered.  

This is conservative because the maximum bending moments in the mat foundation 

occur at the intersection with the exterior walls, and are positive (tension on bottom 

face). The bending moments in the mat foundation away from the walls are negative 

(tension on top face). Application of live loads, including the weight of the casks, will 

result in bending moments that counteract the bending moments from these other 

critical load cases. Therefore, it is conservative to omit these loads in the analysis of 

the Canister Transfer Building mat foundation for the two load combinations 

considered. A calculation describing the mat foundation loading cases and designs is 

contained in Reference 46.  

Crane loads will be increased to account for lateral and longitudinal impact forces.
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C. Lateral Soil Pressure 

Below grade portions of the Canister Transfer Building will be designed for loads from 

lateral soil pressure, including loads in excess of geostatic pressures resulting from the 

presence of adjacent surcharges or vehicular traffic.  

D. Thermal Loads 

The Canister Transfer Building will be designed to accommodate the site-specific 

extreme temperatures. Expansion joints will be provided as required to accommodate 

thermally induced movements in the structure.  

E. Tornado Winds and Missiles 

The Canister Transfer Building will be designed to protect all SSCs housed within the 

building from the effects of tornado winds and tornado-generated missiles. The 

Canister Transfer Building will be designed for the 240 mph wind speed and 1.5 psi 

pressure drop site specific design basis tornado event. The tornado wind speed will be 

converted to wind pressures in accordance with the provisions of ASCE-7 

(Reference 31). Tornado wind and tornado pressure drop will be considered to act 

simultaneously. The worst case wind and pressure distribution acting on the structure 

as a whole and on individual building elements will be determined based on the 

physical size of the structure in relation to the size and characteristics of the design 

basis tornado. The structure will be designed to withstand the tornado wind and 

pressure drop by means of its static strength without the need to resort to venting of the 

structure.  

The Canister Transfer Building will be designed to resist the effects of both horizontal 

and vertical impacts of the design basis tornado-generated missiles. Building
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components will be of sufficient strength and size to withstand the missile impact 

without compromising the strength and stability of the structure as a whole and to 
prevent penetration of the missile and spalling of the concrete face interior to the point 

of impact. The building layout and specifically designed labyrinths will prevent tornado 

missiles entering through door or ventilation openings in the walls and roof from 

impacting or damaging the fuel canisters, single failure proof cranes and their supports, 

or other SSC's housed within the building.  

F. Earthquake 

The Canister Transfer Building has been analyzed for the PFSF design basis ground 

motion (0.53g horizontal, 0.53g vertical - See Section 3.2.10.1.1). The structure has 

been modeled and analyzed using a three-dimensional seismic analysis. The dead 

loads from the bridge and semi-gantry cranes will be located so as to produce the 

highest design loads and member stresses within the structure. Lifted loads from the 

cranes will be included in the seismic analysis. Results from the seismic analysis are 

used in the design of the building.  

G. Fire 

The postulated fire accident for the Canister Transfer Building is discussed in SAR 
Section 8.2.5. Since the Canister Transfer Building will be equipped with fire detection 

and suppression systems and be constructed of reinforced concrete, which has both a 

high thermal inertia and is inherently noncombustible, the postulated fire accident will 

have no effect on the structural strength or stability of the Canister Transfer Building 

structure as required per 10 CFR 72.122(c).
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H. Lightning 

The Canister Transfer Building is approximately 77 feet tall and is a possible lightning 

target. The Canister Transfer Building is designed with lightning protection features in 

accordance with NFPA 780.  

4.7.1.5.2 Shielding Design 

The Canister Transfer Building is designed to provide radiological shielding during the 

transfer operations. A portion of the building is divided into canister transfer cells where 

the transfer operations are performed. The cells are surrounded by concrete shield 

walls that are designed to limit the radiation doses from the canister transfer operations 

to personnel outside of the cell to 2 mrem/hr, which is below the 5 mrem/hr dose level 

that establishes a "radiation area" per 10 CFR 20.1003. Large sliding doors for moving 

shipping and storage casks in and out of the cell are made of steel with a sandwich 

layer of neutron shielding. Personnel access openings into the cells are designed with 

a labyrinth of concrete to mitigate streaming of radiation.  

A shielding analysis will be performed assuming canisters containing design basis fuel 

involved in canister transfer operations to determine transfer cell wall and cell door 

thickness requirements. The analysis will consider attenuation of the radiation doses 

through the shield walls and doors to locations outside the cell.  

4.7.1.5.3. Structural Analysis 

The preliminary design phase of the Canister Transfer Building included the conceptual 

drawings shown in the Figure 4.7-1 and design criteria identified in Chapter 3 and 

summarized in Table 3.6-1. The methodology and reference standards identified for 

use in the building seismic analysis is described in Section 3.2.10. Load combinations
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for the building design are shown in Section 3.2.11.4.  

The detailed design phase of the Canister Transfer Building is based on the conceptual 

drawings and design criteria generated under the preliminary design phase. The first 
consideration in the detailed design was the selection of the critical load combinations.  

It was judged that the critical load cases would be those including the ISFSI design 

basis ground motion, since the building is subjected to high seismic loads and relatively 
low (Zone 3) tornado loads. A seismic analysis of the structure was performed to 
determine the seismic loads for the building design, and to generate in-structure 

response spectra for the design of the overhead bridge crane and semi-gantry crane, 

both supported on the Canister Transfer Building walls.  

The seismic analysis was performed following the guidelines of ASCE-4 

(Reference 20). To perform the analysis, the first step was to develop three 

acceleration time histories (N-S, Vertical, and E-W) which are required to be consistent 
with the site ground response spectra and independent of one another. The time 

histories were developed from a near-source recording of the 1980 M 6.9 Irpinia, Italy 

normal-faulting earthquake. The original recordings were rotated in fault-normal and 
fault-parallel orientations and then scaled to match the 2,000-year return period design 
response spectra using both frequency domain (Reference 36) and time domain 

(Reference 37) approaches. The final time histories were then verified to meet the 
requirements of the Section 3.7.1 of the Standard Review Plan (Reference 38) and 

ASCE-4. The analysis is documented in Calculation 05996.02-G(PO18)-3 (Reference 

39). The final time histories used in the seismic analysis of the Canister Transfer 

Building are shown in the calculation.  

The building is founded on a layered soil medium, so it was necessary to consider soil

structure interaction effects. To accomplish this, the complex frequency method, as 
described in ASCE-4, was used. Impedance functions were developed to represent the 

subgrade, using the layered dynamic soil properties described in Calculation G(P018)-2 

(Reference 40).  
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The impedance functions were developed, using the Stone & Webster computer 

program REFUND (Reference 41), by considering the foundation mat as a rigid 

structure located at the surface of the soil profile. These assumptions are appropriate 

since the building foundation is a five-foot thick concrete mat located at grade.  

Development of the impedance functions is documented in calculation SC-4 (Reference 

42). A three-dimensional lumped mass model was developed to represent the 

structure. Lumped masses are assigned at the base mat (El. 95'-0"), the lower roof (El.  

130'-0"), the crane elevation (El. 170'-0") and the upper roof (El. 190'-0"). Additional 

mass points were added at El 170'-0" to simulate local flexibility of the walls supporting 

the crane in the E-W direction and at El. 190'-0" to simulate the local flexibility of the 

roof in the vertical direction.  

The impedance functions and the lumped mass model were combined, and the 

analysis was performed using the Stone & Webster computer program FRIDAY 

(Reference 43). The three input acceleration time histories were applied 

simultaneously as free field motions at the surface of the soil profile. Results of the 

analysis included displacement and acceleration time histories at each of the lumped 

mass points of the structural model. In-structure response spectra were developed 

from the acceleration time histories. The analysis was performed for three conditions, 

using best estimate, low range and high range soil properties. These soil properties 

were developed in Reference 40 to address possible uncertainties in the soil 

parameters and in the soil-structure analysis. The results of all three load cases were 

enveloped for worst-case conditions. The resulting enveloped in-structure response 

spectra were then peak broadened by +/- 15%. The zero period accelerations (ZPA) at 

each point of the lumped mass model and response spectra at El. 170'-0", which is the 

bridge crane support location are presented in the dynamic analysis described in 

calculation SC-5 (Reference 44).  

The detailed analysis of the building was performed using the ANSYS computer 

program (Reference 45) with a 3-dimensional finite element model. First, a model of 
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the soil was developed, extending 360 feet below the mat and approximately 360 feet 
to all sides of the mat. The soil is modeled with three-dimensional elastic solid 

elements, which were assigned properties consistent with the best estimate properties 

used in the seismic analysis. This model was condensed to a super-element that was 

coupled with the structural model. Compression-only elements were used to join the 
common nodes of the soil model and the base mat of the structural model. The 

structural model of the concrete building was developed from elastic plate elements (for 
slabs and walls) and elastic beam elements (for beams and columns). Initial wall and 

slab thickness and beam and column sizes were determined from hand calculations.  

Minimum wall thickness of two feet and roof thickness of one foot were selected based 

on tornado missile requirements. The typical size of the plate elements is five feet 

square.  

Two critical load cases were considered. The first is that which produces the worst 
downward loading on the roof, and includes dead load, live load, and the vertical 

seismic load acting downward. The vertical seismic load is developed by applying as a 
static load the enveloped ZPA accelerations from the seismic analysis to the mass of 

the structure. Included in this load combination is 40% of the enveloped ZPA 

acceleration in each of the two horizontal (N-S and E-W) directions. This load 
combination governs the design of the roof, some of the walls, and portions of the base 

mat. The second load case was selected because it had the greatest overturning 

potential. It includes dead load, reduced live load, the enveloped E-W ZPA 

acceleration, 40% of the enveloped vertical ZPA acceleration upward, and 40% of the 
enveloped ZPA acceleration in the N-S direction. This load combination governs the 
design of portions of the base mat, crane support beams and some walls. Selected 

results of the analyses are presented in Figures 10 through 16. The finite element 

analysis, including the soil model and building model, is described in calculation SC-6 

(Reference 46).  

Results of the analysis were used to design the reinforcing steel for the concrete walls,
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slabs, beams and columns (pilasters). In general, the reinforcing required was not 

excessive. Highly stressed areas are in the roof slab, in the N-S walls where the roof 

beams intersect the wall, in the crane support beams, in the E-W shear walls, and in the 

corners of the base mat. The design of the reinforcing steel is described in calculation 

SC-7 (Reference 47).  

Mat Foundation Stability Analyses and Settlement 

In addition to the finite element, soil-structure interaction analysis described above, 

conventional static and dynamic stability analyses of the building mat foundation were 

performed. These included bearing capacity, overturning, and sliding stability analyses 

These analyses, performed in Calculation G(B)-13 (Reference 48), are described in 

detail in Section 2.6.1.12.2, and the results are discussed below. These analyses 

indicate that the building is stable and it will not be adversely affected by the estimated 

settlements.  

The bearing capacity analyses were performed for the mat founded on a layered soil 

medium using both 'effective stress' and 'total stress' soil parameters for the various soil 

layers identified in the PFSF Storage Facility Design Criteria. Several load cases were 

considered, which consisted of combinations of vertical static, vertical seismic in 

upward and downward directions, and horizontal seismic in E-W and N-S directions.  

Loads developed in Calculation SC-5 (Reference 44) were used in these analyses. As 

in the structural analyses discussed earlier, seismic loads used were based on 100% of 

the enveloped ZPA acceleration in one direction, combined with 40% of the enveloped 

ZPA accelerations in each of the other two directions. Minimum factors of safety of 3.0 

for the static load case and 1.1 for the seismic load cases are required against a 

bearing capacity failure of the foundation in soil. The load combination of full static, 

40% seismic uplift, and 100% horizontal seismic in E-W, and 40% horizontal seismic in 

N-W direction was the most critical load case. This load case resulted in an actual soil
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bearing pressure of 2. 5 kips per square foot (ksf), compared with an ultimate bearing 
capacity of 4.3 ksf. The resulting factor of safety against a bearing capacity failure for 
this load case is 1.7, compared with the minimum allowable factor of safety for seismic 
loading cases of 1.1. For the static load case, a factor of safety in excess of 10 was 
obtained, exceeding the minimum required factor of safety of 3.0 by a wide margin.  

A settlement analysis was performed for the Canister Transfer Building for the static 
dead and live loads. A total building settlement of 3.0 inches is estimated over the life 
of the building. The settlement will be generally uniform. Of the total building 
settlement, approximately 1.9 inches will occur within a few years after construction and 
an additional 1.1 inches over the life of the building. The settlement analysis is 

described in calculation G(C)-14 (Reference 49).  

The sliding stability of the Canister Transfer Building is discussed in detail in Section 
2.6.1.12.2. The Canister Transfer Building will be founded on clayey soils that have an 
adequate amount of cohesion to resist sliding due to the dynamic forces from the 
design earthquake. As shown in Figures 2.6-21 through 2.6-23, however, some of the 
soils underlying the building may be cohesionless within the depth zone of about 10 to 
20 ft, especially near the southern portion of the building. Analyses were performed to 
address the possibility that sliding may occur along a deeper slip plane at the clayey 
soil/sandy soil interface as a result of the earthquake forces.  

Because of the magnitude of the dynamic forces resulting from the soil-structure 

interaction analyses, the factor of safety against sliding of this building would be less 
than 1 if it were founded on cohesionless soils. Where the factor of safety against 
sliding is less than 1, the displacements the building may experience were calculated 
using the method proposed by Newmark (1965) for estimating displacements of dams 

and embankments during earthquakes.
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In these analyses, several conservative assumptions were made, and even with this 

high level of conservatism, the estimated relative displacement of the building ranged 

from 0.5 inches to 1.2 inches. Motions of this magnitude, occurring at the depth of the 

silty sand/sandy silt layer, would likely not even be evident at the ground surface. For 

the building to slide, a surface of sliding must be established between the horizontal 

sliding surface in the silty sand/sandy silt layer and through the overlying clayey layer.  

In the simplified model used to estimate these displacements, the contribution of this 

surface of sliding through the overlying clayey layer to the dynamic resistance to sliding 

motion is ignored, as is the passive resistance that would act on the embedded portion 

of the building foundation and the block of soil that is postulated to be moving with it. It 

is likely, moreover, that should such slippage occur within the cohesionless soils 

underlying the building, it would minimize the level of the accelerations that would be 

transmitted through the soil and into the structure. In this manner, these cohesionless 

soils would act as a built-in base shear isolation system. Any decrease in these 

accelerations as a result of this would increase the factor of safety against sliding, 

which would decrease the estimated displacements as well. Further, since there are no 

important-to-safety systems that would be severed or otherwise impacted by 

movements of this small amount as a result of the earthquake, such movements do not 

adversely affect the performance of the Canister Transfer Building.
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The weight of loaded concrete storage cask is approximately 177 tons (HI-STORM 

system) and 155 tons (TranStor system).  

The overhead bridge crane capacity is 200 tons, which exceeds the heaviest load of 

177 tons.  

4.7.2.5.2 Maximum Loads Applicable To Both Overhead Bridge Crane And Semi

Gantry Crane 

The weight of transfer cask with a loaded canister and transfer cask lifting yoke is 

approximately 121 tons (HI-TRAC system) and 109 tons (TranStor system).  

The semi-gantry crane capacity is 150 tons, which exceeds the heaviest load of 121 

tons.  

4.7.2.5.3 Seismic Analysis 

The PFSF overhead and semi-gantry cranes have been seismically analyzed in 

accordance with ASME NOG-1 to ensure they will remain in place and support the load 

during and after a seismic event. The analyses were performed for both cranes by 

Anatech Corporation to qualify the crane designs for the PFSF deterministic design 

earthquake (0.67g horizontal, 0.69g vertical - See Section 8.2.1.1). The analysis 

methods, modeling, and results for the 200 ton bridge crane and 150 ton semi-gantry 

crane are documented in References 56 and 57 respectively. The maximum stresses 

were calculated for the major structural components through response spectrum 

analyses using the amplified response spectra at the crane rail elevation in the Canister 

Transfer Building. The calculated normal and shear stresses for all components were 

within allowables as defined in ASME NOG-1. In addition, the cranes were reviewed by 

Ederer for their seismic stability based on the current PFSF design basis ground motion
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of 0.53g horizontal and 0.53g vertical (See Section 3.2.10.1.1) and resulting response 

spectra curves. The response spectra curves for this design basis ground motion are 

shown in Calculation 05996.02-SC-5 (Reference 44) and include the effects of 

properties of the soil underlying the Canister Transfer Building. Although the seismic 

accelerations in the new design basis are lower, the soil properties resulted in 

increased accelerations at higher elevations in the building and therefore, modifications 

to both crane designs (Reference 63). However, the crane dimensions still fit within the 

same envelope shown on Figures 4.7-5 and 4.7-6.  

For the 200 ton overhead bridge crane, the vertical peak due to the design basis 

ground motion increased approximately 14 percent from the deterministic design 

earthquake. The N-S lateral forces are governed by wheel slip and remain constant.  

Since the bridge girders, trolley trucks, trolley girder, and equalizing sill are designed at 

approximately 90 percent or more of the allowable stress (of which this margin should 

be maintained) the section moduli for these components has increased approximately 

14 percent. The E-W horizontal peak increased 100 percent, which affects the bridge 

trucks. However, since the bridge trucks were designed at a lower allowable stress of 

72 percent, the section modulus only required an increase of approximately 10 percent.  

For the 150 ton semi-gantry crane, the vertical peak due to the design basis ground 

motion from the deterministic design earthquake increased approximately 14 percent on 

the west end of the crane and 8 percent on the east end of the crane. The N-S lateral 

forces are governed by wheel slip and remained constant. The E-W lateral peak 

increased 100 percent on the west end and decreased 17 percent on the east end.  

Based on these changes, the equalizing sill, end tie, and gantry truss, which were 

designed well below allowable stresses, were unchanged. However, the bridge girder, 

trolley truck, and trolley girder, which were designed with less margin from the allowable 

stresses, required an increase of the section moduli by approximately 12 percent. The 

gantry leg required an increase to the section modulus of approximately 50 percent at
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the top end and remained unchanged at the bottom. The bridge trucks, which were 

designed at approximately 75 percent of allowable stress, required an increase to the 

section modulus of approximately 10 percent.  

A. Analysis Method 

For the analysis, the base motion was the design response spectrum given in terms of 

acceleration versus frequency at 4% of critical damping for 3 component directions at 

the building elevation supporting the crane railways. The basic assumptions for this 

type of analysis were that the response is linear and that it is relative to the base 

motion. The eigenmodes, frequencies, and modal participation factors were first 

extracted for the finite element model of the structural system. The peak modal 

response of the "generalized" variables in frequency space was calculated from the 

given input response spectrum (acceleration as a function of frequency and damping) 

and the modal participation factors. The corresponding peak physical response was 

then calculated for each natural frequency mode through the corresponding 

eigenvector. These peak physical responses for each natural mode were then 

combined to estimate the total peak response of the variable. Since the peak response 

in the different modes will not typically occur at the same time, the combination into a 

peak value is conservative.  

The method used to combine the individual modal response was the square root of the 

sum of the squares (SRSS) method described in USNRC Regulatory Guide 1.92 

(Reference 58) for closely spaced modes. The modes were determined to be closely 

spaced since the frequencies were within 10 percent of the lower value. The SRSS 

method was modified by adding twice the absolute value of the product of the peak 

modal response from each pair of modes to the sum of the squares of all the modal 

peak values. Finally, these peak responses were combined for the different component 

directions using a SRSS combination. The resulting peak values from the seismic
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loads were then algebraically added to static values to compare with design allowables 

as specified in ASME NOG-1 for seismic qualification.  

The above procedure for response spectrum analysis is fully implemented in the 

ABAQUS/Standard general purpose finite element program (Reference 59). The 

program is used extensively in the nuclear industry for this type of analyses. The 

program allows input of 3 orthogonal base motion response spectrums and options for 

summing the modal contributions and the component contributions, which are 

automatically calculated separately.  

B. Load Cases 

The cranes were analyzed with six load positions that would produce the maximum 

forces on the system; trolley at end of travel, trolley at % span, and trolley at mid-span, 

with hook up and down at each position. Stresses were calculated on the main and 

auxiliary hoists for each of the three positions considering no load and credible critical 

load conditions.  

For the semi-gantry crane, the trolley positions are not symmetric with respect to the 

midspan since the crane is supported by a wall on one end and by the gantry on the 

other end. The % span trolley position was evaluated relative to the trolley at the end of 

travel in each direction to determine the trolley location that produces the maximum 

stress for the site specific response spectra. The three positions included trolley at wall 

end, trolley at mid-span, and trolley at gantry leg end.  

C. Design Allowables 

The allowable design criteria for the seismic qualification is established in ASME 

NOG-I, Section 4300.
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D. Models 

The finite element models used for seismic qualification of the overhead bridge crane 

and semi-gantry crane are illustrated in References 56 and 57 respectively. The 

models show the trolley at midspan along the bridge girders with the hook loaded and 

in the up position. Similar models are used for the other trolley positions and for hook 

up and down in each position. The models use 3-node Timoshenko beam elements for 

the structural members.  

E. Properties and Mass Distribution 

The response spectra analysis assumed linear response. For all structural members, 

an elastic modulus of 29E6 psi and Poisson's ration of 0.318 were used. The beam 

section properties were computed from the cross-section shapes and input directly into 

the computer model. The gantry leg strut bracing uses an 8 inch diameter extra strong 

pipe section. Truss elements were used to model the hoist rope. A lumped mass for 

the payload and lower block is attached to the end of the hoist rope for the main hoist 

and auxiliary hoist cases.  

F. Response Spectra 

The analysis is based on the response spectra provided in terms of acceleration versus 

frequency for 4% damping at elevation 100 ft and 170 ft in the Canister Transfer 

Building. The gantry legs are mounted on rails at elevation 100 ft and 155 ft 3 in. In the 

ABAQUS implementation of the response spectrum analysis technique, only one 

response spectra for each of 3 orthogonal directions may be input. The approach used 

was to include the support wall in the model and apply the 100 ft acceleration spectra at 

the base of the wall and at the gantry leg support.
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H. Results 

The maximum stresses for the various components were developed for different trolley 

positions and loading conditions. For all trolley positions, the maximum critical load on 

the main hoist with the hook in the up position is the worst load case for both cranes.  

The no-load and auxiliary hoist load conditions for the overhead bridge crane typically 

develop stresses less than 50 percent of allowables. The no-load and auxiliary hoist 

load conditions for the semi-gantry crane typically develop stresses less than 60 

percent of allowables except for the gantry legs, which are typically stressed to 80 

percent of allowable. The maximum stresses are presented in Section 4.2 of 

References 56 and 57.  

4.7.2.5.4 Single-Failure-Proof Analysis 

The PFSF cranes hoist systems are designed in accordance with ASME NOG-1 with 

single failure proof features so that any credible failure of a single component will not 

result in the loss of capability to stop and hold the load. The Ederer X-SAM crane 

design includes several safety systems to ensure single-failure-proof requirements are 

met. These are addressed in the X-SAM Generic Topical Report (Reference 51), 

Section Ill.B, which provides the single-failure-proof analysis for the X-SAM crane 

design. The safety systems are limited to the hoist and brake for the trolley and bridge 

and comply with the guidelines in NUREG-0554 (Reference 33). The safety systems 

are designed to allow the cranes to safety withstand failures caused by overload, load 

hangup, two blocking, hoist drive train failure, drum support failure, overspeed, loss of 

power during a critical lift, hoist control failure, off center lifts, holding brake failure, and 

cable failure.  

The X-SAM crane consists of three types of safety systems; the hoist integrated 

protective system (HIPS), conventional hoist safety system, and the balanced dual
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reeving system. HIPS is a series of special hoist safety systems and subsystems that 

have been integrated to monitor problems with the hoist, limit the amount of abuse the 

hoist can be subjected, protect the hoist against abnormal abuse, and report abuse for 

prevention. The HIPS includes the energy absorbing torque limiter (EATL), emergency 

drum brake system (EDBS), failure detection system, drum safety structure, wire rope 

protection, and emergency stop button.  

The EATL is incorporated into the hoist gear case and acts as an energy absorber and 

torque limiter. If any off-normal condition occurs, such as two blocking, the EATL would 

limit the maximum load imposed on the reeving system and would dissipate rotational 

kinetic energy, keeping stresses at known safe levels during and after shutdown of the 

hoisting system. The EATL is set to slip at 130% of rated load torque, setting the 

emergency brake on the rope drum. The EDBS provides an independent means for 

reliability and safety stopping and holding the load following a failure in the hoist 

machinery. The failure detection system detects a loss of mechanical continuity in the 

hoist machinery and actuation of the EATL as well as improper rope spooling, reeving 

continuity, and drum overspeed. The drum safety structure ensures that a shaft or 

bearing failure would not allow the drum to disengage from it drive gear or EDBS. The 

wire rope protection is provided by the design of the hoist, which ensures that the hoist 

is able to withstand two blocking without mechanically damaging the wire rope. The 

emergency stop button, located at the control station, removes power from the crane 

and sets the EDBS as soon as the load begins to lower.  

The second type of safety system is the conventional hoist safety system, which 

features safety systems that are typically installed on conventional overhead cranes.  

These systems include the dual upper limit switches, overload sensing and indication, 

load control system, and high speed holding braking. The HIPS protects against 

maloperation of these systems.
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The third type of safety system is the balanced dual reeving system. The HIPS 

provides the primary protection of the reeving by preventing overloads and mechanical 

damage of the cables and the balanced dual reeving system provides further protection 

against loss of the load in the event of a cable failure. This system includes dual 

reeving, the hydraulic load equalization system, and the wire rope 

The design margin for the wire rope system used on the PFSF cranes exceeds the 

requirements in the Generic Topical Report. Each wire rope system is designed with a 

minimum safety factor of 10:1 of ultimate in accordance with NUREG-0612 (Reference 

35), Section 5.1.6, paragraph 1(A) and ANSI N14.6 (Reference 34), Section 7.2.1.  

The auxiliary hoist is also designed as single-failure-proof and has the same X-SAM 

features as the main hoist to prevent two blocking and to protect the crane and load 

from single failures.  

Amendments to Ederer's General Topical Report referencing the PFSF overhead and 

semi-gantry cranes are documented in References 52 through 55 respectively.  

4.7.2.5.5 Crane Design 

The bridge crane is designed with double bridge girders spanning 65 ft supported along 

one end on rails 70 ft above the building floor. The bridge girders are welded plate box 

sections rigidly connected to box section end ties that serve as equalizing sills for the 

bridge trucks. The bridge trucks.are rigid box structures, each enclosing two 30 inch 

diameter wheels, connected with pins at each end of the equalizing sill. The trolley spans 

17 ft and is supported from rails mounted along the bridge girder centerlines. The trolley 

consists of 2 box section end trucks with 2 wheels each, which are rigidly connected at 

the midspan with a load girt. A deck plate across the top of the trucks and load girt is 

used for mounting the rope drums, hoist motors and brakes, the upper blocks, and other
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associated mechanical equipment. The trolley load girt is of welded plate box 

construction and directly supports the main hoist upper block reactions.  

The semi-gantry crane is designed with double bridge girders spanning 35 ft supported 

along one end on rails 55 ft above the building floor and with gantry legs mounted on rails 

at the other end. The bridge girders are welded plate box sections rigidly connected to 

box section end ties, which are pinned to the bridge trucks to equalize the load to each 

truck at the wall supported end and rigidly connected to the gantry legs at the gantry end.  

The gantry legs connect to the bridge trucks at the floor through a load equalizing end tie.  

The gantry legs are constructed of welded plate box sections, which taper from the girder 

end tie connections to the equalizing sill connections. The bridge trucks are rigid box 

structures, each enclosing two 30 inch diameter wheels, connected with pins at each end 

of the equalizing sill. The trolley spans 15 ft and is supported from rails mounted along 

the bridge girder centerlines. The trolley consists of 2 box section end trucks with 2 

wheels each, which are rigidly connected at the midspan with a load girt. A deck plate 

across the top of the trucks and load girt is used for mounting the rope drums, hoist 

motors and brakes, the upper blocks, and other associated mechanical equipment. The 

trolley load girt is of welded plate box construction and directly supports the main hoist 

upper block reactions.  

The main hoist for both cranes use a 16 part reeving configuration allowing two 

independent wire ropes to wind simultaneously on the hoist drum. Each rope supports 

the lifted load with a force of 1/16 of the payload weight. The 25 ton auxiliary hoist uses a 

similar 8 part reeving configuration. The bridge crane main hoist utilizes a 1 5/8 inch 

diameter rope and the semi-gantry crane main hoist utilizes a 1 3/8 inch diameter rope.  

The crane uses a festooned cable system. The cable is fixed to the trolleys and a 

strain system ensures that wear through sharp cable bends and direct strain on 

connections is minimized.
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All hooks are forged carbon steel and are designed with a 10 to 1 safety factor "sister" 

type with pin hole and safety latches. Each hook is mounted on a load bearing trunnion 

separate from the rope sheave axle and swivels freely on an antifriction thrust bearing.  

To ensure safe and smooth transitions when connecting or disconnecting lift beams, 

both cranes use main and auxiliary hooks of the same size and dimensions.  

The reeving arrangements of the wire rope systems are redundant and balanced so 

that failure of one rope system does not cause significant lateral motion or energy at the 

load block.  

The seismic analysis indicated no uplift from a seismic event on either the bridge crane 

or the semi-gantry crane. However, the cranes are designed with uplift restraints to 

ensure that they will not leave their rails during an earthquake. The restraints consist of 

side bars mounted next to the crane rails. The side bars prevent any lateral movement 

of the bridge wheels and therefore, prevent the wheels from lifting off the rails.
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4.7.3 HI-STORM Transfer Equipment 

The HI-STORM transfer equipment consists of a metal transfer cask (HI-TRAC), 

HI-TRAC lifting trunnions, shipping cask and transfer cask lift yokes, canister 

downloader, canister lift cleats, and HI-STORM lifting lugs.  

4.7.3.1 Design Specifications 

The HI-TRAC transfer cask, trunnions, lift yokes, canister downloader, canister lift 

cleats, and storage cask lifting lugs are designed as special lifting devices in 

accordance with ANSI N14.6 (Reference 34) and NUREG-0612 (Reference 35).  

4.7.3.2 Plans and Sections 

The transfer cask assembly is shown in Figure 4.7-2.  

4.7.3.3 Function 

The function of the HI-TRAC transfer cask is to provide a shielded lifting device for 

carrying the canister between the HI-STAR shipping cask and the HI-STORM storage 

cask. The function of the lifting yokes is to provide a lifting interface between the crane 

and the shipping cask or transfer cask. The function of the canister lift cleats is to 

provide a means to lift the canister. The function of the HI-STORM storage cask lifting 

lugs is to provide a means to lift the storage cask.
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in HI-STORM SAR Table 4.5.4. The table shows a summary of temperature 

differences in the basket periphery and canister shell between the top and bottom of the 

canister. The temperature gradients were evaluated to determine the cask and canister 

thermal growths and shown to be minimal. The temperature gradients were also used 

to calculate thermal stresses in the canister, which were shown to be within code 

allowables and therefore meet the PFSF design criteria in Section 3.2.6 for thermal 

loads.  

C. Tornado Winds and Missiles 

Evaluation of the transfer cask for tornado wind or missile is not required since the 

canister transfer operations are conducted within the Canister Transfer Building.  

D. Earthquake 

The transfer cask has been evaluated for stability during the PFSF design basis ground 

motion (0.53g horizontal, 0.53g vertical - See Section 3.2.10.1.1) when in the stacked 

cask arrangement. The stacked cask arrangement occurs when the transfer cask is 

resting on top of the storage cask. It was concluded that during transfer operations, it is 

necessary to ensure the transfer cask is supported throughout the transfer operation 

either by connection to the crane, or by seismic support struts whenever the transfer 

cask is disconnected from the crane, to prevent the cask from toppling during a seismic 

event. Therefore, facility procedures will ensure that the HI-TRAC transfer cask be 

secured to building columns with support struts (Section 4.7.1.4.1) when in the stacked 

cask arrangement whenever the transfer cask is disconnected from the crane to 

preclude a cask toppling accident.  

E. Fire 

Fires concerning the HI-TRAC transfer cask are addressed in HI-STORM SAR Section 

11.2.4. The HI-TRAC was analyzed for a fire around the cask of 50 gallons of
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combustible fuel. The fire had a duration of less than 5 minutes. A bounding cask 

temperature rise of less than 9.3' F per minute was determined from the combined 

radiant and convection heat input to the cask. As a result, the fuel cladding was shown 

not to exceed the accident condition fuel cladding temperature limits. As shown in 

Section 8.2.5, the only fuel source near a loaded HI-TRAC transfer cask would be 

diesel fuel from the cask transporter, whose fuel tanks have a capacity of 50 gallons, 

which would fuel a fire for a duration of less than 5 minutes, as analyzed. In addition, it 

is anticipated any fires would be put out by the Canister Transfer Building sprinkler 

system.  

The elevated temperatures from a fire could cause the pressure in the transfer cask 

water jacket to increase and cause the overpressure relief valve to vent steam to the 
atmosphere. However, this would not have any adverse affect on systems classified as 

Important to Safety and would vent less water and cause less disruption than the 

sprinkler system. Therefore the HI-TRAC design and building provisions meet the PFSF 

design criteria in Section 3.2.6 for accident-level thermal loads in accordance with 

10 CFR 72.122(c).  

4.7.3.5.2 Thermal Design 

The thermal analysis for the HI-TRAC transfer cask is described in HI-STORM SAR 

Section 4.5.1. The analysis uses the same approach as the HI-STORM storage 

cask/canister thermal analysis (Section 4.2.1.5.2) and was performed using the ANSYS 

and FLUENT computer codes.  

Heat generated in the fuel assemblies is transported to the shell of the canister, in the 

manner described in Section 4.2.1.5.2. From the outer surface of the canister, heat is 

transported across a total of six concentric layers, representing the air gap, the 

HI-TRAC inner steel shell, the lead shielding, the outer steel shell, the water jacket, and
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are required, therefore the hoist rings meet the NUREG-0612 requirements for 

redundancy.  

The TranStor storage cask is designed to be lifted using four lifting lugs, which are steel 

plates integrally welded to the concrete steel reinforcing. The lifting lugs are not 

classified as Important to Safety since the cask lift height is limited by the Technical 

Specifications but are designed with a minimum factor of safety of 3 on material yield 

strength and 5 on material ultimate strength.  

B. Tornado Winds and Missiles 

Evaluation of the TranStor transfer cask for tornado wind or missile is not required since 

protection of the transfer operation from the effects of tornado wind and tornado 

missiles is provided by the Canister Transfer Building structure.  

C. Earthquake 

The transfer cask has been evaluated for stability during the PFSF design basis ground 

motion (0.53g horizontal, 0.53g vertical - See Section 3.2.10.1.1) when in the stacked 

cask arrangement. The stacked cask arrangement occurs when the transfer cask is 

resting on top of the shipping or storage cask. Since the TranStor system operation 

requires the crane be removed from the transfer cask in order to hook to the canister for 

lifting, a condition would exist where the transfer cask could topple during a seismic 

event. Therefore, the transfer cask is designed to be secured to the building columns 

with seismic support struts (Section 4.7.1.4.1) when in the stacked arrangement, prior 

to removing the crane to preclude a cask toppling accident.
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D. Fire 

As shown in Section 8.2.5, fires near a loaded transfer cask would have a small effect 

on the canister temperature because of the short duration of the fire accidents. The 

only fire fuel source would be diesel fuel from the cask transporter. In addition, it is 

anticipated any fires would be put out by the Canister Transfer Building sprinkler 

system. Therefore the transfer cask design and building provisions meet the PFSF 

design criteria in Section 3.2.6 for accident-level thermal loads in accordance with 

10 CFR 72.122(c).  

4.7.4.5.2 Thermal Design 

The thermal analysis performed for the transfer cask is described in TranStor SAR 

Section 4.4.1.3. The analysis uses the same approach as the TranStor storage 

cask/canister thermal analysis evaluation (Section 4.2.2.5.2) and was performed with 

the ANSYS thermal finite element code (Reference 10). The transfer cask geometry 

and materials were accurately modeled in detail, while the canister is treated simply as 

a 26 kW cylindrical heat source, with only the canister shell modeled in detail. Heat is 

transferred from the canister shell to the inner steel liner of the TranStor transfer cask, 

then conducted through this inner liner, the lead gamma shield, the solid neutron shield 

material, and the steel outer liner. The major difference between this case and that of 

the storage cask is the absence of convective air flow along the canister exterior. For 

conservatism, only the steel fins were considered in determining the effective 

conductivity of the neutron shield region, with no credit taken for heat conduction by the 

neutron shield material. A key objective of this analysis was to determine the highest 

temperature of the canister shell, which is used for thermal evaluation of the canister 

internals and fuel during transfer operations.
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the cradle, lifted off the transport vehicle, and moved into one of three canister transfer 

cells. The shipping cask is secured in place by attaching support struts between the 

cask and the transfer cell walls. The shipping cask lid is unbolted and removed. The 

canister is then accessible through the top of the shipping cask where the canister 

lifting attachments and hoist slings are installed on the canister lid. Temporary 

shielding is positioned as required to maintain worker doses as-low-as-is-reasonably

achievable (ALARA).  

The transfer cask is placed onto the shipping cask by the overhead bridge crane or 

semi-gantry crane. In order to assure cask stability in the event of an earthquake, the 

crane is not disconnected from the HI-TRAC or TranStor transfer cask until seismic 

support struts are attached to the transfer cask, as discussed in Section 4.7.4.5.1. The 

HI-TRAC transfer cask can remain connected to the crane throughout the canister 

transfer operation since this transfer cask has a canister downloader that raises and 

lowers the canister and the crane is not needed to hoist the canister. In this case, it is 

not necessary to connect the seismic support struts since continuous connection of the 

HI-TRAC transfer cask to the crane provides assurance that the transfer cask cannot 

topple in the event of an earthquake. The TranStor transfer cask is disconnected from 

the crane so that the crane can be used to hoist the canister, and the seismic support 

struts are connected to the TranStor transfer cask prior to disconnecting the transfer 

cask from the crane. The seismic support struts are attached between the transfer cask 

and building columns. Shield doors installed on the bottom of the transfer cask are 

opened. The hoist slings are pulled up through the transfer cask and the canister is 

lifted up into the transfer cask just above the shield doors. The shield doors are closed 

and the canister is lowered onto the doors, which support the weight of the canister.  

The support struts are disconnect from the transfer cask. The transfer cask is lifted 

from the shipping cask by the crane and placed on top of the concrete storage cask.  

Support struts are again attached between the transfer cask and transfer cell walls.  

The canister is lifted slightly to remove its weight from the transfer cask shield doors.
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The shield doors are opened and the canister is lowered into the storage cask. The 

transfer cask is removed from the top of the storage cask and the storage cask lid is 

installed. Temporary shielding is removed from the cask transfer area. During the 

transfer process, radiation levels are measured to assure doses to workers are ALARA.  

5.1.4.3 Placement of the Storage Cask on the Storage Pad 

The concrete storage cask loading is now complete and ready for transport to a storage 

pad. The storage cask is moved out of the canister transfer cell by the cask 

transporter. The cask transporter lifts the storage cask approximately 4 inches high.  

The cask is then moved to the appropriate storage pad by the cask transporter. At the 

storage pad, the storage cask is positioned and lowered onto the storage pad. The 

temperature at the air outlet vents is taken after the cask is placed on the pad in 

accordance with Technical Specification requirements to confirm proper operation of 

the storage system.  

5.1.4.4 Surveillance of the Storage Casks 

While in storage, the proper operation of the storage casks is verified by surveillance 

procedures. Cask temperatures are measured by a continuous monitoring system to 

verify temperatures do not exceed temperature limits in the Technical Specifications. In 

addition, the cask air vents are inspected for blockage on a periodic basis in 

accordance with the Technical Specifications. An overall site observation surveillance 

is also performed on a periodic basis to detect any cask damage or accumulation of site 

debris. Surveillance requirements are discussed in Chapter 10.  

Radiation doses emitted from the storage casks are measured by thermoluminecent 

dosimeters (TLDs) located at the restricted area (RA) and owner controlled area (OCA) 

fences to ensure doses are within 10 CFR 20.1301 and 10 CFR 72.104 or40 CFR 191 

limits.
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ANTICIPATED TIME AND PERSONNEL REQUIREMENTS 
FOR HI-STORM CANISTER TRANSFER OPERATIONS

OPERATION NO. OF TASK DURATION 
PERSONNEL1  (HOURS) 

1. Receive and inspect shipment. Measure dose rates. 3 0.5 

2. Move shipment into Canister Transfer Building. 4 0.5 

3. Remove personnel barrier, measure cask dose rates, 3 1.6 

and perform contamination survey.  

4. Remove impact limiters and tiedowns. 3 1.5 

5. Attach lifting yoke to crane and HI-STAR shipping cask. 3 1.0 

Upright HI-STAR cask and move to transfer cell.  
Connect support struts.  

6. Sample enclosed cask gas and vent. 2 0.5 

7. Remove HI-STAR closure plate bolts. 3 1.0 

8. Remove HI-STAR closure plate (lid). 3 0.2 

9. Prep HI-STAR to mate with HI-TRAC transfer cask. 3 0.2 

10. Install canister lift cleats and attach slings. 3 1.0 

11. Attach lifting yoke to crane and HI-TRAC. 3 0.5 

12. Mount HI-TRAC on top of HI-STAR. Connect support 3 0.5 
struts to HI-TRAC.2 

13. Open HI-TRAC transfer cask doors. 3 0.2 

14. Attach slings to canister downloader hoist and raise 3 0.5 
canister.  

15. Close HI-TRAC doors and install pins. 3 0.2 

16. Lower canister onto HI-TRAC doors. 3 0.2 

17. Prep HI-STORM storage cask to mate with HI-TRAC 3 0.2 

transfer cask. Disconnect support struts.2 

18. Move HI-TRAC from HI-STAR to HI-STORM. Attach 3 0.7 
support struts to HI-TRAC.2 

19. Raise canister and open HI-TRAC doors. 3 0.5 

20. Lower canister into HI-STORM storage cask. 3 0.5
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ANTICIPATED TIME AND PERSONNEL REQUIREMENTS 
FOR HI-STORM CANISTER TRANSFER OPERATIONS

OPERATION NO. OF TASK DURATION 
PERSONNEL' (HOURS) 

21. Disconnect lifting slings. 3 0.2 

22. Close transfer cask doors. 3 0.2 

23. Disconnect support struts.2 Remove HI-TRAC from 3 0.5 
HI-STORM 

24. Remove canister lift cleats. 3 0.5 

25. Install HI-STORM lid and lid bolts. 3 1.0 

26. Perform dose survey and install HI-STORM lifting 3 0.5 
eyes.  

27. Drive cask transporter in transfer cell. 2 0.3 

28. Connect HI-STORM to cask transporter. 3 0.5 

29. Raise HI-STORM storage cask. 3 0.2 

30. Transport HI-STORM cask to storage pad. 3 2.0 

31. Position and lower HI-STORM cask on pad. 3 0.5 

32. Disconnect HI-STORM cask from transporter and 3 1.0 
remove cask lifting eyes.  

33. Connect cask temperature instrumentation. 3 0.5 

34. Perform cask operability tests. 2 48 

Total Hours - 19.93 

Notes 

1. Number of personnel typically includes 2 to 3 operators and 1 HP technician.  

2. While the HI-TRAC transfer cask is connected to the crane, it is not necessary to attach the 
seismic support struts to the transfer cask, since connection of the crane to the transfer cask 
provides assurance that the transfer cask cannot topple in the event of an earthquake. However, 
prior to disconnecting the crane from the transfer cask, the support struts must be connected to 
the transfer cask.  

3. Total does not reflect 48 hour duration in Step 34, which is time required for cask temperature to 
reach equilibrium. Personnel time required to monitor temperatures during the equilibrium phase 
is minimal.
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casks of both vendors and the TranStor canister. The canister transfer operations of the 

two vendors are essentially the same, with the exception that the HI-STORM operation 

uses the canister downloader and the TranStor operation uses a crane to raise and 

lower the canister. The canister downloader is a hydraulically powered lifting device that 

is bolted onto the top of the H I-TRAC transfer cask.  

The overhead bridge crane and the semi-gantry crane are designed to withstand the 

PFSF design basis ground motion (determined by the PSHA with a 2,000-yr return 

period), as is the Canister Transfer Building which provides the structural support for 

the cranes. As discussed in Section 4.7.2, the overhead bridge crane and semi-gantry 

crane are designed to meet the criteria for single-failure-proof lifting devices. The 

canister downloader is also a single-failure-proof lifting device (Section 4.7.3.5.1), which 

is designed to withstand the PFSF design basis ground motion. The overhead bridge 

crane, semi-gantry crane, and canister downloader are capable of withstanding the 

PFSF design basis ground motion during the critical lift without toppling or dropping the 

load. Therefore, the PFSF design basis ground motion will not cause a load drop 

accident during lifting of either vendor's shipping cask, transfer cask, or a canister.  

As discussed in Chapter 5, the overhead bridge crane lifts either a HI-STAR or a 

TranStor shipping cask off the heavy haul trailer or rail car and moves it into one of the 

canister transfer cells, where it is placed upright on its bottom end in preparation for the 

canister transfer operation. Prior to disconnecting the crane and unbolting the lid, the 

shipping cask is secured in place by attaching seismic support struts between the cask 

and the transfer cell building columns (Section 4.7.1.4.1). The seismic support struts 

are designed to resist forces resulting from the PFSF design basis ground motion and 

maintain the shipping cask in its upright position. Once the lid is unbolted and removed, 

the canister is accessible through the top of the shipping cask. Canister lifting 

attachments and hoist slings are installed on the canister lid and the transfer cask 

placed onto the shipping cask by means of the overhead bridge crane or semi-gantry
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crane. This HI-STORM and TranStor stacked cask configurations that occur during the 

canister transfer process, with a transfer cask resting on either a shipping or storage 

cask, were evaluated for stability for the PFSF design basis ground motion (see 

Sections 4.7.3.5.1 and 4.7.4.5.1).  

In the HI-STORM transfer operation, the HI-TRAC transfer cask, resting on either the 

HI-STAR shipping cask or the HI-STORM storage cask, can remain connected to either 

the overhead bridge crane or the semi-gantry crane throughout the transfer operation.  

Continuous connection of the crane to the transfer cask provides assurance that the 

transfer cask cannot topple in the event of forces associated with the PFSF design 

basis ground motion. In the event the crane is disconnected from the HI-TRAC transfer 

cask, the seismic support struts are attached to the transfer cask prior to disconnecting 

the crane from the transfer cask in order to assure cask stability in the event of an 

earthquake.  

In the TranStor transfer operation, during the stacked cask portion of the operation, the 

transfer cask is disconnected from the crane when the crane is used to lift the canister 

out of the shipping cask into the transfer cask, and when the crane is used to lower the 

canister from the transfer cask into the storage cask, as described in Chapter 5. In 

order to assure cask stability in the event of an earthquake, the crane is not 

disconnected from the transfer cask until seismic support struts are attached to the 

transfer cask, as discussed in Section 4.7.4.5.1.  

The seismic support struts are physically connected to the building columns of the 

transfer cell and are designed to resist forces resulting from the PFSF design basis 

ground motion and maintain the HI-TRAC or TranStor transfer cask in its upright 

position. Therefore, the stacked cask configuration of each vendor is stable and will 

withstand the forces associated with the PFSF design basis ground motion without a 

drop accident.
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8.2.1.3 Accident Dose Calculations 

The PFSF design basis ground motion is not capable of damaging the canisters or 

storage casks during canister storage operations. While the HI-STORM storage cask 

was explicitly analyzed for and shown to withstand the PFSF design basis ground 

motion, the TranStor storage cask was analyzed for and shown to withstand the PFSF 

deterministic design earthquake. Since accelerations associated with this seismic event 

are significantly higher than those associated with the PFSF design basis ground 

motion (Section 8.2.1.1), the TranStor canisters and storage casks will also safely 

withstand the design basis ground motion. The Canister Transfer Building structure is 

designed to withstand the PFSF design basis ground motion. Additionally, the overhead 

bridge crane, semi-gantry crane, and canister downloader are designed to comply with 

the single-failure-proof criteria, which requires them to withstand the PFSF design basis 

ground motion with the maximum critical load in the lifted position during the seismic 

event, without dropping the load (Section 3.2.10.2.10). No radioactivity would be 

released in the event of an earthquake and there would be no resultant dose.
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8.2.2 Extreme Wind 

The extreme design basis wind is derived from the design basis tornado. Extreme 

wind is classified as a natural phenomenon Design Event IV as defined in ANSI/ANS

57.9.  

8.2.2.1 Cause of Accident 

Extreme winds due to passage of the design tornado, defined in Section 3.2.8, are 

postulated to occur as a severe natural phenomenon.  

8.2.2.2 Accident Analysis 

The site is located in tornado Region III as defined in Regulatory Guide 1.76 

(Reference 15). The design basis tornado loading for this region is defined as a tornado 
with a maximum wind speed of 240 mph and a 1.5 psi pressure drop occurring at a rate 

of 0.6 psi/sec, including the effects of postulated Spectrum I tornado generated missiles 

that could be created by the passage of the tornado as identified in Section 3 of 

NUREG-0800 (Reference 16).  

Storage Casks 

The HI-STORM and TranStor storage systems are designed to withstand loads 

associated with the most severe meteorological conditions, including extreme winds, 

pressure differentials, and missiles generated by a tornado. Results of the evaluation of 

effects of a tornado on the HI-STORM and TranStor storage systems are described in 

their SARs (References 2 and 3, respectively). Both storage systems are designed to 

the design basis tornado criteria for tornado Region I (Maximum wind speed of 360 

mph and 3.0 psi pressure drop occurring at a rate of 2.0 psi/sec), which substantially 

envelopes the Region III criteria for the PFSF.
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