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RECORD OF REVISIONS 
Revision 1 

Table of Contents, pages 2 & 3 - Revised the Table of Contents to account for 
changes to page numbers.  

Record of Revisions, Page 4 - Added the section entitled "Record of Revisions".  

Objective, Page 5 - Deleted the objective of calculating dose rates and doses to 
animals assumed to be outside of the nuisance fence. This calculation was not used in 
the PFSF licensing documents, and is considered unnecessary.  

Methodology, Page 5 - Explained that assessment of dose rates to wildlife from the 
TranStor storage cask are being retained in this calculation for historical reasons, even 
though the cask vendor has withdrawn its application for licensing the TranStor storage 
system. Deleted the discussion of the methodology used to calculate dose rates and 
doses to animals outside of the nuisance fence.  
Input Data, Page 6 - Changed the TranStor vendor name from SNC (Sierra Nuclear 
Corp.) to BNFL, to reflect the current owner of the vendor company. Moved a statement 
that "placement of storage casks on the pads at the PFSF is in accordance with the 
arrangement shown in Figure 1.2-1 of the PFSF SAR" from the Input Data section to 
the Assumptions section. While this was previously an input, the cask spacing has 
recently changed to separate the casks a greater distance in the north-south direction.  
Use of the previous spacing for dose rate calculations is a conservative assumption.  
Removed the input discussing vendor calculated dose rates at the security fence and 
beyond, since the calculation of doses to animals outside the nuisance fence was 
removed.  

Assumptions, Pages 6-9 - Clarified that the design basis fuels are too "hot" for the 
shipping casks that will be used to transport spent fuiel to the PFSF, instead of the 
vendors' shipping casks since TranStor shipping casks will no longer be used. Updated 
the revision number of a Holtec drawing that shows HI-STORM storage cask inlet 
ducts. Indicated that horizontal distances were conservatively used to calculate dose 
rates from nearby casks, rather than the longer slant path distances from the middle of 
a cask to the inlet ducts or top of a cask where an animal is considered to be located.  
Explained that dose rates from nearby casks are taken from the Reference 6 
calculation, which conservatively assumes the 15 ft center-to-center cask spacing.  
Removed the time that animals are assumed to be near the nuisance fence since this 
dose assessment was removed from the calculation.  

Calculation, Page 10 - Revised a quotation from PFSF SAR Section 7.4 to reflect the 
latest SAR revision. Page 18 - Removed the Section entitled "Dose Estimate to 
Animals Outside Perimeter Fences", for the reason discussed above.  

Conclusion, Page 22 - Deleted the paragraph identifying calculated dose rate and 
dose to an animal assumed to be outside of the nuisance fence.  

References, Page 23 - Updated References.
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1.0 OBJECTIVE 

The purpose of this calculation is to: 

"* Calculate dose rates in contact with storage casks at the Private Fuel Storage 
Facility (PFSF), where it is considered possible for certain wildlife to access.  
Assume animals are located in contact with the inlet ducts at the bottom of a storage 
cask, and on contact with the top of a storage cask. In addition to dose rates from 
the cask that the animal is assumed to be in contact with, the dose rate contribution 
from nearby casks in the PFSF storage cask array is included.  

"* Based on the calculated dose rates, estimate annual doses to animals assumed to 
spend a considerable fraction of their time on contact with a storage cask, including 
the dose contribution from nearby casks in the array.  

2.0 METHODOLOGY 

Dose rate information is obtained from the Holtec International (Holtec) HI-STORM 
Storage Cask FSAR (Reference 1) and the BNFL Fuel Solutions, Corp. (BNFL, also 
known as Sierra Nuclear Corporation, SNC) TranStor Storage Cask SAR (Reference 2) 
for each of the locations of interest on contact with a storage cask. Although BNFL 
withdrew their application for licensing of the TranStor storage system after this 
calculation was initially issued, calculations of doses to wildlife associated with TranStor 
storage casks are being retained in this calculation for historical purposes. The dose 
rate information from the storage cask vendor SARs is based on the assumption that 
the storage casks contain their vendor's design basis fuel. Neither HI-STORM nor 
TranStor design basis fuel used in the vendors' storage cask shielding analyses will be 
stored at the PFSF, since these design basis fuels are too "hot" for the shipping casks 
that will be used to transport spent fuel to the PFSF, as discussed in Section 7.3.3.5 of 
the PFSF SAR (Reference 3). Therefore, scaling factors are calculated that can be 
applied to storage cask dose rates with design basis fuel to estimate dose rates 
associated with storage casks containing fuel having burnup and cooling time 
characteristics representative of spent fuel that will be stored at the PFSF. Scaling 
factors are calculated for both "average" PFSF spent fuel and "relatively hot" spent fuel 
to be stored at the PFSF. The scaling factors are calculated using gamma and neutron 
source data obtained from the OCRWM LWR Radiological Database (Reference 4), 
using the methodology that was previously described in Revision B of the TranStor 
Storage Cask SAR, Section 5.4.1. Using the scaling factors, dose rates are calculated 
on contact with PFSF storage casks containing PFSF representative fuel at the 
locations of interest. The contribution from nearby casks is added to the contact dose 
rate of the cask where the animal is assumed to be located, resulting in a total dose 
rate. The dose rate is multiplied by the time the animal is assumed to be on contact 
with the cask over the course of a year to determine an estimated annual dose.
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3.0 INPUT DATA 

1. Dose rates on contact with the inlet ducts and top of a HI-STORM storage cask 
assumed to contain the Holtec PWR design basis fuel having 45 GWd/MTU 
burnup, 5 years cooling time, and 3.6% enrichment (Section 5.2.2 and Table 
5.2.24 of Reference 1), are from Table 5.1.2 of Reference 1.  

2. Dose rates on contact with the inlet ducts and top of a TranStor storage cask 
containing the BNFL PWR design basis fuel having 40 GWd/MTU burnup, 5 years 
cooling time, and 3.02% enrichment (Tables 5.2-1 and 5.2-5 of Reference 2), are 
taken from Table 5.1-1 of Reference 2.  

3. Dose rates on contact with the top of a TranStor storage cask containing the BNFL 
BWR design basis fuel having 40 GWd/MTU burnup, 6 years cooling time, and 
2.95% enrichment (Tables 5.2-2 and 5.2-6 of Reference 2), are taken from Table 
5.1-1 of Reference 2.  

4. The direct dose rate at a point near the inside center of a centrally located storage 
cask on a pad, contributed from nearby casks, was calculated to be 41.5 mrem/hr 
assuming that the nearby casks are HI-STORM storage casks loaded with design 
basis PWR spent fuel having 45 GWd/MTU burnup, 5 years cooling time, and 
3.6% enrichment. The direct dose rate at a point near the inside center of a 
centrally located storage cask on a pad, contributed from nearby casks, was 
calculated to be 95.7 mrem/hr assuming that the nearby casks are TranStor 
storage casks loaded with design basis PWR spent fuel having 40 GWd/MTU 
burnup, 5 years cooling time, and 3.02% enrichment. These dose rates were 
calculated in Reference 6.  

4.0 ASSUMPTIONS 

1. Spent fuel with burnup and cooling time characteristics used by the vendors for 
storage cask shielding analysis, such as PWR fuel with 45 GWd/MTU burnup and 
5 year cooling time for the HI-STORM storage system and PWR fuel with 40 
GWd/MTU burnup and 5 year cooling time for the TranStor storage system, will 
not be stored at the PFSF since these design basis fuels are too "hot" for the 
shipping casks that will be used to transport spent fuel to the PFSF. This 
calculation assumes that where animals could be attracted to storage casks 
because of the cask temperatures being higher than ambient, the spent fuel in the 
cask that the animal contacts is assumed to be relatively hot (PWR fuel with 40
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GWd/MTU burnup, 10 year cooling time, or BWR fuel with 35 GWd/MTU bumup, 
10 year cooling time). These represent fuels that are hotter than average for spent 
fuel that will be stored at the PFSF. Surrounding casks are assumed to contain 
representative average fuel (PWR fuel with 35 GWd/MTU burnup and 20 year 
cooling time), discussed in PFSF SAR Sections 7.3.3.5 and 7.4.  

2. Two locations on contact with storage casks were assumed for calculation of dose 
rates to wildlife, at the bottom of a cask on contact with the cooling air inlet ducts, 
and on top of the cask in the center of the lid. The only dose point identified in the 
vendor SARs at the bottom of the storage casks is at the inlet ducts. Dose rates 
were not analyzed at the concrete at the base of the casks. Both vendors present 
dose rates along the side of the casks near the midpoint of the fuel assemblies 
where maximum side dose rates would be expected to occur, but it is considered 
that wildlife would not be located along the vertical sides of the cask for any 
significant times. Dose rates on contact with the inlet ducts represent the 
maximum dose rates at the bottom of the casks due to scattered radiation paths 
through the cooling air ducts, which minimize the thickness of concrete through 
which the radiation must travel. Therefore, it is conservatively assumed that 
animals on contact with the base of a storage cask are on contact with the inlet 
ducts, thus maximizing calculated dose rates. The dose point identified in the 
vendor SARs at the top of the storage casks is at the center of the cask lid.  
Therefore, it is assumed that birds that perch on top of a storage cask are located 
in the center, on contact with the lid.  

3. It is assumed that animals are in contact with the outer surfaces of the inlet ducts 
and do not enter the inlet ducts. This is reasonable since the design of both the 
HI-STORM and TranStor storage casks calls for screens over the inlet and outlet 
air ducts for the purpose of preventing entry of debris or small animals, which 
could restrict the natural convection cooling airways. HI-STORM inlet/outlet duct 
screens are shown in Holtec drawing no. 1561, sheet 5 of 5, Revision 7, entitled 
"Miscellaneous Detail of HI-STORM", included in Chapter 1 of the HI-STORM 
SAR. TranStor inlet duct screens are shown on SNC drawing no. TCC-001, sheet 
2 of 2, Revision 1, "TranStor Storage Cask Assembly"; and TranStor outlet duct 
screens are shown on SNC drawing no. TCC-004, sheet 1 of 1, Revision 1, 
"TranStor Storage Cask Air Outlet Assembly", included in Volume III of the 
TranStor SAR. As a result of the screens covering the outlet ducts, it is assumed 
that wildlife does not spend significant time at these locations near the tops of the 
vertical sides of the casks.  

4. In calculating the dose rate contribution from casks near the cask that the animal is 
assumed to be contacting, dose rates at grade elevation and at the top of a cask are 
calculated based on dose rates generated from the sides of the nearby casks near
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the fuel midpoint, and horizontal distances from this maximum side dose rate 
location. This is a conservative assumption, since radiation from the spent fuel 
would in general have to travel a longer distance through the concrete to reach a 
receptor point at the bottom or tops of nearby casks (slant path), and attenuation of 
both neutron and gamma radiation would be greater than that associated with a 
receptor at the height of the fuel midpoint. This is especially conservative for the 
dose receptor point on contact with the center of the lid, where the dose rate 
contribution from nearby casks is based on the maximum cask side dose rate, near 
the height of the fuel midpoint. In actuality, the center of the lid would be 
substantially shielded by concrete of the underlying cask from much of the fuel in 
adjacent casks.  

Dose rates from nearby casks are taken from the Reference 6 calculation, which 
evaluates doses to personnel involved in inlet duct clearing operations. This 
calculation not only calculates dose rates from casks near the affected cask based 
on maximum dose rates near the casks' midpoint height, but also assumes that 
placement of storage casks on the pads at the PFSF is in accordance with the 
arrangement shown in Figure 1.2-1 of the PFSF SAR (Reference 3), with a 15 ft 
centerline-to-centerline spacing in both the north-south and east-west directions.  
This assumption is conservative since the cask spacing has recently changed in the 
north-south direction from 15 ft to 16 ft centerline-to-centerline spacing. By assuming 
the neighboring casks are closer to the receptor point of interest than the design 
spacing, higher calculated dose rates result.  

5. In order to estimate annual doses to animals that could be in close proximity to 
storage casks at the PFSF, it is assumed that the animal spends one-half the time 
(4,380 hours per year) on contact with the cask at the location of interest, and the 
remainder of its time at a location where dose rates are insignificant by 
comparison.  

6. It is considered that units of mrem or rem are appropriate units for assessing the 
effects of radiation to wildlife. Literature that has been reviewed on the effects of 
radiation exposure to animals generally identifies doses in terms of mrad or rad.  
However, these sources evaluate the effects of gamma radiation on animals, for 
which the units of mrad and mrem are interchangeable. In this calculation, 
neutron radiation comprises a significant fraction of the total doses, and the major 
fraction to birds that could perch on top of TranStor storage casks. To convert 
from rad (measure of the energy absorbed) to rem (measure of biological damage 
to soft body tissue), the rad dose is multiplied by a quality factor which is 
dependent on the type of radiation and energy level of radiation, to quantify the 
biological damage resulting from the radiation absorbed. While the quality factor 
for gamma radiation is 1 (Table 1004(b).1 of 10 CFR 20, Reference 7), quality

I
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factors for neutron radiation vary from 2 for low energy neutrons less than or equal 
to 1 E-3 MeV to 11 for higher energy neutrons with energies ranging up to 20 MeV 
(Table 1004(b).2 of 10 CFR 20). Tables 5.2-5 (PWR spent fuel) and 5.2-6 (BWR 
spent fuel) of the TranStor Storage Cask System SAR (Reference 2) identify 
neutron source strengths for design basis fuel of each applicable neutron energy 
ranging from 0.1 to 20 MeV. These tables apply to the energy of neutrons emitted 
from the fuel, and not to neutron energies on the outer surfaces of the storage 
cask. However, since the only shield material above the top of the fuel assemblies 
in the TranStor storage cask is steel, and since steel tends to scatter and does not 
appreciably moderate (decrease energy level) neutrons, it is judged that the 
neutron source strengths from the fuel would apply to those on top of the storage 
cask lid. Over the neutron energy range of interest, a quality factor of 
approximately 10 is representative of the average quality factors given in Table 
1004(b).2 of 10 CFR 20. Therefore, doses in units of mrad could be estimated by 
dividing the mrem doses for neutrons given in this calculation by a factor of 10.  
However, presenting doses to animals in mrad could be misleading, since 
biological effects of neutrons would not be accounted for. This calculation only 
specifies doses in units of mrem, since these units account for the greater 
biological damage to soft body tissue produced by neutron vs. gamma radiation 
and are thus more informative than mrad units for the purpose of evaluating the 
effects of radiation on wildlife.
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5.0 CALCULATION I RESULTS 

Determination of Scaling Factors 
Dose rates associated with storage casks are provided in the vendor storage cask SARs, 
based on the assumption that the canister housed in the storage cask is loaded with the 
vendor's design basis PWR or BWR spent fuel. However, as discussed in Section 7.3.3.5 
of the PFSF SAR, no canister at the PFSF of either vendor will contain the design basis 
fuel used in shielding analyses for the storage casks, since the vendor's shipping casks 
are not permitted to transport fuel this "hot" to the PFSF. PFSF SAR Section 7.3.3.5 
discusses the conservative bases for the PFSF cask array shielding analysis which 
assumed that all 4,000 casks at the PFSF contain PWR fuel having 40 GWd/MTU burnup 
and 10 years cooling time. This same relatively hot fuel is used in this calculation for 
estimating doses to wildlife in cases where the wildlife could be attracted to a cask 
containing PWR fuel due to its warm temperature. The enrichment used for this fuel is 3.02%, based on Tables 5.2-1 and 5.2-5 of Reference 2 for PWR fuel having 40 
GWd/MTU burnup. PFSF SAR Section 7.4, "Estimated Onsite Collective Dose Assessment", states "Dose rate values include both gamma and neutron flux 
components, and are based on PWR fuel with 35 GWd/MTU burnup and 20 year cooling 
time. Fuel with these characteristics is considered to be representative of typical fuel that 
will be contained in canisters handled at the PFSF and dose estimates based on fuel with 
these characteristics are considered to be realistic and reflect expected personnel 
exposures." Fuel having these characteristics is used in this calculation to represent 
average fuel in storage casks.  

The following is extracted from PFSF SAR Section 7.3.3.5: 

"DOE's Energy Information Administration's Service Report entitled "Spent Nuclear 
Fuel Discharges from U.S. Reactors - 1994" (Reference 19), provides information 
regarding characteristics of spent fuel in the U.S. This report was reviewed to 
evaluate average burnups and cooling time associated with the spent fuel inventory 
at the end of 1994. At this time, the spent fuel inventory from PWRs was 
approximately 19,000 MTU, and the inventory from BWRs approximately 11,000 
MTU, for a total inventory of approximately 30,000 MTU (Table 5 of Reference 19).  
This spent fuel inventory represents 75% of the capacity of the PFSF. While it is 
recognized that provisions already exist for storage of some of this spent fuel and 
the PFSF will not furnish storage for this entire inventory, data associated with this 
spent fuel is considered representative of fuel that the PFSF could be expected to 
receive. The weighted average burnup (weighted by MTU) for the BWR spent fuel 
inventory in the U.S. was calculated from Table 6 of Reference 19 to be 
approximately 23.8 GWd/MTU, and the weighted average burnup for the PWR spent 
fuel inventory in the U.S. was calculated from Table 7 of Reference 19 to be 
approximately 32.4 GWd/MTU (Reference 20).
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Weighted average cooling times were also calculated from the data presented in 
Tables 6 and 7 of Reference 19, conservatively assuming that the PFSF receives 
2,000 MTU of spent fuel each year, beginning in the year 2002, until all 30,000 MTU 
have been received (in year 2016). It was assumed that the older spent fuel, 
whether BWR or PWR, is received first. Based on these assumptions, the weighted 
average cooling time for spent fuel assumed to be received at the PFSF was 
calculated to be 23.0 years (Reference 20).  

Because of the large inventory of spent fuel taken into account (approximately 
30,000 MTU), this is considered to be a reasonable representation of typical fuel 
that will be received at the PFSF. Based on this evaluation of the spent fuel 
inventory in existence in the U.S. at the end of 1994, it is determined that use of the 
40 GWd/MTU burnup and 10-year cooled PWR fuel assumed in the shielding 
analyses to evaluate dose rates at the RA fence and OCA boundary from the array 
of 4,000 casks is conservative." 

Based on the above, it is considered that, on average, BWR spent fuel has lower bumup 
than PWR spent fuel, and BWR fuel having 35 GWd/MTU burnup and 10 years cooling 
time is considered to represent relatively hot BWR spent fuel at the PFSF. The 
enrichment used for this fuel is 2.60%, based on Tables 5.2-2 and 5.2-6 of Reference 2 
for BWR fuel having 35 GWd/MTU burnup.  

Following is a summary of characteristics of spent fuel evaluated in this calculation:

Design Basis for HI-STORM storage cask, PWR 
(Table 5.1.2 of Reference 1) 

Design Basis for TranStor storage cask, PWR 
(Table 5.1-1 of Reference 2) 

Design Basis for TranStor storage cask, BWR 
(Table 5.1-1 of Reference 2) 

Relatively Hot PFSF fuel, PWR 
(PFSF SAR Section 7.3.3.5) 

Relatively Hot PFSF fuel, BWR 
(above paragraphs in this calculation) 

Representative Average PFSF fuel, PWR 
(PFSF SAR Section 7.4)

45 GWd/MTU burnup, 5-yr cooled 
3.6% enrichment 

40 GWd/MTU burnup, 5-yr cooled 
3.02% enrichment

40 GWd/MTU bumup, 
2.95% enrichment 

40 GWd/IMTU burnup, 
3.02% enrichment 

35 GWd/MTU burnup, 
2.60% enrichment

6-yr cooled 

10-yr cooled 

10-yr cooled

35 GWd/MTU burnup, 20-yr cooled 
3.43% enrichment

Scaling factors are applied to assess gamma and neutron dose rates assuming casks 
contain either relatively hot or representative average PFSF fuel rather than design
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basis fuel. These scaling factors are calculated using source data obtained from the 
OCRWM LWR Radiological Database (Reference 4) using the scaling method that was 
previously described by Sierra Nuclear Corporation in Revision B of the TranStor 
Storage Cask SAR, Section 5.4.1.  

The following table compares a key portion of the gamma source energy spectrum 
associated with HI-STORM design basis PWR fuel having 45 GWd/MTU burnup and 5 
year cooling time with that associated with PFSF typical fuel assumed to have 35 
GWd/MTU burnup and 20 year cooling time. Gamma energy spectra are compared, 
and not simply the total gamma production rate, since the fraction of total energy 
contributed by each energy bin varies significantly with burnup and cooling time.  

Table 5-1 Determination of Gamma Scaling Factor from 45 GWd/MTU Burnup and 
5-Year Cooled HI-STORM PWR Design Basis Fuel to 35 GWd/MTU 
Burnup and 20-Year Cooled Representative Average PFSF PWR Fuel

Average 45 GWd/MTU, 5-yr cooled, 35 GWd/MTU, 20-yr cooled, Ratio of 
Energy 3.6% enrichment 3.43% enrichment photons/sec 

(photons/sec per metric ton (photons/sec per metric ton 35 GWd/45 GWd 
(MeV) heavy metal) heavy metal) 
0.575 7.249E+15 2.524 E+15 3.482 E-01 
0.850 1.843E+15 5.149 E+13 2.794 E-02 
1.250 7.632E+14 9.075 E+13 1.189 E-01 
1.750 1.094E+13 1.412 E+12 1.291 E-01 
2.250 4.555E+12 3.513 E+8 7.712 E-05 
2.750 1.666E+1 1 4.001 E+8 2.402 E-03 
3.50 2.139E+ 10 1.828 E+7 8.546 E-04

The highest ratio of the gamma source strengths is 3.482 E-1 photons/sec, associated 
with the relatively low average energy of 0.575 MeV. Section 9.4.2.1 of NRC NUREG
1567 (Reference 8), states "In general, only gamma sources with energies from 
approximately 0.8 to 2.5 MeV will contribute significantly to the dose rate through typical 
types of shielding, however all energy ranges should be included in shielding 
calculations." Based on this, the highest gamma energy ratio for the energy ranges 
between 0.8 and 2.5 MeV is conservatively used to scale the total gamma dose rate 
provided for the design basis fuels. Considering that the 0.575 MeV average energy bin 
will not contribute significantly to dose rates outside the storage casks, the highest ratio 
of the 35 GWd/45 GWd sources is associated with the 1.750 MeV energy bin, having a 
ratio of 1.291 E-1. This ratio (scaling factor) is conservatively applied to the total 
gamma dose rate to scale dose rates from all gamma energies from those associated 
with 45 GWd/MTU 5-year cooled fuel to those applying to 35 GWd/MTU 20-year cooled 
fuel.
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In order to assess dose rates associated with neutrons, it is not necessary to compare 
neutron source energy spectra, since the fraction of total energy contributed from each 
energy bin does not change significantly with variations in burnup or cooling time 
(Sections 5.2.2 and 5.4.1 of Reference 2). For this reason, only the total neutron 
source strengths extracted from the OCRWM LWR Radiological Database for fuel 
having the two different characteristics are compared. The database indicates that 
PWR fuel having 45 GWd/MTU 5-year cooled fuel emits 8.904 E8 neutrons/sec per 
metric ton heavy metal, while the 35 GWd/MTU 20-year cooled fuel emits 1.786 E8 
neutrons/sec per metric ton heavy metal, resulting in a 35 GWd/45 GWd neutron source 
ratio of 2.006 E-1. This factor is conservatively applied to the total neutron dose rate 
associated with HI-STORM storage casks containing design basis fuel to scale neutron 
dose rates from those associated with 45 GWd/MTU 5-year cooled fuel to those 
applying to 35 GWd/MTU 20-year cooled fuel.  

The same methodology was applied to calculate scaling factors for the other design basis 
fuels, as follows: 

Table 5-2 Determination of Gamma Scaling Factor from 45 GWd/MTU Burnup and 5
Year Cooled HI-STORM PWR Design Basis Fuel to 40 GWd/MTU Bumup 
and 10-Year Cooled Relatively Hot PFSF PWR Fuel

Average 45 GWd/MTU, 5-yr cooled, 40 GWd/MTU, 10-yr cooled, Ratio of 
Energy 3.6% enrichment 3.02% enrichment photons/sec 

(photons/sec per metric ton (photons/sec per metric ton 40 GWd/45 GWd 
(MeV) heavy metal) heavy metal) 
0.575 7.249 E+15 4.019 E+15 5.544 E-01 
0.850 1.843 E+15 3.859 E+14 2.094 E-01 
1.250 7.632 E+14 3.574 E+14 4.683 E-01 
1.750 1.094 E+13 4.151 E+12 3.794 E-01 
2.250 4.555 E+12 7.575 E+10 1.663 E-02 
2.750 1.666 E+ 11 5.893 E+9 3.537 E-02 
3.50 2.139 E+10 7.530 E+8 3.520 E-02 

Considering that the 0.575 MeV average energy bin will not contribute significantly to 
dose rates outside the shipping cask, the highest gamma ratio of the 40 GWd/45 GWd 
sources is associated with the 1.250 MeV energy bin, having a ratio of 4.683 E-1. The 
database indicates that PWR fuel having 45 GWd/MTU 5-year cooled fuel emits 8.904 
E8 neutrons/sec per metric ton heavy metal, while the 40 GWd/MTU 10-year cooled 
fuel emits 6.757 E8 neutrons/sec per metric ton heavy metal, resulting in a 40 GWd/45 
GWd neutron source ratio of 7.59 E-1.



STONE & WEBSTER ENGINEERING CORPORATION 

CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO.  
05996.02

DIVISION & GROUP CALCULATION NO. j OPTIONAL TASK CODE 
Radiation Protection UR(D)-008. Rev. I I NA

Table 5-3 Determination of Gamma Scaling Factor from 40 GWd/MTU Burnup and 5-
Year Cooled TranStor PWR Design Basis Fuel to 40 GWd/MTU Burnup
and 10-Year Cooled Relatively Hot PFSF PWR Fuel

Average 40 GWd/MTU, 5-yr cooled, 40 GWd/MTU, 10-yr cooled, Ratio of 
Energy 3.02% enrichment 3.02% enrichment photons/sec 

(photons/sec per metric ton (photons/sec per metric ton 40 GWd/45 GWd 
(MeV) heavy metal) heavy metal) 
0.575 6.450 E+15 4.019 E+15 6.231 E-01 
0.850 1.605 E+15 3.859 E+14 2.404 E-01 
1.250 7.145 E+14 3.574 E+14 5.002 E-01 
1.750 1.015 E+13 4.151 E+12 4.090 E-01 
2.250 4.436 E+12 7.575 E+10 1.708 E-02 
2.750 1.666 E+1 1 5.893 E+9 3.537 E-02 
3.50 2.140 E+ 10 7.530 E+8 3.519 E-02 

Considering that the 0.575 MeV average energy bin will not contribute significantly to 
dose rates outside the storage cask or transfer casks, the highest gamma ratio of the 
40 GWd burnup and 5-yr vs. 10 yr cooled sources is associated with the 1.250 MeV 
energy bin, having a ratio of 5.002 E-1. The database indicates that PWR fuel having 
40 GWd/MTU 5-year cooled fuel emits 8.142 E+8 neutrons/sec per metric ton heavy 
metal, while the 40 GWd/MTU 10-year cooled fuel emits 6.757 E+8 neutrons/sec per 
metric ton heavy metal, resulting in a neutron source ratio of 8.299 E-1.

Determination of Gamma Scaling Factor from 40 GWd/MTU Burnup and 5-Table 5-4
Year Cooled TranStor PWR Design Basis Fuel to 35 GWd/MTU Burnup
and 20-Year Cooled Representative Average PFSF PWR Fuel

Average 40 GWd/MTU, 5-yr cooled, 35 GWd/MTU, 20-yr cooled, Ratio of 
Energy 3.02% enrichment 3.43% enrichment photons/sec 

(photons/sec per metric ton (photons/sec per metric ton 35 GWd/45 GWd 
(MeV) heavy metal) heavy metal) 
0.575 6.450 E+15 2.524 E+15 3.913 E-01 
0.850 1.605 E+15 5.149 E+13 3.208 E-02 
1.250 7.145 E+14 9.075 E+13 1.270 E-01 
1.750 1.015 E+13 1.412 E+12 1.391 E-01 
2.250 4.436 E+12 3.513 E+8 7.919 E-05 
2.750 1.666 E+1 1 4.001 E+8 2.402 E-03 
3.50 2.140 E+10 1.828 E+7 8.542 E-04

I

I
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Considering that the 0.575 MeV average energy bin will not contribute significantly to 
dose rates outside the storage cask or transfer casks, the highest gamma ratio of the 
35 GWd/40 GWd sources is associated with the 1.750 MeV energy bin, having a ratio 
of 1.391 E-1. The database indicates that PWR fuel having 40 GWd/MTU 5-year 
cooled fuel emits 8.142 E+8 neutrons/sec per metric ton heavy metal, while the 35 
GWd/MTU 20-year cooled fuel emits 1.786 E+8 neutrons/sec per metric ton heavy 
metal, resulting in a 35 GWd/40 GWd neutron source ratio of 2.194 E-1.  

Table 5-5 Determination of Gamma Scaling Factor from 40 GWd/MTU Burnup and 6
Year Cooled TranStor BWR Design Basis Fuel to 35 GWd/MTU Burnup 
and 10-Year Cooled Relatively Hot PFSF BWR Fuel

Average 40 GWd/MTU, 6-yr cooled, 35 GWd/MTU, 10-yr cooled, Ratio of 
Energy 2.95% enrichment 2.60% enrichment photons/sec 

(photons/sec per metric ton (photons/sec per metric ton 35 GWd/40 GWd 
(MeV) heavy metal) heavy metal) 
0.575 6.262 E+15 3.678 E+15 5.874 E-01 
0.850 1.421 E+15 3.504 E+14 2.466 E-01 
1.250 5.987 E+14 2.965 E+14 4.952 E-01 
1.750 8.591 E+12 3.842 E+12 4.472 E-01 
2.250 1.686 E+12 6.215 E+10 3.686 E-02 
2.750 8.182 E+10 5.160 E+09 6.307 E-02 
3.50 1.062 E+10 6.783 E+08 6.387 E-02 

Considering that the 0.575 MeV average energy bin will not contribute significantly to 
dose rates outside the shipping cask, the highest ratio of the 35 GWd/40 GWd sources 
is associated with the 1.250 MeV energy bin, having a gamma ratio of 4.952 E-01. The 
database indicates that BWR fuel having 40 GWd/MTU 6-year cooled emits 1.550 E+9 
neutrons/sec per metric ton heavy metal, while the 35 GWd/MTU burnup 10-year 
cooled BWR fuel emits 7.956 E+8 neutrons/sec per metric ton heavy metal, resulting in 
a 35 GWd/40 GWd neutron source ratio of 5.133 E-1.  

The following table summarizes the scaling factors used in this calculation:
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Table 5-6 Summary of Scaling Factors for Scaling Dose Rates Associated with Design 
Basis Fuels to Those Representative of Average and Relatively Hot PFSF Fuel 

Applicable Cask(s) and Spent Fuel Gamma Neutron 
Characteristics Scaling Factor Scaling Factor 
Scale from HI-STORM design basis PWR fuel having 45 0.129 0.201 
GWd/MTU bumup, 5-yr cooled, relatively low 
enrichment; to PFSF average PWR fuel having 35 
GWd/MTU burnup, 20-yr cooled, average enrichment 
Scale from HI-STORM design basis PWR fuel having 45 0.468 0.759 
GWd/MTU bumup, 5-yr cooled, relatively low 
enrichment; to PFSF relatively hot PWR fuel having 40 
GWd/MTU burnup, 10-yr cooled, low enrichment 
Scale from TranStor design basis PWR fuel having 0.500 0.830 
40 GWd/MTU bumup, 5-yr cooled, low enrichment; to 
PFSF relatively hot PWR fuel having 40 GWd/MTU 
burnup, 10-yr cooled. low enrichment 
Scale from TranStor design basis PWR fuel having 0.139 0.219 
40 GWd/MTU burnup. 5-yr cooled, low enrichment; to 
PFSF average PWR fuel having 35 GWd/MTU burnup, 
20-yr cooled, average enrichment 
Scale from TranStor design basis BWR fuel having 40 0.495 0.513 
GWd/MTU burnup, 6-yr cooled, low enrichment; to 
PFSF relatively hot BWR fuel having 35 GWd/MTU 
burnup, 10-yr cooled, low enrichment 

Contribution of Dose Rates from Casks Adjacent to and Nearby the Cask where the 
Animal is Assumed to be Located 

In addition to the cask that the animal is assumed to be in contact with, Stone & 
Webster Calculation 05996.02-UR-5 (Reference 6) calculated dose rates from adjacent 
and nearby casks, conservatively assuming the dose receptor is located near the 
center of a storage pad where it is in line-of-sight with portions of canisters of 7 other 
nearby casks. This calculation evaluated dose rates for two cases: 1) where the nearby 
casks in the array are assumed to be HI-STORM storage casks, and 2) where the 
nearby casks in the array are assumed to be TranStor storage casks. For both cases, 
the receptor point was located approximately 9 inches away from the cask of interest, 
toward the pad centerline, placing it approximately 1 meter from the nearest cask in the 
opposite column on the same storage pad. For conservatism, self shielding of adjacent 
casks whose canisters were partially blocked from the receptor point was neglected and 
it was assumed that all of the radiation emitted from the partially blocked canisters has 
a direct path to the receptor point. Following are dose rates from nearby casks for each 
of the two cases evaluated.
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Neighboring Casks Assumed to be HI-STORM Storage Casks 
The Reference 6 calculation determined that the dose rate from canisters in nearby 
casks having some line-of-sight to the receptor point was 41.5 mrem/hr, assuming 
nearby casks to be HI-STORM storage casks containing design basis PWR fuel having 
45 GWd/MTU burnup, 5-yr cooled, and relatively low enrichment for the burnup (3.6%).  
In order to account for radiation from storage casks whose canisters are completely 
shielded from the receptor point, it was assumed in Reference 6 that scattered radiation 
contributes an additional 25%, which increases the dose rate from adjacent casks to 
(41.5 mrem/hr) (1.25) = 51.9 mrem/hr.  

For purposes of this calculation, it is assumed that casks adjacent to and nearby the 
cask that the animal is assumed to be in contact with contain average or typical PFSF 
fuel, assumed to be PWR spent fuel having 35 GWd/MTU burnup, 20 years cooling 
time, and average enrichment, as discussed above. The dose rates at 1 meter from the 
side of a HI-STORM storage cask containing design basis PWR fuel having 45 
GWd/MTU burnup, 5-yr cooled, and relatively low enrichment for the burnup (3.6%) are 
provided in HI-STORM SAR Table 5.1.5, and total 17.42 mrem/hr, consisting of 16.64 
mrem/hr gamma (95.5%) and 0.78 mrem/hr neutron (4.5%). Applying this breakdown 
to the 51.9 mrem/hr dose rate from nearby casks results in 49.6 mrem/hr gamma and 
2.34 mrem/hr neutron. Next. these values are multiplied by the appropriate scaling 
factors from Table 5-6 to reduce the dose rates to those representative of casks 
containing PWR spent fuel having 35 GWd/MTU burnup, 20 years cooling time, and 
average enrichment: 

gamma (49.6 mrem/hr) (0.129) = 6.40 mrem/hr 
neutron (2.34 mrem/hr) (0.201) = 0.47 mrem/hr 
total = 6.87 mrem/hr 

Based on the above, the following paragraphs use 6.87 mrem/hr as the dose rate 
contribution from HI-STORM neighboring casks, which assumes the nearby casks 
contain average PFSF spent fuel.  

Neighboring Casks Assumed to be TranStor Storage Casks 
The Reference 6 calculation determined that the dose rate from canisters in nearby 
casks having some line-of-sight to the receptor point was 95.7 mrem/hr, assuming 
nearby casks to be TranStor storage casks containing design basis PWR fuel having 40 
GWd/MTU burnup, 5-yr cooled, and low enrichment for the bumup (3.02%). In order to 
account for radiation from storage casks whose canisters are completely shielded from 
the receptor point, it was assumed in Reference 6 that scattered radiation contributes an 
additional 25%, which increases the dose rate from adjacent casks to (95.7 mrem/hr) 
(1.25) = 119.6 mrem/hr.
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For purposes of this calculation, it is assumed that casks adjacent to and nearby the 
cask that the animal is assumed to be in contact with contain average or typical PFSF 
fuel, assumed to be PWR spent fuel having 35 GWd/MTU burnup, 20-years cooling 
time, and average enrichment, as discussed above. The dose rates at 1 meter from the 
side of a TranStor storage cask containing design basis PWR fuel having 40 GWd/MTU 
burnup, 5-yr cooled, and relatively low enrichment for the burnup (3.02%) are provided in 
TranStor SAR Table 5.1-1, and total 42.95 mrem/hr, consisting of 40.38 mrem/hr 
gamma (94.0%) and 2.57 mrem/hr neutron (6.0%). Applying this breakdown to the 
119.6 mrem/hr dose rate from nearby casks results in 112.4 mrem/hr gamma and 7.18 
mrem/hr neutron. Next, these values are multiplied by the appropriate scaling factors 
from Table 5-6 to reduce the dose rates to those representative of casks containing 
PWR spent fuel having 35 GWd/MTU burnup, 20-years cooling time, and average 
enrichment: 

gamma (112.4 mrem/hr) (0.139) = 15.6 mrem/hr 
neutron (7.18 mrem/hr) (0.219) = 1.57 mrem/hr 
total = 17.2 mrem/hr 

Based on the above, the following paragraphs use 17.2 mrem/hr as the dose rate 
contribution from TranStor neighboring casks, which assumes the nearby casks contain 
average PFSF spent fuel.  

Dose Rates to Wildlife Inside the Restricted Area Based on HI-STORM Storage 
Casks 

Dose On Contact with HI-STORM Cask Air Inlet Duct 
Dose rates of 13.51 mrem/hr (consisting of 10.75 mrem/hr gamma and 2.76 mrem/hr 
neutron) are calculated to occur on contact with an inlet duct of a HI-STORM storage 
cask containing design basis PWR fuel having 45 GWd/MTU burnup and 5 -year 
cooling time (HI-STORM SAR Table 5.1.2). It is assumed that the animal is on contact 
with an inlet duct of a cask containing relatively hot PWR spent fuel assumed to have 
40 GWd/MTU burnup and 10 years cooling time (PFSF SAR Section 7.3.3.5), and is 
surrounded by casks that contain average PFSF fuel, assumed to have 35 GWd/MTU 
burnup and 20 years cooling time (PFSF SAR Section 7.4). It is conservative to 
assume the animal is on contact with the inlet duct of a cask containing relatively hot 
PFSF fuel, since dose rates at the inlet ducts are higher than dose rates at the concrete 
at the base of the cask away from the inlet ducts due to scattered radiation paths 
through the cooling air ducts. The temperature at the inlet duct is the same as ambient 
due to ambient air being drawn into the duct. An animal trying to warm itself would be 
more likely to contact the concrete at the base of the cask which would be at a higher 
temperature than the air inlet, but have lower dose rates. Applying the appropriate
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scaling factors from Table 5-6 to calculate the dose rate from contact with the inlet 
ducts: 

gamma (10.75 mrem/hr) (0.468) = 5.03 mrem/hr 
neutron (2.76 mrem/hr) (0.759) = 2.09 mrem/hr 
total = 7.12 mrem/hr 

These assumptions result in dose rates of 7.12 mrem/hr to the animal on contact with 
the inlet duct from the contact cask and 6.87 mrem/hr from adjacent casks, for a total 
dose rate of 14.0 mrem/hr (11.43 mrem/hr gamma and 2.56 mrem/hr neutron).  
Assuming that the animal spends 50% of its time in contact with the inlet duct, and the 
remainder of its time at a location where dose rates are insignificant by comparison, its 
dose over the course of a year would be: 

(14.0 mrem/hr) (8,760 hrs/yr) (0.50) (1 rem / 1000 mrem) = 61.3 rem 

Dose On Contact with Top of HI-STORM Storage Cask 
Dose rates of 4.91 mrem/hr (consisting of 1.31 mrem/hr gamma and 3.60 mrem/hr 
neutron) are calculated to occur on contact with the center of the lid of a HI-STORM 
storage cask containing design basis PWR fuel having 45 GWd/MTU burnup and 5 
year cooling time (HI-STORM SAR Table 5.1.2). It is assumed that a bird is on contact 
with the lid of a HI-STORM cask containing relatively hot PWR spent fuel assumed to 
have 40 GWd/MTU burnup and 10 years cooling time (PFSF SAR Section 7.3.3.5), and 
is surrounded by casks that contain average PFSF fuel, assumed to have 35 GWd/MTU 
burnup and 20 years cooling time (PFSF SAR Section 7.4). Applying the appropriate 
scaling factors from Table 5-6 to calculate the top contact dose rate from the underlying 
cask: 

gamma (1.31 mrem/hr) (0.468) = 0.613 mrem/hr 
neutron (3.60 mrem/hr) (0.759) = 2.73 mrem/hr 
total = 3.34 mrem/hr 

It is conservative to add the 6.87 mrem/hr from adjacent casks (6.40 mrem/hr gamma 
and 0.47 mrem/hr neutron) that applies near cask mid-height at the cask periphery, 
since radial radiation emitted from the sides at mid-height of nearby casks would be 
shielded from the lid by concrete of the cask upon which the bird is assumed to perch).  
In addition, radiation would have to travel at a "slant path" from the fuel assemblies in 
nearby casks to reach the receptor point on top of the cask of interest, resulting in 
radiation traveling through greater distances of concrete to escape the nearby casks 
than considered in using the dose rate at the side of a cask near the midpoint of the 
fuel. Conservatively adding the 6.87 from nearby casks to the contact top dose rate 
results in a total dose rate of 10.21 mrem/hr on top of the cask (consisting of 0.61 + 
6.40 = 7.01 mrem/hr gamma and 2.73 + 0.47 = 3.20 mrem/hr neutron).
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Assuming that the bird spends 50% of its time at this location over the course of a year, 
and the remainder of its time at a location where dose rates are insignificant by 
comparison, its dose would be: 

(10.2 mrem /hr) (8,760 hrs/yr) (0.50) (1 rem / 1000 mrem) = 44.7 rem 
Dose Rates to Wildlife Inside the Restricted Area Based on TranStor Storage 

Casks 

Dose On Contact with TranStor Cask Air Inlet Duct 
Dose rates of 16.58 mrem/hr (consisting of 12.75 mrem/hr gamma and 3.83 mrem/hr 
neutron) are calculated to occur on contact with an inlet duct of a TranStor storage cask 
containing design basis PWR fuel having 40 GWd/MTU burnup and 5-year cooling time 
(TranStor SAR Table 5.1-1). As was done for the HI-STORM storage cask, above, it is 
assumed that the animal is on contact with an inlet duct of a cask containing relatively 
hot PWR spent fuel assumed to have 40 GWd/MTU burnup and 10-years cooling time 
(PFSF SAR Section 7.3.3.5), and is surrounded by casks that contain average PFSF 
fuel, assumed to have 35 GWd/MTU burnup and 20-years cooling time (PFSF SAR 
Section 7.4). Applying the appropriate scaling factors from Table 5-6 to calculate the 
dose rate from contact with the inlet ducts: 

gamma (12.75 mrem/hr) (0.500) = 6.38 mrem/hr 
neutron (3.83 mrem/hr) (0.830) = 3.18 mrem/hr 
total = 9.56 mrem/hr 

These assumptions result in dose rates of 9.56 mrem/hr to the animal on contact with 
the inlet duct from the contact cask and 17.2 mrem/hr from adjacent casks, for a total 
dose rate of 26.8 mrem/hr (consisting of 6.38 + 15.6 = 22.0 mrem/hr gamma and 3.18 + 
1.57 = 4.75 mrem/hr neutron). Assuming that the animal spends 50% of its time in 
contact with the inlet duct, and the remainder of its time at a location where dose rates 
are insignificant by comparison, its dose over the course of a year would be: 

(26.8 mrem/hr) (8,760 hrs/yr) (0.50) (1 rem / 1000 mrem) = 117 rem 

Dose On Contact with Top of TranStor Storage Cask Containing PWR Fuel 
Dose rates of 129.18 mrem/hr (consisting of 12.29 mrem/hr gamma and 116.89 
mrem/hr neutron) are calculated to occur on contact with the center of the lid of a 
TranStor storage cask containing design basis PWR fuel having 40 GWd/MTU burnup, 
5-year cooling time, and 3.02% enrichment (TranStor SAR Table 5.1-1). It is assumed 
that a bird is on contact with the lid of TranStor cask containing relatively hot PWR 
spent fuel assumed to have 40 GWd/MTU burnup and 10-years cooling time (PFSF 
SAR Section 7.3.3.5), and is surrounded by casks that contain average PFSF fuel,
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assumed to have 35 GWd/MTU burnup and 20 years cooling time (PFSF SAR Section 
7.4). Applying the appropriate scaling factors from Table 5-6 to calculate the top 
contact dose rate from the underlying cask: 

gamma (12.29 mrem/hr) (0.500) = 6.15 mrem/hr 
neutron (116.89 mrem/hr) (0.830) = 97.02 mrem/hr 
total = 103.2 mrem/hr 

It is conservative to add the 17.2 mrem/hr from adjacent casks (15.6 mrem/hr gamma 
and 1.57 mrem/hr neutron) that applies near cask mid-height at the cask periphery, 
since radial radiation emitted from the sides at mid-height of nearby casks would be 
shielded from the lid by concrete of the cask upon which the bird is assumed to perch).  
In addition, radiation would have to travel at a "slant path" from the fuel assemblies in 
nearby casks to reach the receptor point on top of the cask of interest, resulting in 
radiation traveling through greater distances of concrete to escape the nearby casks 
than considered in using the dose rate at the side of a cask near the midpoint of the 
fuel. Conservatively adding the 17.2 mrem/hr from nearby casks to the contact top 
dose rate results in a total dose rate of 120 mrem/hr on top of the cask (consisting of 
6.15 + 15.6 = 21.8 mrem/hr gamma and 97.02 + 1.57 = 98.6 mrem/hr neutron).  

Assuming that the bird spends 50% of its time at this location over the course of a year, 
and the remainder of its time at a location where dose rates are insignificant by 
comparison, its annual dose would be: 
(120 mrem /hr) (8,760 hrs/yr) (0.50) (1 rem / 1000 mrem) = 526 rem 

Dose On Contact with Top of TranStor Storage Cask Containing BWR Fuel 
Dose rates of 256.28 mrem/hr (consisting of 15.33 mrem/hr gamma and 240.95 
mrem/hr neutron) are calculated to occur on contact with the center of the lid of a 
TranStor storage cask containing design basis BWR fuel having 40 GWd/MTU bumup, 
6 -year cooling time, and 2.95% enrichment (TranStor SAR Table 5.1-1). It is assumed 
that a bird is on contact with the lid of TranStor cask containing relatively hot BWR 
spent fuel assumed to have 35 GWd/MTU burnup and 10 years cooling time (refer to 
above Section entitled Determination of Scaling Factors). This cask is assumed to be 
surrounded by casks that contain average PFSF fuel (PWR fuel, which produces a 
higher side dose rate than a cask containing BWR fuel), with 35 GWd/MTU burnup and 
20 years cooling time (PFSF SAR Section 7.4). Applying the appropriate scaling 
factors from Table 5-6 to calculate the top contact dose rate from the underlying cask: 

gamma (15.33 mrem/hr) (0.495) = 7.59 mrem/hr 
neutron (240.95 mrem/hr) (0.513) = 123.61 mrem/hr 
total = 131.2 mrem/hr
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Conservatively adding the 17.2 mrem/hr from nearby casks to the contact top dose rate 
results in a total dose rate of 148 mrem/hr on top of the cask (consisting of 7.59 + 15.6 
= 23.2 mrem/hr gamma and 123.61 + 1.57 = 125.2 mrem/hr neutron).  

Assuming that the bird spends 50% of its time at this location over the course of a year, 
and the remainder of its time at a location where dose rates are insignificant by 
comparison, its annual dose would be: 

(148 mrem /hr) (8,760 hrs/yr) (0.50) (1 rem / 1000 mrem) = 648 rem 

6.0 CONCLUSION 

Following is a compilation of dose rates and annual doses assuming the animal is on 
contact with a storage cask 50% of the time, as calculated above: 

Table 6-1 Summary of Dose Rates and Annual Doses at Locations of Interest in 
Contact with Storage Casks at the PFSF 

Receptor Point Gamma Neutron Total Annual Dose Assuming 
Location Dose Rate Dose Rate Dose Rate Animal Spends 1/2 Year 

(mrem/hr) (mrem/hr) (mrem/hr) in Contact with Cask 
(Rem/year) 

Contact with Air Inlet Duct of 11.43 2.56 14.0 61.3 
HI-STORM cask, PWR fuel 

Contact with Top of HI- 7.01 3.20 10.2 44.7 
STORM cask (center lid), 

PWR fuel 
Contact with Air Inlet Duct of 22.0 4.75 26.8 117 

TranStor cask, PWR fuel 
Contact with Top of TranStor 21.8 98.6 120 526 
cask (center lid), PWR fuel 

Contact with Top of TranStorl 23.2 125.2 148 648 
cask (center lid), BWR fuel I

1
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ATTACHMENT A

LWR Radiological :ATA8AsE 

PHOTONS REPORT 
REACTOR TYPE & BURNUP: PWR 45000 

ENRICHMENT: 3.60% 
DECAY TIME: 5 YEARS 

.The cata is shown in Photons per second/MTIHM 

ENERGY (MeV) PHO/SEC TOTAL

1. OOOE-02 
2 .500E-02 

3. 750E-02 
5. 750E-02 
8. 500E-02 
1.250E-01 
2. 250E-01 
3. 750E-01 
5.750E-01 
8.500E-01 
1.250E+00 
1. 750E+00 
2.250E+00 
2.750E+00 
3. 500E+00 
5. 000E+00 
7. OOOE+00 
9. 500E+00 

TOTAL

3.9677-15 
9. 360E-i4 
" .027E- 15 
'.849E-!4 

5.-21---4 

2.544E'-14 

7 . '1 -

i . 66 E :3 

4.434E-%6 

* ~ 1.... - 6

21.64% 
5.12% 
5.60% 
4.25% 
2.81% 
2.91% 
2.33% 
1.39% 

'9.55 
:D.05% 
4.16ý 

*.06i 
0.021 
0 . 020% 3.00% 

0.00% 
3.00% 
3.30% 
3.00% 

99. 93%*

*This value was obtained by interpolating TOTALS values from ORIGEN2 runs 
to the specific burnuD2/enrichment/decay time combination you specified.  
Percentages have :.•n >aculated from this interpolated value and may 
not add up to 100 percent in all cases.-
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LWR Radiologicai DATABASE 
RADIOLOGICAL TOTALS REPORT 

REACTOR TYPE & BURNUP: PWR 45000 
ENRICHMENT: 3.60% 

DECAY TIME: 5 YEARS

CURIES/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

WATTS/MTIHM 

ACTIVATION PRODUCT: 
ACTINIDES AND DAUSHTEPS 
FISSION PRODUCTS 
TOTAL 

GRAMS/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAU;iTERS 
FISSION PRODUCTS 
TOTAL 

NEUTRONS/MTIHM 

ALPHA,N NEUTRONS 
SPONTANEOUS FISSION UEUTRONS 
TOTAL NEUTRONS 

PHOTONS per Second/.T-HM 

TOTAL PHOTONS/SEC

8.268E+03 
1.462E+05 
5. 839E+05 
7.388E+05 

8. 939E+01 
5. 072E+02 
2.087E+03 
2. 689E+03 

4 .403E+05 
9. 535E+05 
4.624E+04 
1. 440E+06 

1. 518E+07 
8.751E+08 
8. 904E+08 

1.833E+16

*Some of the above vaiues were obtained by interpolating TOTALS values from 
ORIGEN2 runs to the specific burnup/enrichment/decay time combination you 
specified.

CALCULATION IDENTIFICATION NUMBER
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LWR Radiological DATABASE 
PHOTONS REPORT 

REACTOR TYPE & BURNUP: PWR 35000 
ENRICHMENT: 3.43% 

DECAY TIME: 20 YEARS 
The data Is shown in Photons per second/MTIHM 

ENERGY (MeV) PHO/SEC 5 TOTAL

1 . OOOE-02 
2. 500E-02 
3. 750E-02 
5. 750E-02 
8. 500E-02 
1.250E-01 
2.250E-01 
3. 750E-01 
5. 750E-01 
8. 5O0E-01 
1.250E+00 
1.750E+00 
2. 250E+00 
2. 750E+00 
3. 500E+00 
5.OOOE+00 
7 . OOOE+00 
9. 500E+00 

TOTAL

!. 54 i-- 15 
3. C98E+14 
3.752E+14 
3 .239E'-14 
1. 70 9E+14 
1. 388E+14 
1.435Ei-14 
6.0444E-13 
2.524E-15 
5.14'9E7 13 
9.C75E+13 
1.4 12E, 12 
3. 513E+08 
4.001E-08 
1. 828E-07 
7. 547E-06 
8. 698E+05 
9. 989Et04 

"5.731E 15

26.88% 
5.40% 
6.55% 
5.65% 
2.98% 
2.42% 
2.50% 
1.05% 

44.03% 
0.90% 
1.58% 
0.02% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

99. 99%*

*This value was obtained by interpolating TOTALS values from ORIGEN2 runs 
to the specific burnup/enrichment/decay time combination you specified.  
Percentages have been calculated from this interpolated value and may 
not add up to 100 percent in all cases.-
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LWR Radiological DATABASE 
RADIOLOGICAL TOTALS REPORT 

REACTOR TYPE & BURNUP: PWR 35000 
ENRICHMENT: 3.43% 

DECAY TIME: 20 YEARS

CURIES/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

WATTS/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

GRAMS/MTIHM 

ACTIVATION PRODU-T 
ACTINIDES AND DA=TE 
FISSION PRODUCTS 
TOTAL 

NEUTRONS/MTIHM 

ALPHA,N NEUTRONS 
SPONTANEOUS FISS:ON NEUTRONS 
TOTAL NEUTRONS 

PHOTONS per Second/MTIHM 

TOTAL PHOTONS/SEC

1. 146E+03 
6. 022E+04 
2. 355E+05 
2. 968E+05 

1.005E+01 
2. 632E+02 
6. 752E+02 
9.505E+02 

4 .403E+05 
9.636E+05 
3. 604E+04 
1. 440E+06 

7.570E+06 
1. 708E+08 
1. 786E+08 

5. 732E+15

*Some of the above values were obtained by interpolating TOTALS values from 
ORIGEN2 runs to the spec-±fic burnup/enrichment/decay time combination you 
specified.
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LWR Radiological DATABASE 
PHOTONS REPORT 

REACTOR TYPE & BURNUP: PWR 40000 
ENRICHMENT: 3.02% 

DECAY TIME: 10 YEARS 
The aata is shown in Photons per second/MTIHM

ENERGY (MeV) PHO/SETC TOTAL

1. OOOE-02 
2. 500E-02 
3.750E-02 
5. 750E-02 
8.500E-02 
1.250E-01 
2.250E-01 
3. 750E-01 
5.750E-01 
8. SOOE-01 
1.250E+00 
1. 750E+00 
2. 250E+00 
2.750E+00 
3. 500E+00 
5. OOOE+00 
7. OOOE+00 
9. 500E+00

2. 1E-) 5 
4. 669E÷ 14 
5.846E-14 
4.362E- 14 

2.568---14 
2.13:-E-14 

1 C32- 14 

3.574--14 

7.532E-33 

2.9 3E-07 
3.35•---, 6

23. 53% 
5.04% 
6.31% 
4.7!% 

2.78% 
2.77% 
2.27% 

.13. 40% 
4. i7 
3. 86% 
D .04 i 

200 
.00% 
~K00t 

00% 
7.00ý

9.OTAL "0.00%TOTAL



STONE & WEBSTER ENGINEERING CORPORATION 

CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER 
J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE A6 of A12 

05996.02 Radiation Protection UR(D)-008, Rev. I NA

LWR Radiological DATABASE 
RADIOLOGICAL TOTALS REPORT 

REACTOR TYPE & BURNUP: PWR 40000 
ENRICHMENT: 3.02% 

DECAY TIME: 10 YEARS

CURIES/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

WATTS/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

GRAMS/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

NEUTRONS/MTIHM 

ALPHA,N NEUTRONS 
SPONTANEOUS FISSION NEUTRONS 
TOTAL NEUTRONS 

PHOTONS per Second/MT:HM 

TOTAL PHOTONS/SEC

3. 999E+03 
1. 180E+05 
3.515E+05 
4. 735E+05 

4 .476E+01 
4. 360E+02 
1.058E+03 
1. 539E+03 

4.403E+05 
9. 589E+05 
4. 111E+04 
1.440E+06 

1.295E+07 
6. 627E+08 
6. 757E+08 

9. 261E+15
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LWR Radiological DATABASE 
PHOTONS REPORT 

REACTOR TYPE & BURNUP: PWR 40000 
ENRICHMENT: 3.02% 

DECAY TIME: 5 YEARS 
-he data is shown in Photons per second/MTIHM

ENERGY (MeV) PHO/SEC { TOTAL

1 . OOOE-02 
2. 500E-02 
3. 750E-02 
5. 750E-02 
8 .500E-02 

1.250E-01 
2. 250E-01 
3. 750E-01 
5.750E-01 
8. 5O0E-01 
1. 250E+00 
1.750E+00 
2.250E+00 
2. 750E+00 
3. 500E+00 
5 . OOOE+00 
7 . OOOE+00 
9. 500E+00

3.5Z7 7--15 
8.556E- 14 
9.276E-14 
7.107E÷-14 
4.658E-714 
4.82SE-14 
3. 87BE-i4 
2.36•E-14 
6.4 50E- 15 

1.015E-i3 

4 436E-12 
1. 6 6 6E,-i: 
2. 140E-10 
3. 519E÷07 
4 .0597-,36 
4.662E-05

TOTAL 1.642E-[6

21.75% 
5.21% 
5.65% 
4.33% 
2.84% 
2.94% 

2.36% 
1.44% 

39. 26% 
9.77% 
4.35% 
0.06% 
-. 03% 

0.00% 
0.00% 
0.00% 
3.00% 
0.00% 

99. 96%
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LWR Radiological DATABASE 
RADIOLOGICAL TOTALS REPORT 

REACTOR TYPE & BURNUP: PWR 40000 
ENRICHMENT: 3.02% 

DECAY TIME: 5 YEARS

CURIES/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

WATTS/MTIHM 

ACTIVATION PRODUCT2 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

GRAMS/MTIHM 

ACTIVATION PROD:::: 
ACTINIDES AND DAUGHTES 
FISSION PRODUCTS 
TOTAL 

NEUTRONS/MTIHM 

ALPHA,N NEUTRONS 
SPONTANEOUS FISSI:N NEUTRONS 
TOTAL NEUTRONS 

PHOTONS per Second/MT>HM 

TOTAL PHOTONS/SEC

8.083E+03 
1. 469E+05 
5 .243E+05 
6.7 93E+05 

8.736E+01 
4.482E+02 
1. 864E+03 
2. 400E+03 

4.403E+05 
9. 589E+05 
4. 111E+04 
1.440E+06 

1. 342E+07 
8. 008E+08 
8.142E+08 

1. 643E+16



STONE & WEBSTER ENGINEERING CORPORATION 

CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO.  
05996.02

DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE 
Radiation Protection UR(D)-008, Rev. I NA

LWR Radiological DATABASE 
PHOTONS REPORT 

REACTOR TYPE & BURNUP: BWR 40000 
ENRICHMENT: 2.95% 

DECAY TIME: 6 YEARS 
-he data is snown in Photons per second/MTIHM 

ENERGY (MeV) PHO/SEC TOTAL

1.OOOE-02 
2.500E-02 
3. 750E-02 
5. 750E-02 
8 . 500E-02 
1. 250E-01 
2. 250E-01 
3. 750E-01 
5. 750E-01 
8.500E-01 
1.250E+00 
1.750E+00 
2. 250E+00 
2. 750E+00 
3. 500E+00 
5.000E+00 
7 . OOOE+00 
9. 500E+00 

TOTAL

3.082E-15 
7. 206E7 14 
8.419E-14 
6.C37E-'4 
3. 93CE- 14 
4 .206E, 4 
3. 165E-14 
1.893E-_4 
6.262E- 15 

1.427 --.: --6 

5.98'7-:4 
8.5 i -1 

1.Ct62E- 1 3 
6. 70~EE
7.737-_--6

20.81% 
4.87% 
5.68% 
4 .08% 
2.65% 
2.84% 
2.14% 
1.28% 

42.28% 

9.59% 
4.04% 
D.06% 

0.00% 
'.00% 
I.00% 
D.O0% 
D.00%

*1.486E-'6 1'0.33%*

*This value was cct.'aiea iy interpolating TOTALS values from ORIGEN2 runs 
to the specific ourn,'.2/enrichment/decay time combination you specified.  
Percentages have seen calculated from this interpolated value and may 
not add up to 100 cercent in all cases.
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LWR Radiological DATABASE 
RADIOLOGICAL TOTALS REPORT 

REACTOR TYPE & BURNUP: BWR 40000 
ENRICHMENT: 2.95% 

DECAY TIME: 6 YEARS

CURIES/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

WATTS/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

GRAMS/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

NEUTRONS/MTIHM 

ALPHA,N NEUTRONS 
SPONTANEOUS FISSION NEUTRONS 
TOTAL NEUTRONS 

PHOTONS per Second/MT>HM 

TOTAL PHOTONS/SEC

6.54 6E+03 
1. 586E+05 
4.846E+05 
6. 498E+05 

6. 565E+01 
7.197E+02 
1. 671E+03 
2.458E+03 

7.258E+05 
9. 547E+05 
4. 542E+04 
1.726E+06 

2.187E+07 
1.528E+09 
1. 550E+09 

1.481E+16

*Some of the above values were obtained by interpolating TOTALS values from 
ORIGEN2 runs to the specific burnup/enrichment/decay time combination you 
specified.
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LWR Radiological DATABASE 
PHOTONS REPORT 

REACTOR TYPE & BURNUP: BWR 35000 
ENRICHMENT: 2.60% 

DECAY TIME: 10 YEARS 
The data is shown in Photons per second/MTIHM 

ENERGY (MeV) PHO/SEC % TOTAL

1. OOE-02 
2.500E-02 
3. 750E-02 
5. 750E-02 
8. 500E-02 
1.250E-01 
2.250E-01 
3.750E-01 
5. 750E-01 
8. 500E-01 
1. 250E+00 
1. 750E+00 
2. 250E+00 
2. 750E+00 
3.500E+00 
5. 000E+00 
7. OOOE+00 
9. 500E+00 

TOTAL

1. 955E+15 
4 .190E+14 

5. 304E+14 
3.906E--14 
2. 309E+14 
2.335E+14 
1. 872E+14 
9. 360E-13 
3. 678E÷ 15 
3. 5C4E-14 
2. 965E- 14 
3.842E+12 
6.215E÷-10 
5.160E÷-09 
6.7833E+08 
3.433E+-07 
3.960E-06 
4.550E,05 

"8.369E15

23.35% 
5.00% 
6.34% 
4 .67% 
2.76% 
2.79% 
2.24% 
1. 12% 

43. 93% 
4 .19% 
3. 54% 
0.05% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

99. 96%*

*This value was obtained by interpolating TOTALS values from ORIGEN2 runs 
to the specific burnup/enrichment/decay time combination you specified.  
Percentages have ceen calculated from this interpolated value and may 
not add up to 100 percent in all cases.-
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LWR Radiological DATABASE 
RADIOLOGICAL TOTALS REPORT 

REACTOR TYPE & BURNUP: BWR 35000 
ENRICHMENT: 2.60% 

DECAY TIME: 10 YEARS

CURIES/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

WATTS/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAU7HTERS 
FISSION PRODUCTS 
TOTAL 

GRAMS/MTIHM 

ACTIVATION PRODUCTS 
ACTINIDES AND DAUGHTERS 
FISSION PRODUCTS 
TOTAL 

NEUTRONS/MTIHM 

ALPHA,N NEUTRONS 
SPONTANEOUS FISSION NEUTRONS 
TOTAL NEUTRONS 

PHOTONS per Secono/M.1HM 

TOTAL PHOTONS/SEC

3.294E+03 
1. 160E+05 
3. 172E+05 
4. 366E+05 

3.480E+01 
4. 670E+02 
9. 534E+02 
1.468E+03 

7. 258E+05 
9. 614E+05 
3. 794E+04 
1. 726E+06 

1.397E+07 
7.816E+08 
7. 956E+08 

8.372E+15

*Some of the above values were obtained by interpolating TOTALS values from 
ORIGEN2 runs to the specific burnup/enrichment/decay time combination you 
specified.
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RECORD OF REVISIONS 

REVISION 0

Original Issue 

REVISION 1 

Revision 1 was prepared to incorporate the following: 
* Revised cask weights and dimensions 
* Revised earthquake accelerations 
* Determine qm as a function of the coefficient of friction between casks and pad.

REVISION 2 

To add determination of dynamic bearing capacity of the pad for the loads and loading 

cases being analyzed by the pad designer. These include the 2-cask, 4-cask, and 8-cask 
cases. See Attachment A for background information, as well as bearing pressures for the 
2-cask loading.  

REVISION 3 

The bearing pressures and the horizontal forces due to the design earthquake for the 2
cask case that are described in Attachment A are superseded by those included in 

Attachment B. Revision 3 also adds the calculation of the dynamic bearing capacity of the 

pad for the 4-cask and 8-cask cases and revises the cask weight to 356.5 K, which is 
based on Holtec HI-Storm Overpack with loaded MPC-32 (heaviest assembly weight shown 
on Table 3.2.1 of HI-Storm TSAR, Report HI-951312 Rev. 1 - p. C3, Calculation 05996.01

G(B)-05. Rev 0).  

REVISION 4 

Updated section on seismic sliding resistance of pads (pp 11-14F) using revised ground 

accelerations associated with the 2,000-yr return period design basis ground motion 
(horizontal = 0.528 g; vertical = 0.533 g) and revised soil parameters (c = 1,220 psf; 4 = 

24.90, based on direct shear tests that are included in Attachments 7 and 8 of Appendix 

2A of the SAR). The horizontal driving forces used in this analysis (EQhc and EQhp) are 
based on the higher ground accelerations associated with the deterministic design basis 
ground motion (0.67g horizontal and 0.69g vertical). These forces were not revised for the 

lower ground accelerations associated with the 2,000-yr return period design basis ground 

motion (0.528g horizontal and 0.533g vertical) and, thus, this calculation win require 

confirmation at a later date.  

Added a section on sliding resistance along a deeper slip plane (i.e., on cohesionless soils) 
beneath the pads.  

Updated section on dynamic bearing capacity of pad for 8-cask case-(pp 38-46). Inserted 
pp 46A and 46B. This case was examined because it previously yielded the lowest q~u
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among the three loading cases (i.e., 2-cask, 4-cask, and 8-cask). The updated section 
shows a calculation of qau based on revised soil parameters (c and 0). Note: this analysis 
will require confirmation and may be updated using revised vertical soil bearing pressures 
and horizontal shear forces, based on the lower ground accelerations associated with the 
2,000-yr return period design basis ground motion (0.528g horizontal, and 0.533g 
vertical).  

Modified/updated conclusions.  

NOTE: SYBoakye prepared/DLAloysius reviewed pp 14 through 14F.  

Remaining pages prepared by DLAloysius and reviewed by SYBoakye.  

REVISION 5 

Major re-write of the calculation.  

1. Renumbered pages and figures to make the calculation easier to follow.  

2. Incorporated dynamic loads due to revised design basis ground motion (PSHA 2,000-yr 
return period earthquake), as determined in CEC Calculation 05996.02-G(PO17)-2, Rev 
0, and removed "Requires Confirmation".  

3. Added overturning analysis.  

4. Added analysis of sliding stability of cask storage pads founded on and within soil 
cement.  

5. Revised dynamic bearing capacity analyses to utilize only total-stress strength 
parameters because these partially saturated soils will not have time to drain fully 
during the rapid cycling associated with the design basis ground motion. See 
Calculation 05996.02-G(B)-05-1 (SWEC, 2000a) for additional details.  

6. Added reference to foundation profiles through pad emplacement area presented in 
SAR Figures 2.6-5, Sheets 1 through 14.  

7. Changed "Load Combinations" to "Load Cases" and defined these cases to be consistent 
throughout the various stability analyses included herein. These are the same cases as 
are used in the stability analyses of the Canister Transfer Building, Calculation 
05996.02-G(B)-13-2 (SWEC, 2000b).

8. Revised conclusions to reflect results of these changes.
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REVISION 6 

1. Added "References" section.  

2. Revised shear strength used in the sliding stability analyses of the soil cement/silty 
clay interface to be the strength measured in the direct shear tests performed on 
samples obtained from depths of -5.8 ft in the pad emplacement area. The shear 
strength equaled that measured for stresses corresponding to the vertical stresses at 
the bottom of the fully loaded cask storage pads.  

3. Removed static and dynamic bearing capacity analyses based on total-stress strengths 
and added dynamic bearing capacity analyses based on c,, = 2.2 ksf..  

Revised method of calculating the inclination factor in the bearing capacity analyses to that 
presented by Vesic in Chapter 3 of Winterkom and Fang (1975). Vesic's method expands 
upon the theory developed by Hansen for plane strain analyses of footings with inclined 
loads. Vesic's method permits a more rigorous analysis of inclined loads acting in two 
directions on rectangular footings, which more closely represents the conditions applicable 
for the cask storage pads.  

REVISION 7 

1. Updated stability analyses to reflect revised design basis ground motions (aH = 0.71 1g 
& av = 0.695g. per Table 1 of Geomatrlx. 2001).  

2. Resisting moment in overturning stability analysis calculated based on resultant of 
static and dynamic vertical forces.  

3. Added analysis of sliding of an entire row of pads supported on at least I' of soil 
cement, using an adhesion factor of 0.5 for the interface between the soil cement and 
the underlying silty clay layer..  

4. Added discussion of strength limitations of the soil cement under the cask storage pads 
to comply with the maximum modulus of elasticity requirements of the materials 
supporting the pad in the hypothetical cask tipover analysis.  

5. Changed pad length to 67 ft and pad embedment to 3 ft, in accordance with design 
change identified in Figure 4.2-7, "Cask Storage Pads," of SAR Revision 21.  

6. Added definition of "mi" used in the inclination factors for calculating allowable bearing 
capacity.  

7. Updated references to supporting calculations.

8. Updated discussions and conclusions to incorporate revised results.
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OBJECTIVE OF CALCULATION 

Evaluate the static & seismic stability of the cask storage pad foundations at the proposed 

site, including overturning, sliding, and bearing capacity for static loads & for dynamic 

loads due to the design basis ground motion (PSHA 2,000-yr return period earthquake).  

ASSUMPTIONS/DATA 

The arrangement of the cask storage pads is shown on SWEC Drawing 0599601-EY-2-B.  

The spacing of the pads is such that each N-S row of pads may be treated as one long strip 

footing with B/L - 0 & B=30 ft for the bearing capacity analyses.  

The E-W spacing of the pads is great enough that adjacent pads will not significantly 

impact the bearing capacity of one another, as shown on Figure 1, "Foundation Plan & 

Profile." 

The generalized soil profile, presented in Figure 1, Indicates the soil profile consists of -30 

ft of silty clay/clayey silt with some sandy silt (Layer 1), overlying -30 ft of very dense fine 

sand (Layer 2), overlying extremely dense silt (N >100 blows/ft, Layer 3). SAR Figures 2.6

5 (Sheets 1 through 14) present foundation profiles showing the relationship of the cask 

storage pads with respect to the underlying soils. These profiles, located as shown in SAR 

Figure 2.6-19, provide more detailed stratigraphic information, especially within the upper 

-30-ft thick layer at the site.  

Figure 1 also illustrates the coordinate system used in these analyses. Note, the X

direction is N-S, the Y-direction is vertical, and the Z-dlrection is E-W. This is the same 

coordinate system that is used in the stability analyses of the Canister Transfer Building 

(Calculation 05996.02-G(B)- 13-2, SWEC. 2000b).  

The bearing capacity analyses assume that Layer 1, which consists of silty clay/clayey silt 

with some sandy silt, is of infinite thickness and has strength properties based on those 

measured at depths of -10 ft for the clayey soils within the upper layer. These 

assumptions simplify the analyses and they are very conservative. With respect to bearing 

capacity, the strength of the sandy silt in the upper layer is greater than that of the clayey 

soils, based on the increases in Standard Penetration Test (SPT) blow counts (N-values) 

and the increased tip resistance (see SAR Figures 2.6-5) in the cone penetration testing 

(ConeTec, 1999) noted in these soils. The underlying soils are even stronger, based on 

their SPT N-values, which generally exceed 100 blows/ft.  

Based on probabilistic seismic hazard analysis, the peak acceleration levels of 0.71 Ig for 

horizontal ground motion and 0.695g for the vertical ground motion were determined as 

the design bases of the PFSF for a 2,000-yr return period earthquake (Geomatrix 

Consultants, Inc, 2001).
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GEoTcHNcAL ]PRPERTIES 

Based on laboratory test results presented in Table 2 of Calculation 05996.02-G(B)-05-2 
(SWEC, 2000a), 

ymo,-t = 80 pcf for the soils underlying the pad emplacement area.  

The bearing capacity of the structures are dependant primarily on the strength of the soils 
in the upper -25 to -30-ft layer at the site. All of the borings drilled at the site indicate 
that the soils underlying this upper layer are very dense fine sands overlying silts with 
standard penetration test blow counts that exceed 100 blows/ft. The results of the cone 
penetration testing, presented in ConeTec(1999) and plotted in SAR Figure 2.6-5, Sheets 1 
to 14, illustrate that the strength of the soils in the upper layer are much greater at depths 
below -10 ft than in the range of -5 ft to -10 ft, where most of the triaxial tests were 
performed.  

In practice, the average shear strength along the anticipated slip surface of the failure 
mode should be used in the bearing capacity analysis. This slip surface is normally 
confined to within a depth below the footing equal to the minimum width of the footing. In 
this case, the effective width of the footing is decreased because of the large eccentricity of 
the load on the pads due to the seismic loading. As indicated in Table 2.6-7, the minimum 
effective width occurs for Load Case IIIB, where B' = 10.1 ft. Figure 7 illustrates that the 
anticipated slip surface of the bearing capacity failure would be limited to the soils within 
the upper two-thirds of the upper layer. Therefore, in the bearing capacity analyses 
presented herein, the undrained strength measured in the UU triaxial tests was not 
increased to reflect the increase in strength observed for the deeper-lying soils in the cone 
penetration testing.  

Table 6 of Calc 05996.02-G(B)-05-2 (copy included in Attachment C) summarizes the 
results of the triaxial tests that were performed within depths of -10 ft. The undrained 
shear strengths measured in these tests are plotted vs confining pressure in Figure 11 of 
Calc 05996.02-G(B)-05-2 (copy included in Attachment C). This figure is annotated to 
indicate the vertical stresses existing prior to construction and following completion of 
construction.  

The undrained shear strengths measured in the triaxial tests are used for the dynamic 
bearing capacity analyses because the soils are partially saturated and they will not drain 
completely during the rapid cycling of loadings associated with the design basis ground 
motion. As indicated in Figure 11 of Calc 05996.02-G(B)-05-2 (copy included in 
Attachment C), the undrained strength of the soils within -10 ft of grade is assumed to be 
2.2 ksf. This value is the lowest strength measured in the UU tests, which were performed 
at confining stresses of 1.3 ksf. This confining stress corresponds to the in situ vertical 
stress existing near the middle of the upper layer, prior to construction of these 
structures. It is much less than the final stresses that will exist under the cask storage 
pads and the Canister Transfer Building following completion of construction. Figure 11 of 
Calc 05996.02-G(B)-05-2 (copy included in Attachment C) illustrates that the undrained 
strength of these soils increase as the loadings of the structures are applied; therefore, 2.2
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ksf is a very conservative value for use in the dynamic bearing capacity analyses of these 
structures.  

Direct shear tests were performed on undisturbed specimens of the silty clay/clayey silt 
obtained at a depth of 5.7 ft to 6 ft in Boring C-2. These tests were performed at normal 
stresses that were essentially equal to the normal stresses expected: 

1. under the fully loaded pads before the earthquake, 

2. with all of the vertical forces due to the earthquake acting upward, and 

3. with all of the vertical forces due to the earthquake acting downward.  

The results of these tests are presented in Attachment 7 of the Appendix 2A of the SAR 
and they are plotted in Figure 7 of Calc 05996.02-G(B)-05-2 (copy included in Attachment 
C). Because of the fine grained nature of these soils, they will not drain completely during 
the rapid cycling of loadings associated with the design basis ground motion. Therefore, 
sliding stability analyses included below of the cask storage pads constructed directly on 
the silty clay are performed using the shear strength measured in these direct shear tests 
for a normal stress equal to the vertical stress under the fully loaded cask storage pads 
prior to imposition of the dynamic loading due to the earthquake. As shown in Figure 7 of 
Calc 05996.02-G(B)-05-2 (copy included in Attachment C), this shear strength is 2.1 ksf 
and the friction angle is set equal to 00.  

Effective-stress strength parameters are estimated to be c = 0 ksf, even though these soils 
may be somewhat cemented, and t = 30*. This value of i is based on the PI values for 
these soils, which ranged between 5% and 23% (SWEC, 2000a), and the relationship 
between 0 and PI presented in Figure 18.1 of Terzaghi & Peck (1967).  

Therefore, static bearing capacity analyses are performed using the following soil 
strengths: 

Case IA Static using undrained strength: 4 = 0' & c = 2.2 ksf.  

Case IB Static using effective-stress strength: 4 = 30° & c = 0.  

The pads will be constructed on and within soil cement, as illustrated in SAR Figure 4.2-7 
and described in SAR Sections 2.6.1.7 and 2.6.4.11. The unit weight of the soil cement is 
assumed to be 100 pcf in the bearing capacity analyses included herein. The strength of 
the soil cement is conservatively ignored in these bearing capacity analyses.  

METHOD OF ANALYSIS 

DES•RIP•ON OF LoAD CASES 

Load cases analyzed consist of combinations of vertical static, vertical dynamic 
(compression and uplift. Y-direction), and horizontal dynamic (in X and Z-directions) loads.

The following load combinations are analyzed:
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Case I Static 

Case 11 Static + dynamic horizontal forces due to the earthquake 

Case III Static + dynamic horizontal + vertical uplift forces due to the earthquake 

Case IV Static + dynamic horizontal + vertical compression forces due to the 
earthquake 

For Case II, 100% of the dynamic lateral forces in both X and Z directions are combined.  

For Cases III and IV, the effects of the three components of the design basis ground motion 

are combined in accordance with procedures described in ASCE (1986) to account for the 

fact that the maximum response of the three orthogonal components of the earthquake do 

not occur at the same time. For these cases, 100% of the dynamic loading in one direction 

is assumed to act at the same time that 40% of the dynamic loading acts in the other two 

directions. For these cases, the suffix "A" is used to designate 40% in the X direction (N-S, 

as shown in Figure 1). 100% in the Y direction (vertical), and 40% in the Z direction (E-W).  

Similarly, the suffix "B" is used to designate 40% in the X direction, 40% in the Y, and 

100% in the Z, and the suffix "C" is used to designate 100% in the X direction and 40% in 

the other two directions. Thus, 

Case IlIA 40% N-S direction, -100% Vertical direction, 40% E-W direction.  

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.  

Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.  

The negative sign for the vertical direction in Case III indicates uplift forces due to the 

earthquake. Case IV is the same as Case III, but the vertical forces due to the earthquake 

act downward in compression; therefore, the signs on the vertical components are positive.  

OVERTURNING STABILITY OF THE CASK STORAGE PADS 

The factor of safety against overturning is defimed as: 

FSor = EMReslung + ZM-MDltng 

The resisting moment is calculated as the resultant weight of the pad and casks x the 

distance from one edge of the pad to the center of the pad in the direction of the minimum 

width. The weight of the pad is calculated as 3 ft x 67 ft x 30 ft x 0.15 kips/ft3 = 904.5 K, 

and the weight of 8 casks is 8 x 356.5 K/cask = 2,852 K. The moment arm for the 

resisting moment equals 1/ of 30 ft, or 15 ft. Therefore, 

Wp Wc B/2 (1- ar 

-MR.i=stig = [904.5 K + 2,852K] x 15 ft (1-0.695) = 17,186 ft-K 

The driving moment includes the moments due to the horizontal inertial force of the pad x 

1/2 the height of the pad and the horizontal force from the casks acting at the top of the pad 

x the height of the pad. The casks are simply resting on the top of the pads: therefore, this 

force cannot exceed the friction force acting between the steel bottom of the cask and the 

top of the concrete storage pad. This friction force was calculated -based on the upper-
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bound value of the coefficient of friction between the casks and the storage pad (j. = 0.8. as 

shown in SAR Section 8.2.1.2) x the normal force acting between the casks and the pad.  

This force is maximum when the vertical inertial force due to the earthquake acts 

downward. However, when the vertical force from the earthquake acts downward, It acts 

in the same direction as the weight, tending to stabilize the structure. Therefore, the 

minimum factor of safety against overturning will occur when the dynamic vertical force 

acts in the upward direction, tending to unload the pad.  

When the vertical inertial force due to the earthquake acts upward, the friction force = 0.8 

x (2,852K - 0.695 x 2,852K) = 696 K. This is less than the maximum dynamic cask 

horizontal driving force of 2,212 K (Table D-1(c) in CEC, 2001). Therefore, the worst-case 

horizontal force that can occur when the vertical earthquake force acts upward is limited 

by the upper-bound value of the coefficient of friction between the bottom of the casks and 

the top of the storage pad, and it equals 696K.  

ah Wp EQhc 

EM~rtg= 1.5ftxO.711 x904.5K+3ftx696K=3,053ft-K.  

=FS =17,186 ft - K 5 

Fr 3,053 ft - K 

This is greater than the criterion of 1. 1: therefore, the cask storage pads have an adequate 

factor of safety against overturning due to dynamic loadings from the design basis ground 

motion.  

SLIDING STABILITY OF THE CASK STORAGE PADS 

The factor of safety (FS) against sliding is defined as follows: 

FS = resisting force + driving force 

For this analysis, ignoring passive resistance of the soil (soil cement) adjacent to the pad, 

the resisting, or tangential force (TM, below the base of the pad is defined as follows: 

T = Ntan$+cBL 

where, N (normal force) = Y F, = Wý + Wp + EQ, + EQp 

* = 0° (for Silty Clay/Clayey Silt) 

c = 2.1 ksf, as indicated on p C-2.  

B = 30 feet

L = 67 feet
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SLIDING STABILITY OF THE PADS CONSTRUCTED ON AND WITHIN SOIL CEMENT 

Objective: 

Determine the minimum required strength of the soil cement along the sides of the pads 
and below the pads to provide a factor of safety against sliding of the cask storage pads of 
1.1.  

Method/Assumptions: 

1. In determining the required strength of soil cement along the sides of the pad, assume 
that the resistance to sliding is provided only by the passive resistance of the soil
cement layer above the bottom of the pads, ignoring the contribution of the frictional 
portion of the strength.  

2. Ignore the passive resistance of the overlying compacted aggregate, since it is only 1' 
thick (Figure 3).  

3. Assume the active thrust of the compacted aggregate is less than the passive thrust 
and, thus, the active thrust can be ignored.  

4. Use Eq 23.8a of Lambe & Whitman (1969) to calculate passive thrust, Pp, as follows: 

PP = 1/2 % H2 +/Yb H 2 N, +qHN, +2cH.IN•

where: 

H = height of soil cement above bottom of pad 

N, = Kp, coefficient of passive pressure, = I assuming 0= 0.  

q. = uniform surcharge, = (y x H)compacted arate, > 0.125 kcf x 0.71 ft = 0.09 ksf 

c = effective cohesion 

5. An adhesion factor (a ) of 0.5 is conservatively assumed to determine resistance to 
sliding at the interface between the soil cement and the underlying silty clay.
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SLDING STAB"IIY OF nE, PADS CONSTRZJTED ON AND Wfln' SOI. CEMEwT 

Analysis: 

Figure 3 presents an elevation view of the minimum thickness of soil cement in the vicinity 
of the cask storage pads. Figure 4 illustrates the passive pressures acting on the pads.  

To obtain FS = I. 1, the total resisting force, T. must = 

1.1x Sx30"x67x×.l5 K + 8 casks x356.5 cask] x 0.711 

T = 2,938 K 

Assuming this resisting force is provided only by the passive resistance provided by the 2
ft thick layer of soil cement adjacent to the pads, as shown in Figures 3 & 4. the minimum 
required strength of the soil cement is calculated as follows. Note, ignore buoyancy, since 
the depth to the water table is -124.5 ft below grade, as measured in Observation Well 
CTB-5 OW.  

Pp I =yH 2 N, + qHN, +2-H Hr, EQ 23.8a of Lambe& Whitnman(1969 

K 8.5 in.  
where q, = (y -H)m.,., =0.125 K x = 0.09 ksf/LF. which is negligible.  ,=.•,t 3  121in./ft 

Conservatively assuming ¢ = 0° for soil cement, N, = Kp = 1.0.  

Assuming sliding resistance is provided only by the passive resistance of the soil cement, 
the minimum resistance will exist for sliding in the N-S direction, because the width in the 
east-west direction (B=30') is less than the length in the north-south direction (L=67').  

Find the minimum cohesion required to provide FS = 1.1.  

y H2 Kp H NO 

1K Pp must be 2 2,938K = 2 0.100 -jx(2ft)2x1.0+2c-2ft.1i76 

2,938K = 0.2K K K 3 0R R +4E=97"93- • 43=97.93-K 

30ft ft LF LF 

Z 2! 24.48ksf ft 2 x =170 psi 
xLl2 1n. K 

The unconfined compressive strength equals twice the cohesion, or 340 psi. Soil cement 
with strengths higher than this are readily achievable, as illustrated by the lowest curve in 
Figure 4.2 of ACI 230. 1R-90, which applies for fine-grained soils similar to the eolian silt 
in the pad emplacement area. Note. fc = 40C where C = percent cement in the soil cement.  
Therefore, to obtain fc >340 psi, the percentage of cement required would be -340/40 =
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8.5%. This is even less cement than would typically be used in constructing soil cement 
for use as road base, and it would be even lower if shear resistance acting on the base of 
the pad was included or if Kp was calculated for 0 > 00. Note, Tables 5 & 6 of Nussbaum & 

Colley (1971) indicate 0 exceeds 40* for all A-4 soils (CL & ML) treated with cement.  
Therefore, soil cement will greatly improve the sliding stability of the cask storage pads.  

As indicated in Figure 3, the soil cement will extend at least I ft below all of the cask 
storage pads, and, as shown in SAR Figure's 2.6-5, Pad Emplacement Area Foundation 
Profiles, it will typically extend -2 ft below most of the pads. Thus, the area available to 
resist sliding will greatly exceed that of the pads alone. The hypothetical cask tipover 
analysis imposes limitations on the modulus of elasticity of the soils underlying the pad.  
The modulus of elasticity of the soil cement is directly related to its strength: therefore, its 
strength must be limited to values that will satisfy the modulus requirement, but it must 
still provide an adequate factor of safety with respect to sliding of the pads embedded 
within the soil cement.  

The following analysis calculates the minimum strength required to preclude sliding of an 
entire row of pads along the base of the soil cement.  

WEIGHTS 

Casks: Wc = 8 x 356.5 K/cask = 2,852 K 

Pad: Wp = 3 ftx 67 ft x 30 ftx 0.15 kips/ft3 = 904.5 K 

EARTHQUAKE ACCELERATIONS - PSHA 2,000-YR RETURN PERIOD 

aH = horizontal earthquake acceleration = 0.71 ig 

av = vertical earthquake acceleration = 0.695g 

Consider a row of 10 pads with 2' of soil cement in between the pads and at least 1' of soil 
cement under the pads: 

Weight of Casks = 10 x 2,852 K = 28,520 K 

Weight of Pads = 10 x 904.5 K = 9,045 K 

Weight of Soil Cement = 9 x 3 ft x 30 ftx 5 ft x. 10 kips/ft3 = 405 K 

Total = 37,970 K 

To obtain FS = 1.1. the total resisting force, T, must = 

1.1 x (Weight of Casks + Weight of Pads + Weight of Soil Cement) x 0.711

= 1.1 x (28,520 K + 9,045 K + 405 K) x 0.711
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Therefore, T = 29,696 K 

Base Area, A. of a row of 10 pads is given by 

A= lOx3Oftx67ft + 9x30ftx5ft = 21,450ft2 

Therefore the minimum cohesion required to provide the resisting force T is given by 

T = cohesion (c) x adhesion factor (a ) x area (A) 

T= c x 0.5x21,450ft2 

c x 0.5 x 21,450 ft2 = 29,696 K 

c = 2.77 ksf = 20 psi 

The unconfined compressive strength equals twice the cohesion, or 40 psi.  

Table 5-6 of Bowles (1996) indicates E = 1,500 s., where s, = the undrained shear 
strength. Note, su is half of q., the unconfined compressive strength.  

Based on this relationship, E = 750 qu., 

Where E = Young's modulus 

qu = Unconfined compressive strength 

An unconfined compressive strength of 100 psi for the soil cement under the pad will limit 
the modulus value to 75,000 psi. Thus, designing the soil cement to have an unconfined 
compressive strength that ranges from 40 psi to 100 psi will provide an adequate factor of 
safety against sliding and will limit the modulus of the soil cement under the pads to an 
acceptable level for the hypothetical cask tipover considerations.  

The soil cement will have higher shear strength than the underlying silty clay/clayey silt 
layer therefore, the resistance to sliding on that interface will be limited by the shear 
strength of the silty clay/clayey silt. Direct shear tests on samples of the soils from the 
pad emplacement area indicate the shear strength available to resist sliding from loads 
due to the design basis ground motion is 2.1 ksf as shown in Figure 7 of Calc 05996.02
G(B)-5-2 (copy included in Attachment C).  

The following pages illustrate that there is an adequate factor or safety against sliding of 
the pads, postulating that they are constructed directly on the silty clay/clayey silt and 
neglecting the passive resistance provided by the soil cement that will be surrounding the 
pads. The factor of safety against sliding along the soil cement/silty clay interface will be 
much greater than this, because the shearing resistance will be available over the areas 
between the pads, as well as under the pads, and additional passive resistance will be 
provided by the continuous soil cement layer existing below the pads.
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Material around the pad will be soil cement. In this analysis, the passive resistance 

provided by the soil cement is ignored to demonstrate that there is an acceptable factor of 

safety against sliding of the pads if they were founded directly on the silty clay/clayey silt.  

The soil cement is assumed to have the same properties that were used in Rev 4 of this 

calculation to model the crushed stone (compacted aggregate) that was originally proposed 

adjacent to the pads. These include: 

y = 125 pcf Because of the low density of the eolian silts that will be 

used to construct the soil cement, it is likely that y will be 

less than this value. It is conservative to use this higher 

value, because it is used in this analysis only for 
determining upper-bound estimates of the active earth 
pressure acting on the pad due to the design basis ground 
motion.  

= 4 0 0 Tables 5 & 6 of Nussbaum & Colley (1971) indicate that 0 

exceeds 400 for all A-4 soils (CL & ML, similar to the eolian 
silts at the site) treated with cement; therefore, it is likely 

that 0 will be higher than this value. This value is not used, 
however, in this analysis for calculating sliding resistance.  

It also is used in this analysis only for determining upper

bound estimates of the active earth pressure acting on the 

pad due to the design basis ground motion.  

H = 3 ft As shown in SAR Figure 4.2-7, the pad is 3 ft thick, and it is 

constructed such that top of the pad is at the final ground 
surface (i.e., pads are embedded 3' below grade).  

For frictional materials, the resistance to sliding is lower when the forces due to the 

earthquake act upward; therefore, analyze the sliding stability for Load Case III, which has 

the dynamic forces due to the earthquake acting upward. To increase the conservatism of 

this analysis, assume 100% of the dynamic forces due to the earthquake act in both the N

S and Vertical directions at the same time. The length of the pad in the N-S direction (67 

ft) is greater than twice the width in the E-W direction (30 ft); therefore, estimate the 

driving forces due to dynamic active earth pressures acting on the length of the pad, 

tending to cause sliding to occur in the E-W direction.
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ACTIV EARTH PREssuRE 

P. = 0.5 y H2 K.  

K, = (1 - sin 0)/(1 + sin 0) = 0.22 for 0 = 40' for the soil cement.  

P. = [0.5 x 125 pcfx (3 ft)2 x 0.221 x 67 ft (length)/storage pad = 8,291 lbs.  

DYNABMC EARTH PRMSSURE 

As indicated on p 11 of GTG 6.15-1 (SWEC. 1982). for active conditions, the combined 

static and dynamic lateral earth pressure coefficient is computed according to the analysis 

developed by Mononobe-Okabe and described in Seed and Whitman (1970) as: 

K =(1- a ). cos 2 (- 0 - a) 

cos 0- cos2 a _ cos (8+ a +O). 1 + sin (0 + 8). sin (0 - 0- 1) 
[O (6o (+ a + 0). -cos( - a)j 

where: 0 := tan'(a 
S= slope of ground behind wall, 

a = slope of back of wall to vertical.  

aH = horizontal seismic coefficient, where a positive value corresponds to a horizontal 

inertial force directed toward the wall.  

av = vertical seismic coefficient, where a positive value corresponds to a vertical inertial 

force directed upward, 

8 = angle of wall friction, 

* = friction angle of the soil.  

g = acceleration due to gravity.  

The combined static and dynamic active earth pressure force, PAE, is calculated as: 

PA = yH2 K, where: 

y = unit weight of soil, 

H = wall height, and 

K is calculated as shown above.
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0 =tan-' x( 0.711 -6 =66.8* (I- 0.695) 

* = 400 

Approximating sin(- 0) = 0 and cos( 0) - I

KAE- 1
cos O. cos (8 + 0) 

__ -20" 
2 

1 - 0.695 .'. K• ==13.87 
cos 66.8" -cos (20° + 66.8") 

Therefore, the combined static and dynamic active lateral earth pressure force is:

y H2 KAE L

= = 1 x 125 pcf x (3 ft)2 x 13.87 x 67 ft / storage pad = 522.7 K in E - W direction.  FAEEw =P 2 

3O0ft 
F•N s =522.7 K x 3 = 234.1 K in the N - S direction.  " A =67ft
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WEIGHTS 

Casks: Wc = 8 x 356.5 K/cask = 2,852 K 

Pad: Wp = 3 ft x 67 ft x 30 ft x 0.15 kips/ft3 = 904.5 K 

EARTHQUAKE ACCELERATIONS - PSHA 2,000-YR RETURN PERIOD 

aH = horizontal earthquake acceleration = 0.71 1g 

av = vertical earthquake acceleration = 0.695g 

CASK EARTHQUAKE LoADINGS 

EQvc = -0.695 x 2,852 K = -1,982 K (minus sign signifies uplift force) 

EQhc. = 2,212 K (acting short direction of pad, E-W) Q~d mx in Table D- I (c) in Att B 

EQhcy = 2,102 K (acting in long direction of pad, N-S) Qyd in Table D- 1 (c) " 

Note: These maximum horizontal dynamic cask driving forces are from Calc 05996.02

G(PO17)-2. (CEC, 2001), and they apply only when the dynamic forces due to the 

earthquake act downward and the coefficient of friction between the cask and the pad 

equals 0.8. For frictional materials, sliding is critical when the foundation is unloaded due 

to uplift forces from the earthquake. Therefore, EQhc .. is limited to a maximum value of 

696 K for Case III, based on the upper-bound value of pA = 0.8, as shown in the following 

table: 

WT EQvc N 0.2 x N 0.8 x N EQh,Cask Loads 
K K K K K K 

Case M - Uplift 2,852 -1,982 870 174 696 696 
2,212 E-W 

Case IV - Z9, Down 2,852 1,982 4,834 967 3,867 2,102 N-S 

Note: 

Case III: 100% N-S, -100% Vertical, 0% E-W Earthquake Forces Act Upward 

Case IV: 100% N-S, 100% Vertical, 0% E-W Earthquake Forces Act Downward 

FOUNDATION PAD EARTHQUAKE LOADImS 

EQvp = -0.695 x 904.5 K = -629 K 

EQhp 0.711 x 904.5 K 643 K
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CAsE M: 100% N-S, -100% VERTICAL, 0% &W 

When EQvc and EQvp act in an upward direction (Case III). tending to unload the pad, 

sliding resistance is obtained as follows: 

Wc Wp EQvc EQvp 

N = 2,852 K + 904.5 K + (-1,982 K) + (-629 K) = 1,146 K 

N 0 c B L 

T-= 1,146 Kx tan 00 + 2.1 ksfx 30 ftx 67 ft = 4,221 K 

The driving force, V, is defined as: 

V = FkE + EQhp + EQhc 

The factor of safety against sliding is calculated as follows: 

T FA EQhp EQhc 

FS = 4,221 K - (522.7 K + 643 K + 696 K) = 2.27 

For this analysis, the value of EQhc was limited to the upper-bound value of the coefficient 

of friction, gi = 0.8, x the cask normal load, because if Qxd exceeds this value, the cask 

would slide. The factor of safety exceeds the minimum allowable value of 1. 1; therefore 

the pads are stable with respect to sliding for this load case. The factor of safety against 

sliding is higher than this If the lower-bound value of g is used (= 0.2), because the driving 

forces due to the casks would be reduced.  

CAsE IV: 100% N-S, 100% VERTICAL, 0% E-W EARTHQUAKE FORCES ACT DOWNWARD 

When the earthquake forces act in the downward direction: 

T = Ntano+[cBL] 

where, N (normal force) = 7, Fv = Wc + Wp + EQvc + EQvp 

Wc Wp EQvc EQvp 
N = 2,852 K + 904.5 K + 1,982 K + 629 K = 6,368 K 

N 0 c B L 

T - 6,368 K x tan 00 + 2.1 ksf x 30 ft x 67 ft = 4,221 K 

The driving force, V, is defined as: 

V = Ft + EQhp + EQhc 

The factor of safety against sliding is calculated as follows: 

T FA EQhp EQhc 
FS = 4,221 K - (522.7 K + 643 K + 2,212 K) = 1.25
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For this analysis, the larger value of EQhc (i.e., acting in the short direction of the pad) 
was used, because it produces a lower and, thus, more conservative factor of safety. The 
factor of safety exceeds the minimum allowable value of 1.1; therefore the pads are stable 
with respect to sliding for this load case. The factor of safety against sliding is higher than 
this if the lower-bound value of P is used (= 0.2), because the driving forces due to the 
casks would be reduced.  

These analyses illustrate that if the cask storage pads were constructed directly on the 
silty clay/clayey silt layer, they would have an adequate factor of safety against sliding due 
to loads from the design basis ground motion. Because the soil cement is continuous 
between the pads, its interface with the silty clay will be much larger than that provided by 
the footprint of the pads and used in the analyses presented in this section. The soil 
cement will be mixed and compacted into the surface of the silty clay, providing a bond at 
the interface that will exceed the strength of the silty clay. Therefore, this interface will 
have more resistance to sliding than is included in these analyses and. thus, there will be 
adequate resistance at this interface to preclude sliding of the pads due to the loads from 
the design basis ground motion.
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Adequate factors of safety against sliding due to maximum forces from the design basis 

ground motion have been obtained for the storage pads founded directly on the silty 

clay/clayey silt layer, conservatively ignoring the presence of the soil cement that will 

surround the pads. The shearing resistance is provided by the undrained shear strength 

of the silty clay/clayey silt layer, which is not affected by upward earthquake loads. As 

shown in SAR Figures 2.6-5, Pad Emplacement Area - Foundation Profiles, a layer, 
composed in part of sandy silt, underlies the clayey layer at a depth of about 10 ft below 
the cask storage pads. Sandy silts oftentimes are cohesionless; therefore, to be 

conservative, this portion of the sliding stability analysis assumes that the soils in this 

layer are cohesionless, ignoring the effects of cementation that were observed on many of 

the split-spoon and thin-walled tube samples obtained in the drilling programs.  

The shearing resistance of cohesionless soils is directly related to the normal stress.  

Earthquake motions resulting in upward forces reduce the normal stress and, 

consequently, the shearing resistance, for purely cohesionless (frictional) soils. Factors of 

safety against sliding in such soils are low if the maximum components of the design basis 
ground motion are combined. The effects of such motions are evaluated by estimating the 
displacements the structure will undergo when the factor of safety against sliding is less 
than I to demonstrate that the displacements are sufficiently small that, should they 
occur, they will not adversely impact the performance of the pads.  

The method proposed by Newmark (1965) is used to estimate the displacement of the 
pads, assuming they are founded directly on a layer of cohesionless soils. This 

simplification produces an upper-bound estimate of the displacement that the pads might 
see if a cohesionless layer was continuous beneath the pads. For motion to occur on a slip 

surface along the top of a cohesionless layer at a depth of 10 ft below the pads, the slip 

surface would have to pass through the overlying clayey layer, which, as shown above, is 
strong enough to resist sliding due to the earthquake forces. In this analysis, a friction 

angle of 300 is used to define the strength of the soils to conservatively model a loose 
cohesionless layer. The soils in the layer in question have a much higher friction angle, 

generally greater than 350, as indicated in the plots of "Phi" interpreted from the cone 
penetration testing, which are presented in Appendix D of ConeTec (1999).  

ESTIMATION OF HORIZONTAL DISPLACEMENT USING NEWMARK'S METHOD 

N-W t FvFvqi 

4-_

--' T = t.Area
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Newmark (1965) defines "N-W"' as the steady force applied at the center of gravity of the 

sliding mass in the direction which the force can have its lowest value to just overcome the 
stabilizing forces and keep the mass moving. Note, Newmark defines "N" as the "Maximum 
Resistance Coefficient," and it is an acceleration coefficient in this case, not the normal 
force.  

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 = -. Area 

where T = a, tan 

an = Normal Stress 

1 = Friction angle of cohesionless layer 

a. = Net Vertical Force/Area 

= (F. - F, EqJ/Area 

T = (FM - F, Eq) tan 0 

NW= T 

SN = [(F,-Fv J) tan] 0/W 

The maximum relative displacement of the pad relative to the ground, um, is calculated as 

uM = [V2 (I - N/A)] / (2gN) 

The above expression for the relative displacement is an upper bound for all of the data 
points for N/A less than 0.15 and greater than 0.5, as shown in Figure 5 , which is a copy 
of Figure 41 of Newmark (1965). Within the range of 0.5 to 0.15, the following expression 
gives an upper bound of the maximum relative displacement for all data.  

um = V2 /(2gN) 

MAXIMUM GROUND MoTioNs 

The maximum ground accelerations used to estimate displacements of the cask storage 
pads were those due to the PSHA 2,000-yr return period earthquake: i.e., aH = 0.71 ig and 

av = 0.695g. The maximum horizontal ground velocities required as input in Newmark's 
method of analysis of displacements due to earthquakes were estimated for the cask 
storage pads assuming that the ratio of the maximum ground velocity to the maximum 
ground acceleration equaled 48 (i.e., 48 in./sec per g). Thus, the estimated maximum 
velocities applicable for the Newmark's analysis of displacements of the cask storage pads 

= 0.711 x 48 = 34.1 in./sec. Since the peak ground accelerations are the same in both 
horizontal directions, the velocities are the same as well.
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LOAD CASES 

The resistance to sliding on cohesionless materials is lowest when the dynamic forces due 

to the design basis ground motion act in the upward direction, which reduces the normal 

forces and, hence, the shearing resistance, at the base of the foundations. Thus, the 

following analyses are performed for Load Cases 111A, IIIB, and IIIC, in which the pads are 

unloaded due to uplift from the earthquake forces.  

Case lilA 40% N-S direction,-100°/o Vertical direction, 40% E-W direction.  

Case 111B 40% N-S direction, -40% Vertical direction, 100% E-W direction.  

Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.  

GROUND MOTIONS FOOR ANALYSIS 

North-South Vertical East-West 

Load Case Accel Velocity Accel Accel Velocity 

g in./sec g g in./sec 

IlIA 0.284g 13.7 0.695g 0.284g 13.7 

IIIB 0.284g 13.7 0.278g 0.711g 34.1 

IIIC 0.71 lg 34.1 0.278g 0.284g 13.7 

Load Case lIA: 40% N-S direction, -100% Vertical direction, 40% E-W direction.  

Static Vertical Force, F, = W = Weight of casks and pad = 2,852 K + 904.5 K = 3,757 K 

Earthquake Vertical Force, F, Eqk -= av x W/g = 0.695g x 3,757 K/g = 2,611 K 

S= 30° 

For Case 1IIA, 100% of vertical earthquake force is applied upward and, thus, must be 

subtracted to obtain the normal force; thus, Newmark's maximum resistance coefficient is 

F, FV, Eqk 0 W 

N = [(3,757 - 2.611) tan 3 0 0] / 3,757 = 0.176 

40% N-S 40% E-W 

Resultant acceleration in horizontal direction, A = %](0.2842 + 0.2842) = 0.402g 

40% N-S 40% E-W 

Resultant velocity in horizontal direction, V = /(13.72 + 13.72) = 19.4 in./sec 

= N / A = 0.176 / 0.402 = 0.438 

The maximum displacement of the pad relative to the ground, urn, .calculated based on 

Newmark (1965) is
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UM = [V2 (1 - N/A)] / (2gN) 

where g is in units of inches/sec2.  

[(19.4 in./seC)2 (1-0.438)) -156" 

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 5. For N/A values 
between 0.15 and 0.5 the data in Figure 5 is bounded by the expression 

um = [V2 / (2gN) 

u (19.4 in. /sec)2 - 2.7 
Su Ur=2364~.~~.7 = 2.77" 

m 2 -386.4 in./ sec2. 0. 176) 

In this case, N /A is = 0.438; therefore, use the average of the maximum displacements; 
i.e., 0.5 (1.56 + 2.77) = 2.2". Thus the maximum displacement is -2.2 inches.  

Load Case HIB: 40% N-S direction, -40% Vertical direction, 100% F-W direction.  

Static Vertical Force, F, = W = 3,757 K 

Earthquake Vertical Force, F,,F 1k) = 2,611 K x 0.40 = 1,044 K 

€=300 

R, FvEk W 

N = [(3.757 - 1,044) tan 3001 / 3,757 = 0.417 

40% N-S 100% E-W 

Resultant acceleration in horizontal direction, A = 4(0.2842 + 0.7112) g = 0.766g 

40% N-S 100% E-W 

Resultant velocity in horizontal direction, V = •](13.72 + 34.12) = 36.7 in./sec 

* N / A = 0.417 / 0.766 = 0.544 

The maximum displacement of the pad relative to the ground, u., calculated based on 
Newmark (1965) is 

Um = V2 (1 - N/A)} / (2gN) 

Ur= (3_6.s. 1)-191= Su= 2.386.4 in. /sec2._0.417 1.1
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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 5. In this case, 

N /A is > 0.5; therefore, this equation is applicable for calculating the maximum relative 

displacement. Thus the maximum displacement is -1.9 inches.
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Load Case IHiC: 100% N-S direction, -40% Vertical direction, 40% E-W direction.  

Since the horizontal accelerations and velocities are the same in the orthogonal directions.  
the result for Case IIIC is the same as those for Case IIIB.  

SUMMARY OF HORIZoNTAL DISPAcEmES CALCULATED BASED ON NEwMARK's METHOD FOR 
WORST-CASE HYPOTHETICAL ASSUMPTION THAT CASK STORAGE PADS ARE FOUNDED DIRECTLY ON 

COHESIONLESS SOLS WITH * - 0 AND No SOIL CEMENT 

LOAD COMBINATION DISPLACEMENT 

Case mIIA 40% N-S -100% Vert 40% E-W 2.2 inches 

Case EM 40% N-S -40% Vert 100% E-W 1.9 inches 

Case IIIC 100% N-S -40% Vert 40% E-W 1.9 inches 

Assuming the cask storage pads are founded directly on a layer of cohesionless soils with 
= 30'. the estimated relative displacement of the pads due to the design basis ground 

motion based on Newmark's method of estimating displacements of embankments and 
dams due to earthquakes ranges from -1.9 inches to 2.2 inches. Because there are no 
connections between the pads or between the pads and other structures, displacements of 
this magnitude, were they to occur, would not adversely impact the performance of the 
cask storage pads. There are several conservative assumptions that were made in 
determining these values and, therefore, the estimated displacements represent upper
bound values.  

The soils in the layer that are assumed to be cohesionless, the one -10 ft below the pads 
that is labeled "Clayey Silt/Silt & Some Sandy Silt" in the foundation proffiles in the pad 
emplacement area (SAR Figures 2.6-5, Sheets 1 through 14), are clayey silts and silts, with 
some sandy silt. To be conservative in this analysis, these soils are assumed to have a 
friction angle of 30'. However, the results of the cone penetration testing (ConeTec, 1999) 
indicate that these soils have * values that generally exceed 35 to 40*, as shown in 
Appendices D & F of ConeTec (1999). These high friction angles likely are the 
manifestation of cementation that was observed in many of the specimens obtained in 
split-barrel sampling and in the undisturbed tubes that were obtained for testing in the 
laboratory. Possible cementation of these soils is also ignored in this analysis, adding to 
the conservatism.  

In addition, this analysis postulates that cohesionless soils exist directly at the base of the 
pads. In reality, the surface of these soils is 10 ft or more below the pads, and it is not 
likely to be continuous, as the soils in this layer are intermixed. For the pads to slide, a 
surface of sliding must be established between the horizontal surface of the "cohesionless" 
layer at a depth of at least 10 ft below the pads, through the overlying clayey layer, and 
daylighting at grade. As shown in the analysis preceding this section, the overlying clayey 
layer is strong enough to resist sliding due to the earthquake forces: The contribution of
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the shear strength of the soils along this failure plane rising from the horizontal surface of 

the "cohesionless" layer at a depth of at least 10 ft to the resistance to sliding is ignored in 

the simplified model used to estimate the relative displacement, further adding to the 

conservatism.  

These analyses also conservatively ignore the presence of the soil cement under and 

adjacent to the cask storage pads. As shown above, this soil cement can easily be 

designed to provide all of the sliding resistance necessary to provide an adequate factor of 

safety, considering only the passive resistance acting on the sides of the pads, without 

relying on friction or cohesion along the base of the pads. Adding friction and cohesion 
along the base of the pads will increase the factor of safety against sliding.
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The bearing capacity for shallow foundations is determined using the general bearing 

capacity equation and associated factors, as referenced in Winterkom and Fang (1975).  

The general bearing capacity equation is a modification of Terzaghi's bearing capacity 

equation, which was developed for strip footings and indicates that q.,t = c.Nc + q.Nq + 

1/2rB.Nr The ultimate bearing capacity of soil consists of three components: 1) cohesion, 

2) surcharge, and 3) friction, which are represented by the bearing capacity factors N,. Nq.  

and Nr Terzaghi's bearing capacity equation has been enhanced by various investigators 

to incorporate shape, depth, and load inclination factors for different foundation 

geometries and loads as follows: 

qut = c Nc sc dc 4 + q Nq Sq dq iq + 1/2 y B N. s. d. i 

where 

qwr = ultimate bearing capacity 

c = cohesion or undrained strength 

q = effective surcharge at bottom of foundation, = yDf 

y= unit weight of soil 

B = foundation width 

s., Sq, sr = shape factors, which are a function of foundation width to length 

dc, dq, d, = depth factors, which account for embedment effects 

tc, iq, 1, = load inclination factors 

N,, Nq, Nr = bearing capacity factors, which are a function of .  

y in the third term is the unit weight of soil below the foundation, whereas the unit 

weight of the soil above the bottom of the footing is used in determining q in the second 
term.  

BEARING CAPA CITY FACTORS 

Bearing capacity factors are computed based on relationships proposed by Vesic (1973), 

which are presented in Chapter 3 of Winterkom and Fang (1975). The shape, depth and 

load inclination factors are calculated as follows: 

Nq = ex -I # otan2 45+ ' 

Nc =(Nql) coto, but= 5.14for =O0.

N, =2 (Nq+I) tano
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SHAPE FACTORS (FOR L>B) 

B Nq Scl+' 

L Nc 

Sq = I1+ B 

L 

sY = 1-0.4B 
L 

Dr 
DEPTH FACTORS (FOR Df < 1) B 

de= q-(l-dq) for 0>0 and dc =1 +0.41•- for =0.  
d7dq -N )tan B 

dy = 1 

INCLINATION FACTORS 

iq-1Fv + B'L' ccot 0 

I-i)- for0>0 and ic=1 (B mFHN for =0 t N i -N. tan 0 B' L' c Nc 

SFH ~M+1 
=- Fv + BL, ccot ) 

Where: FH and Fv are the total horizontal and vertical forces acting on the footing and 
mB = (2 + B/L) / (1 + B/L) 

mL = (2 + L/B) / (1 + L/B) 

STATIC BEARING CAPACITY OF THE CASK STORAGE PADS 

The following pages present the details of the bearing capacity analyses for the static load 
cases. These cases are identified as follows: 

Case IA Static using undrained strength parameters (0 = 0 ' & c = 2.2 ksO.  

Case IB Static using effective-stress strength parameters (0 = 3W0 & c = 0).
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Allowable Bearing Capacity of Cask Storage Pads 

Static Analysis: Case IA - Static 

Soil Properties: c = 2,200 Cohesion (psf) 
0 = 0.0 Friction Angle (degrees) 
y = 80 Unit weight of soil (pcf) 

Ysurch = 100 Unit weight of surcharge (pcf) 
Foundation Properties: B' = 30.0 Footing Width - ft (E-W) L' = 67.0 Length - ft (N-S) 

Df = 3.0 Depth of Footing (ft) 

0 = 0.0 Angle of load inclination from vertical (deg) 0 g = aH 

FS = 3.0 Factor of Safety required for qaw,,abI. 0 g = av 

Fv stat = 3,757 k & EQV = 0 k -- 3,757 k for Fv 

EQH E-w = 0 k & EQH N-s = 0 k -0 k for FH 

quit 2=- c Nc se dc le + Yurch Df Nq sq dq lq + 1/2 y B Ny s, • i, General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

N,= (Nq- 1) cot(o),but=5.14for =0 = 5.14 Eq 3.6 &Table3.2 

Nq = et= " tan2 (n/4 + 0/2) = 1.00 Eq 3.6 

Nr = 2 (Nq + 1) tan (0) = 0.00 Eq 3.8

SC = 

Sq = 

sy =-

1 + (B/L)(Nq/c) 

1 + (B/L) tan 0 

1 - 0.4 (B/L)

For D/B<1: dq= 1 +2tano (1 -sin o)2 Dj/B 
dy=l I 

For 40 > 0: d, = dq - (1-dq) / (Nq tan 0) 

For 0 = 0: d. = 1 + 0.4 (Dp1B) 

No inclined loads; therefore, ic = iq = iy = 1.0.

Gross quit = 13,085 psi =

NC term 

12,785

1.09 
1.00 

0.82 

1.00 

1.00

N/A 

1.04

Nq term 

+ 300

Table 3,2 

Eq 3.26 

Eq 3.27

R, term 

+ 0

q., = 4,360 psf = quit / FS 

qactual = 1,869 psi = (F, swir + EQj) / (B' x L')

FSectua, = 7.00 = quit I qactual > 3 Hence OK

[geoIO5996,caic',Jrng.cap\Pad\Wint_ Fang. xls

5010.65
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Allowable Bearing Capacity of Cask Storage Pads 
Static Analysis: Case lB - Static 
Soil Properties: c = 0 Cohesion (psf) 

Effective Stress Strengths 0 = 30.0 Friction Angle (degrees) 
y = 80 Unit weight of soil (pcf) 

Ysuch = 100 Unit weight of surcharge (pcf) 
Foundation Properties: B' = 30.0 Footing Width - ft (E-W) L' = 67.0 Length - ft (N-S) 

Dt = 3.0 Depth of Footing (ift) 
S= 0.0 Angle of load inclination from vertical (deg) 0 g = aH 

FS = 3.0 Factor of Safety required for qatwabi. 0 g = av 
Fv statc = 3,757 k & EQv = 0 k - 3,757 k for Fv 

EQHE.W= Ok & EQHN.S = 0k -- 0 kforFH 

quit = c N= sc dc ic + Ych Df Nq Sq dq Iq + 1/2 y B NSy s.dý iy General Bearing Capacity Equation, based on Winterkorn & Fang (1975) 

N,= (Nq- 1) cot(o), but= 5.14 for 0 = 0 = 30.14 Eq 3.6 & Table 3.2 
Nq= e"In" tan 2 (V4 + /2) 18.40 Eq 3.6 
Ny = 2 (Nq + 1) tan (€) = 22.40 Eq 3.8

s= 1 + (B/L)(N,/N,) = 1.27 
sq = 1 + (B/L) tan = 1.26 

sy = 1 - 0.4 (B/L) = 0.82 

For D/B 5 1: dq = 1 + 2 tan € (1 - sin O)2 DM/B = 1.03 
cld=1 = 1.00 

For ' > O: d, = dq - (1-dq) / (Nq tan *) = 1.03 

For 0 = 0: d, = 1 + 0.4 (DB) = N/A 

No inclined loads; therefore, ic = iq = iY = 1.0.

Table 3.2 

Eq 3.26 

Eq 3.27

Gross quit = 29,216 psf =

N, term 

0

q1 , = 9,730 psf = quit / FS 

qactu=l 1,869 psf = (F. Stgi. + EQJ) / (B' x L') 

FSctu. = 15.63 = quit / qactual

Nq term N., term

+ 7,148 + 22,068

> 3 Hence OK

raeot!',05996',calc'brmc cao\Pad\Wint_ Fanq. xis

I
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Table 2.6-6 presents a summary of the results of the bearing capacity analyses for the 

static load cases. As indicated in this table, 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 greater than 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 0 = 00 and c = 2.2 ksf, as measured in the UU tests that are 

reported in Attachment 2 of Appendix 2A of the SAR, to model the end of construction.  

Using the estimated effective-stress strength of 0 = 30° and c = 0 results in higher 
allowable bearing pressures. As shown in Table 2.6-6, the gross allowable bearing 

capacities of the cask storage pads for static loads for this soil strength is greater than 9 
ksf.
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Dynamic bearing capacity analyses are performed using two different sets of dynamic 
forces. In the first set of analyses, which are presented on Pages 35 to 48, the dynamic 
loads are determined as the inertial forces applicable for the peak ground accelerations 
from the design basis ground motion. The second set of analyses use the maximum 
dynamic cask driving forces developed for use in the design of the pads in Calculation 
05996.02-G(PO17)-2 (CEC, 2001), for the pad supporting 2 casks, 4 casks, and 8 casks.  

BASED ON INERTIAL FbRCES 

This section presents the analysis of the allowable bearing capacity of the pad for 
supporting the dynamic loads defined as the inertial forces applicable for the peak ground 
accelerations from the design basis ground motion. The total vertical force includes the 
static weight of the pad and eight fully loaded casks ± the vertical inertial forces due to the 
earthquake. The vertical inertial force is calculated as av x [weight of the pad + cask dead 
loads], multiplied by the appropriate factor (±40% or ±100%) for the load case. In these 
analyses, the minus sign for the percent loading in the vertical direction signifies uplift 
forces, which tend to unload the pad. Similarly, the horizontal inertial forces are 
calculated as aH x (weight of the pad + cask dead loads], multiplied by the appropriate 
factor (40% or 100%) for the load case. The horizontal inertial force from the casks was 
confirmed to be less than the maximum force that can be transmitted from the cask to the 
pad through friction for each of these load cases. This friction force was calculated based 
on the upper-bound value of the coefficient of friction between the casks and the storage 
pad considered in the HI-STORM cask stability analysis (- = 0.8, as shown in SAR Section 
8.2.1.2, Accident Analysis) x the normal force acting between the casks and the pad.  

The lower-bound friction case (discussed in SAR Section 4.2.3.5. 1B), wherein p between 
the steel bottom of the cask and the top of the concrete storage pad = 0.2, results in lower 
horizontal forces being applied at the top of the pad. This decreases the inclination of the 
load applied to the pad, which results in increased bearing capacity. Therefore, the 
dynamic bearing capacity analyses are not performed for ý. = 0.2.  

Table 2.6-7 presents the results of the bearing capacity analyses for the following cases, 
which include static loads plus inertial forces due to the earthquake. Because the in situ 
fine-grained soils are not expected to fully drain during the rapid cycling of load during the 
earthquake, these cases are analyzed using the undrained strength that was measured in 
unconsolidated-undrained triaxial tests (0 = 00 and c = 2.2 kso.  

Case II 100% N-S direction, 0%/ Vertical direction, 100% E-W direction.  
Case IlIA 40% N-S direction, -100% Vertical direction, 40% E-W direction.  
Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.  
Case IIIC 100% N-S direction, -40% Vertical direction, 40%/0 E-W direction.  
Case IVA 40% N-S direction, 100% Vertical direction, 40% E-W direction.  
Case IVB 40% N-S direction. 40% Vertical direction, 100% E-W direction.  
Case IVC 100% N-S direction, 40% Vertical direction, 40% "E-W direction
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Case H.: 100% N-S, 0% Vertical, 100% E-W 

Determine forces and moments due to earthquake.  

Wc Wp 
F, = 2,852 K + 904.5 K = 3,757 K and EQ, = 0 for this case.  

aH HTpad B L yconc 

EQH Pad = 0.711 x 3' x 30' x 67'x 0.15 kcf= 643 K 

an Wc Nc 

EQhc = Minimum of [0.711 x 2,852 K & 0.8 x 2,852 K] = EQhc =2,028 K 

2,028 K 2.282K 

Note, Nc = Wc in this case, since av = 0.  

EQhp EQhc 

EQH N-S = 643 K + 2,028 K = 2,671 K 

The horizontal components are the same for this case: therefore, EQH E-W = EQH N-s 

Combine these horizontal components to calculate FH: 

SFH = EQ2 H-w +EQ 2 HN-S = F2,6712 + 2,6712 = 3,777 K 

Determine moments acting on pad due to casks.  

See Figure 6 for identification of Ab.  

= 9.83'xEQhc 9.83'x2,028 K 
Ab = 6.99 ft 

Wc + EQvc 2,852 K + 0 

an Wp EQhc Ab Wc EQvc 

IMoN-s = 1.5' x 0.711 x 904.5 K + 3' x 2.028 K + 6.99' x (2,852K + 0) 

= 965 ft-K + 6,084 ft-K + 19,935 ft-K = 26,984 ft-K 

The horizontal forces are the same N-S and E-W for this case: therefore, 

EMOE-w = IMON-S = 26,984 ft-K 

See Table 2.6-7 for definition and calculation of B', L', and 0 for these forces and moments.

Determine qaan-e for FS = I.1.
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Allowable Bearing Capacity of Cask Storage Pads 

PSHA 2,000-Yr Earthquake: Case 1f 
Soil Properties: c = 2,200 Cohesion (psf) 

0 = 0.0 Friction Angle (d 
Y = 80 Unit weight of st 

¥,•j• = 100 Unit weight of si 

Foundation Properties: B' = 15.6 Footing Width 
D, = 3.0 Depth of Footing

Based on Inertial Forces Combined: 

00%N-S, 0%Vert, 100%E-W

egrees) 
oil (pcf) 
urcharge (pcf) 
t (E-W) L'= 52.6 

(ft)

Length - ft (N-S)

FS = 

Fv = 

EQH E-W =

1.1 Factor of Safety 

3,757 k & EQ,= 

2,671 k & EOHN.S =

qui = c Nc s= dc ic + Y.urh D, Nq sq dq Iq + 1/2 y B Ny s, dt ll 

N, = (NQ - 1) cot(o), but = 5.14 for 0 = 0 
NQ = e""' tan 2(r/4 + 0/2) 

NY = 2 (Nq + 1) tan (0) 

s, = 1 + (B/L)(N,/Nj) 
sq = 1 + (B/L) tan 0 
sý = 1 - 0.4 (B/L) 

For DWB<1: dq= 1 +2tanio (1 -sin ,)2 Di/B 

For $ > 0: d.= dq - (1-dq) / (Nq tan *) 
For * = 0: d, = 1 + 0.4 (D./B) 

ms = (2 + B/L) / (1 + B/L) 

mIL = (2 + L/B) / (1 + LIB) 

If EQN N-s > 0: O, = tan" (EQ E.W/ EQH N-s) 

Mn= mL COS 20n + me sin 28On 

iq ( 1 - FH / [(FV + EQ) + B' L'c cot S] '} 

L = { 1 - FH/ [(F,. + EQG) + B1' Lc cot0] }mel 

For 6 =0: i== 1 -(mFH/B'L'cNc) 

Nc term

Gross quit = 

qaI =

qactus, = 

FS•-w., =

5,338 psf = 5,038 

4,850 psf = quit/ FS 

4,565 psf = (F1, + EQj) I (B' x L') 

1.17 = qut/ Iqactua,

required for q=,.,w.. 0.711 g =am 
0.695 g = av 

0 k -- 3,757 k for Fv 

2,671 k -* 3,777 k for FH 

General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

= 5.14 Eq 3.6 & Table 3.2 

= 1.00 Eq 3.6 

= 0.00 Eq 3.8

1.06 
1.00 

0.88

= 1.00 
= 1.00 

= N/A 

-- 1.08 

= 1.69 

= 1.31 

= 0.79 

= 1.50 

= 1.00 

= 0.00 

= 0.39 

Nq term 

+ 300

Table 3.2

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.14a 

Eq 3.17a 

Eq 3.16a 

R term 

+ 0

> 1.1 Hence OK

[geotj`.O596'la 1c\brn9_.capPac\Wint_ Fa ng-7 x Is
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Case IA: 40% N-S, -100% Vertical, 40% E-W 

Determine forces and moments due to earthquake.  

av Wp Wc 

EQv = -100% x 0.695 x (904.5 K + 2,852 K) = -2.611 K 

as Wc 

EQhp = 0.711 x 904.5 K = 643 K 

Normal force at base of the cask = Cask DL = 2,852 K 

- CaskEQvc =-1. x0.695x2.852 K= - 1,982 K =avxWc 

SNc = 870 K 

'Fp0,8o. = 0.8 x 870 K =696 K 

aH WC Nc 

EQhc = Minimum of [0.711 x 2,852 K & 0.8 x 870 KI 
2,028 K 696 K 

Note: Use only 40% of the horizontal earthquake forces in this case. 40% of 2,028 K = 
811 K, which is > 696 K (= FEQ P.o.s); therefore, EQhc is limited to the friction force at the 
base of the casks, which = 696 K in both the N-S and E-W directions for this case.  

40% of EQhp EQhcN.s 

SEQH N-S = 0.4 x 643 K + 696 K = 953 K 

Since horizontal components are the same for this case, EQH E-w = EQH N-s 

SF. = 4EQ2 HE-W + EQ2 HN-S = /953 2 + 953= 1,348 K 

Determine moments acting on pad due to casks. Conservatively assume EQhc is not limited to 

Fo,.o.8 in determining the moment due to the casks acting on the pad.  

See Figure 6 for identification of Ab. Note: EQvc = -1. x 0.695 x 2.852 K = -1,982 K 

Ab Ew_- 9.83'xEQhc 9.83' x 0.4 x2,028K = 9.16 ft 
Wc + EQvc 2,852 K- 1,982 K 

40% aH Wp Eqhc Ab Wc EQvc 

MeN-S = 1.5' x 0.4 x 0.711 x904.5 K + 3'x 0.4 x2,028 K + 9.16'x (2,852K- 1,982 K) 

- 386 ft-K + 2,433 ft-K + 7,969 ft-K = 10.788 ft-K 

The horizontal forces are the same N-S and E-W for this case; therefore, 

IMOE-w = XMON-S = 10.788 ft-K

Determine qou.bwjfor FS = 1. 1.
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Allowable Bearing Capacity of Cask Storage Pads 

PSHA 2,000-Yr Earthquake: Case IIIA 
Soil Properties: c = 2,200 Cohesion 

0 = 0.0 Friction Ar 
Y = 80 Unit weigh 

"yur• = 100 Unit weigh 
Foundation Properties: B' = 11.2 Footing W 

Df = 3.0 Depth of F 
FS = 1.1 Factor of r

Based on Inertial Forces Combined: 
40 % N-S, -100 % Vert, 40 % E-W

(psf) 
igle (degrees) 
t of soil (pcf) 
t of surcharge (pcf) 
idth - ft (E-W) L' = 48.2 
ooting (ft)

!afety

Fv= 3,757k & EOv= 
EQHE.W = 953 k & EQHN.S= 

qu = c N=c sc dc Ic + YSU-h Df Nq sq dqliq + 112y B Ny s d, 1i 

N,= (Nq- 1) cot(o), but=5.14 forS=0 

Nq = et* tan2(7r/4 + *2) 
U, = 2(Nq+l1) tan (S)=

s. = 1 + (B/L)(N./N.) 
sq = 1 + (B/L) tan 0 
s = 1 - 0.4 (B/L) 

ForD/B<I: dq=1+2tan¢ (1-sino)2 DfD 
d4=l 

For 0 > 0: d, = dI- (1-dq) / (Nq tan) 
For e = 0: de = 1 + 0.4 (D/B) 

me = (2 + B/L) / (1 + B/Q) 

mL = (2 + LB) / (1 + L/B) 

If EQm,.s > 0: On = tan-1(EQH E.W/EH ?,IS) 

mn = mL COS20n -+ ms sin 2 
On 

iq= { 1 - FH/ [(F, + EOV) + B' L' c cot 0] }m 

L= { 1 - FH/I[(F, + EQJ) + B' L' c cot0] }m] 

For 0 = 0: I = 1 - (m Fm/ B' L' c Nj)

Gross quit = 9,034 psf =

N. term 

8,734

Length - ft (N-S)

required for . 0.711 g =aH 
0.695 g = av 

-2,611 k - 1,146 kforFv 

953 k -- 1,348 k for FH 

General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

5.14 Eq 3.6 & Table 3.2 

1.00 Eq 3.6 

0.00 Eq 3.8

1.05 
1.00 
1.00

= 1.00 

= 1.00 

= N/A 

= 1.11 

= 1.69 

= 1.31 

0.79 

= 1.50 

= 1.00 

= 0.00 

= 0.67 

Nq term 

+ 300

Table 3.2

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.14a 

Eq 3.17a 

Eq 3.16a 

N., term 

+ 0

qa1 = 8,210 psf = q,11 FS

2,132 psf = (F, + EQ) / (B' x L')

4.24 = qult / qacts > 1.1 Hence OK

[geot;',O5ýa6'.calc',,rngcap\Pad\WintFang-7.xls

qsctua. = 

Ft=a=

I



STONE & WEBSTER ENGINEERING CORPORATION 

5010.65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE 

05996.02 G(B) 04-7 

DZhAMC BEARNG CAPACrry O'7HE CASK STORAGE PADS BASED ON INERT7AL FbRCES

Case MflB: 40% N-S, -40% Vertical, 100% E-W 

Determine forces and moments due to earthquake.  

av Wp Wc 
EQv = -40% x 0.695 x (904.5 K + 2,852 K) = -1,044 K 

Normal force at base of the cask = Cask DL = 2,852 K 

S400/ of Cask EQvc = -0.4 x 0.695 x 2,852 K = - 793 K = 40% of av x Wc 
=* Nc = 2,059 K 

SFrg,.0 .8 = 0.8 x 2,059 K = 1,647 K 

aH Wc 11 Nc 

EQhc = Min of 10.711 x 2,852 K & 0.8 x 2,059 K] * EQhc = 1,647 K; 
2,028 K 1,647K 

i.e., EQhc is limited to the friction force at the base of the casks in the E-W direction, but 
it = 0.4 x 2,028 K = 811 K in the N-S direction for this case.  

Using 40% of N-S: 40% of EQhp EqhcN-s 

=* EQHN-S=0.4x643K+811K=1,068K 

Using 100% of E-W: 100% of EQhp EqhcE-w 

SEQH•-w=1.0x643K+1,647K=2,290K 

SFH = EQ 2 HEW +EQ 2HN.S = ý2,2902 +1,0682 = 2,527 K 

Determine moments acting on pad due to casks. Conservatively assume EQhc is not limited to 

Fig.o.8 in determining the moment due to the casks acting on the pad.  

See Figure 6 for identification of Ab. Note: EQvc = -0.4 x 0.695 x 2,852 K = -793 K 
AbE-w= 9 .8 3 'xEQhcE•W 9.83' x 2,028K = 9.68 ft 

Wc + EQvc 2,852 K - 793 K 

100% aH Wp EqhcE-w Ab Wc EQvc 

MON.S = 1.5' x 0.711 x 904.5 K + 3'x 2,028 K + 9.68'x (2,852K -793 K) 

- 965 ft-K + 6,084 ft-K + 19.931 ft-K = 26,980 ft-K 

AbN s= 9.83'xEQhcNS 9.83' x 0.4x2,028K 
N-S WC + EQvc 2.852 K - 793K = 3.87 ft 

40% aH Wp EqhcN-s Ab Wc EQvc 

XMGE.W = 1.5'x 0.4 x 0.711 x 904.5 K + 3'x 811 K + 3.87'x (2,852K - 793 K) 

= 386 ft-K + 2,434 ft-K + 7,969 ft-K = 10,787 ft-K 

Determine qOJwCjbfor FS = 1.1.



STONE & WEBSTER ENGINEERING CORPORATION 

5010 6S CALCULATION SHEET 

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 40 
05996.02 G(B) 04-7

DYNAMC BE4RmNG CAPAcriy OF TE CAw SI.RAGE PAm 

Allowable Bearing Capacity of Cask S 

PSHA 2,000-Yr Earthquake: Case II1 
Soil Properties: C = 

Ysurch = 

Foundation Properties: B' = 

DI = 

FS = 

Fv = 

EQO E-W = 

q,, = C No sc dc iC + Ysurh Dr Nq sq dq Iq + 1, 

N, = (Nq- 1) cot(0). but 

N4 = e" "'• tan2(r/4 + 042 
NU = 2 (Nq +l1) tan (0)

s, = 1 + (B/L)(N,/Nc) 
sq = 1 + (B/L) tan 0 
s, = 1 - 0.4 (B/L)

BASFD ON LNR.TIAL FORCES 

torage Pads 
B

Based on Inertial Forces Combined: 

40%N-S, -40%Vert, 100%E-W
2,200 Cohesion (psf) 

0.0 Friction Angle (degrees) 
80 Unit weight of soil (pcf) 

100 Unit weight of surcharge (pcf) 
10.1 Footing Width - ft (E-W) L' = 59.0 Length - ft (N-S) 
3.0 Depth of Footing (fIt) Assume strip footing if LB > 5 
1.1 Factor of Safety required for qj,,,. 0.711 g = a.  

0.695 g = av 
3,757 k & EQv = -1,044 k -- 2,712 k for Fv 

2,291 k & EQHN-S = 1,068 k -- 2,527 k for FH 

General Bearing Capacity Equation, 
P2 'vB N• s• d1 L. based on Winterkorn & Fang (1975) 
=5.14 for 0 = 0 = 5.14 Eq 3.6 & Table 3.2 

1.00 Eq 3.6 

= 0.00 Eq 3.8

Strip 
Strip 

Strip

1.00 
1.00 
1.00

Table 3.2

For D/B<1: dq= 1 +2tano (1 -sin 0)2 DMB 

For 0 > 0: d, =4d•- (1-d4) / (Nq tan €) 
For 0 = 0: d= = 1 + 0.4 (DM/B) 

me = (2 + B/L) / (1 + B/L) 

mL = (2 + L/B) / (1 +L/B) 

If EQH N-3 > 0: 0, = tan- (EQH E-W / E% N-s) 

m= = mL COS 2e + ms sin 2O 

iq = (1 - FH / [(Fr + EQv) + B' L' c cot 0] •m 

S= { 1 - FH / [(F, + EQ.) + B' L' c cot 01 }m.l 

Foro=0:i,= 1 -(mFH/B'L'cN )

Gross q,1. = 5,260 

q*1 = 4,780

Nc term 

psf = 4,960 

psf = qut / FS

= 1.00 

= 1.00 

= N/A 

= 1.12 

= 1.69 

= 1.31 

= 1.13 

= 1.62 

= 1.00 

= 0.00 

= 0.39 

N q term 

+ 300

Eq 3.26 

Eq 3.27 

Eq 3.1Ba 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.14a 

Eq 3.17a 

Eq 3.16a 

N. term 

+ 0

4,547 psf = (F, + EQO) / (B' x L')

1.16 = quit / qacua, > 1.1 Hence OK

[geot]'05996\calc\brng-cao',Pad\,WntFang-7.xis

qactusl = 

FSactuai =



STONE & WEBSTER ENGINEERING CORPORATION 

501 O.6 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 41 
05996.02 G(B) 04-7 

DYNAMxc BEARING CAPACNY OF THE CASK STORAGE PADs BASED ON INERIAL FORCES

Case •HC: 100% N-S. -40% Vertical, 40% E-W 

Determine forces and moments due to earthquake.  
av Wp Wc 

EQv = -40% x 0.695 x (904.5 K + 2.852 K) = -1,044 K 

Normal force at base of the cask = Cask DL = 2,852 K 

-40% of Cask EQvc = -0.4 x 0.695 x 2,852 K = -793K = 40% ofav x Wc 

=i Nc = 2,059 K 

= FEQ--o.=0.8 x2,059K= 1,647K 

aH Wc A Nc 
EQhc = Min of [0.711 x 2,852 K & 0.8 x 2,059 K] =* EQhc = 1,647 K; 

2,028 K 1,647K 
i.e., EQhc is limited to the friction force at the base of the casks in the N-S direction, but it 
= 0.4 x 2,028 K = 811 K in the E-W direction for this case.  
Using 100% of N-S: 

100% of EQhp EqhcN.s 

SEQHN-s = 1.0 x 643 K + 1,647 K = 2,290 K 

Using 40% of E-W: 

40% of EQhp EqhcE.w 
EQHE.-w=0.4x643K+811K=1,068K 

= F.- = Q2Hw +IEQ2 HN.s 10682 + 2.2902 = 2,527 K 

Determine moments acting on pad due to casks. Conservatively assume EQhc is not limited to 
FEgoRo.8 in determining the moment due to the casks acting on the pad.  

See Figure 6 for identification of Ab. Note: EQvc = -0.4 x 0.695 x 2,852 K = -793 K 

AbEw = 9.83'x EQhcEW 9.83'x811K = 3.87 ft Wc + EQvc 2,852 K - 793 K 

40% aw Wp EqhCE-W Ab Wc EQvc 
EMON-s = 1.5' x 0.4 x 0.711 x 904.5 K + 3' x 811 K + 3.87' x (2,852K - 793 K) 

- 386 ft-K + 2,433 ft-K + 7,969 ft-K = 10,788 ft-K 
Ab = 9.83'xEQhcN-S 9.83'x 2,028K 9.68 ft bN-s== =9.8f 

Wc + EQvc 2,852 K - 793 K 
100% aH Wp EqhcN-s Ab Wc EQvc 

-MOE-w = 1.5' x 0.711 x 904.5 K + 3' x 2,028 K + 9.68' x (2,852K - 793 K) 

- 965 ft-K + 6,084 ft-K + 19,931 ft-K = 26,980 ft-K

Determine qauoafor FS = 1.1.



STONE & WEBSTER ENGINEERING CORPORATION 

S010 85 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE 

05996.02 G(B) 04-7

Dym , BEARG CAPAc'ny OF ThE CASw SIVRAGE PA, aAsE ON k4ERuTIL FORCFi 

Allowable Bearing Capacity of Cask Storage Pads 

PSHA 2,000-Yr Earthquake: Case 111C 

Soil Properties: c = 2,200 Cohesion (psf) 
0 = 0.0 Friction Angle (d• 
Y = 80 Unit weight of sc

Foundation Properties:
Ysurch = 

B' = 
Dt = 

FS =

FV = 

EQO E-W =

Based on Inertial Forces Combined: 

)0 % N-S, -40 % Vert, 40 % E-W 

egrees) 
)il (pcf)

100 Unit weight of surcharge (pcf) 

22.0 Footing Width - ft (E-W) L' = 4 

3.0 Depth of Footing (ft)

1.1 Factor of Safety 

3,757 k & EQv= 

1,068k & EQHN.S =

q,= c Nc sc dc Ic + Yurh Df Nq sq dqlq +1/2yBNy•.5dyiy 

N = (Nq - 1) cot(o), but = 5.14 for= 0 

Nq = e' ="0 tan2(m/4 + €/2) 

Ny = 2 (Nq + 1) tan (0) 

s= 1 + (B/L)(NV/N,) 
=q = 1 + (B/L) tan 0 

sy = 1 - 0.4 (B/L) 

For DM/B 11: dq= 1 + 2 tan 0 (1 - sin 9)2 D,/B 

For 4o > 0: d. = dq - (I-dq) / (Nq tan 4) 

For 0 = 0: dc = 1 + 0.4 (D,/B) 

mB = (2 + B/L) / (1 + B/L) 

mL = (2 + /13) / (1 + L/B) 

If EQH.NS > 0: en = tan"'(EQ E.w/ EQH N.S) 

m, = mL COS20, + me sin On, 

iq = { 1 -FH / [(F, + EQ) + B' L' c cot 0] }r 

if = (1 - FH / [(F,, + EQ,) + B' L' c cot ol },,1 

For 0 = 0: 1, = 1 - (m FH/ B'L'c N)

Gross qult = 9,452 psf =

N, term 

9,152

17.1 Length - ft (N-S)

required for qOwatm- 0.711 9 = aH 
0.695 g = av 

-1,044 k - 2,712 kforFv 

2,291 k -. 2,527 k for FH 

General Bearing Capacity Equation, 

based on Winterkorn & Fang (1975) 

= 5.14 Eq 3.6 & Table 3.2 

= 1.00 Eq 3.6 

= 0.00 Eq 3.8

1.09 
1.00 

0.81

= 1.00 
= 1.00 

= N/A 

= 1.05 

= 1.69 

= 1.31 

= 0.44 

= 1.38 

= 1.00 

= 0.00 

= 0.70 

Nq term 

+ 300

Table 3.2

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.14a 

Eq 3.17a 

Eq 3.16a 

I9, term 

+ 0

q= 8,590 psf = qut / FS 

,=,.u 2,612 psf = (F, + EV) / (B' x L')

3.62 = qu, / qa a! > 1.1 Hence OK

[geoll,59r96'.calc',brng-cap\Padf\W~rt..Ya~g-7.xis

FSactual =

q=



STONE & WEBSTER ENGINEERING CORPORATION 

5010 65 CALCULATION SHEET 

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 43 

05996.02 G(B) 04-7 

DYNA,•C BEARING CAPACrnY OF THE CASK STORAGE PADS BASED ON INERnIA FORCES 

Case IVA: 40% N-S, 100% Vertical, 40% E-W 

Determine forces and moments due to earthquake.  

av Wp Wc 

EQv = 100% x 0.695 x (904.5 K + 2.852 K) = 2,611 K 
all Wc 

EQhp = 0.711 x 904.5 K = 643 K 

Normal force at base of the cask = Cask DL = 2,852 K 

+ Cask EQvc = 1. x 0.695 x 2,852 K = + 1,982 K =av x Wc 

= Nc = 4.834 K 

SFEgA.0 = 0.8 X 4.834 K = 3,867 K 

aH Wc 9 Nc 

EQhc = Min of [0.711 x 2.852 K & 0.8 x 4,834 K] 
2,028 K 3,867K 

Note: Use only 40% of the horizontal earthquake forces in this case. 40% of 2.028 K = 
811 K. which is < 3,867 K (= FEQ.0o.s): therefore, EQhc = 811 K in both the N-S and E-W 
directions for this case.  

40% of EQhp EqhCN.S 

S EQH N-s = 0.4 x 643 K + 811 K = 1,068 K 

Since horizontal components are the same for this case. EQH E-w = EQH N-s 

SFH = VEQ2HE-W+EQ 2HN-S = I,0682. +1,0682 = 1.510K 

Determine moments acting on pad due to casks.  

See Figure 6 for identification of Ab. Note: EQvc = 1.0 x 0.695 x 2,852 K = 1,982 K 
9 .8 3 'xEQhcEW _ 9.83'x81K = 1.65ft 

Ab -w = Wc + EQvc 2,852 K + 1,982K 

40% aH Wp EqhcFw Ab Wc EQvc 

ZMON-S = 1.5'x 0.4 x 0.711 x 904.5K + 3'x 811 K + 1.65'x (2,852K + 1,982 K) 

- 386 ft-K + 2,433 ft-K + 7,976 ft-K = 10,795 ft-K 

The horizontal forces are the same N-S and E-W for this case; therefore, 

ZMOF-w = ZMN-S = 10,795 ft-K

Determine qwwb for FS = 1. 1.



STONE & WEBSTER ENGINEERING CORPORATION 

5010 65 CALCULATION SHEET 

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE 

05996.02 G(B) j 04-7 1

DYNA.wc BEARmIN CAPACrY OF T•E CASK SrRAGE PADS BASED oN kDERnAL F 

Allowable Bearing Capacity of Cask Storage Pads 

PSHA 2,000-Yr Earthquake: Case W"A

"ORCF, 

Based on Inertial Forces Combined: 

40%N-S, 100%Vert, 40%E-W
Soil Properties:

Foundation Properties:

C = 2,200 Cohesion (psf) 
0 = 0.0 Friction Angle (degrees) 
"y = 80 Unit weight of soil (pcf) 

= 100 Unit weight of surcharge (ptf) 
B' = 26.6 Footing Width - ft (E-W) L' = 63.6 
Dt = 3.0 Depth of Footing (ft)

FS = 1.1 i-actor of Satety

FV = 

EQH E-W =

3,757 k & EQv 

1,068 k & EQHN.S=

quit = c Nc sc de IC + Yonch Df Nq Sq dq Iq + 1/2 y B Ny Sy d, L, 

N, = (Nq - 1) Cot(io), but = 5.14 for =0 

Nq = e"itano tan2(n,4 + 0W2) 
R, = 2 (Wq + 1 ) tan (0)) 

=, = 1 + (B/L)(NrINc) 

=q = 1 + (B1L) tan o 

sT = 1 - 0.4 (B/L) 

ForDBci<1: dq= 1 +2tani<) (1 -sin )O DMB 
dye=1 

For 0 > 0: d, = dq - (1-dq) / (Nq tan 0) 
For 0 = 0: d, = 1 + 0.4 (DM) 

me = (2 + B/L) / (1 + B/L) 

MI = (2 + L/B) / (1 + L/B) 

If EOH -s > 0: O,, = tan" (EQH E.W/ EQO N-S) 

mn = mL COS 2On + me sin2On 

iq = { 1 - FH/ [(F, + EQO) + B' L' c cot 0] 

L, = { 1 - FH/ [(F, + EOV) + B' L' c cot 0] }Y 

For0=0:i1= 1 -(mFH/B'L'cNC)

Gross quit = 11,567 psf =

Nc term 

11,267

required tor qWIO,,b1. 0.711 g = aN 

0.695 g = av 
2,611 k -- 6,368 k for Fv 

1,068 k -- 1,511 k for FH 

General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

= 5.14 Eq 3.6 & Table 3.2 

= 1.00 Eq 3.6 

= 0.00 Eq 3.8

1.08 
1.00 

0.83 

1.00 

1.00 

N/A 

1.05

= 1.69 

= 1.31 

= 0.79 

= 1.50 

= 1.00 

= 0.00 

= 0.88 

Nq term 

+ 300

Table 3.2 

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b

rad

Eq 3.18c 

Eq 3.14a 

Eq 3.17a 

Eq 3.16a 

N.Y term 

+ 0

qa,= 10,510 psf= qut/FS 

qmt,•= 3,762 psf = (F, + EQ,) / (B' x L') 

FSactu$ "= 3.07 = quit I qac•uai > 1.1 Hence OK

[geotp..059961,calc\brg_cap\Pad',WintFang-7.xls

Length - ft (N-S)



STONE & WEBSTER ENGINEERING CORPORATION 

501o 65 CALCULATION SHEET 

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 45 

05996.02 G(B) 04-7 

DYNA•WC BEARING CAPACFIY OF THE CASK STRAGE PADS BASED ON lNETIAL FORCES 

Case IVB: 40% N-S, 40% Vertical, 100% E-W 

Determine forces and moments due to earthquake.  
av Wp Wc 

EQv = 0.4 x 0.695 x (904,5 K + 2,852 K) = 1,044 K 

Normal force at base of the cask = Cask DL = 2,852 K 

+ 40% of Cask EQvc = +0.4 x 0.695 x 2,852 K = + 793 K = 40% of av x Wc 

= Nc = 3,645 K 

FFQ •_-os = 0.8 x 3,645 K = 2,916 K 

all Wc A Nc 

EQhc = Min of [0.711 x 2,852 K & 0.8 x 3.645 K] => EQhc = 2,028 K, since it is < FEg,--o 8 

2,028 K 2.916K 

The horizontal inertial force of the casks acting on the pad is less than the friction force at 
the base of the casks. Applying 40% in the N-S direction, Eqhc.,-s = 0.4 x 2,028 K = 811 K 
and 100% in the E-W direction, EqhcE-w = 2,028 K for this case.  

Using 40% of N-S: 

40% of EQhp EqhcN.s 

SEQHN.s=0.4x643K+811K= 1,068K 

Using 100% of E-W: 

100% of EQhp Eqhcz.w 

SEQH -w = 1.0 x 643 K + 2,028 K = 2,671K 

SFH = VEQ 2 HEW +EQ 2 HN-S = 2,6712 +1,0682 = 2,877 K 

Determine moments acting on pad due to casks 

See Figure 6 for identification of Ab. Note: EQvc = 0.4 x 0.695 x 2,852 K = 793 K 

9 .8 3 'xEQhcE-W 9.83'x 2,028K 
AbE-w = Wc + EQvc 2,852K+793K = 5.47 ft 

100% aH Wp EqhcE-w Ab Wc EQvc 

IM@N-S = 1.5' x 0.711 x 904.5 K + 3' x 2,028 K + 5.47' x (2,852K + 793 K) 

= 965 ft-K + 6,084 ft-K + 19,938 ft-K = 26,987 ft-K 

9.83'x EQhcN-s 9.83'x811K = 

Wc+EQvc 2,852K+793K 

40% aH Wp EqhcN-s 4b Wc EQvc 

Moe~w = 1.5'x 0.4x0.711 x904.5K+ 3'x811 K + 2.19'x (2,852K+ 793 K) 

= 386 ft-K + 2,433 ft-K + 7,982 ft-K = 10,801 ft-K

Determine qob,.wfor FS = 1. 1.



STONE & WEBSTER ENGINEERING CORPORATION 

50106.5 CALCULATION SHEET 

CALCULATION IDENTIFICATION NUMBER

J.O. OR WO. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE 

05996.02 G(B) 04-7

DYNAC BEA•.•G CAPACY OF M-E CASK STORAGE PA•s BASED ON NERM FORCES 

Allowable Bearing Capacity of Cask Storage Pads 
PSHA 2,000-Yr Earthquake: Case -VB 
Soil Properties: C = 2,200 Cohesion (psf) 

$ = 0.0 Friction Angle (d 
Y = 80 Unit weight of s, 

Y,•h = 100 Unit weight of si 
Foundation Properties: B' = 18.8 Footing Width - f 

D, = 3.0 Depth of Footing 
FS = 1.1 Factor of Safety

E - = 
EOH E-W =

3,757 k & EQv = 

2,671 k & EQH N.S =

q,, = c Ne se de 4 + ¥aurch Dr Nq sq dq iq + 1/2 y B NR syc dLk 

N,= (Nq- 1) cot(ý), but=5.14for =0 

Nq = e8" t,, tan2 (7d./4 + 0/2) 
N, = 2 (Nq + 1) tan (0) 

s, = 1 + (B/L)(N./N.) 
Sq = 1 + (B/L) tan 0 
sy = 1 - 0.4 (B/L) 

For D/B 1: dq = 1 + 2 tan 0 (1 - sin )2 Dý1B 
d•=1 

For> 0:d,= dq-(I-dq)/(Nqtan*) 
For * =0: d. = 1 + 0.4 (D/B) 

me = (2 + B/L) / (1 + B/L) 

ML = (2 + I/B) / (1 + L/B) 

If EQH N-S > 0: %, = tan-(EQ1 E.w/ EQ, N.s) 

= mL COS 2e, + ma sin 2 

iq = { 1 - FH /(F, + EQJ) + B' L' c cot 0] }m 

L = (1 - FH/ [(F, + EQJ) + B' L' c cot 01 }".  

For 0 = 0: l,= 1 - (m FH/ B' L'c Nc)

Gross quit = 

qail = 

qactuai = 

FSsclual =

8,508 psf =

N, term 

8,208

Based on Inertial Forces Combined: 
40 % N-S, 40 % Vert, 100 % E-W 

onrft\
sýj I 

oil (pcf) 
urcharge (pcf) 
I (E-W) L'= 62.5 
I (it)

Length - It (N-S)

required for q,,.,ab1. 0.711 g = aH 
0.695 g = av 

1,044 k -- 4,801 k for Fv 
1,068 k -- 2,877 k for FH 

General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

= 5.14 Eq 3.6 & Table 3.2 

= 1.00 Eq 3.6 

= 0.00 Eq 3.8

1.06 
1.00 

0.88

= 1.00 

= 1.00 

= N/A 

= 1.06 

= 1.69 

= 1.31 

= 1.19 

= 1.64 

= 1.00 

0.00 

= 0.64 

Nq term 

+ 300

7,730 psf = qut I FS 

4,095 psf = (F, + EQO) I (B' x L') 

2.08 = qu / qactuai

Table 3.2

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.14a 

Eq 3.17a 

Eq 3.16a 

N.f term 

0

> 1.1 Hence OK

[geot;'05996\calc\brng-cap\Pad\WinlFang-7.xls
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DYNAMC BEARN CAPACnY OF ME CASK STORAGE PADS BASED ON LNYEmnL FORCES 

Case IVC: 100% N-S, 40% Vertical, 40% E-W 

Determine forces and moments due to earthquake.  

av Wp Wc 
EQv = 0.4 x 0.695 x (904.5 K + 2,852 K) = 1,044 K 

Normal force at base of the cask = Cask DL = 2,852 K 

+ 40% of Cask EQvc = 0.4 x 0.695 x 2,852 K = + 793 K =40% of av x Wc 

=> Nc = 3,645 K 

SFE,=o.8 = 0.8 x 3.645 K = 2,916 K 

am Wc P Nc 
EQhc = Min of [0.711 x 2,852 K & 0.8 x 3,645 K] = EQhc = 2,028 K, since it is < FEQ .=Of 

2,028 K 2,916 K 

The horizontal inertial force of the casks acting on the pad is less than the friction force at 
the base of the casks. Applying 100% in the N-S direction, EqhcN.s = 2.028 K and 40% in 
the E-W direction. EqhcE-w = 0.4 x 2.028 K = 811 K for this case.  

Using 100% of N-S: 

100% of EQhp EqhcN-s 
SEQH N-S = 1.0 x 643 K + 2,028 K = 2.671 K 

Using 40% of E-W: 

40% of EQhp EqhcE.w 

SEQHF•w=0.4x643K+811K=1,068K 

SFH = /EQ 2H E-W+EQ2
HN.S = 1.0682+ 2,6712 = 2,877 K 

Determine moments acting on pad due to casks 

See Figure 6 for identification of Ab. Note: EQvc - 0.4 x 0.695 x 2,852 K = 793 K 

9.83'x EQhc-w= 9.83'x811K = 2.19 ft Abz~ =-= 
Wc + EQvc 2.852 K + 793 K 

40% aH Wp EQhc Ab Wc EQvc 

ZMN.s = 1.5' x 0.4 x 0.711 x 904.5 K + 3' x 811 K + 2.19'x (2,852K + 793 K) 

= 386 ft-K + 2,433 ft-K + 7,982 ft-K = 10.801 ft-K 

9.83'xEQhcNs 9.83' x2,028K = 
AbN- Wc + EQvc 2,852 K + 793 K 

100% an Wp EQhc Ab Wc EQvc 
ZMe-w= 1.5' x 0.711 x 904.5 K + 3' x 2,028 K + 5.47' x (2,852K + 793 K) 

= 965 ft-K + 6.084 ft-K + 19.938 ft-K = 26,987 ft-K 

Determine q,,,, for FS = 1.1.
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05996.02 G(B) 04-7 7
Dvvmc BFARG CAPAcffy oF 7m CASK STomJAc. PADS BAsED ON irl. nA 

Allowable Bearing Capacity of Cask Storage Pads 
PSHA 2,000-Yr Earthquake: Case IVC 
Soil Properties: c = 2,200 Cohesion (psf) 

0 = 0.0 Friction Angle (i 
y = 80 Unit weight of

Foundation Properties:
Ysurh 

B'= 
Dt = 

FS =

FV = 

EQH E-W =

Based on Inertial Forces Combined: 

100 % N-S, 40 % Vert, 40 % E-W

degrees) 

soil (pcf)
100 Unit weight of surcharge (pcf) 

25.5 Footing Width - ft (E-W) L' = 55.8 
3.0 Depth of Footing (ft)
1.1 Factor of Safety 

3,757 k & EQv

1,068k & EQmN.s

quit = c Nc e= dc Ic + you,.h D, Nq Sq dq Iq + 1/2 y 8 Ny sý d., L 

N,= (Nq- 1) cot(o), but = 5.14 forO =0 

Nq = en tons tan2(Yr/4 + 0/2) 

NY = 2 (Nq + 1) tan (O) 

sc = 1 + (B/L)(Nq/Nc) 

Sq = 1 + (B/L) tan 0 

a = 1 - 0.4 (B/L) 

For D;B. 51: dq = 1 + 2 tan * (1 - sin *) 2 D/B 

Fore > 0: d = dq - (1-dq) / (Nq tan *) 
For€ =0: d= a 1 + 0.4 (D/B) 

me = (2 + B/L) (1 + B/L) 

mL = (2 + L/B) (1 + L/B) 

If EOH NS > 0: 0n = tan"' (EQH E.w / EOQ N.S) 

mn= mL COS 20n + ma sin 20, 

iq = { 1 - FH/ [(Fv + EQV) + B' L' cot ¢ }m 

Lf = { 1 - FH / [(FV + EQV) + B' c cot] }) 

Foro = 0: i== 1 - (m FH/B' L'C N)

Gross quit = 10,052 psf =

N, term 

9,752

Length - ft (N-S)

required for qk,,IOb•. 0.711 g =a.  

0.695 g = av 

1,044 k -. 4,801 k for Fv 

2,671 k -- 2,877 k for FH 

General Bearing Capacity Equation, 
based on WInterkorn & Fang (1975) 

= 5.14 Eq 3.6 & Table 3.2 

= 1.00 Eq 3.6 

= 0.00 Eq 3.8

= 1.09 

= 1.00 

= 0.82 

= 1.00 

= 1.00 

= N/A 

= 1.05 

= 1.69 

= 1.31 

-- 0.38 

= 1.36 

= 1.00 

= 0.00 

= 0.76 

Nq term 

+ 300

Table 3.2 

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.14a 

Eq 3.17a 

Eq 3.16a 

R, term 

+ 0

q81 = 9,130 psf = q, /FS 

q&,u,. = 3,376 psf = (F, + EQO) I (B'x L')

FS tj..i = 2.98 = quI qactual > 1.1 Hence OK

[geot;ý.05996\calcýbrng-cap\Pac\WintFang-7.xis
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DyNAC BEARNG CApAcrY OF ThE CASK ST)RAGE PADS BASED ON LNERI•AL FORCES 

As indicated in Table 2.6-7. the gross allowable bearing pressure for the cask storage pads 

to obtain a factor of safety of 1.1 against a shear failure from static loads plus the inertial 

loads due to the design basis ground motion exceeds -4.8 ksf for all loading cases 

identified above. The minimum allowable value was obtained for Load Case IIIB. wherein 

100% of the earthquake loads act in the E-W direction, 40% in the N-S direction, and 40% 

in the vertical direction. The actual factor of safety for this very conservative load case was 

-1.2. which is greater than the criterion for dynamic bearing capacity (FS a 1.1).
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BASED ON MAXIMUM CASK DYNAMIC FORCES FROM THE SSI ANALYSIS 

The following pages determine the allowable bearing capacity for the cask storage pads 

with respect to the maximum dynamic cask driving forces developed for use in the design 

of the pads in Calculation 05996.02-G(PO17)-2 (CEC. 2001) for the pad supporting 2 
casks, 4 casks, and 8 casks. These dynamic forces represent the maximum force 

occurring at any time during the earthquake at each node in the model used to represent 
the cask storage pads. It is expected that these maximum forces will not occur at the 

same time for every node. These forces, therefore, represent an upper bound of the 
dynamic forces that could act at the base of the pad.  

The coordinate system used in the analyses presented on the following pages is the same 
as that used for the analyses discussed above, and it is shown in Figure 1. Note, this 
coordinate system is different than the one used in Calculation 05996.02-G(PO 17)-2 (CEC.  
2001). which is shown on Page BI 1. Therefore, in the following pages, the X direction is 

still N-S, the Y direction remains vertical, and the Z direction remains E-W.  

These maximum dynamic cask driving forces were confirmed to be less than the maximum 
force that can be transmitted from the cask to the pad through friction acting at the base 
of the cask for each of these load cases. This friction force was calculated based on the 

upper-bound value of the coefficient of friction between the casks and the storage pad (V = 
0.8, as shown in SAR Section 8.2.1.2) x the normal force acting between the casks and the 
pad. These maximum dynamic cask driving forces can be transmitted to the pad through 
friction only when the inertial vertical forces act downward: therefore, these analyses are 
performed only for Load Case IV. These analyses are performed for Load Case IVA, where 
40% of the horizontal forces due to the earthquake are applied in both the N-S and the E
W directions, while 100% of the vertical force is applied to obtain the maximum vertical 
load on the cask storage pad. The width (30 ft) is less in the E-W direction than the length 
N-S (67 ft); therefore, the E-W direction is the critical direction with respect to a bearing 
capacity failure.
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DYNAC B&4RM CAPACI'Y OF TE CW SDRACE PA•S RS ONMA.XL CASK DYWM FORCES FWOM TE SSIANALYM 

ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS WITH 2 CASKS 

PSHA 2,000-Yr Earthquake: Case[- V40%N-S, 100 % Vert, 40 % E-Wl 

Soil Properties: c = 2,200 Cohesion (psi) 
* = 0.0 Friction Angle (degrees) 
y = 80 Unit weight of soil (pci) 

Ysurct, = 100 Unit weight of surcharge (pcf) 

Foundation Properties: B' = 25.0 Footing Width - ft (E-W) L' = 26.6 Length - it (N-S) 

Di = 3.0 Depth of Footing (it) 

FS = 1.1 Factor of Safety required for qw,•,,b.  

Fv = 3,790 k (Includes EQv) 

EQH E-w = 506 k & EQ N.s= 429 k -- 664 k for FH 

General Bearing Capacity Equation, 

q = C N= s© d= i= +Ysrch D1 Nq Sq d4 iq + 1/2 y B N S d L based on Winterkorn & Fang (1975) 

N= = (Nq- 1) cot(o), but = 5.14 for 0 = 0 = 5.14 Eq 3.6 & Table 3.2 

Nq= e tn tan 2 (7/4 + 0/2) = 1.00 Eq 3.6 

N, = 2 (Nq + 1) tan (0) = 0.00 Eq 3.8

s. = 1 + (B/L)(Nq/Nr) 
sct = 1 + (B/L) tan 0 

sy = I - 0.4 (B/L) 

For D/B < 1: dq = 1 +2tano (1 -sin ) DMB 

For 0 > 0: d, = dq - (1 -dq) / (Nq tan *) 
For 0 = 0: d, = 1 + 0.4 (DIMB) 

me = (2 + B/L) 1 (1 + B/L) 

mL= (2 + L/B) / (1 +1/B) 

If EQH N.S >0: en = tan"'(EQH E-W /EQ, -s)) 

mn = rnL cos 20e + ms sin28= 

iq = (1 - FH / ((FV + EQ) + B' L' c cot 0] m 

i.= { 1 - FH / [(FV + EQV) + B' L' c cot Q]} 

For 0 = 0: i1= 1 - (m FH / B'L'c N) 

N, term 

Gross qut = 12,419 psf = 12,119 

q.,= = 11,280 psf = qwt / FS 

qc,,-, = 5,708 psf = (F, + EQJ) I (B' x L')

FS~wua =

1.18 
1.00 

0.62

1.00 
1.00 

N/A 
1.05 

11.69 

1.31 

0.87 

1.53 

1.00 

0.00 

0.86 

Nq term 

+ 300

2.18 = quttI /actuat

Table 3.2

Eq 3.26 

Eq 327 

Eq 3.1 8a 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.14a 

Eq 3.17a 

Eq 3.16a 

a, term 

+ 0

> 1.1 Hence OK

[QeotDj05996\catc\brng-cap\Pad\WintFang-
7
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DYNMI BFAJNG CPACrtY OF ThE CAsK S7ORAGE PAs BASED oN MAximm CAsK DYNAMc Fbc~ s FRO 7m SSI ANAL v 

ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS WITH 4 CASKS 

PSHA 2,000-Yr Earthquake: Case V 1140 % N-S 100 % Vert, 40 % E-W 

Soil Properties: C = 2,200 Cohesion (psf) 
* = 0.0 Friction Angle (degrees) 
y = 80 Unit weight of soil (pcf) 

Ysuh = 100 Unit weight of surcharge (pcf) 

Foundation Properties: B' = 26.7 Footing Width - ft (E-W) L' = 39.7 Length - ft (N-S) 

D, = 3.0 Depth of Footing (ft) 

FS = 1.1 Factor of Safety required for q.1,.bw,.

FV = 

EQH E-W =

6,380 k (Includes EQv 
791 k & EQHN-S=

q.i = c Nc sc dc il + Ylunh Dt Nq sq dq iq + 1/2 y B NY sý dy iy 

N,= (Nq - 1) cot(o), but = 5.14 for= 0 

Nq = et an* tan 2 (d4 + 412) 

Ny = 2 (Nq + 1) tan (0) 

s= 1 + (BIL)(N/=) 
sq 1 + (B/L) tan 0 

s= 1 - 0.4 (B/L) 

ForDVB< 1: dq= 1 +2tan* (1 -sin ý)
2 D, 

For 0 > 0: d, = dq - (1 -dq) / (Nq tan 4) 

For * = 0: d, = 1 + 0.4 (D1/B) 

me = (2 + B/L) / (1 + B/L) 

mL = (2 + L/B) / (1 + L/B) 

If EQO N-S > 0: (). = tan'(EQH E-W / EOH N-S) 

in = mL COS 20On + me sin 20, 

I1 = 1 - FH/ ((Fv + EQ.) + B' L' c cot 0] }m 

ý = {1 - FH/ [(Fv + EQV) + B' L' c cot 01 

For0=0:1.= 1 -(mFHIB'L'cNc) 

N, term 

Gross qw, = 11,879 psf = 11,579 

q.I = 10,790 psf = quit / FS

qactual = 

FSactual =

688 k - 1,o4 k for Fm 

General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

- 5.14 Eq 3.6 & Table 3.2 

- 1.00 Eq 3.6 

= 0.00 Eq 3.8

= 1.13 
= 1.00 

= 0.73 

= 1.00 

= 1.00 

= N/A 

= 1.04 

= 1.69 

= 1.31 

0.85 

= 1.53 

= 1.00 

= 0.00 

= 0.87 

Nq term 

+ 300

6,017 psf = (F, + EOQ) / (B' x L') 

1.97 = qu, I /qac,

Table 3.2 

Eq 326 

Eq 3.27 

Eq 3.127 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.14a 

Eq 3.17a 

Eq 3.16a 

N., term 

+ 0

> 1.1 Hence OK
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DWNAI BEARWIN CAPACTY OF 7115 CASK STORAGE PADS BASM ON MXM DYNAhC FORCES FROM TW SSI ANALYSI 

ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS WITH 8 CASKS 

PSHA 2,000-Yr Earthquake: Case IV 100 % Vert, 40 

Soil Properties: C = 2,200 Cohesion (psf) 
* = 0.0 Friction Angle (degrees) 

y = 80 Unit weight of soil (pcf) 

Y¥uc = 100 Unit weight of surcharge (pcf) 

Foundation Properties: B' = 27.9 Footing Width - ft (E-W) U = 60.9 Lengt 
DI = 3.0 Depth of Footing (ft) 

FS = 1.1 Factor of Safety required for qbm,.b,.

% EWI

h -ft (N-S)

Fv= 11,888 k (Includes EQv) 

EQH•E.w= 1,142 k & EQHN-S= 

q = c Nc sc de I + y DfNqsqdqq + 1/2y B Ny sy d7 

N,= (Nq- 1) cot(*), but= 5.14 for 0 = 0 

Nq = e"' tan2 (ir/4 + Vi/2) 

N,= 2 (Nq+ 1) tan (0)

s. = 1 + (B/L)(Nq'c) 

Sq = 1 + (B/L) tan 0 

v= 1 - 0.4 (B/L) 

For DI/B 1: dq= 1 + 2 tan 0 (1 - sin f) DIB 
dy=1 

For 0 > 0: d, = dq - (1-dq) / (N. tan 0) 

For 0 = 0: dd.- 1 + 0.4 (DB) 

me= (2 + B/L) / (1 +B/L) 

mL = (2 + L/B) / (1 + L/B) 

If EQ, N-s > 0: 8,, = tan'(EQM E.W /EQH N.S) 

M" = ML cos 208 + ma sin289, 

lq = ( 1 - FH I/[(F, + EQj) + B' L'c cot 4] }m 

1, = { 1 - FH / [(FV + EQO) + B' L' c cotQ] 0m1I 

For o = 0: i1 = 1 - (m FH / B' L' c N) 

N, term 

Gross q%, = 11,546 psf = 11,246 

q-I = 10,490 ps t = q,,, / FS

qactual = 

FSactual =

7,004 psf = (R, + EQ,) / (B' x L') 

1.65 = quit / qwtual

1,098 k -- 1,584 k for FH 

General Bearing Capacity Equation, 
based on Wlnterkorn & Fang (1975) 

5.14 Eq 3.6 & Table 3.2 

1.00 Eq 3.6 

0.00 Eq 3.8

- 1.09 

- 1.00 

- 0.82 

= 1.00 

- 1.00 

= N/A 

= 1.04 

= 1.69 

= 1.31 

= 0.81 

= 1.51 

= 1.00 

= 0.00 

= 0.88 

Nq term 

+ 300

Table 3.2 

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.14a 

Eq 3.17a 

Eq 3.16a 

N, term 

+. 0

> 1.1 Hence OK

[geotbO599S6\calc~tmg-cap .PactV1intFafg-7. xls Sh'eet 8-Cask
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DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS BASED ON AXM" CASK DYNAMC FORCES FROM THE SSI ANALYSIS 

Table 2.6-8 presents a summary of the bearing capacity analyses that were performed 

using the maximum dynamic cask driving forces developed for use in the design of the 

pads in Calculation 05996.02-G(PO17)-2 (CEC, 2001) for the pad supporting 2 casks, 4 

casks, and 8 casks. Details of these analyses are presented on the preceding pages.  

These analyses are performed for Load Case IVA, where 40% of the horizontal forces due to 

the earthquake are applied in both the N-S and the E-W directions and 100% of the 

vertical force is applied to obtain the maximum vertical load on the cask storage pad. The 

width (30 ft) is less in the E-W direction than the length N-S (67 ft): therefore, the E-W 

direction is the critical direction with respect to a bearing capacity failure.  

As indicated in this table, the gross allowable bearing pressure for the cask storage pads to 

obtain a factor of safety of 1.1 against a shear failure from static loads plus the very 

conservative maximum dynamic cask driving forces due to the design basis ground motion 

is at least 10.5 ksf for the 2-cask. 4-cask, and 8-cask loading cases. The minimum 

allowable value was obtained for the 8-cask loading case. The actual factor of safety for 
this case was 1.6, which is greater than the criterion for dynamic bearing capacity (FS > 

1.1).
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CONCLUSIONS 

Analyses presented herein demonstrate that the cask storage pads have adequate factors 
of safety against overturning, sliding, and bearing capacity failure for static and dynamic 
loadings due to the design basis ground motion. The following load cases are considered: 

Case I Static 

Case II Static + dynamic horizontal forces due to the earthquake 

Case III Static + dynamic horizontal + vertical uplift forces due to the earthquake 

Case IV Static + dynamic horizontal + vertical compression forces due to the 
earthquake 

For Case II, 100% of the dynamic lateral forces in both the N-S and E-W directions are 

combined. For Cases III and IV, the effects of the three components of the design basis 
ground motion are combined in accordance with procedures described in ASCE (1986): 
i.e., 100% of the dynamic loading in one direction is assumed to act at the same time that 
40% of the loading acts in the other two directions.  

These results of these stability analyses are discussed in more detail in the following 
sections.  

OVERTURNNG STABiLrry OF THE CASK STORAGE PADS 

Analyses presented above indicate that the factor of safety against overturning due to 
dynamic loadings from the design basis ground motion is 5.6. This is greater than the 
criterion of 1.1 for the factor of safety against overturning due to dynamic loadings; 
therefore, the cask storage pads have an adequate factor of safety against overturning due 
to loadings from the design basis ground motion.  

SLMING STABIIJTY OF TH]E CASK STORAGE PADS 

The cask storage pads will be constructed on and within soil cement, as described in 
Sections 2.6.1.7 and 2.6.4.11 of the SAR and as illustrated in Figure 4.2-7 of the SAR.  
Analyses presented above demonstrate that, using only the passive resistance of the soil 
cement above the bottom of the pads. the soil cement can be designed to provide sufficient 
resistance to sliding of the pads to readily achieve the minimum required factor of safety of 
1.1. Thus, embedding the pads in soil cement will greatly enhance their resistance to 
sliding due to dynamic loads from the design basis ground motion. Additional analyses 
are included that demonstrate that sliding will not occur along deeper surfaces within the 

profile underlying the cask storage pads. First, the sliding resistance of the in situ silty 

clay/clayey silt layer is addressed to demonstrate that sliding will not occur along the 
interface between the bottom of the soil cement and those soils. These analyses 
demonstrate that if the pads were founded directly on the silty clay/clayey silt layer, the 
minimum factor of safety against sliding would be -1.25. Therefore, the cask storage 
pads. embedded in soil cement, will have an adequate factor of safety against sliding.
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Adequate factors of safety against sliding due to maximum forces from the design basis 
ground motion were obtained assuming that the storage pads were founded directly on the 
silty clay/clayey silt layer and conservatively ignoring the passive resistance of the soil 
cement that will be placed under and adjacent to the pads. In this case, much of the 

shearing resistance is provided by the cohesive portion of the shear strength of the silty 

clay/clayey silt layer, which is not affected by upward earthquake loads. As shown in SAR 

Figures 2.6-5, Pad Emplacement Area - Foundation Profiles, a layer, composed in part of 

sandy silt, underlies the clayey layer at a depth of about 10 ft below the cask storage pads.  

Sandy silts oftentimes are cohesionless, therefore, to be conservative, the sliding stability 

of the cask storage pads was analyzed assuming that the soils in this layer are 
cohesionless, ignoring the effects of cementation that were observed on many of the split
spoon and thin-walled tube samples obtained in the drilling programs.  

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 cohesionless soils extend above the 10 ft depth 
and, thus, the pads are founded directly on cohesionless materials. Because of the 
magnitude of the peak ground accelerations (0.7 1g) due to the design basis ground motion 
at this site, the frictional resistance available for cohesionless soils when the normal stress 
is reduced due to the uplift from the inertial forces applicable for the vertical component of 
the design basis ground motion is not sufficient to resist sliding. However, analyses were 
performed to estimate the amount of displacement that might occur due to the design 
basis ground motion for this case. These analyses, based on the method of estimating 
displacements of dams and embankments during earthquakes developed by Newmark 
(1965), indicate that even if these soils are cohesionless and even if they are conservatively 
located directly at the base of the pads, the estimated displacements would be -2.2 inches.  
Whereas there are no connections between the ground and these pads or between the 
pads and other structures, this minor amount of displacement would not adversely affect 
the performance of these structures if it did occur. Furthermore, the pads will be 
constructed on and within soil cement, which will be strong enough to resist sliding of the 
pads using only the passive resistance of the soil cement. This soil cement will effectively 
lock the pads in their respective locations, so that they can not move relative to one 
another.
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ALLOWABLE BEARING CAPACITY OF THE CASK STORAGE PADS 

STATIC BEARING CAPACITY OF THE CASK STORAGE PADS 

Analyses of bearing capacity for static loads are summarized in Table 2.6-6. As indicated 
for Case IA, the factor of safety of the cask storage pad foundation is 7.0 using the 
undrained strength for the cohesive soils that was measured in the UU tests (su > 2.2 ksf 
that were performed at depths of approximately 10 to 12 feet. The results for Case 1B 
illustrates that the factor of safety against a bearing capacity failure increases to greater 
than 15 when the effective-stress strength of 0 = 300 is used. The minimum gross 
allowable bearing capacity exceeds 4 ksf for static loads. Therefore, these analyses 
demonstrate that the factor of safety against a bearing capacity failure exceeds the 
minimum allowable value of 3 for static loads.  

DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS 

Analyses of bearing capacity for dynamic loads are summarized in Tables 2.6-7 and 2.6-8.  
Table 2.6-7 presents the results of the bearing capacity analyses based on the inertial 
forces applicable for the peak ground accelerations from the design basis ground motion.  
Table 2.6-8 presents the results of the analyses based on the maximum dynamic cask 
driving forces developed for use in the design of the pads in Calculation 05996.02
G(PO17)-2 (CEC, 2001) for the pad supporting 2 casks, 4 casks, and 8 casks. These latter 
dynamic forces represent the maximum forces occurring at any time during the 
earthquake at each node in the model used to represent the cask storage pads. It is 
expected that these maximum forces will not occur at the same time for every node. These 
forces, therefore, represent an upper bound of the dynamic forces that could act at the 
base of the pad.  
Table 2.6-7 presents the results of the dynamic bearing capacity analyses for the following 

cases, which include static loads plus inertial forces due to the earthquake.  

Case II 100% N-S direction. 0% Vertical direction, 100% E-W direction.  

Case IIIA 40% N-S direction, -100% Vertical direction, 40% E-W direction.  

Case IIIB 40% N-S direction, -40% Vertical direction. 100% E-W direction.  

Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.  

Case IVA 40% N-S direction, 100% Vertical direction, 40% E-W direction.  

Case IVB 40% N-S direction, 40% Vertical direction, 100% E-W direction.  

Case IVC 100% N-S direction, 40% Vertical direction, 40% E-W direction 

As indicated in Table 2.6-7, the gross allowable bearing pressure for the cask storage pads 
to obtain a factor of safety of 1. 1 against a shear failure from static loads plus the inertial 
loads due to the design basis ground motion exceeds -4.8 ksf for all loading cases 
identified above. The minimum allowable value was obtained for Load Case IIIB, wherein 
100% of the earthquake loads act in the E-W direction, 40% in the N-S direction, and 40%
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in the vertical direction, tending to rotate the cask storage pad about the N-S axis. The 
actual factor of safety for this condition was -1.2, which is greater than the criterion for 
dynamic bearing capacity (FS > 1. 1).  

Table 2.6-8 presents a summary of the bearing capacity analyses that were performed 
using the maximum dynamic cask driving forces developed for use in the design of the 
pads in Calculation 05996.02-G(PO17)-2 (CEC, 2001) for the pad supporting 2 casks, 4 
casks, and 8 casks. These analyses are performed for Load Case IVA, where 40% of the 
horizontal forces due to the earthquake are applied in both the N-S and the E-W directions 
and 100% of the vertical force is applied to obtain the maximum vertical load on the cask 
storage pad. The width (30 ft) is less in the E-W direction than the length N-S (67 ft).  
therefore, the E-W direction is the critical direction with respect to a bearing capacity 
failure.  

As indicated in this table, the gross allowable bearing pressure for the cask storage pads to 
obtain a factor of safety of 1.1 against a shear failure from static loads plus the very 
conservative maximum dynamic cask driving forces due to the design basis ground motion 
is at least 10.5 ksf for the 2-cask, 4-cask, and 8-cask loading cases. The minimum 
allowable value was obtained for the 8-cask loading case. The actual factor of safety for 
this case was 1.6, which is greater than the criterion for dynamic bearing capacity (FS > 
1.1).
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Summary of Vertical Soil

TABLE 1 
Bearing Pressures (kst) from Calc 05996.02-G(PO17)-2, Rev. 3

Loading Point A (287) B (293) C (299) D (144) E (150) F (156) G (1) H (7) J (13) 

2-Cask Pad DL 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 

Snow LL 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 

Cask LL 1.345 1.352 1.345 0.185 0.199 0.185 0.00 0.00 0.00 

Pad EQ 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 

Cask EQ 4.11 3.90 3.18 0.84 0.52 0.56 0.00 0.00 0.00 

100% Vert 6.26 6.06 5.33 1.83 1.53 1.55 0.81 0.81 0.81 
4-Cask Pad DL 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 

Snow LL 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 

Cask LL 1.71 1.71 1.71 0.76 0.76 0.76 0.00 0.00 0.00 

Pad EQ 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 

Cask EQ 2.75 3.45 3.76 2.69 2.16 1.86 0.00 0.00 0.00 

100% Vert 5.27 5.97 6.28 4.25 3.73 3.42 0.81 0.81 0.81 
--Cask Pad DL 0.45 0.45 0.45 0-45 0.45 0.45 0.45 0.45 0.45 

Snow LL 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 

Cask LL 1.402 1.402 1.402 1.514 1.516 1.514 1.402 1.402 1.402 

Pad EQ 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 

Cask EQ 2.71 2.08 4.24 4.41 2.59 4.69 5.14 4.32 4.94 

100% Vert 4.92 4.29 6.45 6.73 4.91 7.01 7.35 6.53 7.15
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TABLE 2.6-6 

SUMMARY - ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS 

Based on Static Loads

Effective stress friction angle (deg), c=0.  

Undrained strength (psf), 1=0.  

Unit weight of soil (pcQ) 

Footing width (ft) 

Footing length (It) 

Depth of footing (it) 

Unit weight of surcharge (pcf) 

Factor of safety for static loads.

Fv = Vertical load (Static + EQv) 

EQH = Earthquake: Horizontal force. FH = EQO E-W or EQH N-S 

pe = tan" [(EQH E.w) / Fv ] = Angle of load Inclination from vertical (deg) as f(

PL = tan1 [(EOH N-S) / Fv I = Angle of load inclination from vertical (deg) as f(l 

ee = aMoN.s/ Fv eL = IM@Ew/ Fv 

B'= B-2es L'= L-2eL 

q=t,,, Fv / (B' x LU)

Igeo)lI\0599(\caIc\hrngcap\Pad\WilntFang- 7.xls Table 2.6-6
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P

on 1L GROSS ., EFFECTIVE 
Case Fv EOHN-S EQHE.W EMeN-s F-M*e.w E**E.w EH B' 1' q.a.3 FSactu.m 

k k k ft-k ft-k do dog ksf ksf ft ft ft ft ksf 

LA- Static 
Undrained 3,757 0 0 0 0 0.0 0.0 13.08 4.36 0.0 0.0 30.0 67.0 1.87 7.0 
Strength 

In - Static 
Effective 3,757 0 0 0 0 0.0 0.0 29.22 9.73 0.0 0.0 30.0 67.0 1.87 15.6 
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TABLE 2.6-7 

SUMMARY - ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS 

Based on Inertial Forces Due to Design Earthquake: PSHA 2,000-Yr Return Period

c = 2,200 Total stress cohesion (psf) 

,) = 0.0 Total stress friction angle (deg) 

B = 30 Footing width (ft) 

L = 67 Footing length (ft) 

Df = 3.0 Depth of footing (it) 

y = 80 Unit weight of soil (pcf) 

Ys,,ch = 100 Unit weight of surcharge (pcf) 

FS = 1.1 Factor of safety for dynamic loads.

Fv = Vertical load (Static + EQv) 

EOH = Earthquake: Horizontal force. FH = EQH E-W or EQH N-S 

pe = tan" [(EQH E-W) / Fv] = Angle of load inclination from vertical (deg) as f(width).  

S= tan" [(EQH N-S) / Fv] = Angle of load Inclination from vertical (deg) as f(length).  

eS= -EMON.S/Fv eL = IMSE.w / Fv 

B'.B-2se L'= L-2e, 

q~m = Fv / (B' x L')

lgvti\'3f9G~ilcbriK~cip\n(IWlit-Fng7.xls Tablc 2.6-7

a 
oa

Case F EOH NS EON EW IMO M. O3L GROSS EFFECTIVE 
V N-S M EON EO N-S q e e B' L' qt,,, FSactual 

k k k ft-k ft-k deg deg ksf ksf ft ft ift ft ksf 

II 3,757 2,671 2,671 26,982 26,982 35.4 35.4 5.34 4.85 7.2 7.2 15.6 52.6 4.56 1.2 

li1A 1.146 953 953 10,793 10,793 39.8 39.8 9.03 8.21 9.4 9.4 11.2 48.2 2.13 4.2 

l1 2,712 1,068 2,291 26,982 10,793 40.2 21.5 5.26 4.78 9.9 4.0 10.1 59.0 4.55 1.2 

Bic 2,712 2,291 1,068 10,793 26,982 21.5 40.2 9.45 8.59 4.0 9.9 22.0 47.1 2.61 3.6 

-VA 6,368 1,068 1,068 10,793 10,793 9.5 9.5 11.57 10.51 1.7 1.7 26.6 63.6 3.76 3.1 

V]B 4,801 1,068 2,671 26,982 10,793 29.1 12.5 8.51 7.73 5.6 2.2 18.8 62.5 4.09 2.1 

INC 4,801 2,671 1,068 10,793 26,982 12.5 29.1 10.05 9.13 2.2 5.6 25.5 55.8 3.38 3.0
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TABLE 2.6-8 

SUMMARY - ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS 

Based on Maximum Cask Driving Forces Due to Design Earthquake: PSHA 2,000-Yr Return Period for 

Loading Case IVA: 40% N-S, 100% Vertical, and 40% E-W 

Case IV Fv EON N-S EONE-W EMOws EMO..W 0 L GROSS EFFECTIVE 
EQHE.W EQN-s q.1. q0 B' L' qw.w FSt.,j 

k k k ft-k ft-k dog deg ksf Isf if ft ft ft ksf 

2 Casks 3,790 429 506 6,443 16,183 7.6 6.5 12.42 11.28 1.70 4.27 25.0 26.6 5.71 2.2 

4 Casks 6,380 688 791 10,526 33,620 7.1 6.2 11.88 10.79 1.65 5.27 26.7 39.7 6.02 2.0 

8 Casks 11,888 1,098 1,142 12,720 36,140 5.5 5.3 11.55 10.49 1.07 3.04 27.9 60.9 7.00 1.6

C= 

B= 

L= 

y= 

Ysurch = 

FS

2,200 

0.0 

30 

Varies 

3.0 

80 

100 

1.1

Undrained strength (psf) Fv = Vertical load (Static + EQv) 

Friction angle (deg) EQN = Earthquake: Horizontal force. FH = EOH E-w or EQH N-S 

Footing width (ft) B - tan-'1 [(EO, E-w) / Fvy = Angle of load inclination from vertical (deg) as f(width).  

Footing length (ft) D= tan*' [(EQ, N-s) / FV ] = Angle of load inclination from vertical (deg) as f(length).  

Depth of footing (ft) -Moet-s: eB x Fv IXMOE.W = eL X Fv 

Unit weight of soil (pcf) '= B - 2 eB L'= L-2eL 

Unit weight of surcharge (pcf) qm = Fv / (B' x U) 

Factor of safety for dynamic loads.

gIdl\059!,;\cflh,\l)r2Ig Calp\Put\WhiFfnlg-7.xl5 Table 2.6-8
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FIGURE 1
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FIGURE 2 

STATIC FOUNDATION LOAD / PRESSURE
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FIGURE 3

DETAI, OF SOIL CEMENT UNDER & 
ADJACENT TO CASK STORAGE PADS
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STANDARDIZED DISPLACEMENT FOR NORMALIZED EARTHQUAKES 
(SYMETRICAL RESISTANCE)
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FIGuRE 6 

DETERMINATION OF MOMENTS ACTING ON PAD DUE TO EARTHQUAKE 
LOADS FROM CASKS

Vertical reaction 
cask.

/

PA << PP; therefore, 
1 - it's conservative to 

ignore both in YM.  

IF + 

of cask load acts on the pad at an offset = Ab from the centerline of the 

I M0ceterieto find Ab.  

Ab x (Wc + EQvc) = 9.83 ft x EQ.c 

to find M.  

XMONs=l.5ft xEQHP +3ft xEQHc +Abx(W +EQvc).

pad cask horiz cask vert

Note: Moment arm of 3 ft is used for determining moment due to cask horizontal force, 
because casks are only resting on the pads - No connection exists to transmit moment to 
the pad.
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NOTES OF TELEPHONE CONVERSATION JO No. 05996.01 

PRIVATE FUEL STORAGE, LLC Date: 06-19-97 
PRIVATE FUEL STORAGE FACILITY Time: 2:45 PM EDT 

FROM: Stan M. Macie SWEC-Denver 1E Tie Line 321-7305 
Wen Tseng (ICEC) Voice (510) 841-7328 

(FAX) (510) 841-7438 

To: Paul J. Trudeau SWEC-Boston 245/03 (617) 589-8473 

SUBJECT: DYNAMIC BEARING CAPACITY OF PAD 

DISCUSSION: 

WTseng reported that his pad design analyses are being prepared for three loading cases: 2 casks, 4 

casks, and 8 casks. The dynamic loads that he is using are based on the forcing time histories he 

received from Holtec. These forcing time histories were developed using a coefficient of friction 

between the cask and the pad of 0.2 and 0.8, where 0.2 provides the lower bound and 0.8 provides 

the upper bound loads from the cask to the pad.  

FHe indicated that the bearing pressures at the base of the pad are greatest for the 2-cask dynamic 

loading case for it = 0.8 between the cask and the pad, because of eccentricity of the loading. For 

this case, the vertical pressures at the 30' wide loaded end of the pad are 5.77 ksf at one comer and 

3.87 ksf at the other. He reported that it is reasonable to assume this pressure decreases linearly to 0 

at a distance of-32 ft; i.e., approximately half of the pad is loaded in this case. He also indicated 

that the horizontal pressure at the base of the pad is 1.04 ksf at the 30' wide end of the pad that is 

loaded by the 2 casks, and that this pressure decreases linearly over a distance of--40' from the 

loaded end. He noted that the vertical pressures include the loadings (DL + dynamic loadings) of the 

casks and the pad, but the horizontal pressures apply only to the casks. Therefore, the inertia force of 

the whole pad must be added to the horizontal loads calculated based on the horizontal pressure 
Sdistribution described above. - / 

Since the table of allowable bearing pressures as a function of coefficient of friction between the 

cask and the pad that is in the design criteria does not include a value for gt = 0.8, WTseng asked 

PJTrudeau to provide the allowable bearing pressure for this case. F 

ACTION ITEMS: 't.-P&S Z5 .

PJTrudeau to determine the dynamic allowable bearing pressure for the 2-cask loading case.  

"COPY TO:NTGeorges Boston 245/03 

SMMacie Denver 1E

[geot]\j05996\celcon\9706 I 9.doc Page I of I
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5.3 Soil Pressures 

5.3.1 Static Soil Pressure 

Calculations of static soil pressure due to dead load (DL) and cask live load (LL) 

are given in Table S-1 and S-2, respectively.

International Civil Engineering Consultants, Inc.
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Table S-1 

Maximum Vertical Displacements and Soil Bearing Pressures 

Dead Load

Z(ft) = 

q.(ksf) =,

k, = 2.75 kcf 

0.164
I I

0.45

kI = 26.2 kcf 

0.017

0.45

Notes: 
1. Z. = maximum vertical displacement due to dead load (wt. of the pad only) obtained from 

CECSAP analysis results.  

2. q•, = vertical soil bearing pressure = k, x 7, where k, = subgrade modulus=2.75 and 26.2 kcf 

for lower-bound and upper-bound soils.respectively.

International Civil Engineering Consultants, Inc.
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5.3.2 Dynamic Horizontal and Vertical Soil Pressures 

Calculations of lateral and vertical soil pressures due to dynamic cask loadings 

resulting from 2000-year event earthquake are given in the following tables: 
t 

Table D-l(a) shows calculation of horizontal dynamic soil pressures in the X

direction (short direction of pad).  

Table D-l(b) shows calculation of horizontal dynamic soil pressures in the Y

direction (long direction of pad).  

Table D-l (c) shows a summary of averaged horizontal dynamic soil reactions.  

Table D-I(d) shows calculation of vertical dynamic soil pressures.
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Table D-1 (a) 

Averaged Maximum Horizontal Soil Reactions in the X Direction 
Dynamic Load 

Node Maximum Displacement Xd (x10"' ft.)

Node 
No.  

7

_r��1 �asKs
4 CaSKS 

2.405

a Casks 
17.15b 
17.180 
4 17 4f•nl

�k52 C3asks 
1.624 
1.625 
1 RIA

4 CasKs B Casks
4 Casks 

1.170 
1 177

8 GasKs 
9-.076 
9.085 
9.O6O

2 .askS 

3.515
0.801 
0.799

UO 
4 Casks 

0.552 
0.550

as

3T597
3.625 
3.618

1.3 3. .... .. ..  

1 4 . 9.712 1 2.021 4.241 "27 1,0T-17 2.32S 3.952 

150 4.461 9.729 17.470 2.021 4.242 9.156 0.999 2.294 3.951 

156 4.467 9.733 17.470 2.029 4.244 9.171 0.982 2.272 3.947 

2= 12T.800 21.490 17.510 -.1 9.5D4 8.560 3.345 4.514 

293 12.800 21.490 17.530 6.166 9.512 8.886 3.360 5.341 4.566 

299 12.800 21.470 17.530 6.173 9.516 8.886 3.381 5.349 4.565 
' A Q1 I 0 0 720 V.726 47137

1.14E+05 1982 5.481-+05 
1494

Notes: 
1. Avg = (sum (Xd)a/N; Xd = max. x-displ.; i = nodes 1, 7, 13, 144,150, 156. 287, 293, 299; and N = 9.  

2. Qxd = Kxd x Avg = averaged maximum horizontal-x soil reaction in Kips due to dynamic loading.  

3. Kxd for LB, BE, and UB soils are dynamic horizontal-x soil spring stiffnesses given below:

(Kxd)LB = 9.51E+06 Wblin 
1.14E+05 Kips/ft

(Kxd)BE = 1.94E+07 iblin 
2.33E+05 Kips/ft

(Kxd)UB = 4.57E+07 Ib/in 
5.48E+05 Kipstft

4. LB = lower-bound soil. BE = best-estimate soil, UB = upper-bound soil.  

5. Xd are obtained from CECSAP analysis results given in Att. A.  

International Civil Engineering Consultants, Inc.
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Averaged Maximum
Table D-1 (b) 

Horizontal Soil Reactions in the Y Direction 
Dynamic Load

Max. Displacement Yd (x10- ft.) 
Node Lb BE UB 

No. 2 GasKs 4 Casks TCas S 2 Casks 4 Casks 8 Casks 2 Casks 4 Casks 8 Casks 
1T 5.107 _T.65 13.550 '2.194 459 .33 1.413 27379- 3.979 

7 3.916 7.318 14.030 2.055 4.313 8.173 1.195 1.962 4.056 

13 4.303 7.097 14.510 2.567 4.664 7.937 1.337 2.161 4.109 
-f-144 5.73T- -7.763 13.45- -2.37r2 -. 187- "8.430 -1.513 "2.714 3.97 

150 3.946 7.447 13.960 2.122 4.429 8.132 1.267 2.133 4.042 

156 4.379 7.207 14.450 2.690 4.767 7.834 1.442 2.301 4.121 

287 b.389 8.871 27.260 2.49 4.357 8.395 "1.651 2.217 3.926 
293 4.016 7.584 13.840 2.253 4.556 8.048 1.464 2.380 4.013 

299 4.476 7.253 14.370 2.877 4.846 7.795 1.657 2.334 4.097 
E29 3 4.520 7.584 13.840 2.239 4.46 8.04- 1.464 2.378 4.03 

y =1.708+05 1._8+0I5 1.08E+05 2.21E+05 22.E+5 2..21E+0515 "7T2E+5 =.21+05 5.21E+05 
[Qtyd =j 491 1 4 US8 I5BT- -28-- 985 1794 149 1237 210 

Notes: 
1. Avg= (sum (Yd)iYN; Yd = max. y-displ.; i = nodes 1, 7,13, 144, 150, 156. 287, 293,299; and N = 9.  

2. Qyd = Kyd x Avg = averaged maximum horizontal-y soil reaction in Kips due to dynamic loading.  

3. Kyd for LB, BE, and UB soils are dynamic horizontal-y soil spring stiffnesses given below:

(Kyd)LB = 9.04E+06 lb/in 
1.08E+05 Kips/ft

(Kyd)BE = 1.84E+07 lb/in 
2.21E+05 Kipsift

(Kyd)UB = 4.34E+07 lblin 
5.21 E+05 Ki ps/ft

4. LB = lower-bound soil, BE = best-estimate soil, UB = upper-bound soil.  

5. Yd are obtained from CECSAP analysis results given in Att. A.

International Civil Engineering Consultants, Inc.
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Table D-1 (c) 
Summary of Total Maximum Horizontal Soil Reactions 

Dynamic Load

Notes: 
1. Qxd, and Qyd shown are obtained from Tables D-1(a), and (b), respectively.  

2. LB = lower-bound soil, BE = best-estimate soil, UB = upper-bound soil.

International Civil Engineering Consultants, Inc.
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Table D-1(d) 
Maximum Vertical Soil Bearing Pressures 

Dynamic Load

Maximum Displacement Zd ( x10"3 ft.) 

Node LB ____ BE ____UB __ 

No. 2 Casks 4 Casks 8 Casks 2 Casks 4 Casks 8 Casks 2 Casks 4 Casks 8 Casks 
1 4.051 9.396 -31.02 1.806 4.158 -23.66 0.406 1.654 -15.92 
7 3.900 7.973 -24.23 1.964 3.648 -21.18 0.439 1.024 -13.36 
13 4.788 11.470 -31.22 2.115 4.636 -17.88 0.528 1.560 -15.31 
144 -9.195 -22.58 -34.05 -5.939 -16.84 -22.66 -1.861 -8.34 -13.66 
150 -5.063 -15.2 -12.71 -3.683 -11.13 -12.39 -1.332 -6.698 -8.016 
156 -6.565 -15.9 -32.24 -2.988 -9.447 -18.42 -1.734 -5.773 -14.53 
287 -29.18 -24.39 -17.51 -14.54 -15.67 -18.88 -12.72 -8.52 -8.38 

293 -15.57 -16.97 -19.21 -9.019 -12.42 -12.22 -12.08 -10.68 -6.446 
299 -21.85 -26.09 -28.04 -12.87 -16.35 -17.02 -9.835 -11.63 -13.12 

Maximum Soil Bearing Pressure q6= ( Kips/ft 2 ) 

1 0 0 -2.22 0 0 -3.35 0 0 -5.14 
7 0 0 -1.74 0 0 -3.00 0 0 -4.32 
13 0 0 -2.24 0 0 -2.53 0 0 -4.94 

144 -0.66 -1.62 -2.44 -0.84 -2.38 -3.21 -0.60 -2.69 -4.41 
150 -0.36 -1.09 -0.91 -0.52 -1.57 -1.75 -0.43 -2.16 -2.59 
156 -0.47 -1.14 -2.31 -0.42 -1.34 -2.61 -0.56 -1.86 -4.69 
287 -2.09 -1.75 -1.25 -2.06 -2.22 -2.67 -4.11 -2.75 -2.71 
293 -1.12 -1.22 -1.38 -1.28 -1.76 -1.73 -3.90 -3.45 -2.08 
299 -1.57 -1.87 -2.01 -1.82 -2.31 -2.41 -3.18 -3.76 -4.24 

Notes: 

1. q%, = maximum soil bearing pressure = (Kzd x Z4)/A, where A = 67' x 30' = 2010 ft.  

2. Kzd for LB, BE, and UB soils are vertical-z dynamic soil spring stiffnesses given below:

(Kzd)LB = 1.20E+07 lb/in 
1.44.E+05 Kips/ft

(Kzd)BE = 2.37E+07 lb/in 
2.84.E+05 Kips/ft

(Kzd)UB = 5.41E+07 Wb/in 
6.49.E+05 Kips/ft

3. LB = lower-bound soil, BE = best-estimate soil, UB = upper-bound soil.  
4. Zd are obtained from CECSAP analysis results given in Aft. A.  
5. Negative displacements imply downward movements.  
6. The maximum values of Zd shown may not be concurrent. However, they are assumed to be concurrent 

values and concurrent signs are assigned to them.  
7. Node numbers are shown in Figure 5.1-1.

International Civil Engineering Consultants, Inc.
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6.2 Vertical Soil Bearing Pressures and Horizontal Soil Shear Stresses 

Vertical soil bearing pressures for individual loadings and combined loadings are 

Summarized in Table 4.  

Horizontal soil shear stresses are shown in Tables D-l(a) and (b), and the total horizontal soil 

reactions (shear forces) in both the short (x) and long (y) directions of the pad are summarized in 

Table D- I (c).

International Civil Engineering Consultants, Inc.
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Table 4 
Summary of Vertical Soil Bearing Pressures ( ksf)

k t3 C D E 1k 3" 

Loading Point 287 293 299 144 150 156 1 7 13 

2 - Cask Pad DL 0.45 0.45 0.45 0.45 0.45 0.45 0 45 0.45 0.45 

Snow LL 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 

Cask LL 1.345 1.352 1.345 0.185 0.199 0.185 0 0 0 

Pad EQ 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 

Cask EQ 4.11 3.9 3.18 0.84 0.52 0.56 0 0 0 

100% Vert 6.26 6.06 5.33 1.83 1.53 1.55 0.81 0.81 0.81 

4-Cask Pad DL 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 

Snow LL 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 

Cask LL 1.712 1.712 1.712 0.757 0.758 0.757 0 0 0 

Pad EQ 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 

Cask EQ 2.75 3.45 3.76 2.69 2.16 1.86 0 0 0 

100% Vet 5.27 5.97 6.28 4.25 3.73 3.42 0.81 0.81 0.81 

8-Cask Pad DL 0.45 0.45 0.45 045 045 0.45 0.45 0.45 0.45 

Snow LL 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 

Cask LL 1.402 1.402 1.402 1.514 1.516 1.514 1.402 1.402 1.402 

Pad EQ 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0'313 0.313 

Cask EQ 2.71 2.08 4.24 4.41 2.59 4.69 5.14 4.32 4.94 

_100% Verl 4.92 4.29 6.45 673 4.91 7.01 7.35 6.53 7.15

Notes: 
1. Values for Pad DL are obtained from Table S-1.  
2. Values for snow LL are obtained from Table S-2.  
3. Values for Cask LL are obtained from Table S-2.  
4. Pad EQ pressure = (pad wt)xa,, where pad wt=904.5 kips, and a,=.695g.  

5. Values for Cask EQ are obtained from Table D-1(d).  
6. EQ pressures listed are the envelopes of results for afl soil conditions.  
7. Node numbers are shown in Figure 5.1-1.

International Civil Engineering Consultants, Inc.
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Figure 5.1-2 CECSAP Finite-Element Model with Element Numbers
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El Nuclear Quality Assurance Category 0 Non-Nuclear Quality Assurance Category 

This set of calculations documents the engineering analyses and detailed calculations required 

for structural design of the reinforced-concrete spent-fuel cask storage pads to be constructed 

at the Private Fuel Storage Facility (PFSF) project site.  

This set of calculations has been prepared in accordance with CEC's quality assurance 

procedure for nuclear projects.  

Revision 1 was made to correct (1) typographical errors on Pages 5, 29, and A-3 and (2) insert 

computer output file names and explanation notes on Pages 43 and 51.

Revision 2 was made to correct typographical errors and to include additional clarifications on 

Pages 17, 21, 28,236,298, and 312.

NAME INITIAL SIGNATURE 

Anwar Mirza (Preparcr/Checker) dWam Ai 4t 

Donald Hamasaki (Preparer/Cbecker) 
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Revision 3 was made to incorporate the following: (1) PGA of 0.71 ig and 0.695g for horizontal 

and vertical components of the new design ground motions, (2) Revised dynamic soil properties 

for lower-bound, best-estimate, and upper-bound soils provided by Geomatrix, (3) Revised cask 

force time-histories provided by Holtec, (4) Revised pad size to 30 ft by 67 ft with cask spacing 

in the long axis of the pad changed to 16 ft and cask spacing in the short axis of the pad 

remained at 15 ft, (5) Pad founded in soil cement with about 3 ft under the pad and 2 ft thick on 

its side walls, and (6) Revised transporter weight to 145 kips.

International Civil Engineering Consultants, Inc.
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SUMMARY OF TRIAXIAL TEST RESULTS FOR SOILS WITHIN -10 FT OF _.,.uA•b " AT AX"e StTE 
Boring Sanple Deh Elev W ATI-RBERG LIMITS USC ( e s Type Date Bfring S l t ft % L PL P1 Code p cf ksf ksf % 

B-I U-2C 5.9 4453.9 47.1 66.1 33.4 32.7 MH 79.3 53.9 2.15 0.0 2.03 1.7 CU Nov'99 
B-1 U-2B 5.3 4454.5 52.9 80.6 40.9 39.7 MH 70.8 46.3 2,67 1.0 2.21 6.0 CU Nov'99 
B-4 U-3D 10.4 4462.1 27.4 42.5 24.7 17.8 CL 85.5 67.1 1.53 1.3 2.18 4.0 UU Jan '97 
C-2 U-2D 11.1 4453.4 35.6 See U-2C & E' CL 78.5 57.9 1.93 1.3 2.39 11.0 UU Jan'97 

CTB-I U-3D 8.7 4463.7 47.9 See U-3C2  CH 91.9 62.1 1.73 1.7 2.84 5.0 CU June '99 
CTB-4 U-2D 9.5 4465.5 45.2 See U-2E2  CH 87.7 60.4 1.81 1.7 3.11 6.0 CU June '99 
CTB-6 U-3D 8.3 4467.9 52.7 CH 85.7 56.2 2.02 1.7 2.70 7.0 CU June '99 
CT,-N U-IB 5.7 4468.4 30.1 41.3 122.5 18.8 CL 100.6 77.3 1.20 1.7 3.00 8.0 CU Nov'98 
CTB-N U-2B 7.7 4466.4 65.4 See U-2A2  MH 74.6 45.1 2.76 1.7 2.41 13.0 CU June '99 
CTB-N U-3D 10.5 4463.6 52.2 61.1 30.8 30.3 CH 86.3 56.7 1.98 1.7 2.73 7.0 CU June '99 
CTB-S U-IB 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 CU Nov'98 
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 CU June '99 

B-i U-2D 6.5 4453.3 45.2 59.8 34.7 25.1 MH 76.7 52.8 2.22 2.1 3.26 15.0 CU Mar'99 
B-3 U-IB 5.2 4463.0 33.5 52.4 25.2 27.2 MH 90.6 67.9 1.50 2.1 3.55 8.0 CU Mar '99 
C-2 U-iD 6.3 4458.2 50.5 70.3 41.3 29.0 MH 74.5 49.5 2.43 2.] 3.03 12.0 CU Mar '99 - - - -ii-- - -

NOTES I Attachment 2 of SAR Appendix 2A.  

2 Attachment 6 of SAR Appendix 2A.
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REVISION 1 
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"* Added section on dynamic strength of soils (p. 9-3) 
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DLAloysius and reviewed by SYBoakye.  

REVISION 2 

Major re-write of the calculation.  

1. Renumbered pages and figures to make the calculation easier to follow.  

2. Changed effective length of mat to 265 ft to make it consistent with Calculation 
05996.02-SC-4, Rev 1 (SWEC, 1999a).  

3. Added overturning analysis.  

4. Corrected calculation of moments for joints 3 and 6 in Table 2.6-11 and incorporated 
revised seismic loads in calculations of overturning stability and dynamic bearing 
capacity.  

5. Revised dynamic bearing capacity analyses to utilize only total strength parameters 
because these partially saturated soils will not have time to drain fully during the rapid 
cycling associated with the design basis ground motion. See Calculation 05996.02-G(B)
05-1 (SWEC, 1999b) for additional details.

6. Updated references to current issues of drawings.
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7. Added references to foundation profiles through Canister Transfer Building area 
presented in SAR Figures 2.6-21 through 23.  

8. Deleted analyses of bearing capacity on layered profile, as adequate factors of safety are 
obtained conservatively assuming that the total strengths measured for the clayey soils 
in the upper -25' to 30' layer apply for the entire profile under the Canister Transfer 
Building and revised all of the detailed bearing capacity analyses.  

9. Changed "Load Combinations" to "Load Cases" and defined these cases to be consistent 
throughout the various stability analyses included herein. These are the same cases as 
are used in the stability analyses of the cask storage pads, Calculation 05996.02-G(B)
04-5 (SWEC, 2000).  

10.Added analysis of sliding on a deep plane at the top of silty sand/sandy silt layer, 
incorporating passive resistance acting on the block of clayey soil and the foundation 

mat overlying this interface.  

11. Revised Conclusions to reflect results of these changes.  

REVISION 3 

1. Added a 1-ft deep key around the perimeter of the Canister Transfer Building mat to 
permit use of the cohesive strength of the in situ silty clay/clayey silt in resisting sliding 
due to loads from the design basis ground motion.  

2. Revised shear strength used in the sliding stability analyses of the Canister Transfer 
Building mat supported on the in situ silty clay to be the strength measured in the 
direct shear tests performed on samples obtained from elevations approximately at the 
bottom of the 1-ft deep perimeter key. The shear strength used in this analysis equaled 
that measured for stresses corresponding to the vertical stresses at the bottom of the 
mat following completion of construction.  

3. Removed static and dynamic bearing capacity analyses based on total-stress strengths.  

4. The relative strength increase noted for the deeper lying soils in the cone penetration 
testing that was performed within the Canister Transfer Building footprint was used to 
determine a weighted average undrained strength of the soils in the entire upper layer 
for use in the bearing capacity analyses, since the soils within a depth equal to 
approximately the width of the foundation are effective in resisting bearing failures. This 
resulted in the average undrained strength for the bearing capacity analyses of the 

upper layer equal to 3.18 ksf.  

5. Removed dynamic analyses based on increasing strengths of the cohesive soils that were 
measured in static tests to reflect well known phenomenon that the strength of cohesive 
soils increases as the rate of loading decreases.  

6. Revised undrained shear strength of the clay block overlying the cohesionless layer to 
2.2 ksf, based on the UU tests that were performed at confining pressures of 1.3 ksf 
(reported in Attachment 2 of Appendix 2A of the SAR) in the analysis of sliding of the 
Canister Transfer Building on deep plane of cohesionless soils.
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7. Added shearing resistance available on the ends of the block of clay, since this soil must 
be sheared along these planes in order for the Canister Transfer Building to slide on a 
deep plane of cohesionless soils.  

8. Revised method of calculating the inclination factor in the bearing capacity analyses to 
that presented by Vesic in Chapter 3 of Winterkorn and Fang (1975). Vesic's method 
expands upon the theory developed by Hansen for plane strain analyses of footings with 
inclined loads. OVesic's method permits a more rigorous analysis of inclined loads 
acting in two directions on rectangular footings, which more closely represents the 
conditions applicable for the Canister Transfer Building.  

9. Replaced Tables 2, 2.6-9, and 2.6-10 with revised results for the changes in shear 
strength of the in situ soils noted above and deleted Table 3.  

REVISION 4 

1. Updated stability analyses to reflect revised design basis ground motions (aH = 0.71 lg & 
av = 0.695g, per Table 1 of Geomatrix, 2001).  

2. Resisting moment in overturning stability analysis calculated based on resultant of 
static and dynamic vertical forces.  

3. Updated dimensions of foundation mat to 240 ft (E-W) x 279.5 ft (N-S), and changed the 
depth of the perimeter key to 1.5 ft, in accordance with design change identified in 
Figure 4.7-1 (3 sheets), "Canister Transfer Building," of SAR Revision 21 (based on S&W 
Drawings 0599602-EC-404A-B & 404B-B).  

4. Added definition of "m" used in the inclination factors for calculating allowable bearing 
capacity.  

5. Updated references to supporting calculations.  

6. Updated discussions and conclusions to incorporate revised results.
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OBJECTIVE 

To determine the stability against overturning, sliding, and static and dynamic bearing 
capacity failure of the Canister Transfer Building supported on a mat foundation.  

ASSUMPTIONS/DATA 

The footprint of the Canister Transfer Building foundation mat is shown on SAR Figure 
4.7-1, "Canister Transfer Building," and S&W Drawing 0599602-EC-404A-B & 404B-B, 
Canister Transfer Building - Conc Mat Foundation Plan, Sheets I & 2. The elevation view 
of the structure is shown on Sheets 2 & 3 of SAR Figure 4.7-1. The foundation mat is 240 
ft (E-W) ft x 279.5 ft (N-S) ft x 5 ft thick, with a 5-ft wide x 1.5 -ft deep foundation key 
along the perimeter of the mat.  

Figure 1 presents a schematic view of the foundation and identifies the coordinate system 
used in these analyses. Figure 2 presents the stick model used in the structural analysis 
of the Canister Transfer Building.  

The various static and dynamic loads and load combinations used in these analyses were 
obtained from Calculation 05996.02-SC-5-2 (S&W, 2001). All loads are transferred to the 
bottom of the mat. Moments, when transferred to the bottom of the mat, result in 
eccentricity of the applied load with respect to the center of gravity of the mat. Lateral 
loads, when combined with the vertical load, result in inclination of the vertical load, 
which decreases the allowable bearing capacity.  

The generalized soil profile at the site is shown on Figure 3. The soil profile consists of -30 
ft of silty clay/clayey silt with sandy silt/silty sand layers (Layer 1), overlying -30 ft of very 
dense fine sand (Layer 2), overlying extremely dense silt (N ;l00 blows/ft, Layer 3). SAR 
Figures 2.6-21 through 23 present foundation profiles showing the relationship of the 
Canister Transfer Building with respect to the underlying soils. These profiles, located as 
shown in SAR Figure 2.6-18, provide more detailed stratigraphic information, especially 
within the upper -30-ft thick layer at the site.  

The bearing capacity analyses assume that Layer 1, which consists of silty clay/clayey silt 
with some sandy silt/silty sand, is of infinite thickness and has strength properties based 
on those measured for the clayey soils within the upper layer. These assumptions simplify 
the analyses and they are very conservative. The strength of the sandy silt/silty sand in 
the upper layer is greater than that of the clayey soils, based on the increases in Standard 
Penetration Test (SPT) blow counts (N-values) and the increased tip resistance (see SAR 
Figure 2.6-5, Sheet 1) in the cone penetration testing (ConeTec, 1999) measured for these 
soils. The underlying soils are even stronger, based on their SPT N-values, which 
generally exceed 100 blows/ft.
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GEOTECHICAL PROPERTIES 

Based on laboratory test results presented in Table 3 of Calculation 05996.02-G(B)-5-2 
(SWEC, 2000a), ymost = 80 pcf above the bottom of the mat and 90 pcf below the mat.  

Table 6 of Calc 05996.02-G(B)-05-2 (copy included in Attachment A) summarizes the 
results of the triaxial tests that were performed within depths of -10 ft. The undrained 
shear strengths (s.) measured in these tests are plotted vs confining pressure in Figure 11 
of Calc 05996.02-G(B)-05-2 (copy included in Attachment A). This figure is annotated to 
indicate the vertical stresses existing prior to construction and following completion of 
construction.  

The undrained shear strengths measured in the triaxial tests are used for the dynamic 
bearing capacity analyses because the soils are partially saturated and they will not drain 
completely during the rapid cycling of loadings associated with the design basis ground 
motion. As indicated in Figure 11 of Calc 05996.02-G(B)-05-2 (copy included in 
Attachment A), the undrained strength of the soils within -10 ft of grade is assumed to be 
2.2 ksf. This value is the lowest strength measured in the UU tests, which were performed 
at confining stresses of 1.3 ksf. This confining stress corresponds to the in situ vertical 
stress existing near the middle of the upper layer, prior to construction of these 
structures. It is much less than the final stresses that will exist under the cask storage 
pads and the Canister Transfer Building following completion of construction. Figure 11 of 
Calc 05996.02-G(B)-05-2 (copy included in Attachment A) illustrates that the undrained 
strength of these soils increase as the loadings of the structures are applied; therefore, 2.2 
ksf is a very conservative value for use in the bearing capacity analyses of these 
structures.  

The bearing capacity of the structures are dependant primarily on the strength of the soils 
in the upper -25 to -30-ft layer at the site. All of the borings drilled at the site indicate 
that the soils underlying this upper layer are very dense fine sands overlying silts with 
standard penetration test blow counts that exceed 100 blows/ft. The results of the cone 
penetration testing, presented in ConeTec(1999) and plotted in SAR Figure 2.6-5, Sheets 1 
to 14, illustrate that the strength of the soils in the upper layer are much greater at depths 
below -10 ft than in the range of -5 ft to -10 ft, where most of the triaxial tests were 
performed.  

In determining the bearing capacity of the foundation, the average shear strength of the 
soils along the anticipated bearing capacity failure slip surface should be used. This slip 
surface is normally confined to the zone within a depth below the footing equal to the 
minimum width of the footing. For the Canister Transfer Building, the effective width of 
the footing is decreased because of the large eccentricity of the load on the mat due to the 
seismic loading. As indicated in Table 2.6-10, the minimum effective width of the Canister 
Transfer Building occurs for Load Case HIA, where B' = 119.5 ft. This is greater than the 
depth of the upper layer (-30 ft). Therefore, it is reasonable to use the average strength of 
the soils in the upper layer in the bearing capacity analyses, since all of the soils in the
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upper layer will be effective in resisting failure along the anticipated bearing capacity slip 
surface.  

The undrained strength used in the bearing capacity analyses presented herein is a 
weighted average strength that is applicable for the soils in the upper layer. This value is 
determined using the value of undrained shear strength of 2.2 ksf noted above for the soils 
tested at depths of -10 ft and the relative strength increase measured for the soils below 
depths of -12 ft in the cone penetration tests that were performed within the Canister 
Transfer Building footprint. As indicated on SAR Figure 2.6-18, these included CPT-37 
and CPT-38. Similar increases in undrained strength for the deeper lying soils were also 
noted in all of the other CPTs performed in the pad emplacement area.  

Attachment B presents copies of the plots of su vs depth for CPT-37 and CPT-38, which are 
included in Appendix D of ConeTec(1999). These plots are annotated to identify the 
average undrained strength of the cohesive soils measured with respect to depth. As 
shown by the plot of s. for CPT-37, the weakest zone exists between depths of -5 ft and 
-12 ft. The results for CPT-38 are similar, but the bottom of the weakest zone is at a 
depth of- 11 ft. The underlying soils are all much stronger. The average value of su of the 
cohesive soils for the depth range from -18 ft to -28 ft is -2.20 tsf, compared to su -1.34 
tsf for the zone between -5 ft and -12 ft. Therefore, the undrained strength of the deeper 
soils in the upper layer was -64% (Asu = 100% x [(2.20 tsf- 1.34 tsf) / 1.34 tsf] higher than 
the strength measured for the soils within the depth range of -5 ft to -12 ft. The relative 
strength increase was even greater than this in CPT-38.  

Using 2.2 ksf, as measured in the UU triaxial tests performed on specimens obtained from 
depths of -10 ft, as the undrained strength applicable for the weakest soils (i.e., those in 
the depth range of -5 ft to -12 ft), the average strength for the soils in the entire upper 
layer is calculated as shown in Figure 4. The resulting average value, weighted as a 
function of the depth, is s. -3.18 ksf. This value would be much higher if the results from 
CPT-38 were used; therefore, this is considered to be a reasonable lower-bound value of 
the average strength applicable for the soils in the upper layer that underlie the Canister 
Transfer Building.  

Further evidence that this is a conservative value of s. for the soils in the upper layer is 
presented in Figure 11 of Calc 05996.02-G(B)-05-2 (copy included in Attachment A). This 
plot of su vs confining pressure illustrates that this value is slightly less than the average 
value of su measured in the CU triaxial tests that were performed on specimens obtained 
from depths of -10 ft at confining stresses of 2.1 ksf. As indicated in this figure, the 
confining stress of 2.1 ksf used to test these specimens is comparable to the vertical stress 
that will exist -5 ft below the Canister Transfer Building mat following completion of 
construction. Since these tests were performed on specimens of the weakest soils 
underling the Canister Transfer Building mat (the deeper lying soils are stronger based on 
the SPT and the cone penetration test data), it is conservative to use the weighted average 
value of s. of 3.18 ksf for the soils in the entire upper layer of the profile in the bearing 
capacity analyses.
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Direct shear tests were performed on undisturbed specimens of the silty clay/clayey silt 

obtained from Borings CTB-6 and CTB-S, which were drilled in the locations shown in SAR 

Figure 2.6-18. These specimens were obtained from Elevation -4469, the elevation of the 

bottom of the perimeter key proposed at the base of Canister Transfer Building mat. Note, 

this key is being constructed around the perimeter of the mat to ensure that the full shear 

strength of the clayey soils is available to resist sliding of the structure due to loads from 

the design basis ground motion. These direct shear tests were performed at normal 

stresses that ranged from 0.25 ksf to 3.0 ksf. This range of normal stresses bounds the 

ranges of stresses expected for static and dynamic loadings from the design basis ground 

motion.  

The results of these tests are presented in Attachments 7 and 8 of the Appendix 2A of the 

SAR and they are plotted in Figures 9 and 10 of Calc 05996.02-G(B)-05-2 (copies included 

in Attachment A). Because of the fine grained nature of these soils, they will not drain 

completely during the rapid cycling of loadings associated with the design basis ground 

motion. Therefore, sliding stability analyses included below of the Canister Transfer 

Building constructed directly on the silty clay are performed using the average shear 

strength measured in these direct shear tests for a normal stress equal to the vertical 

stress under the building following completion of construction, but prior to imposition of 

the dynamic loading due to the earthquake. As shown in Figures 9 and 10 of Calc 

05996.02-G(B)-05-2 (copies included in Attachment A), this average shear strength is 1.8 

ksf and the friction angle is set equal to 0*.  

Effective-stress strength parameters are estimated to be 4 - 300 and c = 0 ksf, even though 

these soils may be somewhat cemented. This value of 4 is based on the P1 values for these 

soils, which ranged between 5% and 23% (SWEC, 2000a), and the relationship between 0 
and PI presented in Figure 18.1 of Terzaghi & Peck (1967).  

Therefore, static bearing capacity analyses are performed using the following soil 

strengths: 

Case IA Static using undrained strength parameters: 4 = 0' & c = 3.18 ksf.  

Case 1B Static using effective-stress strength parameters: 4- = 30' & c = 0.

and dynamic bearing capacity analyses are performed using 0 = 00 & c = 3.18 ksf.
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METHOD OF ANALYSIS 

Load cases analyzed consist of combinations of vertical static, vertical dynamic 
(compression and uplift, Y-direction), and horizontal dynamic (in X and Z-directions) loads.  

The following load combinations are analyzed: 

Case I Static 

Case II Static + dynamic horizontal forces due to the earthquake 

Case Ill Static + dynamic horizontal + vertical uplift forces due to the earthquake 

Case IV Static + dynamic horizontal + vertical compression forces due to the 
earthquake 

For Case II, 100% of the dynamic lateral forces in both X and Z directions are 
combined. For Cases III and IV, 100% of the dynamic loading in one direction is 
assumed to act at the same time that 40% of the dynamic loading acts in the other two 
directions. For these cases, the suffix "A' is used to designate 40% in the X direction 
(N-S for the Canister Transfer Building, as shown in Figure 1), 1000/6 in the Y direction 
(vertical), and 40% in the Z direction (E-W). Similarly, the suffix "B" is used to 
designate 40% in the X direction, 40% in the Y, and 100% in the Z, and the suffix "C" 
is used to designate 100% in the X direction and 40% in the other two directions.  
Thus, 

Case IlIA 40% N-S direction, -100% Vertical direction, 40% E-W direction.  

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.  

Case iJIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.  

The negative sign for the vertical direction in Case III indicates uplift forces due to the 
earthquake. Case IV is the same as Case III, but the vertical forces due to the 
earthquake act downward in compression; therefore, the signs on the vertical 
components are positive.  

Combining the effects of the three components of the design basis ground motion in 
this manner is in accordance with ASCE-4 (1986).
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ANALYSIS OF OVERTURNING STABILITY 

The factor of safety against overturning is defined as: 

FSoT = EMResistng -- EMDiving 

The overturning stability of the Canister Transfer Building is determined using the 
dynamic loads for the building due to the PSHA 2,000-yr return period earthquake. These 
loads are listed in Table 2.6-11, and they were developed based on the dynamic analysis 
performed in Calculation 05996.02-SC-5 (S&W, 2001) and described in SAR Section 
4.7.1.5.3. The masses and accelerations of the joints (see Figure 2 for locations of the 
joints) used in the model of the Canister Transfer Building in Calculation 05996.02-SC-5 
are listed on the left side of Table 2.6-11, and the resulting inertial forces and associated 
moments are listed on the right. Based on building geometry shown schematically in 
Figure 1 and the forces and moments shown in Table 2.6-11, overturning is more critical 
about the N-S axis (279.5 ft) than about the E-W axis (240 ft). Page 37 of Calculation 
05996.02-SC-5 indicates that the moment about the N-S axis due to angular (rotational) 
acceleration of the structure is 465,729 ft-K and 1,004,332 ft-K about the E-W axis.  

The vertical force due to the earthquake can act upward or downward. However, when it 
acts downward, it acts in the same direction as the weight, tending to stabilize the 
structure with respect to overturning stability. The minimum factor of safety against 
overturning will occur when the maximum dynamic vertical force acts in the upward 
direction, tending to unload the mat and reduce the resisting moment. Therefore, 
calculate the factor of safety for Case III.  

CHECKING OVERTURNING ABOUT THE N-S AXIS 

For Case ILIA, where 400/6 of the horizontal force due to the earthquake act in the N-S and 
E-W directions and 100% acts vertically upward, the resisting moment is calculated as the 
net effective weight of the building x the distance from one edge of the mat to the center of 
the mat. The net effective weight of the building is 97,749 - 79,779 K, (i.e., Weight - Total 
Fv Dy), as shown in Table 2.6-11. For overturning about the N-S axis, the moment arm for 
the resisting moment equals ½ of 240 ft, or 120 ft. Therefore, 

EMP.esisting = (97,749 - 79,779) K x 120 ft = 2,156,400 ft-K.  

The driving moments include 40% of the EM acting about the N-S axis, ZMx in Table 2.6
11, which is 0.4 x 2,706,961.4 = 1,082,785 ft-K, and 40% of the moment about the N-S 
axis due to angular (rotational) acceleration of the structure, which is 0.4 x 465.729 = 

186,292 ft-K.  

The square root of the sum of the squares (SRSS) is used to combine the moments to 
account for the fact that the maximum responses of earthquake do not act in all three 
orthogonal directions and angular rotations at the same time. The moments acting about 
the E-W axis do not contribute to overturning about the N-S axis; therefore,



STONE & WEBSTER, INC.  

5010.65 CALCULATION SHEET 

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 12 

05996.02 G(B) 13-4 N/A 

•Mriig --- ,082,7852 + (186,292)2 = 1,098,694 ft - K 

and FSoT = 2,156,400 + 1,098,694 = 1.96 about the N-S axis for Case ILIA.  

For Case IIIB, where 100% of the horizontal force due to the earthquake acts in the E-W 
direction and 40% acts in the N-S direction and vertically upward, the resisting moment is 
calculated as the net effective weight of the building x the distance from one edge of the 
mat to the center of the mat. The net effective weight of the building is 97,749 - 79,779 K, 
(i.e., Weight - Total Fv Dy), as shown in Table 2.6-11. For overturning about the N-S axis, 
the moment arm for the resisting moment equals 1/2 of 240 ft, or 120 ft. Therefore, 

EMResistxg = (97,749 - 0.4 x 79,779) K x 120 ft = 7,900,488 ft-K.  

The driving moments include 100% of the EM acting about the N-S axis, EMx in Table 2.6
11, which is 2,706,961.4 ft-K, and 100% of the moment about the N-S axis due to angular 
(rotational) acceleration of the structure, which is 465,729 ft-K.  

The square root of the sum of the squares (SRSS) is used to combine the moments to 
account for the fact that the maximum responses of earthquake do not act in all three 
orthogonal directions and angular rotations at the same time. The moments acting about 
the E-W axis do not contribute to overturning about the N-S axis, therefore, 

I MDrvg =42,706,961.42 + 465,7292 = 2,746,733 ft - K 

and FSoT = 7,900,488 --. 2,746,733 = 2.88 about the N-S axis for Case IIIB.  

Case IIIC, where 100% of the horizontal force due to the earthquake acts in the N-S 
direction and 40% acts in the E-W direction and vertically upward, is less critical for 
overturning about the N-S axis than Case IIIB.  

CHECKING OVERTURNING ABOUT THE E- W AXIS 

For Case IIA, where 40% of the horizontal force due to the earthquake act in the N-S and 
E-W directions and 100% acts vertically upward, the resisting moment is calculated as the 
net effective weight of the building x the distance from one edge of the mat to the center of 
the mat. The net effective weight of the building is 97,749 - 79,779 K, (i.e., Weight - Total 
Fv Dn), as shown in Table 2.6-11. For overturning about the E-W axis, the moment arm for 
the resisting moment equals ½h of 279.5 ft, or 139.75 ft. Therefore, 

EMResisung = (97,749 - 79,779) K x 139.75 ft = 2,511,308 ft-K.  

The driving moments include 40% of the ZM acting about the E-W axis, EMx in Table 2.6
11, which is 0.4 x 2,849,703 = 1,139,881 ft-K, and 40% of the moment about the E-W axis 
due to angular (rotational) acceleration of the structure, which is 0.4 x 1,004,322 = 

401,729 ft-K.
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The square root of the sum of the squares (SRSS) is used to combine the moments to 
account for the fact that the maximum responses of earthquake do not act in all three 
orthogonal directions and angular rotations at the same time. The moments acting about 
the N-S axis do not contribute to overturning about the E-W axis, therefore, 

SMDrjg =1,139,8812 + 401,7292 = 1,208,601 ft- K 

and FSoT = 2,511,308 -- 1,208,601 = 2.07 about the E-W axis for Case ILIA.  

For Case IIIC, where 100% of the horizontal force due to the earthquake acts in the N-S 
direction and 40% acts in the E-W direction and vertically upward, the resisting moment is 
calculated as the net effective weight of the building x the distance from one edge of the 
mat to the center of the mat. The net effective weight of the building is 97,749 - 79,779 K, 
(i.e., Weight - Total Fv Dy, as shown in Table 2.6-11. For overturning about the E-W axis, 
the moment arm for the resisting moment equals /2 of 279.5 ft, or 139.75 ft. Therefore, 

EMResisting = (97,749 - 0.4 x 79,779) K x 139.75 ft = 9,200,777 ft-K.  

The driving moments include 100% of the EM acting about the E-W axis, FMx in Table 2.6
11, which is 2,849,703.4 ft-K, and 100% of the moment about the E-W axis due to angular 
(rotational) acceleration of the structure, which is 1,004,322 ft-K.  

The square root of the sum of the squares (SRSS) is used to combine the moments to 
account for the fact that the maximum responses of earthquake do not act in all three 
orthogonal directions and angular rotations at the same time. The moments acting about 
the N-S axis do not contribute to overturning about the E-W axis; therefore, 

SMDrvg -- J2,849,7032 ÷ 1,004,322 2 = 3,021,501 ft - K 

and FSoTr = 9,200,777 -.- 3,021,501 = 3.05 about the E-W axis for Case 10IC.  

Case IIIB, where 100% of the horizontal force due to the earthquake acts in the N-S 
direction and 40% acts in the E-W direction and vertically upward, is less critical for 
overturning about the N-S axis than Case IIIC.
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ANALYSIS OF SLIDING STABILITY 

The factor of safety (FS) against sliding is defined as follows: 

FS = Resisting Force - Driving Force = T - V 

For this analysis, ignoring passive resistance of the soil adjacent to the mat, the resisting, 
or tangential shear force, T, below the base of the pad is defined as follows: 

T = Ntan++cBL 

where, N (normal force) = I F, = F, stauc + Fv Eqk 

+ = 00 (for Silty Clay/Clayey Silt) 

c = 1.8 ksf, as discussed above under "Geotechnical Properties." 

B = 240 feet 

L= 279.5 feet 

The driving force, V, is calculated as follows: 

V F +FW 

SLIDING STABILITY OF THE CANISTER TRANSFER BUILDING ON IN SITU CLA YEY SOILS 

The sliding stability of the CTB was evaluated using the foundation loadings developed in 
the soil-structure interaction analyses (Calculation 05996.02-SC-5, S&W, 2001). In this 
case, the strength of the clayey soils at the bottom of the 1.5-ft deep key around the CTB 
mat was 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 structure.  
The results of these tests are included in Attachments 7 and 8 of Appendix 2A of the SAR.  
As discussed above under Geotechnical Properties, + = 00 and a shear strength of 1.8 ksf 
were used for the clayey soils underlying the Canister Transfer Building in determining 
resisting forces for the earthquake loading combinations.  

The backfill to be placed around the Canister Transfer Building mat and 1.5-ft deep key 
will be soil cement, constructed from the eolian silt silty clay that was excavated from the 
area. For soil cement constructed using these soils, it is reasonable to assume the lower 
bound value of y is 100 pcf, • = 00 & c = 125 psi.  

For the soil cement, Pp = 2c 

For 5' of soil cement, using a factor of safety of 2 applied to the passive resistance, 

# 144. in. 2  K 
2 x 125.-x 2 x p _2xc_ i.2- 1,000# 90P FS 2 LF
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The CTB mat is 240' wide in the E-W direction and 279.5' long in the N-S direction; 
therefore, the total passive force available to resist sliding is at least 240' x 90 K/LF = 

26,500 K acting in the N-S direction.  

Lambe & Whitman (1969, p 165) indicates that little horizontal compression, -0.5%, is 
required to reach half of full passive resistance for dense sands. The eolian silts will be 
compacted to a dense state; therefore, assume that half of the total passive resistance is 
available to resist sliding of the building. Note, 0.5% of the 5 ft height of the mat + 1.5-ft 
deep key = 0.005 x 6.5 ft x 12 in./ft = 0.39 in. Since there are no safety-related systems 
that would be severed or otherwise impacted by movements of this small magnitude, it is 
reasonable to use this passive thrust to resist sliding.  

The results of the sliding stability analysis of the Canister Transfer Building are presented 
in Table 2.6-13. These results assume that only one-half of the passive pressures are 
available to resist sliding and no credit is taken for the fact that the strength of cohesive 
soils increases as the rate of loading increases (Schimming et al, 1966, Casagrande and 
Shannon, 1948, and Das, 1993); therefore, they represent a conservative lower-bound 
value of the sliding stability of the Canister Transfer Building founded on in situ silty 
clay/clayey silt with soil-cement backfill around the mat.  

The sliding stability for Cases IIIA, IIIB, and IIIC was calculated by summing the driving 
forces using the SRSS rule, but without similarly summing the passive resisting forces.  
The sliding stability for Cases IVA, IVB, and IVC were calculated by summing both the 
driving forces and the passive resisting forces using the SRSS rule, which is believed to 
more realistically represent the actual condition. As expected, the sliding stability 
calculated for Case IV generally gives a higher factor of safety against sliding than those for 
Case III.  

These results indicate that the factors of safety are acceptable for all load combinations.  
The lowest factor of safety was 1.13, which applies for Case 111C, where 100% of the 
dynamic earthquake forces act in the N-S direction and 40% act in the other two 
directions. These results are all > 1. 1, the minimum value required for sliding.  

SLIDING STABILITY OF THE CANISTER TRANSFER BuILDING ON COHESIONLuSs SoIs 

The Canister Transfer Building will be founded on clayey soils that have an adequate 
amount of cohesive strength to resist sliding due to the dynamic forces from the design 
basis ground motion. As shown in SAR Figures 2.6-21 through 2.6-23, however, some of 
the soils underlying the building are cohesionless within the depth zone of about 10 to 20 
ft, especially near the southern portion of the building. Analyses presented on the next six 
pages 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.  

The resistance to sliding is greatly reduced for frictional materials when the dynamic 
forces due to the earthquake act upward. The normal forces act downward for Case IV 
loadings and, hence, the resisting forces will be much greater than those for Case Ill.
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Therefore, these analyses are performed only for Load Cases IIIA, IIIB, and IIIC. As 
described above, these load cases are defined as follows: 

Case IlIA 40% N-S direction, -100% Vertical direction, 40% E-W direction.  

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.  

Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.  

As shown in SAR Figures 2.6-21 through 2.6-23, the top of the cohesionless layer varies 
from about 5 ft to about 9 ft below the mat, and it generally is at a depth of about 6 ft 
below the mat. These analyses include the passive resistance acting on a plane extending 
from grade down to the top of the cohesionless layer, plus the shear strength available at 
the ends of the silty clay block under the mat, plus the frictional resistance available along 
the top of the cohesionless layer. The weight of the clayey soils existing between the top of 
the cohesionless soils and the bottom of the mat is included in the normal force used to 
calculate the frictional resistance acting along the top of the cohesionless layer.  

A review of the cone penetration test results (ConeTec, 1999) obtained within the top 2 ft 
of the layer of nonplastic silt/silty sand/sandy silt underlying the Canister Transfer 
Building indicated that 0 = 38' is a reasonable minimum value for these soils. This review 
is presented on the next page.  

The next five pages illustrate that the factor of safety against sliding along the top of this 
layer is >1.1 for all load cases (i.e., Load Cases ILIA, IIIB, and IIIC). These analyses include 
several conservative assumptions. They are based on static strengths of the silty clay 
block under the Canister Transfer Building mat, even though, as reported in Das (1993), 
experimental results indicate that the strength of cohesive soils increases as the rate of 
loading increases. For rates of strain applicable for the cyclic loading due to the design 
basis ground motion, Das indicates that for most practical cases, one can assume that cu 

y .. ~:- 1.5 x cu m,. In addition, the silty sand/sandy silt layer is not continuous under 
the Canister Transfer Building mat, and this analysis neglects cementation of these soils 
that was observed in the samples obtained in the borings. Therefore, sliding is not 
expected to occur along the surface of the cohesionless soils underlying the Canister 
Transfer Building.
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ALLOWABLE BEARING CAPACITY 

Bearing capacity calculations are performed using the method for determining general 
bearing capacity failure, as presented in Winterkom and Fang (1975. Local bearing 
capacity (punching shear) failure is ruled out due to the large size of the mat, 240' x 
279.5'.  

The general bearing capacity equation is a modification of Terzaghi's bearing capacity 
equation, which was developed for strip footings and which indicates that qwt = 
cN,+qNq+1/2 yBN,. For this relationship, the ultimate bearing capacity of soil consists of 
three components: 1) cohesion, 2) surcharge, and 3) friction, which are represented by 
bearing capacity factors Nc, Nq, and N. Terzaghi's bearing capacity equation has been 
enhanced by various investigators to incorporate shape, depth, and load inclination factors 
for different foundation geometries and loads as follows: 

q..zt= c N c S d i, + q Nq Sq d. iq + ./2 rB Nr sr B, 

where 

qLt = ultimate bearing capacity 

c = cohesion or undrained strength 

q = effective surcharge at bottom of foundation, = yDf 

y = unit weight of soil 

B = foundation width 

Sc, Sq, sy = shape factors, which are a function of foundation width to length 

dý, dq, d4 = depth factors, which account for embedment effects 

ic, q, 4. = load inclination factors 

No, Nq, N;, = bearing capacity factors, which are a function of 0.  

y in the third term is the unit weight of soil below the foundation, whereas the 
unit weight of the soil above the bottom of the footing is used in determining q in 
the second term.  

BEARING CAPACITY FACTORS 

Bearing capacity factors computed based on relationships proposed by Vesic (1973), which 
are presented in Chapter 3 of Winterkorn and Fang (1975).
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Nq = e'ta t2 45 + 

Nc = (Nq-1) cot , but =5.14for =0.  

N,=2 (Nq+1) tanfl 

SHAPE FACTORS 

sc=1+ B Nq 
L Nc 

Sq = 1+--Btan¢ 
L 

B 
sy = 1-0.4. 

L 

DEPTH FACTORS 

For _- 1: 
B 

dec=dq- for0>0 and dc=1+0.4 for =0.  d=dqNq.tanflJB 

dq=l+2tan o .(1-sin4 ) 2 . ( D,) 

d= 1 

INCLINATION FACTORS 

i = I- lF i. m1 

Fv +B'L'ccot J 

__ ( mFH 
kl • -iqq- for >0 and k=i - m LH for =0 

N=i -tan + B'L c Nc 

y= I- F .H m+l IFv +B'Vccot0 I 

Where: FH and Fv are the total horizontal and vertical forces acting on the footing and 
mB = (2 + B/L) / (1 + B/L)

mL = (2 + L/B) / ( + L/B)
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STATIC BEARING CAPACITY OF THE CANISTER TRANSFER BUILDING 

The following pages present the details of the bearing capacity analyses for the static load 
cases. These cases are identified as follows: 

Case IA Static using undrained strength parameters ( 0 =0 & c = 3.18 ksfi.  

Case 1B Static using effective-stress strength parameters (0 = 3 0 ' & c = 0).  

Table 2.6-9 presents the results of the bearing capacity analyses for these static load 
cases. The minimum factor of safety required for static load cases is 3.  

As indicated in this table, the gross allowable bearing pressure for the Canister Transfer 
Building to obtain a factor of safety of 3.0 against a shear failure from static loads is 
greater than 6.5 ksf. However, loading the foundation to this value may result in 
undesirable settlements. This minimum allowable value was obtained in analyses that 
conservatively assume ¢ = 00 and c = 3.18 ksf, the average undrained strength for the soils 
in the upper layer at the site, to model the end of construction. Using the estimated 
effective-stress strength of 0 = 300 and c = 0 results in higher allowable bearing pressures.  
As shown in Table 2.6-9, the gross allowable bearing capacity of the Canister Transfer 
Building for static loads for these soil strengths is 56.6 ksf.
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ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING 

Static Analysis: Case IA - Static 10% In N-S, 0% in

Soil Properties: 

Foundation Properties:

su= 

0= 

Ysurch = 

B'= 
Df = 

FS = 

Fv = 

EQH E-W =

qut o c Nc Se dc ic + Ysurch Df Nq Sq dq lq + 1/ 

N, = (Nq- 1) cot(o), b 

Nq = e "t  tan2(Td4 + 
NY = 2(Nq+I1) tan (0

Vert 0%inE-in,.

3,180 Average undrained strength (psf) in upper -30' layer 

0 Friction Angle (degrees) 
90 Unit weight of soil (pcf) 

80 Unit weight of surcharge (pcf) 

240.0 Footing Width - ft (E-W) L' = 279.5 Length - ft (N-: 

5 Depth of Footing (ft) 

0.0 Angle of load inclination from vertical (degrees) 

3 Factor of Safety required for qaroable.  

97,749 k EQv = 0 k 

0 k + EQH N-S = Ok = k for FH 

2 y B N 1General Bearing Capacity Equation, 

based on Winterkorn & Fang (1975) 

ut = 5.14 fore=O = 5.14 Eq 3.6 & Table 3.2 

0/2) = 1.00 Eq 3.6 

= 0.00 Eq 3.8

sc = 1 + (B/L)(Nq/Nc) 

Sq = 1 + (B/L) tan 0 
sy = 1 - 0.4 (B/L) 

For D1B <1: dq= 1 +2tano (1 -sin o)2 Di/B = 

For 0 > 0: d, = dq - (1 -dq) / (Nq tan 0) 

For 0 =0: d, = 1 + 0.4 (DMB) 

No inclined loads; therefore, i, = iq = = 1.0.

Gross quit = 19,635 psf =
N, term 
19,235

1.17 
1.00 

0.66

1.00 
1.00 

N/A 

1.01

Nq term 
+ 400

S)

Table 3.2 

Eq 3.26 

Eq 3.27

NY term 
+ 0

qaI= = 6,540 psf = qui / FS 

qactuai = 1,457 psf = (F, + EQv) / (B' x L')

FSactua, = 13.47 = quit / qaclual > 3 Hence OK

[geot\05996\calc \brngscap\carixfr.xls
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ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING

Static Analysis: 

Soil Properties:

Foundation Properties:

Case 1B - Static

SU= 

Ysuich= 

13' 

FS 
=v

EQH E-W ý

11 0 % in N-S, 0 %in Vert 0 %in E-WI

0 Average undrained strength (psf) in upper -30' layer 
30 Friction Angle (degrees) 
90 Unit weight of soil (pcf) 
80 Unit weight of surcharge (pcf) 

240.0 Footing Width - ft (E-W) L'= 279.5 Length 
5 Depth of Footing (ft) 

0.0 Angle of load inclination from vertical (degrees) 
3 Factor of Safety required for qaso.abt.

97,749 k EQv = 0 k 

0k + EQHN.S = Ok = 0kforF

qut = c Nc sc dc ic + y.urch Dt Nq sq dq iq + 1/2 y B Ny sy dy 

N, = (Nq - 1) cot(o), but = 5.14 for 0 = 0 

Nq = e" it n tan2(7L./4 + €/2) 

N = 2(Nq+l) tan(o)

- ft (N-S)

H

General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

= 30.14 Eq 3.6 & Table 3.2 

- 18.40 Eq 3.6 

- 22.40 Eq 3.8

s¢ = 1 + (B/L)(Nq/Nc) - 1.52 

sq = 1 + (B/L) tan l = 1.50 

s. = 1 - 0.4 (B/L) = 0.66 

For DVB<_1: dq= 1 +2tant (1 -sin 4)2 DW/B = 1.01 

dC= 1 - 1.00 

For > 0: d= dq - (1-dq) / (Nq tan ) - 1.01 

For =0: d= 1 + 0.4 (D/B) N/A 

No inclined loads; therefore, ic = iqy = 1.0.

Gross q.1t = 169,921 psf =
N¢ term 

0
Nq term 

+ 11,076

q31 = 56,640 psf = qit FS 

qactual = 1,457 psf = (F, + EQV) / (B' x L')

FSactual = 116.61 = qua / qlatw > 3 Hence OK

[geot] \05996\calc\bmgcap\can xfr.xis

5010.65

Table 3.2 

Eq 3.26 

Eq 3.27

N. term 
+ 158,845
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DYNAMIC BEARING CAPACITY OF THE CANISTER TRANSFER BUILDING 

The following pages present the details of the bearing capacity analyses for the dynamic 

load cases. These analyses use the dynamic loads for the building that were developed in 

Calculation 05996.02-SC-5, (S&W, 2001). The development of these dynamic loads is 

described in Section 4.7.1.5.3 of the SAR. As in the structural analyses discussed in SAR 

Section 4.7.1.5.3., the seismic loads used in these analyses were combined using 100% of 

the enveloped zero period accelerations (ZPA) in one direction with 40% of the enveloped 

ZPA in each of the other two directions. The resulting dynamic loading cases are identified 

as follows: 

Case II 100%N-S direction, 0% Vertical direction, 100% E-W direction.  

Case IIIA 40% N-S direction, - 100% Vertical direction, 40% E-W direction.  

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.  

Case IIIC 100%N-S direction, -40% Vertical direction, 40% E-W direction.  

Case IVA 40% N-S direction, 100% Vertical direction, 40% E-W direction.  

Case IVB 40% N-S direction, 40% Vertical direction, 100% E-W direction.  

Case IVC 100% N-S direction, 40% Vertical direction, 40% E-W direction.  

Table 2.6-10 presents the results of the bearing capacity analyses for these cases, which 

include static loads plus dynamic loads due to the earthquake. Because the in situ fine

grained soils are not expected to fully drain during the rapid cycling of load during the 

earthquake, these cases are analyzed using the average undrained strength applicable for 

the soils within the upper layer (0 = 0' and c = 3.18 kso). As indicated above, for these 

cases including dynamic loads from the design basis ground motion, the minimum 
acceptable factor of salty is 1. 1.  

Table 2.6-10 indicates the minimum factor of safety against a dynamic bearing capacity 

failure was obtained for Load Case II, the load combination of full static, 100%/6 of the 

seismic forces acting in the N-S direction and the E-W direction and 0% in the upward 

direction. This load case resulted in an actual soil bearing pressure of 2.4 ksf, compared 

with an ultimate bearing capacity of 13.2 ksf. The resulting factor of safety against a 

bearing capacity failure for this load case is -5.5, which is much greater than 1. 1, the 

minimum allowable factor of safety for seismic loading cases. In these analyses, no credit 

was taken for the fact that strength of cohesive soil increases as the rate of loading 

increases. Therefore, the Canister Transfer Building has an adequate factor of safety 

against a dynamic bearing capacity failure.



STONE & WEBSTER, INC.  

010.65 CALCULATION SHEET 

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 28 

05996.02 G(B) 13-4 N/A

ALLOWABLE BEARING CAPACIT) 

PSHA 2,000-Yr Earthquake: Case 11 

Soil Properties: Su = 
0= 

Ysurch = 

Foundation Properties: B 
Dt 

FS= 
Fv = 

EQH E-W = 

qt= c N. sc de ic + Ysurch Df Nq Sq dqlq +1/ 

N, = (Nq - 1) cot(o), bi 

Nq= e" n'o tan2( ,/4 + 

N 1 = 2 (Nq + 1) tan (0 

sc = 1 + (B/L)(Nq/Nc) 

Sq= 1 + (B/L) tan 0 
s1 = I - 0.4 (B/L) 

For DI/B<1: dq= 1 +2tano (1 -s 
d1=l 

For 0 > 0: d, = dq - (1-dq) / (Nq ta 

For * = 0: d, = 1 + 0.4 (Dp(B) 

meo= (2+ B/L) /(1 +B.  

ML = (2 + LIB) / (1 + L+ 

If EQH N-S >o: o, = tan'(EQH E.W/ E( 

M, = mL COS 20n + me S 

For =0: i, = I - (m FH/B'L'c 

Iq = (1.- FH/[(Fv+ E 

i = ( 1 - FH / [(F, + E(

Gross q, 11 = 13,171 psf =

OF CANISTER TRANSFER BUILDING 

11 100 % In N-S, 0%in V 100 %inE-W

3,180 Average undrained strength (psf) in upper -30' layer 

0 Friction Angle (degrees) 
90 Unit weight of soil (pcf) 
80 Unit weight of surcharge (pcf) 

184.6 Footing Width - ft (E-W) L' = 221.2 Length - ft (N

5 Depth of Footing (ft) 

45.7 Angle of load inclination from vertical (degrees) 
1.1 Factor of Safety required for qa,•=ae

97,749 k EQv = 0 k 

99,997 k + EQHN.S = 111,108k = 149,48OkforFH 

2y B Ny s., General Bearing Capacity Equation, 

based on Winterkorn & Fang (1975) 

ut = 5.14 for i=0 = 5.14 Eq 3.6 & Table 3.2 

0/2) = 1.00 Eq 3.6 

= 0.00 Eq 3.8 

= 1.16 Table 3.2 

= 1.00 

= 0.67 

in o)2 DVB = 1.00 Eq 3.26 

= 1.00 

,n*) = N/A 

= 1.01 Eq 3.27 

/.) = 1.54 Eq 3.18a 

B) = 1.46 Eq 3.18b 

)H N-S) = 0.73 rad 

ini2On = 1.50 Eq 3.18c 

Nj) 0.66 Eq 3.16a 

Qv) + B' Lc cot 0] } m  = 1.00 Eq 3.14a 

Q2) + B' Lc cot (] }m*1 = 0.00 Eq 3.17a

N. term 
12,771

Nq term 
+ 400

S)

N.term 
+ 0

qall = 11,970 psf = qIt /FS 

dual = 2,394 psf = (F, + EQJ) I (B' x L')

FSactual = 5.50 = qu, I qaciuai > 1.1 Hence OK

[geotl\05996\calc\brngscap\canxfr.xls

5

qa



STONE & WEBSTER, INC.  
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CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO.  

05996.02
DIVISION & GROUP 

G(B)

ALLOWABLE BEARING CAPACI'I 

PSHA 2,000-Yr Earthquake: Case 11 
Soil Properties: Su = 

y= 

Ysurch = 
Foundation Properties: B' = 

Df= 

FS = 
Fv= 

EQH E-W

(OF CANISTER TRANSFER BUILDING 

1A 40%inN-S, -100 %in

3,180 Average undi 
0 Friction Anglk 

90 Unit weight o 
80 Unit weight o 

119.5 Footing Widti 
5 Depth of Fool 

65.8 Angle of load 
1.1 Factor of Safi 

97,749 k EC 

39,999 k + EQH N

qu. =c Nc so do ic + Ysurch Dt Nq Sq dq iq + 1/2 y B NY sy dy iY 

N, = (Nq - 1) cot(o), but = 5.14 for d = 0 

Nq = ex " tan2(rW4 + 0/2) 
NY = 2 (Nq + 1) tan($) 

S. = 1 + (BIL)(Nq/Nc) 

sC = 1 + (B/L) tanO 
sý = 1 - 0.4 (B/L) 

For DWB<1: dq= 1 +2tans0 (1 -sin4) 2 D1B 

dy=1 
For $ > 0: do = dq - (1 -dq) / (Nq tan 0) 

For * = 0: d, = 1 + 0.4 (Dr/B) 

me = (2 + B/L) (1 + B/L) 

mL = (2 + L/B) / (1 + L/B) 

If EQH N-S> 0: eO = tan-'(EQH E-W/EQH N-S) 

mn = ML COS
2
e + masin2On 

For =0: i,= 1- (mFHIB'L'cN,) 

iq = { 1.- FH/[(F, + EQv) + B' L' c cot 0] 

iY= { 1 - FH/ [(F, + EQV) + B' L'c cot $] }m+1

Gross quit = 13,804 psf =

q1

N, term 
13,404

Vert 40%inE-W

rained strength (psf) in upper -30' layer 
(degrees) 

f soil (pcf) 
f surcharge (pcf) 
h - ft (E-W) L' = 152.6 Length - ft (N
ting (ift) 
inclination from vertical (degrees) 

ety required for qalsoabs-.  

v = -79,779 k 
.s = 44,443 k = 59,792 k for FH 

General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

= 5.14 Eq 3.6 & Table 3.2 

= 1.00 Eq 3.6 

= 0.00 Eq 3.8 

- 1.15 Table 3.2 

= 1 .0 0 " 

= 0.69

= 1.00 

= 1.00 

= N/A 

= 1.02 

- 1.54 

= 1.46 

= 0.73 

- 1.50 

- 0.70 

- 1.00 

= 0.00 

Nq term 
+ 400

rad

S)

Eq 3.26 
to 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

Eq 3.18c 

Eq 3.16a 

Eq 3.14a 

Eq 3.17a

NY term 
+ 0

q=,= 12,540 psf = q uit / FS 

etuaa = 985 psf = (F, + EQV) / (B' x L')

FSactuaj = 14.01 = quft/ qactual > 1.1 Hence OK

[geot] \05996\calc \brng.cap\canlxfr.xIs

13-4 N/A
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ý1-

ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING 

PSHA 2,000-Yr Earthquake: Case IIIB 40 % in N-S, -40 % in 

Soil Properties: Su = 3,180 Average undrained strength (psf) in uppel 

S= 0 Friction Angle (degrees) 
y = 90 Unit weight of soil (pcf) 

Ysurch = 80 Unit weight of surcharge (pcf) 
Foundation Properties: B' = 157.8 Footing Width - ft (E-W) L' = 244.A 

D, = 5 Depth of Footing (ft) 
13 = 56.6 Angle of load inclination from vertical (des 

FS = 1.1 Factor of Safety required for qaro.ab1e.  
Fv = 97,749 k EQv = -31,912 k 

EQH E-W = 99,997 k + EQHN-S = 44,443 k = 109 
s lGeneral Bearing Ca 

qu= c Nc sc d=ic + Ysurch D, Nq Sq dq iq + 1/2 y B Ny sý dy based on Winterkor 

N,= (Nq - 1) cot(o), but = 5.14 for =0 = 5.14 Eq3.  

Nq =ex'no tan2Q(r4 + 0/2) = 1.00 Eq 3.  

NI = 2 (Nq + 1) tan (4) 0.00 Eq 3.  

sc = 1 + (B/L)(Nq/Nc) = 1.13 Table 
sq= 1 + (B/L) tan - 1.00 
sy = 1 - 0.4 (B/L) = 0.74 

For DJB < 1: dq= 1 + 2 tan 0 (1 - sin )o D/B 1.00 Eq 3.  

d= 1 - 1.00 
Foro> 0:d= dq - (1-dq) /(Nqtan 0) = N/A 

For # = 0: d, = 1 + 0.4 (D/B) = 1.01 Eq 3.

m;= (2+ B/L) / (1 +1 

mL= (2+ L/B)/(1 +lJ 

If EQH Ns > 0: E) = tan*'(EQH E.w/ E 

mn= mL CoSO,9 + ma s 

For =0: i, = 1 - (m FH/ B'L'c 

iq= {1 - FH/[(FV + E( 
i•={1 - FH/ [(F, + El

Gross q,, = 14,103 psf =

Ver 100 %inEW

r -30' layer 

Length - ft (N

grees) 

,429 k for FH 

pacity Equation, 
n & Fang (1975) 

6 & Table 3.2 

6 

8 

3.2 

26 

27

IL) = 1.54 Eq 3.18a 

B) = 1.46 Eq 3.18b 

)H N-S) - 1.15 rad 

iin20( = 1.53 Eq 3.18c 

N.) = 0.74 Eq 3.16a 

0,) + B'L'c cot 1}m  = 1.00 Eq 3.14a 

0,) + B' L' c cot o] }1`1 = 0.00 Eq 3.17a

NC term 
13,703

Nq term 

+ 400

N. term 
+ 0

qa, = 12,820 psf = qul / FS 

qactuai = 1,704 psf = (F, + EQJ) I (B' x L') 

FSactuai = 8.28 = qu" I qactuai > 1.1 Hence OK

[geot] \05996\calc\bmg._cap\can.xfr.xis
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ALLOWABLE BEARING CAPACIr 

PSHA 2,000-Yr Earthquake: Case 11 

Soil Properties: Su= 
0= 

Ysurch = 

Foundation Properties: B' = 
Df 

FS= 
Fv= 

EQH E-W = 

quft= c Nc sc dc ic + Ysurch D Nq sqdqiq +1[ 

N, = (Np.- 1) cot(o), b 

Nq = eax tan tan2(n/4 + 
NY = 2 (Nq + 1) tan() 

s. = 1 + (B/L)(Nq/Nc) 

sq = 1 + (B/L) tan @ 
sy = 1 - 0.4 (B/L) 

For DWB<1: dq= 1 +2tano (1 -s 

dr=l 
For *>0: d, = dq - (1-dq) / (Nq ta 

For* =0: d, = 1 + 0.4 (DW/B) 

me = (2 + B/L) / (1 + B 

mL = (2 + LUB) / (1 +U 

If EQ N-S > 0: 0, = tan-'(EQH E.W/ E 

m. = mL COS20n + mI S 

For0)=0:ir= 1 -(mFH/ B'L'c 

i{ 1 FH/ [(FV+ E4 
L=(1 - FH /[(F, + E(

Gross qp = 15,045 psf =

qs, = 13,670 

qactual = 1,648 

FSactual = 9.13

(OF CANISTER TRANSFER BUILDING 

IC 100 % in N-S, -40 % in Vert 40%in"E-WV

3,180 Average undrained strength (psf) in upper -30' layer 
0 Friction Angle (degrees) 

90 Unit weight of soil (pcf) 
80 Unit weight of surcharge (pcf) 

207.1 Footing Width - ft (E-W) U= 192.9 Length - ft (N
5 Depth of Footing (ft) 

31.3 Angle of load inclination from vertical (degrees) 
1.1 Factor of Safety required for q-,,we..  

97,749 k EQv = -31,912 k 
39,999 k + EQHN-S = 111,108k = 118,088 kforFH 

2 y B Ny sy d, General Bearing Capacity Equation, 

based on Winterkorn & Fang (1975) 

ut = 5.14 for =0 = 5.14 Eq 3.6 & Table 3.2 

/¢2) = 1.00 Eq 3.6 

= 0.00 Eq 3.8 

= 1.21 Table 3.2 

= 1.00 
- 0.57 

in 0)2 DM/B = 1.00 Eq 3.26 

= 1.00 
uni) = N/A 

= 1.01 Eq 3.27 

/L) = 1.54 Eq 3.18a 

/B) - 1.46 Eq 3.18b 

)H N-S) = 0.35 rad 

in2 
On - 1.47 Eq 3.18c 

N,) = 0.73 Eq 3.16a 

Qv) + B' L' c cot ] } m  = 1.00 Eq 3.14a 

v,) + B'L'c cot ] }m+1 = 0.00 Ea 3.17a

N, term 
14,645

Nq term 

+ 400

S)

N. term 
+ 0

psf = quIt / FS 

psf = (F, + EQv) / (B' x U)

= qug / qactm, > 1.1 Hence OK

[geot] \05996\calc\bmg-cap\can.xfr.xls
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ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING 

PSHA 2,000-Yr Earthquake: Case r.A 11"40 % In N-S, 100 % In 

Soil Properties: Su = 3,180 Average undrained strength (psf) in uppel 
4) = 0 Friction Angle (degrees) 
y = 90 Unit weight of soil (pcf) 

Ysurch = 80 Unit weight of surcharge (pcf) 
Foundation Properties: B' = 227.8 Footing Width - ft (E-W) L'= 266.3 

Df = 5 Depth of Footing (ft) 
S= 12.7 Angle of load inclination from vertical (de.  

FS = 1.1 Factor of Safety required for qawable.  

Fv = 97,749 k EQv = 79,779 k 

EQH E-W = 39,999 k + EQH N-S = 44,443 k = 59 

General Bearing Ca 
qit = c N=s=d i=+yh D Nq qdq 'q +1/2 B N dbased on Winterkor 

N== (Nq- 1) cot(o),but=5.14 for4=0 = 5.14 Eq3 

Nq = e" nO tan 2 (7U4 + /2) - 1.00 Eq 3 

N = 2 (Nq + 1) tan (0) - 0.00 Eq 3 

s= I + (B/L)(N^/Nc) - 1.17 Tabl 

Sq = 1 + (B/L) tan = 1.00 
s I = I - 0.4 (B/L) - 0.66

Vert n40 % inEW
r -30' layer 

7 Length - ft (N

grees) 

,792 k for FH 

pacity Equation, 
In & Fang (1975) 

.6 & Table 3.2 

.6 

.8 

e 3.2

For DWB < 1: dq = 1 

dy=1

+ 2 tan ) (1 - sin o)f DB

For > 0: d, = dq - (1 -dq) / (Nq tan 4) 

For =0: d, = 1 + 0.4 (D/B) 

ms = (2 + B/L) / (1 + B/L) 

M,= (2+ U1B) / (1 + L/B) 

If EQH N-S > 0: 0, = tan'(EQH E-w/ EOH N-S) 

mn = nM cos29, + me sin2On 

For =0: i = 1=- (m FHIB'L c Nj) 

iq = ( 1.- FH/T(Fv + EQv) + B' L'c cot 0] } m 

= { 1 - FH / [(F, + EQV) + B' L' c cot 4] }=1+

Gross quit = 17,897 psf =
N, term 
17,497

= 1.00 

= 1.00 

= N/A 

= 1.01 

= 1.54 

- 1.46 

- 0.73 

= 1.50 

= 0.91 

- 1.00 

- 0.00 

Nq term 
+ 400

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.16a 

Eq 3.14a 

Eq 3.17a 

Ny term 
+ 0

q31,= 16,260 psf = quIt / FS

qactual = 

FSactual =

2,923 psf = (F, + EQJ) / (B' x L')

6.12 = qux / qactua, > 1.1 Hence OK

[geotl\05996\calc\brngscap\canxfr..xJs
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ALLOWABLE BEARING CAPACIT 

PSHA 2,000-Yr Earthquake: Case Il 

Soil Properties: Su = 
0= 
y= 

Ysurct = 

Foundation Properties: 13= 
D, 

13= 

FS = 

Fv= 
EQH E-W = 

qu = c Nc sc dc ic + Ysuh Df Nq sq dq iq + 1 

N, = (Nq- 1) cot(@), b 

Nq = eQ ans tan2(nt4 + 

Ny= 2 (Nq + 1) tan($) 

s. = 1 + (B/L)(Nq/Nc) 

Sq = 1 + (BA/) tan 
sy = 1 - 0.4 (B/L)

(OF CANISTER TRANSFER BUILDING 
rB 40%InN-S, 40%in Ver100%In E-w

3,180 Average undrained strength (psf) in upper -30' layer 
0 Friction Angle (degrees) 

90 Unit weight of soil (pcf) 
80 Unit weight of surcharge (pcf) 

198.2 Footing Width - ft (E-W) L' = 261.9 Length - ft (N
5 Depth of Footing (ft) 

37.6 Angle of load inclination from vertical (degrees) 

1.1 Factor of Safety required for qgoa.  
97,749 k EQv= 31,912 k 

99,997 k + EQH N-S = 44,443 k = 109,429 k for FH 

General Bearing Capacity Equation, 
12y B N based on Winterkorn & Fang (1975) 

ut= 5.14 fore= 0 = 5.14 Eq 3.6 & Table 3.2 

0/2) = 1.00 Eq 3.6 

) 0.00 Eq 3.8 

= 1.15 Table 3.2 

= 1.00 
= 0.70

For D/B < 1: dq = 1 + 2 tan 0 (1 - sin )2 DWB 

For * > 0: d, = dq - (1-dq) / (N, tan 4,) 

For io = 0: d, = 1 + 0.4 (DjB) 

M13= (2 + BIL) / (1 +B/L) 

mL = (2 + LUB) / (1 + L/B) 

if EQH N-S > 0: On = tan1 (EOH E.W/ EQH N-s) 

mn = mL cos 2%, + m3 sin 29 

For =0: ,= 1 -(m FH/ B'L'c NC) 

iq = { 1.- FH/[(Fv + EQv) + B'12 c cot 0] }m 

1Y = { 1 - FH/ [(Fv + EQ,) + B' L' c cot 4] }m+1

Gross quit =
N, term 
15,216

= 1.00 

- 1.00 

- N/A 

- 1.01 

= 1.54 

= 1.46 

- 1.15 

= 1.53 

= 0.80 

= 1.00 

= 0.00 

Nq term 
+ 400

rad

S)

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

Eq 3.18c 

Eq 3.16a 

Eq 3.14a 

Eq 3.17a

N1 term 
+ 0

q31 = 14,190 

qactual = 2,497 

FSactual = 6.25

psf = q,,k / FS 

psf = (F, + EQ) / (B'x L')

= qu, / q ualJ > 1.1 Hence OK

tgeot]\05996\calc\bmg-cap\canjxfr.xls
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ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING 

PSHA 2,000-Yr Earthquake: Case IVC 100 % In N-S, 40 % in

Soil Properties: su =

Foundation Properties:

0= 

Ysurch = 

B' = 
Df= 

FS = 
Fv= 

EQH E-W =

Vert 40%inE-Wj

3,180 Average undrained strength (psf) in upper -30' layer 
0 Friction Angle (degrees) 

90 Unit weight of soil (pcf) 
80 Unit weight of surcharge (pcf) 

223.3 Footing Width - ft (E-W) L' = 235.5 Length - ft (N
5 Depth of Footing (ft) 

17.1 Angle of load inclination from vertical (degrees) 
1.1 Factor of Safety required for qalbwe.  

97,749 k EQv = 31,912 k 

39,999 k + EQH N-S = 111,108k = 118,088kforFH 

1yB Nysyy 6General Bearing Capacity Equation, 

based on Wlnterkorn & Fang (1975) 

ut=5.14 fore =0 = 5.14 Eq 3.6 & Table 3.2 

0)/2) = 1.00 Eq 3.6 

) 0.00 Eq 3.8 

= 1.18 Table 3.2 
4 t't• .

qui = C Nc Sc de ic + Ysurch Df Nq Sq dq iq + 1/ 

N, = (Nq - 1) cot(C), b 

Nq = e'•0 tan2(i4 + 

NY= 2(Nq+l) tan () 

Sc = 1 + (B/L)(Nq/Nc) 

Sq = 1 + (B/L) tan4) 
sy = 1 - 0.4 (B/L)

ForD/B<1: dq= 1 +2tano (1 -sin ))2 D/B 

For 0 > 0: d, = dq - (1-dq) / (Nq tan 4)) 

For 4) = 0: d, = 1 + 0.4 (DVB) 

m3 = (2 + B/L) /(1 + B/L) 

mL = (2 + LB) /(1 + L/B) 

If EOH N-S > 0: 0, = tan- (EQH E-W/ EOH N.S) 

mn = mL COS 20n + mB sin20, 

For 4 = 0: i, = 1 - (m FH/ B'L'c N.) 

iq = { 1 - FH/ [(F, + EQ,) + B' L' c cot 0] }m 

= { 1 - FH/[(FV + EQ) + B'L'c cot 0)] }m 1

Gross quit = 15,987 psf =
NC term 
15,587

S)

I .UU 

0.62

= 1.00 

= 1.00 

= N/A 

= 1.01 

= 1.54 

- 1.46 

= 0.35 

= 1.47 

= 0.80 

= 1.00 

= 0.00 

Nq term 

+ 400

rad

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

Eq 3.18c 

Eq 3.16a 

Eq 3.14a 

Eq 3.17a

N, term 
+ 0

qa, = 14,530 psf = quitI FS 

qactual = 2,465 psf = (F, + EQ,) / (B' x L')

FSactuaI = 6.49 = qu, I / actual > 1.1 Hence OK

[geotl\O5996\cailc\bng-cap\canx.fr.cIs
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CONCLUSIONS 

OVERTURNING STABILITY OF THE CANISTER TRANSFER BUILDING 

The overturning stability of the Canister Transfer Building is analyzed on Pages 11 to 13 
using the dynamic loads for the building due to the PSHA 2,000-yr return period 
earthquake. These loads, listed in Table 2.6-11, were developed based on the dynamic 
analysis performed in Calculation 05996.02-SC-5 (S&W, 2001) and are described in SAR 
Section 4.7.1.5.3. This calculation demonstrates that the factor of safety against 
overturning of the Canister transfer Building is > 1.1; therefore, the Canister Transfer 
Building has an adequate factor of safety against overturning due to dynamic loadings 
from the design basis ground motion.  

SLIDING STABILITY OF THE CANISTER TRANSFER BUILDING 

The Canister Transfer Building (CTB) will be founded on clayey soils. The sliding stability 
of the CTB was evaluated using the loads developed in Calculation 05996.02-SC-5 (S&W, 
2001). The static strength of the clayey soils at the bottom of the CTB mat was based on 
the average of two sets of direct shear tests performed on samples of soils obtained from 
beneath the Canister Transfer Building at the elevation proposed for founding the mat.  

The results of the sliding stability analysis are presented in Table 2.6-13 of this 
calculation, and they indicate that for all load combinations examined, the factors of safety 
were acceptable. The lowest factor of safety was 1.13, which applies for Case IIIC, where 
100% of the dynamic earthquake forces act in the N-S direction and 40% act in the other 
two directions. These results assume that only one-half of the passive pressures are 
available resist sliding and no credit is taken for the fact that the strength of cohesive soils 
increases as the rate of loading increases (Schimming et al, 1966, Casagrande and 
Shannon, 1948, and Das, 1993); therefore, they represent a conservative lower-bound 
value of the sliding stability of the Canister Transfer Building founded on in situ silty 
clay/clayey silt with 5 ft of soil cement backfill around the foundation.  

The Canister Transfer Building will be founded on clayey soils that have an adequate 
amount of cohesive strength to resist sliding due to the dynamic forces from the design 
basis ground motion. As shown in SAR Figures 2.6-21 through 2.6-23, however, some of 
the soils underlying the building are cohesionless within the depth zone of about 10 to 20 
ft, especially near the southern portion of the building. Simplified 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.  

These analyses included the passive resistance acting on a plane extending from grade 
down to the top of the cohesionless layer, plus the frictional resistance available along the 
top of the cohesionless layer. The weight of the clayey soils existing between the top of the 
cohesionless soils and the bottom of the mat was included in the normal force used to 
calculate the frictional resistance acting along the top of the cohesionless layer. The factor 
of safety against sliding along the top of this layer was found to be > 1.1 for all of the
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dynamic load cases; therefore, there is an adequate factor of safety against sliding along 
the surface of the cohesionless soils underlying the Canister Transfer Building.  

BEARING CAPACITY 

STATIC BEARING CAPACITY OF THE CANiSTER TRANSFER BUILDING 

Table 2.6-9 presents the results of the bearing capacity analyses for the following static 
load cases. The minimum factor of safety required for static load cases is 3.  

Case IA Static using undrained strength parameters (0 = 00 & c = 3.18 ksfi.  

Case IB Static using effective-stress strength parameters (0 = 30' & c = 0).  
As indicated in this table, the gross allowable bearing pressure for the Canister Transfer 
Building to obtain a factor of safety of 3.0 against a shear failure from static loads is 
greater than 6.5 ksf. However, loading the foundation to this value may result in 
undesirable settlements. This minimum allowable value was obtained in analyses that 
conservatively assume 4 = 0' and c = 3.18 ksf, the average undrained strength for the soils 
in the upper layer at the site, to model the end of construction. Using the estimated 
effective-stress strength of 4 = 300 and c = 0 results in higher allowable bearing pressures.  
As shown in Table 2.6-9, the gross allowable bearing capacity of the Canister Transfer 
Building for static loads for these soil strengths is 56.6 ksf.  

DYNAMIC BEARING CAPACITY OF THE CANISTER TRANSFER BUILDING 

The dynamic bearing capacity was analyzed using the dynamic loads for the building that 
were developed in Calculation 05996.02-SC-5, (S&W, 2001). The development of these 
dynamic loads is described in SAR Section 4.7.1.5.3. As in the structural analyses 
discussed in Section 4.7.1.5.3., the seismic loads used in these analyses were combined 
using 100% of the enveloped zero period accelerations (ZPA) in one direction with 40% of 
the enveloped ZPA in each of the other two directions.  

Table 2.6-10 presents the results of the bearing capacity analyses for the following cases, 
which include static loads plus dynamic loads due to the earthquake. The minimum 
factor of safety required for dynamic load cases is 1.1.  

Case II 100%N-S direction, 0% Vertical direction, 100% E-W direction.  
Case I11A 40% N-S direction, -100% Vertical direction, 40% E-W direction.  
Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.  

Case IIIC 1000/oN-S direction, -400/6 Vertical direction, 40% E-W direction.  

Case IVA 40% N-S direction, 100% Vertical direction, 40% E-W direction.  
Case IVB 40% N-S direction, 40% Vertical direction, 100% E-W direction.

Case IVC 100%N-S direction, 40% Vertical direction, 40% E-W direction.
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Table 2.6-10 indicates the minimum factor of safety against a dynamic bearing capacity 
failure was obtained for Load Case II, the load combination of full static, 100% of the 
seismic forces acting in the N-S direction and the E-W direction and 0% in the upward 
direction. This load case resulted in an actual soil bearing pressure of 2.4 ksf, compared 
with an ultimate bearing capacity of 13.2 ksf. The resulting factor of safety against a 
bearing capacity failure for this load case is -5.5, which is much greater than 1.1, the 
minimum allowable factor of safety for seismic loading cases. In these analyses, no credit 
was taken for the fact that strength of cohesive soil increases as the rate of loading 
increases. Therefore, the Canister Transfer Building has an adequate factor of safety 
against a dynamic bearing capacity failure



STONE & WEBSTER, INC.  

5010.65 CALCULATION SHEET 

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 38 
05996.02 G(B) 13-4 N/A 

REFERENCES 

ASCE 4-86, Seismic Analysis of Safety-Related Nuclear Structures and Commentary on 
Standard for Seismic Analysis of Safety-Related Nuclear Structures, American Society of 
Civil Engineers, 1986.  

Casagrande, A. and W.L. Shannon, 1948. "Strength of Soils under Dynamic Loads," 
Transactions, ASCE, Vol. 74, No.4, April, pp. 591-608.  

ConeTec, 1999, Cone penetration testing report, Private Fuel Storage Facility, prepared for 
Stone and Webster Engineering Corp., Denver, CO, 2 volumes.  

Das, B. M., 1993, Principles of Soil Dynamics, PWS-Kent, Boston, MA, 570 pp.  

Geomatrix Consultants, Inc, 2001, "Development of Design Ground Motions for the Private 
Fuel Storage Facility, Skull Valley, UT," prepared for Stone and Webster Engineering Corp, 
Denver, CO, March.  

Lambe, T.W., and R.V. Whitman, 1969, Soil Mechanics, John Wiley & Sons, Inc., N.Y., 553 
pp.  
Newmark, N.M., 1965. Fifth Rankine Lecture: "Effects of Earthquakes on Dams and 
Embankments". Geotechnique, Institution of Civil Engineers, London. pp. 139-60.  

Schimming, B.B., H.J. Haas, and H.C. Saxe, 1966. Study and Dynamic and Static 
Envelopes. Journal of Soil Mechanics and Foundation Division, ASCE Vol. 92, No. SM2 
(March), pp. 105-24.  

SWEC, 1999a. Development of Soil Impedance Functions for Canister Transfer Building.  
Calculation No. 05996.02-SC-04, Revision 1, Stone & Webster Engineering Corporation.  

SWEC, 1999b. Seismic Analysis of Canister Transfer Building. Calculation No. 05996.02
SC-05, Revision 1, Stone & Webster Engineering Corporation.  

SWEC, 2000, Calculation No. 05996.02- G(B)-4, Revision 5, Stability Analyses of Storage 
Pad, Stone & Webster Engineering Corporation.  

SWEC, 2000a, Calculation No. 05996.02-G(B)-5. Revision 2, "Document Bases for 
Geotechnical Parameters Provided in Geotechnical Design Criteria," Stone & Webster 
Engineering Corporation, Boston, MA.  

S&W, 2001. Seismic Analysis of Canister Transfer Building. Calculation No. 05996.02
SC-5, Revision 2, Stone & Webster, Inc.  

Vesic, A. S., 1973, "Analysis of Ultimate Loads on Shallow Foundations," Journal of the Soil 
Mechanics and Foundations Division, ASCE, Vol 99, No. SM 1, pp 45-73.  

Winterkorn, H. F., and Fang, H., 1975, Foundation Engineering Handbook, Van Nostrand 
Reinhold Co., New York, NY.



TABLE 2.6-9 

SUMMARY - ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING 

Based on Static Loads

Undrained strength (psf) & 4 = 0.  

Effective stress friction angle (deg), c = 0.  

Footing width (ft) 

Footing length (ft) 

Depth of footing (It) 

Unit weight of soil (pcf) 

Unit weight of surcharge (pcf) 

Factor of safety for static loads.

Fv = Vertical load (Static + EQv) 

EOH = Earthquake: Horizontal force. FH = EON E.w or EQO N-S 

13a = tan" [(EQH E.W) / Fv] = Angle of load inclination from vertical (deg) as f(width).  

PL = tan*1 [(EQH N.S) I Fv J = Angle of load inclination from vertical (deg) as f(length).  

ea = MON-S/ Fv eL = EMOE.w/ Fv 

B'= B-2ee L'= L- 2 eL 

qcaca, = Fv / (B' x L')

jgeoLl\O5996\calc\brig-cap\can.xfrrxls Table 2.6-9

U, 
•a 
0n

CsOSB PL GROSS EFFECTIVE 
Case Fv EQH N-S EQH E-W %MdN- XM.E.W E- B' L' qwl FSactual 

k .... k k ft-k ft-k deg deg .ksf ksf ft ft ft ft ksf 

IA- Static 
Undrained 97,749 0 0 0 0 0.0 0.0 19.63 6.54,- 0.0 0.0 240.0 279.5 1.46 13.47 
Strength 

lB- Static 
Effective 97,749 0 0 0 0 0.0 0.0 169.92 56.64 0.0 0.0 240.0 279.5 1.46 116.61 
Strength

3,180 

30.0 

240 

380 
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TABLE 2.6-10 

SUMMARY - ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING 

Based on Dynamic Loads Due to Design Basis Ground Motion: PSHA 2,000-yr Return Period

Undrained strength (psf) 

Friction angle (deg) 

Footing width (ft) 

Footing length (ft) 

Depth of footing (ft) 

Unit weight of soil (pcf) 

Unit weight of surcharge (pcf) 

Factor of safety for dynamic loads.

Fv = Vertical load (Static + EOv) 

EQH = Earthquake: Horizontal force. FH = EQH E-W or EQH N-S 

JB = tan"1 [(EQH E-W) / Fv ] = Angle of load inclination from vertical (deg) as f(wid 

13L = tan-' [(EOH N-S) / Fvy = Angle of load inclination from vertical (deg) as f(len.  

ea = IMON.S / Fv eL = IM@E.W/ Fv 

B'= B-2es L' = L-2eL 

qmw= = Fv / (B' x L')

Igeoti\05996\cailc\brtg-calp\can-xfr.xls Tablc 2.6-10

C E1HE-W 3B 0L GROSS ea EFFECTIVE 
Case Fv EH N-S EQH MeN's ZMew EQH E-W EON N-S 13q0, L' qqj1 - FSgctual 

k k k ft-k ft-k deg deg ksf ksf ft ft ft ft ksf 

IH 97,749 111,108 99,997 2,706,961 2,849,703 45.7 48.7 13.17 11.97 27.7 29.2 184.6 221.2 2.39 5.50 

IIlA 17,970 44,443 39,999 1,082,784 1,139,881 65.8 68.0 13.80 12.54 60.3 63.4 119.5 152.6 0.99 14.01 

HlIB 65,837 44,443 99,997 2,706,961 1,139,881 56.6 34.0 14.10 12.82 41.1 17.3 157.8 244.9 1.70 8.28 

11C 65,837 111,108 39,999 1,082,784 2,849,703 31.3 59.4 15.04 13.67 16.4 43.3 207.1 192.9 1.65 9.13 

IVA 177,528 44,443 39,999 1,082,784 1,139,881 12.7 14.1 17.90 16.26 6.1 6.4 227.8 266.7 2.92 6.12 

IVB 129,661 44,443 99,997 2,706,961 1,139,881 37.6 18.9 15.62 14.19 20.9 8.8 198.2 261.9 2.50 6.25 

IVC 129,661 111,108 39,999 1,082,784 2,849,703 17.1 40.6 15.99 14.53 8.4 22.0 223.3 235.5 2.47 6.49 
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Table 2.6-11 

Foundation Loadings for the Canister Transfer Building

- . - . -.

ELEV MASS X MASS Y MASS Z Ax Ay Az FH N.s Fv DyI FH E-W M6x=M - MNz=ME-% 

ft k-sec2 /ft k-sec2 / ft k-seCe I ft g g g k k k ft-k ft-k 

0 94.25 260.1 260.1 260.1 1.047 0.78 0.92 8,761 6,551 7,699 5,774 6,571 

1 95 1,908.0 1,908.0 1,908.0 1.047 0.78 0.92 64,265 48,055 56,470 367,055 417,724 

2 130 420.4 420.4 420.4 1.111 0.82 0.99 15,023 11,106 13,446 490,773 548,331 

3 170 304.3 304.3 170.3 1.778 0.91 1.19 17,402 8,939 6,493 496,728 1,331,291 

4 190 144.7 117.1 144.7 1.215 0.93 1.41 5,656 3,495 6,554 632,439 545,787 

5 190 1.0 27.6 1.0 0 1.84 0.00 0 1,634 0 0 0 

6 170 1.0 1.0 134.0 0 0 2.17 0 0 9,336 714,193 0 
- -- - - --

240
TOTALSft

L = 279.5 ft WEIGHT 

Depth = 5 ft + 1.5 ft deep key with base at Elev 

Note: Elevations are referenced to assumed final grade of Elev 100.

97,749 

93.5

k 

ft

FSUPLIFT = 1.23

Joint 0 equals clayey soils enclosed by perimeter key withy = 90 pcf.  
Based on masses and accelerations from p 37 of Caic 05996.02-SC-5, Rev. 2, which are applicable for 
"High" Moduli received from Geomatrix Calc 05996.02-G(PO18)-2, Rev. 1.
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Table 2.6-13 

Sliding Stability of Canister Transfer Building Using Shear Strength Along Bottom of Plane Formed by 
, r, 4 , T% 10.--4--.-t . Ir--w and Resistanee from Soil Cement

N-S Vert E-W Static Earthquake 

Joint MASS X MASS Y I MASS Z a, a. a. F, She-arS ShearEw 

k-sec 2 /ft k-sec 2 Ift k-secS2 /ft g g g k k k k 

0 260.1 260.1 i 260.1 1.047 0.783 . 0.920 8,368 8,761 6,551 7,699 

1 1.908.0 1,908.0 l.908.0 1.047 0.783 0.920 61,380 64,265 48,055 _ 56,"470' 

2 420.4 420.4 r 420.4 1.111 0.821 0.994 13,524 15,023 11,106 13,446 

3 304.3 304.3 170.3 1.778 0.913 1.185 9.789 17,402 8,939 6,493 

"4 144.7 117. 1 144.7 1.215 0.928 1.408 3.767 5,656 3,495 6,554 

5 1.0 27.6 1.0 0.000 1.840 0.000 888 0 1,634 .. 0 

161 1.0 1.0 134.0 0.000 0.000 2.166 32 0 0 j_,3 

CTB Mat Dimensions: B = 240 ft (E-W) Totals = 97,749 111,108 79,779 99,997 

Depth = 5 ft L = 279.5 ft (N-S) , Resisting Driving 

For 0 = 0.0 degrees C = 1.80 ksf N (k) T (k) V (k) FS 

'ES ' [ Fstatj 40% FH(NM 100% Fv(Eqk) 40% F1 (1  ".2 

97,749 44,443 -79,779 39.999 17,970 133,173 59,792 2.23 

Earthquake F) 40% FMcs) 40% FvgEqk3 1 MEWFH(Ew) 

Vertical Forces In 97,749 44,443 -31,912 99,997 65,837 133,173 109,429 1.22 
Actig U 100% FHi(Ns) 40% Fv(ECqk) 40% FH(EW 

IInc 
97,749 111,108 -31,912 39,999 65,837 133,173 118,088 i 1.13 

Fv(sltC) Z40% FHINSI 100% Fv(Fqk} 40% FH(MW, 

IVA 97,749 44,443 79,779 39,999 177.529 129,677 59,792 2.17 

Earthquake Fv{st.1j} 40% FH NS} 40% Fv(Fqk} 100% FatoYH 

Vertical Forces 97,749 44,443 31,912 1 99.997 129,661 140,198 109,429 1.28 
Acting Down Fvjm.1 4c) 100% FHINSM 40% Fv(Eqk) 40%HF(EWM 

IVC i 97,749 111,108 31,912 39,999 129,661 138,400 118,088 1.17 

Soil Cement AFH for qu (psi) = 250 21,600 N/A 25,155 for FS = 2.0
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STONE & WEBSTER, INC.  

CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER 

J.0, OR W.O. NO. DIVISION & GROUPJ CALCULATION NO. OPTIONAL TASK CODE PAGE 43 
05996.02 G(B) 13-4 N/A 

FIGURE 1L 

FOUNDATION SCHEMATIC & COORDINATE SYSTEM 

I' 
,.-I

Note: The coordinate system is consistent with that used in Calculation 05996.02-SC-5.
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STONE & WEBSTER, INC.  

5010.65 CALCULATION SHEET 

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TA 

05996.02 G(B) 13-4 N/A 

FIGURE 2 

CANISTER TRANSFER BUILDING STICK MODEL 

7 El. 190' 4 

El. 170' 3 6 

El. 130' 2 
8 

El. 95'1

Note: From Calculation 05996.02-SC-5, Rev. 2, Page 8.
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FIGURE 3

GENERALIZED SUBSURFACE PROFILE

Note: From Calculation 05996.01-G(B)-03-1.
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STONE & WEBSTER, INC.  

CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. I OPTIONAL TASK CODE PAGE 46 

05996.02 G(B) 13-4 N/A 

FIGURE 4 

DETERMINATION OF WEIGHTED AVERAGE VALUE OF Su BASED ON RELATIVE 

STRENGTH DIFFERENCE OF DEEPER LYING SOILS MEASURED IN CONE 
PENETRATION TESTS
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STONE & WEBSTER, INC.  

CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 47 

05996.02 G(B) 13-4 N/A 

FIGURE 5 

ESTIMATE STRESSES UNDER THE CANISTER TRANSFER BUILDING AT 

COMPLETION OF CONSTRUCTION 

Fv = Total dead weight = 97,749 K from Table 2.6-11 

A = Area of mat = 240ft x 279.5 ft = 67,080 ft2 

- -401

=279.5'

Fv 9 7 ,7 4 9 K = 1.46 ksf 

A 67,080 K

5010.65



C. C
TABLE 6 

SUMMARY OF TRIAXIAL TEST RESULTS FOR SOILS WITHIN -10 FT

OF GROUND SURFACE AT THE SITE 

Boring Sample Depth Elev w ATTERBERG LIMITS USC 7. yd Co oe s, 'a Type Date 
ft ft % LL PL PI Code pcf pcf - ksf ksf % T 

B-1 U-2C 5.9 4453.9 47.1 66.1 33.4 32.7 MH 79.3 53.9 2.15 0.0 2.03 1.7 CU Nov '99 

B-1 U-2B 5.3 4454.5 52.9 80.6 40.9 39.7 MH 70.8 46.3 2.67 1.0 2.21 6.0 CU Nov '99 

B-4 U-3D 10.4 4462.1 27.4 42.5 24.7 i17.8 CL 85.5 67.1 1.53 1.3 2.18 4.0 UU Jan '97 

C-2 U-2D 11.1 4453.4 35.6 See U-2C & El CL 78.5 57.9 1.93 1.3 2.39 11.0 UU Jan '97 

CTB-1 U-3D 8.7 4463.7 47.9 See U-3C2  CH 91.9 62.1 1.73 1.7 2.84 5.0 CU June '99 

CTB-4 U-2D 9.5 4465.5 45.2 See U-2E2  CH 87.7 60.4 1.81 1.7 3.11 6.0 CU June'99 

CTB-6 U-3D 8.3 4467.9 52.7 CH 85.7 56.2 2.02 1.7 2.70 7.0 CU June '99 

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 CU Nov'98 

CTB-N U-2B 7.7 4466.4 65.4 See U-2A2  MH 74.6 45.1 2.76 1.7 2.41 13.0 CU June '99 

CTB-N U-3D 10.5 4463.6 52.2 61.1 30.8 30.3 CH 86.3 56.7 1.98 1.7 2.73 7.0 CU June'99 

CTB-S U-1B 5.8 4468.7 73.6 66.2 40.9 25.3 MM 78.0 44.9 2.78 1.7 2.05 12.0 CU Nov'98 

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 CU June '99 

B-i U-2D 6.5 4453.3 45.2 59.8 34.7 25.1 MH 76.7 52.8 2.22 2.1 3.26 15.0 CU Mar '99 

B-3 U-1B 5.2 4463.0 33.5 52.4 25.2 27.2 MH 90.6 67.9 1.50 2.1 3.55 8.0 CU Mar'99 

C-2 U-ID 6.3 4458.2 50.5 70.3 41.3 29.0 MH 74.5 49.5 2.43 2.1 3.03 12.0 CU Mar '99

NOTES 1 ALtachment 2 of SAR Appendix 2A.  

2 Attachment 6 of SAR Appendix 2A.
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Figure 11 

Summary of Triaxial Test Results for Soils Within Depth of ~- 10 ft 
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