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LIST OF DIABLO CANYON ISFSI REFERENCE DOCUMENTS
1.

Inter-Company Communication from Y. Moriwaki and P. Tan, Geo Pentech to L.
Cluff, Pacific Gas and Electric, "Independent Check of Seismic Displacement
Analysis ISFSI Slope Diablo Canyon, California, dated October 18, 2002.

2.

Intra-Company Memorandum from L. Fusco to J. Strickland, "Fire Protection
Evaluation For HI-TRAC Vehicle Path", dated March 13, 2001.

GeoPentech
October 18, 2002
Mr. Lloyd Cluff
Pacific Gas & Electric Company
245 Market Street
San Francisco, CA 94177
SUBJECT:

INDEPENDENT CHECK OF SEISMIC
DISPLACEMENT ANALYSIS ISFSI SLOPE
DIABLO CANYON, CALIFORNIA

Dear Mr. Cluff:
This letter presents the results of an independent check of the seismic displacement analysis (SDA)
previously performed on the Diablo Canyon ISFSI slope as presented in the Diablo Canyon ISFSI
Safety Analysis Report (PG&E, 2001). The previous SDA was performed using a de-coupled
Newmark-type sliding block procedure (NRC, 2001) using dynamic response from the elastic finite
element analysis code QUAD4M (1994). The check SDA results presented herein correspond to
the cases specified based on a telephone conversation with Dr. Joseph Sun and Mr. Rob White of
Pacific Gas & Electric Company (PG&E) on September 27, 2002 and a follow up e-mail from Mr.
Rob White on October 7, 2002. The analysis was performed in general accordance with our e-mail
proposal dated October 1, 2002. This letter report reflects the comments provided to us by Dr.
Joseph Sun and Mr. Rob White.
The check SDA performed by GeoPentech was based on information from the following sources:
1) PG&E web site (links provided to us in an e-mail from Dr. Joseph Sun on September 27, 2002)
"* PG&E DCPP ISFSI Safety Analysis Report'
"* Presentation material presented to NRC and its reviewer on April 11, 2002
2) An overnight package sent on September 27, 2002:
"* GEO.DCPP.01.25 - information on QUAD4M Analysis with CD attachment
"* GEO.DCPP.01.31 - information on claybed strength characterization
information on soil laboratory test data
"* Data Report G 3) Information e-mailed to us by Mr. Rob White on October 1, 2002
4) Various phone conversations with Dr. Joseph Sun and Mr. Rob White during the course of the
study.

I http://www.pge. com/OO6_news/diablocanyon/pdf/sarbinderO12502 .pdf
2 http ://www.pge. com/006_news/diablocanyon/pdf/groundfmotionf.pdf

http://www.pge.com/006-news/diablocanyon/pdf/properties .pdf
http://www.pge.com/006news/diablocanyon/pdf/slope_stability.pdf
601 Parkcenter Drive. Suite 110. Santa Ana, California 92705

Phone (714) 796-9100

Fax (714) 796-9191

Web Site geopentech corn
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SCOPE OF SERVICES
Our scope of services (based on our e-mail proposal dated October 1, 2002, and slightly modified
based on the October 7, 2002, e-mail from Mr. Rob White) consisted of the following:
1. Review pertinent parts of the materials provided.
2. Generate two FLAC analysis meshes one reflecting the Sliding Mass lb and the other
reflecting the Sliding Mass 2c. (Because of the complexity of the interface elements
representing the locations of the clay beds, it was not practical to have a single mesh
reflecting the two Sliding Masses.)
3. Perform one-dimensional SHAKE and FLAC analyses to set the analysis details and to
specify the input ground motion for the two-dimensional FLAC analyses.
4. Develop material properties of the clay beds for FLAC analysis consistent with the
laboratory test results and the SAR (PG&E, 2001).
5. Perform two sets of FLAC analysis, one for the Sliding Mass lb and the other for the
Sliding Mass 2c, using the mass-proportional damping, the same "bi-linear" shear strength
of the clay beds used in the previous UTEXAS3/QUAD4M analyses and presented in the
SAR (PG&E, 2001), and for the input ground motions with positive and negative polarities.
6. Perform two parametric analyses for the Sliding Mass lb (using only the positive polarity)
case: one using the full Rayleigh damping and the other using a shear resistance of the clay
beds that has an initial "bump" (representing the peak strength of claybeds) higher than that
specified by the bi-linear relationship (representing the post-peak strength of claybeds), but
decreases with the amount of relative displacement to the value corresponding to the bi
linear relationship (the "bump" case).
7. Provide this letter report summarizing the results of our analyses.
SOFTWARE
The computer code FLAC, Version 4 (Itasca, 2001) was used to perform the check SDA. FLAC is
a two-dimensional explicit finite difference computer program for geotechnical engineering and
rock mechanics computations. An analysis section is discretized just like in the finite element
method using elements and nodes. The stress-strain properties of materials used in the analysis
could be elastic to nonlinear plastic with degradation in stiffness and strength as a function of
specified parameters. The FLAC code simulates physical processes by solving the dynamic
momentum equations with specified input loading conditions including seismic shaking at the
compliant base of an analysis section. Specifically, for a postulated input seismic shaking, FLAC is
capable of directly computing seismically induced deformation and displacement of soil-rock
structure systems.
FLAC Version 4.0 has been qualified by the Department of Energy, Yucca Mount Project as
documented in the following 2 reports:
Document Title: Software Definition Report for FLAC Version 4.0
Document Number: 10167-SDR-4.0-00
Letterrepdiablocanyonisfsi-f
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Document Title: Software Implementation Report for FLAC Version 4.0
Document Number: 10167-SIR-4.0-00
INPUT
The geometry of the ISFSI cut slope was based on Section I-I' (SAR Figure 2.6-18). Geometry of
sliding mass lb and sliding mass 2c were based on SAR Figures 2.6-47 and 2.6-48, respectively and
coordinates defining the failure surfaces were provided in the October I e-mail from Rob White.
Dynamic properties for the rock mass were based on Figures 6, 7, and 8 of Calculation Package
Claybeds were modeled as interface elements in FLAC with strength
GEO.DCPP.01.25.
corresponding to that shown on SAR Figure 2.6-50. Ground motion (Set 1) was used as the input
time history for the FLAC analysis. This set was selected because it produced the largest
displacements presented in SAR Table 2.6-5. The digital record of this time history was provided
on the CD included as an attachment to Calculation Package GEO.DCPP.01.25.
ANALYSIS
Figures la and lb show the FLAC meshes used in the check SDA for the Sliding Mass lb and 2c,
respectively. The locations of interface elements representing clay beds are shown in these figures
using red lines while the boundaries for different material types are shown using blue lines.
Interface elements rather than "regular" elements were used in these meshes to model clay beds to
allow displacement along clay beds. ("Regular" elements in FLAC, like any other similar computer
programs representing analysis sections using discretized elements including any finite element
programs, cannot excessively distort without generating numerical problems.) A compliant base
was used at the base of the analytical model to allow absorption of outgoing waves. The material
numbers shown in these figures correspond to the numbers used to identify different materials
whose properties are presented in Table 1. The material properties summarized in Table 1 are
consistent with Table 1 of GEO.DCPP.01.25. The stiffness values for the Obispo Formation
bedrock used in the check SDA reflected the effects of shaking levels based on one-dimensional
SHAKE and FLAC analysis as well as the results of the previous QUAD4M analysis; the stiffness
values were typically less than 10 percent lower than those implied by the shear wave velocity
values listed in Table 1.
The meshes shown on Figures la and lb are coarser than that used in the previous QUAD4M
analysis (GEO.DCPP.01.25). However, the results of one-dimensional left-side and right-side free
field SHAKE and FLAC analyses indicate that the coarser mesh selected for FLAC is quite
appropriate. Also, except for one parametric analysis discussed later, the FLAC analyses were
performed using mass-proportional damping rather than a full Rayleigh damping that uses both
mass-and stiffness-proportioned damping. This was done because full Rayleigh damping FLAC
analysis of the sections shown on Figures la and lb takes more than an order of magnitude longer
computation time than those using just mass-proportional damping. Based on the computed ground
motions from the one-dimensional FLAC analyses we performed, the use of mass-proportional
damping rather than full Rayleigh damping would produce slightly conservative results. Basically,
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the damping values used in the mass-proportional damping in FLAC analysis are in their effects
somewhat lower than those used in the previous QUAD4M analysis, which did use full Rayleigh
damping values. Low damping values would generally result in higher and thus more conservative
responses and computed displacement results.
The free-field acceleration time history specified as the input motion at the ground surface is shown
on Figure 2a. In both the previous QUAD4M analyses and the current FLAC analyses, this free
field ground motion was deconvolved using SHAKE to the base of the one-dimensional left-side
free-field models and applied as "outcrop" motion at the base of the QUAD4M or FLAC mesh.
The acceleration time history shown on Figure 2b is the deconvolved outcrop motion from such
SHAKE analysis, which subsequently was used as the "outcrop" input motion in our check FLAC
analyses. The free-field motion shown on Figure 2a is identified as Set 1 motion in SAR Section
2.6.5.1.3.3 and Table 2.6-4 and 2.6-5, and Calculation Package GEO.DCPP.01.25 Figure 4. This
ground motion was selected for the FLAC coupled analysis because it produced the largest seismic
displacement using the Newmark-type sliding block de-coupled analysis procedure as summarized
in SAR Table 2.6-5.
The FLAC input motion (shown on Figure 2b) has the positive polarity when applied to a FLAC
analysis section with the positive input accelerations acting toward right (into-slope direction) of the
analysis section and the negative polarity when the opposite (out-of-slope direction) is the case.
Although only the positive polarity is appropriate for the tectonic environment at the site (SAR
Section 2.6.5.1.3.4), the results of our check SDA indicate that very similar displacement values
were computed using either positive or negative polarity cases.
Figure 3a shows the "bi-linear" undrained shear strength of the clay beds shown in SAR Figure 2.6
50. The bi-linear undrained shear strength shown on Figure 3a was represented in the check FLAC
SDA using a combination of friction angles and cohesion. It is our opinion that the shear strength
shown on Figure 3a is rather conservative. The assumption of all the pertinent clay beds becoming
sufficiently wet to reach the conditions imposed on the laboratory testing specimens is conservative
to begin with. In addition, based on our evaluation of Data Report G, most of the claybed samples
tested exhibited peak strength as the samples were strained. As sample strain continued, the
strength dropped from the peak value to a "post-peak" strength, which is on average almost 30%
lower than the peak strength. Figure 3b shows the idealized variation of the ratio between the shear
resistance of clay bed and its post-peak strength with various displacement levels. It can be seen
from Figure 3b that at very small displacements, the shear resistance of clay bed is high, but as the
displacement is increased, the shear resistance is reduced by almost 30% at a shear displacement of
6 inches. The peak strength of the tested clay bed samples was conservatively ignored in the
previous Newmark-type sliding analysis as presented in SAR section 2.6.5.1.2.3. The ratio
relationship shown on Figure 3b when multiplied by an appropriate post-peak shear strength value
from Figure 3a results in a somewhat more realistic representation of how shear resistance in clay
beds may vary with relative displacement. The "bump" in Figure 3b was developed based on the
results of the laboratory direct shear tests provided. We note that on the basis of the documents
provided to us the greatest conservatism in the SDA resides in the kinematic and material
characterizations of the clay beds.
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RESULTS OF CHECK ANALYSES
The key results of our check SDA are summarized in the tables and figures contained in the
Attachment to this letter as described below:
Sliding Mass lb
Figure 4a shows a portion of the deformed FLAC mesh without any exaggeration for the positive
polarity case involving the Sliding Mass lb; it is basically a blowup of the Sliding Mass lb area
shown on Figure la because at this scale the relatively small computed displacements are not
obvious. However, on Figure 4a one can identify a small gap behind the Sliding Mass lb as the
sliding mass separates from the back slope and moves on top of the clay bed which was modeled as
interface elements with low shear resistance. Figure 4a also shows relative displacement vectors
indicating the sense of direction of the computed displacements.
Figure 4b shows absolute horizontal displacement time histories of the Sliding Mass lb and the
slope mass (the slope materials beneath the Sliding Mass lb) and the relative horizontal
displacement time history of Sliding Mass lb also for the case of positive polarity. The relative
displacement time history shown on Figure 4b using red color was obtained by subtracting the
absolute slope mass displacements from the absolute Sliding Mass lb displacements. Thus, the
relative displacement time history represents how the Sliding Mass lb moves with respect to the
sliding plane beneath it as a function of time. As shown on Figure 4b, the Sliding Mass lb moves
horizontally by about 3 feet with respect to the slope under the postulated shaking conditions. The
actual computed horizontal displacement value in this case is 3.1 feet as presented in Table 2.
Figures 5a and 5b show, respectively, the results similar to those shown on Figures 4a and 4b except
they correspond to the case using the negative polarity input motion. As shown in Table 2, the
computed horizontal relative displacement of the Sliding Mass lb in this case is also 3.1 feet. The
results from the coupled FLAC analysis are consistent with the results from the de-coupled
Newmark-type sliding block estimates of 3.1 feet using ground motion Set 1 as summarized in SAR
Table 2.6-5.
Sliding Mass 2c
Figures 6a, 6b, 7a, and 7b show, respectively, the results similar to those shown on Figures 4a, 4b,
5a, and 5b except they correspond to the case for the Sliding Mass 2c (Figure lb) rather than the
Sliding Mass lb. As shown on Figures 6b and 7b and in Table 2, the computed horizontal relative
displacements of the Sliding Mass 2c are 2.5 and 2.3 feet for the positive and negative polarity
cases, respectively. The FLAC computed displacements are slightly less than the Newmark-type
sliding block estimates of 3.1 feet for slide mass 2c using ground motion Set I as summarized in
SAR Table 2.6-5.
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Parametric Study of Mass-Proportional Damping
In addition to the main analysis cases presented in Figures 4a through 7b, two cases of parametric
analysis for the Sliding Mass lb using the positive polarity were performed. The results are
summarized in Table 2. The first parametric analysis addressed the mass-proportional damping
issue. As noted before, the FLAC runs associated with the results shown on Figures 4a through 7b
used only the mass-proportional damping rather than the full Rayleigh damping. To document the
degree of conservatism inherent in this approach, the first parametric analysis case was run using
the full Rayleigh damping. As shown in Table 2, the use of full Rayleigh damping consistent with
the previous QUAD4M analyses results in the computed relative displacement of 2.5 feet for the
Sliding Mass lb compared to 3.1 feet displacement computed for the case of mass-proportional
damping.
Parametric Study of Strength Characterization of Clay Beds
The second parametric analysis case addressed the case of an initial "bump" (incorporation of peak
strength) in the shear resistance of the clay beds. This is the case using the less conservative shear
strength characterization of the clay beds using the ratio relationship shown on Figure 3b. The
computed relative displacement of the Sliding Mass lb under the positive polarity input motion was
2.6 feet. The conservative mass-proportional damping was used in this parametric analysis.

SUMMARY AND CONCLUSIONS
In summary, Table 2 presents the computed relative displacement values of the Sliding Masses lb
and 2c under the various postulated conditions listed therein. On the basis of the results of the
independent check SDA we completed and summarized in Table 2, we conclude that the results of
the previous decoupled QUAD4M-based SDA likely are reasonable if not somewhat conservative
for the characterized strength of the clay beds.
It is our opinion that the strength characterization of clay beds is the single controlling parameter for
the numerical modeling to estimate seismically induced sliding mass movements during the
postulated earthquake at the Diablo Canyon ISFSI slope. It is also our opinion that a more realistic
shear strength of the clay beds reflecting the inter-locking effects induced by rock asperities along
the thin clay beds can be developed. Such a shear strength model when incorporated into the
coupled FLAC analysis would result in less conservative and more realistic estimates of seismically
induced displacement of the sliding masses along the clay beds. The assumption that the clay beds
are perfectly smooth to allow undeterred displacement along the beds without inter-locking and
dilative effects caused by rock asperities regardless of how much movements have taken place is
very conservative. While the results of the coupled analyses presented herein confirm the
reasonableness of the previously completed de-coupled analyses based on the Newmark sliding
block procedure, the results from both methods should be considered conservative and the actual
movements of any sliding masses at the ISFSI slope under the postulated earthquake shaking
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conditions should be less. The lack of geological evidence of movements of large rock masses at
the site in the past 500,000 years as stated in SAR Section 2.6.5.1.3.6 validates this conservatism
associated with the computed seismic diplacements.
LIMITATIONS
The independent check analysis performed and the professional judgments presented in this letter
report are based on the information PG&E provided to us and our general experience in
geotechnical earthquake engineering. GeoPentech does not guarantee the performance of the
project in any respect, only that the engineering work and judgment rendered meet the standard of
care of the profession at this time.
We appreciate this opportunity to be of service to you. If you have any questions or require
additional information, please call us at your convenience.
Sincerely,

GeoPentech

T

Yoshi Moriwa

AssocPha

Principal

Associate

Attachments
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TABLE 1
MATERIAL PROPERTIES USED IN FLAC DYNAMIC ANALYSIS
Slope Section I-I'
DIABLO CANYON POWER PLANT
Material
No.
1

Description

Obispo Formation

Poisson's
Ratio

140

Shear Wave
Velocity
(fps)
4000

Layer and
Thickness
(h)L I
160 feet

Unit
Weight
(pcf)

0.37

Bedrock

2
3

Obispo Formation
Bedrock
Obispo Formation

100 feet

145

4800

0.37

Depth >260

150

5900

0.35

Bedrock

feet bgs

Note: 1Thickness below horizontal ground surface in the left or right side free field shown on Figure 1.

TABLE 2
SUMMARY OF FLAC ANALYSIS RESULTS
Slope Section 1-1'
DIABLO CANYON POWER PLANT
Sliding
Mass

Time
History
Polarity

Remark

Average Relative
Horizontal
Displacement
(feet)

lb
lb
2c
2c
lb
lb

Positive
Negative
Positive
Negative
Positive
Positive

3.1
3.1
2.5
2.3
2.5

**
**
**
**

Using mass and stiffness proportional

(Rayleigh)
2.6

damping

Using shear strength as a function of
I relative displacment (Figure 3b)

** Note. Using mass proportional damping.

Sliding mass modeled
as separate body
from the slope mass

Clay bed modeled
as interface between
sliding and slope masS

Right Side
Free Field

Scale - feet

I

I

I

0

200

400

(Ib) SLIDING MASS 2c

O
Sliding mass modeled
as separate body
from the slope mass

Material Number (see Table 1)
Right Side
Free Field

Figure 1: FLAC MESH DISCRETIZATION FOR SLIDING MASSES lb & 2c
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RECORD OF REVISIONS
REV. 0

Original Calculation.

REV. 1

In this revision, the risk of damage to dry casks due to explosion of an
acetylene carrying truck is added to the analysis of risk of damage due to
other hazards. This is done to support response to RAI 15-12.

REV. 2

In this revision, the date of the final HI-TRAC evaluation was changed to
reflect the actual issuance date (March 6, 2001). The February 2001 date
was a preliminary draft, which was the version available at the time this
PRA calculation was initially issued (Revision 0 dated February 28, 2001).

INTRODUCTION
A risk evaluation was performed to assess the risks of an explosion causing damage to
the dry casks while being transported, or while the casks are stored at the Independent
Spent Fuel Storage Installation (ISFSI). Specifically, four explosion sources were
identified for risk evaluation:
1. An explosion of an automobile while the HI-TRAC transporter is passing on the road
by Lot 6 or Lot 8 (Lot 8 only of concern if the Lot is occupied with cars)
2. A hydrogen explosion in the protected area from the hydrogen tanks while the HI
TRAC transporter is in the vicinity.
3. An explosion of a 2000 gallon fuel truck while it passes within 180 feet of the ISFSI
facility.
4. An explosion of a Unit 2 transformer while the HI-TRAC transporter is passing on
the elevated road inside the Radiologically Controlled Area (RCA).
DISCUSSION
One of the requirements in the Diablo Canyon Spent Fuel Storage Installation (ISFSI)
Safety Analysis Report (SAR) is the evaluation of explosions. During the evaluation
process, four potential explosion hazards were identified as needing a risk evaluation.
These four explosion hazards are:
1. Explosion of an automobile, while the HI-TRAC transfer cask transporter is passing
through the parking lots.
2. Explosion of the bulk hydrogen storage facility while the cask transporter is in the
area.
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3. Explosion of one of the 2000 gallon fuel trucks while it is passing within 180 feet of
the ISFSI facility.
4. Explosion of a Unit 2 transformer while the cask transporter is moving through the
RCA.
ACCEPTANCE CRITERIA
Regulatory Guide 1.91 (Reference 1) contains guidance on acceptable risk from
explosions for nuclear plants. Regulatory Guide 1.91 states "Ifconservative estimates
are used, an exposure rate less than 10 is sufficiently low."
ASSUMPTIONS
1. It is estimated that there will be eight shipments per year of the HI-TRAC transfer
casks from the spent fuel building to the ISFSI.
2. The hydrogen tanks will not be filled, tested or vented while the HI-TRAC transfer
cask transporter is in the vicinity of the hydrogen tanks.
3. Additional physical barriers will be erected to prevent the transporter from getting too
close to the hydrogen tanks.
4. The 2000 gallon trucks will be maintained at least 20 feet from the transporter path
during spent fuel transport (Reference 2).
5. A 2000 gallon truck will pass by the ISFSI facility once per day. (Reference 9)
6. The 4000 gallon fuel truck will be not allowed in the owner controlled area during
spent fuel transport. (Reference 2)
7. Administrative controls will prevent the 4000 gallon truck from passing by the ISFSI
facility.
8. Physical and administrative controls will be included in the security plan to prevent
vehicle movement in the vicinity of the moving cask transporter.
9. The cask transporter, while loaded with a HI-TRAC transfer cask, will be in the
vicinity of the bulk hydrogen storage facility less than 1 hour during each shipment
from the spent fuel building to the ISFSI facility.
10.The cask transporter, while loaded with a HI-TRAC transfer cask, will be in the
vicinity of the parking lots less than 1 hour during each shipment from the spent fuel
building to the ISFSI facility.
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11. It is assumed that all bottles within the RCA and outside the protected area will be
appropriately secured and chained so they are not hazards. A walkdown will occur
prior to the transporter beginning its trip from the Spent Fuel Pool Building to the
ISFSI to confirm the bottles are appropriately chained.
12. It is assumed that walkdowns will occur in the Parking Lots to assure no potential
explosive hazards (such as leaking gas tanks) exist.
13.The design pressure for the HI-TRAC transfer cask is 384 psi. The design pressure
for the HI-STORM storage casks arel 0 psi. (Reference 12).
14.Additionally, it is assumed that a walkdown will occur outside the protected area
prior to movement of the cask transporter, while loaded with a HI-TRAC transfer
cask, to evaluate any transient material located along the pathway.
CALCULATIONS
Car Explosion Risk
Car explosions almost always are the result of a crash or collision, and rarely, if ever
occur in parked cars. Car fires for parked cars are also rare, but have occurred. In fact
at least one car fire is known to have occurred at Diablo Canyon. During the
transportation of the HI-TRAC transfer cask, administrative and physical controls will be
in place to prevent cars from moving while the transporter is in the vicinity of the parked
cars. Thus, it is extremely unlikely for a car to explode while the transporter is in transit
by the parking lots. Nevertheless, a conservative calculation can be performed to
determine the frequency per year of a car explosion occurring while the HI-TRAC
transfer cask is being transported in the vicinity of the parking lots (Lots 6 or 8).
A search was conducted for industry data concerning the frequency of explosions of
parked cars. No industry information was found. Thus, a plant specific estimate was
made, using conservative assumptions. In the approximately 30 years since plant
construction began, there has never been a car explosion. Recently, there was a car
fire in the parking lot, but the fire did not result in an explosion.
Using the 30 years of experience without a car explosion, a conservative estimate of
the frequency of car explosions can be made, by assuming one car explosion occurred
in 30 years. The frequency can be converted to an hourly frequency as follows:
Car Explosion Frequency Per Hour = 1 explosion/30years * 1year/8760 hours) =
3.8e-6 explosions/hour
As noted above in the Assumptions section, it is estimated that the HI-TRAC transfer
cask transporter will make eight trips from the protected area to the ISFSI per year. As
stated in the assumptions section, it is estimated that the transporter will move past the
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parking areas in less than 1 hour. Conservatively, it will be assumed that the
transporter will passing through the car parking areas less than 10 hours per year.
It is assumed that the maximum amount of fuel in any car's fuel tank is 50 gallons. If
so, using the formula in Calc. No. M-1046, the Separation Distance (above which there
is no risk of cask damage from the explosion) can be calculated. Using 50 gallons as
the tank capacity,
Wtt = 11770.6 * 50/4000 = 147.13
X, the separation distance is defined as X = 4 * Wtnt1/
Zg = 1 for a pressure shock of 384 psi (Reference 11)
so X = 1 * 147.131/3 = 5.3 feet.
(Note: The same equation applied to a 2,000 gallon fuel truck yields an answer of 18
feet, which is noted in the assumptions and rounded to 20 feet.)
Thus, if the exploding car is within a radius of 5.3 feet of the transporter, the cask could
potentially be damaged, according to the conservative calculation. Even if a car
explodes while the transporter is moving by the parking lot, it is unlikely that the
transporter would be within 5.3 feet of the exploding car. Given that the parking lots are
over 1000 feet long and 200 feet wide, it is estimated that the conditional probability of
the transporter being within 5.3 feet of the exploding car during the time the transporter
passes through the parking lot is less than 1 in 100, or 0.01 (geometry factor). In other
words, it is estimated that there is less than a 1 in 100 chance that an exploding car will
be within 5.3 feet of the transporter at the time of the explosion.
Thus the conservative annual probability of a car explosion occurring that damages the
cask on the transporter is:
Annual probability of cask damage due to car explosion = 3.8e-6 car
explosions/hour * 10 hours /year * 0.01 = 3.8e-7.
According to Regulatory Guide 1.91 Revision 0, if conservative calculations are used,
an exposure rate, of less than le-6/year is acceptable.
Hydrogen Tank Explosion
The bulk hydrogen facility contains 6 hydrogen tanks. The hydrogen tanks and
hydrogen piping contain relief valves, which are vented to atmosphere. Because of the
design, a hydrogen explosion is considered almost incredible. However, hydrogen fires
are credible, and appear in the EPRI Fire Events Database (Reference 5), including
fires caused by a stuck open or leaking relief valve.
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The EPRI Fire Events Database gives an annual frequency of Hydrogen fires of 3.2e
3/year (Reference 5). It is conservatively assumed the entire frequency of fires can be
assigned to the bulk tank facility. Thus, the hourly frequency of hydrogen fires at the
bulk tank facility is:
Hydrogen Fire Frequency = 3.2e-3/yr * yr/8760 hrs = 3.7e-7/hr
Because of the design of the hydrogen system, which does not allow hydrogen to
accumulate in confined spaces, there is an extremely low probability of a hydrogen
explosion, even if a hydrogen fire occurs. Ifwe conservatively assume a conditional
probability of 0.1 that a hydrogen explosion occurs, given a hydrogen fire has occurred,
then the Hydrogen Explosion Frequency is:
Hydrogen Explosion Frequency = 3.7e-7/hr * 0.1 = 3.7e-8/hr
The hydrogen explosion is a concern when the HI-TRAC transfer cask transporter is in
the vicinity of the hydrogen tanks. As noted in the assumptions section, the transporter
should be in the vicinity of the hydrogen tanks less than 1 hour for each shipment, with
eight shipments per year. It will be assumed that the transporter will be in the vicinity of
the hydrogen tanks a total of 10 hours per year.
On a yearly basis, the probability (exposure rate) of a hydrogen explosion potentially
damaging the HI-TRAC cask is:
3.7e-8/hr * 10 hr/yr = 3.7e-7/yr
According to Regulatory Guide 1.91, "if conservative estimates are used, an exposure
rate less than 10-6 per year is sufficiently low."
2000 Gallon Truck Explosion
There is data available from the Department of Transportation on truck crashes and
truck fires. The 1996 NHTSA statistics (Reference 6) show a "Large trucks involvement
rate" of 216 per 100 million miles." Table 38 of the 1996 Motor Vehicle Crash Data
(Reference 7) shows that 0.3 percent of large truck crashes result in fires. Thus, the
frequency of truck fires is 216/(100*108) * 0.003 = 6.5e-9/mile. For the purposes of this
analysis, it is conservatively assumed that all truck fires result in an explosion. Thus,
the explosion rate for truck fires is 6.5e-9/mile.
Regulatory Guide 1.91 provides the following equation for use in the evaluation of
explosions:
r = nfs, where
n= explosion rate for the substance and transportation mode in question in explosions
per mile
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f = frequency of shipment for the substance in question in shipments per year, and
s = exposure distance in miles
It is assumed that the ISFSI exposure distance, s is approximately 1000 feet.
As noted above in the assumptions section, the frequency of shipments is 1 per day, or
365 per year.
Thus, r = 6.5e-9/mile * 365 * 1000/5280 = 4.5e-7/year
According to Regulatory Guide 1.91 Revision 0, if conservative calculations are used,
an exposure rate, of less than le-6/year is acceptable.
Transformer Explosion
There are 6 active, normally energized transformers located on the Unit 2 side (south
side) of containment. Three are single phase 500kV transformers, two are three phase
25kV transformers and the last is a three phase 12kV transformer. There are also two
spare transformers stored adjacent to the active transformers. The transformers are
located at elevation 85'. The road for the transporter is at elevation 115' and runs
perpendicular to the potential explosion zone for under 600 feet. There is a sloped,
rock covered embankment located approximately 120 feet from the transformers. That
embankment is 30 feet tall and would take the brunt of the explosions force heading
that direction. On the top of the embankment at elevation 115' is a paved lot that is
used as a storage area - this has already been evaluated in reference 4.
Approximately 60 feet away from the ledge of the embankment is the road that the HI
TRAC transporter will traverse.
The layout of the transformers is such that the three single phase 500kV transformers
are located closer to the pathway, while the two three phase 25kV transformers are
mostly shielded from the pathway by the 500kV transformers. The 12kV transformer is
located further yet, and is also shielded by the other transformers. All of the active
transformers have a fire suppression system surrounding them which will activate after
a fire.
Failure rate for transformers was obtained from a standard nuclear industry source
(Reference 10) using catastrophic failures, which are composed of open and short
circuits plus removal by protective features; i.e. potential explosive failures. The
recommended values from the reference were utilized, which is conservative for the
new 500kV transformers installed on Unit 2.
Transformer type
500 kV Single Phase

Reference
Page 369, Section 6.3.1.6

Failure Rate
2.6E-7 failures per hour

Transmission

12kV- 25kV Three Phase
Transmission

Page 371, Section 6.3.2.1

6.6E-7 failures per hour
I

I
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Consistent with the assumptions throughout this calculation, the conservative time of
10 hours of transport will be used. There are three transformers of each type.
Additionally, there is a geometric factor to consider, for an explosion would have to
impact the transporter traveling approximately 240 feet away at an elevated height of 30
feet above the transformer. The geometric factors utilized assumed that there would be
no bounce, or reflection off structures or the rock embankment that could impact the
transporter and that the blast was evenly distributed over the potential 180 degrees of
blast direction. As noted earlier, the transporter will be approximately 240 feet away
from the transformers and elevated approximately 30 feet. As a result, the ratio of the
transformer target area to the total blast area is quite small, and is judged to result in
geometry factors of 5E-3 for the 500 kV transformers and 1 E-3 for the 12-25kV
transformers, assuming a 20% throughput of energy past the 500kV transformer acting
as a directional shield.
Thus: 500kV:
(10 hours per year)

(2.6E-7 failures per hour per transformer) x (3 transformers) x
x ( 5E-3 geometric) = 3.9E-8 per year

And
(6.6E-7 failures per hour per transformer) x (3
12-25kV:
transformers) x (10 hours per year)
x (1E-3 geometric) = 1.98E-8
The total risk is the sum of the risks from the two calculations for the 6
transformers, which is
5.9E-8 per year.
The risk from a transformer explosion, based on exposure time and distance, is
estimated to be less than the 1E -6 acceptance criteria stated by Reg. Guide 1.91.
Acetylene Truck Explosion
The risk of damage from this hazard is judged to be bounded by the risk of damage due
to 2000 Gallon Truck Explosion. That is, using Regulatory Guide 1.91 approach for
evaluating the risk of damage due to explosion of an Acetylene Truck, the estimates of
parameters used for calculating exposure rate (r) are bounded by the estimates used
for the 2000 Gallon Truck Explosion on the basis that:
n (explosion rate) is the same since the primary reason for the Acetylene tank explosion
is judged to be due to large truck crashes. Note that under the Hydrogen Tank
Explosion, the explosion rate is calculated as 3.7E-8 per year.
f (frequency of Acetylene shipment) is judged to be less than the frequency of 2000
Gallon Truck shipment.
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s (exposure distance in miles) is judged to be less than that of the 2000 Gallon Truck
hazard due to lower potential energy release from explosion of a few Acetylene tanks
than the potential energy release from explosion of 2000 gallon of oil.
As an alternative, the risk of damage due to Acetylene Truck Explosion can be
estimated in a similar manner to the risk of damage due to Hydrogen Tank Explosion.
Again, it is judged that the risk is bounded by the risk of damage due to Hydrogen Tank
Explosion and is less than 1.OE-6 per year.
Therefore, it is judged that, based on Regulatory Guide 1.91 criteria, the risk of damage
due to Acetylene Truck Explosion is less than 1.0E-6 and is low enough to be
considered insignificant.
Note that the risk of damage is a conservative measure to use as a surrogate for the
risk to the public on the basis that the damage to the casks does not constitute cask
barrier integrity or the fuel cladding integrity failure.
RESULTS
The risks associated with explosions which could damage the HI-TRAC transfer cask or
the HI-STORM storage cask were evaluated. All the hazards evaluated resulted in
conservative estimates for exposure rates of less than 106, which is risk insignificant.
According to Regulatory Guide 1.91, this risk level is acceptable.
RECOMMENDATIONS
Each of the assumptions listed in the assumptions section of this calculation should be
implemented through administrative procedures. This is being tracked by AR
A0524878.
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