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U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Docket No. 72-26
Diablo Canyon Independent Spent Fuel Storage Installation
Submittal of License Application Amendment 2 (TAC No. L23399)

Dear Commissioners and Staff:

This letter submits Amendment 2 to the Diablo Canyon Independent Spent Fuel
Storage Installation (ISFSI) License Application. The ISFSI license application was
submitted to the Nuclear Regulatory Commission (NRC) by Pacific Gas and Electric
Company (PG&E) on December 21, 2001, in PG&E Letter DIL-01-002. The
application included a Safety Analysis Report (SAR), Environmental Report (ER),
and other required documents in accordance with 10 CFR 72. Amendment 1 to the
application was previously submitted to the NRC on October 15, 2002, in PG&E
Letter DIL-02-010.

Amendment 2 updates the ISFSI SAR part of the application to incorporate
responses to NRC requests for additional information (RAls), responses to informal
NRC questions and comments related to previously submitted RAI responses and
related topics, and to make explicit reference to applicable calculation packages
submitted to the NRC. Amendment 2 incorporates information into the SAR from the
following PG&E letters previously submitted to the NRC:

DIL-01-004, 12/21/01, Non-Proprietary Calculation Packages
DIL-02-005, 05/16/02, Geoscience Calculation Packages

DIL-02-007, 06/04/02, Holtec Proprietary Reports

DIL-02-009, 10/15/02, Response to NRC RAls

DIL-02-011, 10/15/02, Holtec Proprietary Reports

DIL-03-002, 02/14/03, Response to NRC Comments on RAI Responses
DIL-03-003, 03/27/03, Revised Response to RAI 5-1

DIL-03-004, 03/27/03, Response to Additional Slope Stability Questions
DIL-03-005, 03/27/03, Response to Comments on Blasts and Explosions
DIL-03-0086, 03/27/03, Holtec Proprietary Report

DIL-03-007, 05/06/03, Response to Additional Slope Stability Questions
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« DIL-03-008, 06/13/03, Response to Additional Blast and Explosion Questions
DIL-03-010, 07/28/03, Response to Additional Blast and Explosion Questions
DIL-03-011, 10/3/03, Response to Transporter Lateral Restraints RAI

Amendment 2 to the ISFSI| SAR is enclosed.

If you have any questions regarding this amendment, please contact
Mr. Terence Grebel at (805) 545-4160.

Sincerely,

Eor) O

David H. Oatley

Vice President and General Manager - Diablo Canyon

Enclosure

cc: Diablo Distribution
Brian Gutherman

cc/enc: Diane Curran, Esq.
James R. Hall

David A Repka, Esq.
Robert K. Temple, Esq.
Robert R. Wellington, Esq.
Jacquelyn C. Wheeler

A member of the STARS (Strategic Teaming and Resource Sharing) Alliance
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

) Docket No. 72-26
In the Matter of )
PACIFIC GAS AND ELECTRIC COMPANY )
)
Diablo Canyon Power Plant )
Units 1 and 2 )
)
)

AFFIDAVIT

David H. Oatley, of lawful age, first being duly sworn upon oath says that he is Vice
President and General Manager — Diablo Canyon of Pacific Gas and Electric Company,
that he is familiar with the content thereof; that he has executed Amendment 2 to the
Diablo Canyon Independent Spent Fuel Storage Installation license application on
behalf of said company with full power and authority to do so; and that the facts stated
therein are true and correct to the best of his knowledge, information, and belief.

G2 (et

David H. Oatley
Vice President and General Manager - Diablo Canyon

Subscribed and sworn to before me this 3rd day of October 2003.

Notary Public
State of Californi
County of San Luis Obisp:

Commission # 1397547

S8R Notary Public - Calfomia
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22 NEARBY INDUSTRIAL, TRANSPORTATION, AND MILITARY FACILITIES
2.2.1 OFFSITE POTENTIAL HAZARDS
2.2.1.1 Description of Location and Routes

Industry in the vicinity of the Diablo Canyon ISFSI site is mainly light and of a local
nature, serving the needs of agriculture in the area. Food processing and refining of
crude oil are the major industries in the area, although the numbers employed are not
large. Less than 8 percent of the work force in San Luis Obispo County is engaged in
manufacturing. The largest industrial complex is Vandenberg Air Force Base, located
approximately 35 miles south-southeast of the DCPP site in Santa Barbara County.

Port San Luis Harbor and the Point San Luis Lighthouse property are located
approximately 6 miles south-southeast of the DCPP site. The Point San Luis
Lighthouse is located on a 30-acre parcel of land. Until 1990, the US Coast Guard
owned the lighthouse property. In 1990 the Port San Luis Harbor District, owners and
operators of the Port San Luis Harbor, were granted ownership of the lighthouse and
the 30 acres, except for approxlmately 3 acres of land, in 3 parcels, which the Coast
Guard retained as owners in order to operate and maintain the modern light statlon and
navigating equipment located on those 3 acres.

Located approximately 6 miles east-southeast of the DCPP site is the Port San Luis
tanker-loading pier. The pier is located on property that is owned by the Port San Luis .
Harbor District and leased by UNOCAL, which built and owns the pier. However, this
pier is no longer active as tanker traffic into Port San Luis has been discontinued.

US Highway 101 is the main arterial road serving the coastal region in this portion of
California. It passes approximately 9 miles east of the site, separated from it by the
Irish Hills. US Highway 1 passes approximately 10 miles to the north and carries
moderate traffic between San Luis Obispo and the coast. The nearest public access
from a US highway is by county roads in Clark Valley, 5 miles north, and See Canyon,
5 miles east. Access to the site is by Avila Beach Drive, a county road, to the entrance
of the PG&E private road system.

The Southern Pacific Transportation Company provides rail service to the county by a
route that essentially parallels US Highway 101. It passes approximately 9 miles east of
the site, separated from it by the Irish Hills. There is no spur track into the DCPP site.

Coastal shipping lanes are approximately 20 miles offshore. Prior to 1998, there were
local tankers coming into and out of Estero Bay, which is north of the DCPP site. There
is no further tanker traffic in either Port San Luis or Estero Bay. The local tanker
terminal at Estero Bay closed in 1994, and Avila Pier ceased operation in 1998.
Petroleum products and crude oil are no longer stored at Avila Beach since the storage
tanks there were removed in 1999. However, some petroleum products and crude oil
continue to be stored at Estero Bay, approximately 10 miles from the DCPP site.
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The San Luis Obispo County Regional Airport is located 12 miles east of the DCPP site.
The airport served, as a 4 year average between 1998 and 2001, approximately 16,000
air transport (AT) ( i.e., commercial or air taxi) landing and departure operations per
year. Air transport was provided primarily by turbo-prop or smaller aircraft that seat no
more than 41 people with a gross weight of no more than 30,000 pounds.

The airport also served, as a 4 year average between 1998 and 2001, approximately
7,560 total landings and departures of private aircraft per month. These consisted
mostly of aircraft that seat no more than 8 people, with an average gross weight of less
than 12,500 pounds. Although there are no specific air traffic restrictions over DCPP,
most air traffic into and out of the San Luis Obispo County Regional Airport does not
approach within 5 miles of the ISFSI site because of the mountainous terrain.

There is a federal flight corridor (V-27) approximately 5 miles east of the ISFSI that is
used for aircraft flying between Santa Barbara and Big Sur areas, with an estimated

20 flights per day per year-2001 data. The majority of the aircrait using this route are |
above 10,000 ft. Sometimes this corridor is used also for traffic into San Luis Obispo
County Regional Airport and, in this case, has traffic that passes as close as 1 mile of |
the ISFSI site at an elevation of 3,000 ft. However, this portion of the route is normally
only used for aircraft to align for instrument landing. The more commonly used

approach route for visual landings passes 8 miles from the Diablo Canyon ISFSI site on
the far side of the San Luis Range.

There is also a military training route (VR-249), which runs parallel to the site and its
center is approximately 2 miles off shore. This training route is not frequently used.
(Estimated based on data from the period of September 2001 and September 2002 at
approximately 50 flights per year). Its use requires a minimum of 5 miles visibility, and
the flights are to maintain their altitude between sea level and 10,000 ft.

There is a municipal airport near Oceano, located 15 miles east-southeast of the DCPP
site, which accommodates only small (12,500 pounds or less) private planes. The

traffic at this airport is estimated to be no more than 2,200 flights per month. The Camp |
San Luis Obispo airfield is located 8 miles northeast of the DCPP site, but is now shown
as helicopter use only.

The peak Vandenberg Air Force Base employment is approximately 4,400 people,
including 3,200 military and 1,200 civilian personnel. At the Vandenberg Air Force
Base, there are between 15 to 20 missiles fired per year and currently, missions are
flown in a range varying from due west to a southeasterly direction, depending upon
launch site and mission. The Vandenberg's Intercontinental ballistic missile tests
launch from sites on north base, and typically fly due west. The Vandenberg Air Force
Base's spacelift missions typically launch from sites on the southern part of the base,
and fly in a southerly direction. The polar orbit launches are launched in a southerly
direction. As a result, none of these launches would bring missiles in the vicinity of the
ISFSI facility.
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There is a potential for missions in the future to fly in a northwesterly direction, but
Vandenberg Air Force Base will have safeguards in place to ensure there is no potential
for the missile to impact on land outside of Vandenberg Air Force Base's boundary
(same techniques used to protect the cities of Lompoc, Santa Barbara, etc., and
requires the immediate destruction of any missile that deviates from its intended
trajectory.). Deviation from a planned trajectory and destruction of a missile is
considered a low probability event by the Air Force.

Vandenberg Air Force Base's most northerly missile launch site is approximately 25
miles south of the DCPP site. Vandenberg Air Force Base is also designated as an
alternate landing site for the space shuttles, but has not been used for that purpose to
date. The landing approach for a space shuttle would be normally west to east, and
does not bring the shuttles within 30 miles of the ISFSI site. Because of the distance to
Vandenberg Air Force Base, limited flights, trajectory of the missiles and space shuttle,
and the safeguards in place to protect errant launches, there is no credlble hazard from
this facility.

The nearest US Army installation is the Hunter-Liggett Military Reservation located in
Monterey County, approximately 45 miles north of the DCPP site. The California
National Guard (CNG) maintains Camp Roberts, located on the border of Monterey
County and San Luis Obispo County, southeast of the Hunter-Liggett Military
Reservation and approximately 30 miles north of the DCPP site. The CNG also
maintains Camp San Luis Obispo, located in San Luis Obispo County, approximately
10 miles northeast of the DCPP site. In addition, as noted earlier, a US Coast Guard
Light station is located in Avila Beach on property commonly known as the Point San
Luis Lighthouse property. :

No significant amounts of any hazardous products are commercially manufactured,
stored, or transported within 5 miles of the DCPP site. Within 6 to 10 miles of the site,
up to 1998, 1 to 2 local tankers per month offloaded oil for storage at Avila Beach.
However, such shipments no longer occur and oil is no longer transported through or
stored at Avila Beach. Due to very limited industry within San Luis Obispo County and
the distances involved, any hazardous products or materials commercially
manufactured, stored, or transported in the areas between 5 and 10 miles from the site
are not considered to be a significant hazard to the ISFSI.

2.2.1.2 Hazards from Facllities and Ground Transportation

The ISFSiI is located in a remote, sparsely populated, undeveloped area. The ISFSI site
is in a canyon, which is east and above DCPP Units 1 and 2, and is directly protected
on two sides by hillsides. There are no industrial facilities (other than DCPP), public
transportation routes, or military bases within 5 miles of the ISFSI. Therefore, activities
related to such facilities do not occur near the ISFSI and, thus, do not pose any hazard
to the ISFSL.
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Local shipping tankers may come within 10 miles of the DCPP site, but will remain
outside of a 5-mile range. Coastal shipping lanes are approximately 20 miles offshore.
Therefore, shipping does not pose a hazard to the ISFSI.

No commercial explosive or combustible materials are stored within 5 miles of the site,
and no natural gas or other pipelines pass within 5 miles of the site. Therefore, there is
no potential hazard to the ISFSI from any explosions or fires involving such materials.

Since there are no rail lines or public transportation routes within 5 miles of the ISFSI
location, no credible explosions involving truck or rail transportation events need to be
considered, pursuant to Regulatory Guide 1.91 (Reference 1). Similarly, explosions
involving shipping events offshore at the DCPP site are unlikely. Although the shortest
distance from the ISFSI location to the ocean is approximately 1/2-mile, there is no
shipping traffic within 5 miles of this location. Therefore, consistent with the guidance of
Regulatory Guide 1.91, explosions involving shipping events are not considered
credible accidents for the ISFSI.

2.2.1.3 Hazards from Air Crashes

Aircraft crashes were assessed in accordance with the guidance of NUREG-0800,
Section 3.5.1.6, Aircraft Hazards (Reference 2). Although this guidance applies to
power reactor sites, the analysis of aircraft crash probabilities on the site is not
dependent on the nature of the site other than size of the facility involved and, thus, the
guidance of NUREG-0800 can be applied to the Diablo Canyon ISFSI site.

As specified in NUREG-0800, the probability of aircraft crashes is considered to be
negligibly low by inspection and does not require further analysis if the three criteria
specified in ltem Il.1 of Section 3.5.1.6 are met. In particular, Criterion 1 of

Section 3.5.1.6 specifies that the plant-to-airport distance, D, must be greater than

10 statute miles, and the projected annual number of operations must be less than
1,000D?. San Luis Obispo County Regional Airport is at a distance of 12 miles, with
annual flight totals of approximately 92,330, which is less than 1,000(12)% or 144,000.
The airport at Oceano is 15 miles away, with flight totals of no more than approximately
26,400 per year, which is less than 1,000(15)? or 225,000. Vandenberg Air Force Base
is 35 miles away and fiight totals there are not expected to be more than 1,000(35)? or
1,225,000 per year (or more than 3,300 each day). Therefore, based on current data,
Criterion 1 is met. However, the airways that are in the vicinity of the Diablo Canyon
ISFSI| have been analyzed below.

Criterion 2 specifies that the facility must be at least 5 statute miles from the edge of
military training routes. There is a military training flight corridor (VR-249) that is within
approximately 2 miles of the Diablo Canyon ISFSI site. This route is evaluated below.

Criterion 3 specifies that the facility must be at least 2 statute miles beyond the nearest
edge of a federal airway, holding pattern, or approach pattern. There is a federal airway
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(V-27) whose edge is within approximately 1 mlle east of the ISFSI site. As a result, this
route is evaluated below.

Evaluation of Airways

For situations where federal airways or aviation corridors pass through the vicinity of the
ISFSI site, the probability per year of an aircraft crashing into the site (Pr) is estimated
in accordance with NUREG-0800. The probability depends on factors such as altitude,
frequency, and width of the corridor and corresponding distribution of past accidents.
Per NUREG-0800, the following expression is used to calculate the probability:

P = C x N x Alw
Where:
Cc Inflight crash rate per mile for aircraft using airway

w Width of airway (plus twice the distance from the airway edge to the
site when the site is outside the airway) in miles

N = Number of flights per year along airway

A = Effective area of the site in square miles

The following analysis was completed per DOE-STD 3014-96 (Reference 5) to
determine effective crash area. In this analysis conservative factors have been used for
maximum skid distance and maximum wingspan. Based on the available information
on aircrafi type, size, and the location of the site these factors are very conservative.
In DOE-STD-3014-96:

The effective crash area is: Aer = Ar + A

where:

Ar= (WS + R) (Heot®) +(2)(LYW)WS)R+ (LYW)

and

As= (WS + R)(S)

where:

As = effective fly-in area;

As = effective skid area;

WS = aircraft wingspan,; (reference Table B 16 of DOE-STD 301 4-96) |
R = length of diagonal of the facility,

H = facility height;
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cotd = mean on the cotangent of the aircraft impact angle; (reference
Table B-17 of DOE-STD 3014-96) |
L = length of facility;
w = width of facility;
S = aircraft skid distance; (reference Table B-18 of DOE-STD 3014-96) |

For Commercial Aircraft:

A = (98 + 511)(20)(10.2) + (2)(500)(105)(98)/511 + (500)(105)
A = 196,872 ft%/(5,280 ft/mile)’ = 0.0071 sq miles

and

As (WS + R)(S) = (98 + 511)(700) = 426,300 /(5,280 ft/mile)?

0.0153 sq miles

For General Aviation Aircraft:

As = (73 + 511)(20)(10.2) + (2)(500)(105)(73)/511 + (500)(105)
As = 186,636ft°/(5,280 ft/mile)* = 0.0067 sq miles

and

As (WS + R)(S) = (73 + 511)(700) = 408,800 ft2/(5,280 ft/mile)?

0.0147 sq miles

For Military Aircraft:

A = (110 + 511)(20)(10.2) + (2)(500)(105)(110)/511 + (500)(105)
As = 201,787 ftzl(5,280 ftlmile)2 = 0.0072 sq miles

and

As = (WS + R)(S) = (110 + 511)(700) = 0.0156 sq miles

For calculating As the skid distance is based on the layout of the facility which is
surrounded on three sides by hills and is actually up against one of these hills,
which limits the potential crash angle and limits the possible skid distance. The
fourth side is protected by a drop off in terrain with a slope of greater than 1:1.
The maximum distance on the unprotected side is estimated at less than 700 ft.
Since the site is protected and limited from skidding aircraft on three sides, the
use of the 700 ft is conservative.

Commercial = Aqr = Ar + A;=0.0071 + 0.0153 = 0.0224 sq miles |

General Aviation = Ags = Ar + A= 0.0067 + 0.0147 = 0.0214 sq miles |
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Military = Aer = Ar + As= 0.0072 + 0.0156 = 0.0228 sq miles

For local traffic on V-27:

V-27 use for local aircraft is usually limited to instrument landings for aircraft arriving
from the south and instrument departures to the south from runway 11, or circle to land
approaches on runway 29, and instrument departures to the south from runway 29 at
San Luis Obispo County Regional Airport. As stated above, there are on average
approximately 16,000 AT landings and takeoffs per year. It is estimated, using the San
Luis Obispo County Regional Airport scheduled airline flight information located at the
web address: http://www.sloairport.com/flightinfo.html, that 65 percent of the AT traffic
is coming from or departing to the south. Based on airport data over a four-year period
from 1998 to 2001 there was an average of 1,781 AT landings per year at San Luis
Obispo County Regional Airport under instrument conditions. This would result in-
(1,781 x 0.65) or 1,157 landings per year, which is doubled to 2,314 operations to
account for takeoffs. For the private aircraft usage, there are on average approximately
7,560 total landings and takeoffs per month at the San Luis Obispo County Regional
Airport of which it is estimated that 65 percent are from or to the south. Based on
airport data over a four-year period from 1998 to 2001 there was an average of
1,430 general aviation landings per year at San Luis Obispo County Regional Airport
under instrument conditions. As a result, N for general aviation (1,430 x 0.65) or

930 landings, which is doubled to 1,860 operations to account for takeoffs.

Published holding patterns exist for arrivals at CREPE and CADAB intersections and for
missed approaches at Morro Bay VOR. The CREPE Intersection is 11 miles and the
CADAB Intersection 21 miles from the ISFSI site. Both holding patterns place the
aircraft further from the ISFSI site and therefore do not need to be considered. The -
ISFSI site distance to the Morro Bay VOR is approximately 6 miles and the holding
pattern places the aircraft closer to the ISFSI. Since the Morro Bay VOR holding
pattern is used for missed approaches, it is conservatively estimated that 5 percent of
all instrument landing approaches are missed and each aircraft remains in the holding
pattern for 10 passes. For commercial traffic N is increased by 579 flights

(2,314/2 x 0.05 x 10) and general aviation by 465 flights (1,860/2 x 0.05 x10).

Per NUREG-0800, C for commercial aircraft is provided as 4 x 10°'°. Per the Aircraft
~ Crash Risk Analysis Methodology Standards (ACRAM), a C value of 1.55 x 10”7 was
used in this analysis. Per federal guidelines, the width of the airway is 8 miles and the
center is approximately 5 miles from the site. As a result, (w) is conservatively taken to
equal 10 miles.

For commercial flights:

P1ais = CxNxAMW = (4 x 107) x (2,314 + 579) x (0.0224)/(10) = 2.59 x 10°°
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For general aviation flights:

P1bfa = CxNxA/w =(1.55 x 10-7) x (1,860 + 465) x (0.0214)/10 = 7.7 x 10-7 |
Total local aircraft crash potential:

P1fa =P1afa + Pibfa =2.59x 10-9+ 7.7 x10-7=7.72 x 10-7 |

For commercial traffic flying on V-27 and not landing locally:

V-27 is a federal flight route from the Santa Barbara area northwest to the Big Sur area.
Most of the aircraft on this route are normally flying at altitudes above 10,000 ft, with

some smaller aircraft at elevations as low as 3,500 ft. Per the FAA Standards Office,

the number of aircraft on this route is conservatively estimated at 20 per day or

7.300 per year. Using the same data as above and adjusting for the number of flights: |

P2;, = CxNxA/w = (4 x 107™%) x (7,300) x (0.0224)/(10) = 6.53 x 10°° |

For military aircraft flying on VR-249:

VR-249 is a military training route, which requires 5 miles visibility and the ceilings

above 3,000 ft. The aircraft may be traveling between sea level and 10,000 ft. The

route is used very infrequently and is estimated to have approximately 50 flights a year.

In the area of the Diablo Canyon ISFSI this route is provided for normal flight modes |
and is not expected to include any high-stress maneuvers. The majority of the aircraft
flying this route over the past 12 months were F-18s. In addition, there have been a
limited number of C-130, F-16 and EA6B aircraft and some helicopters using this route.
For this calculation, N is conservatively taken to be 75 flights. The center of the route is
approximately 2 miles off shore; therefore, (w) is conservatively set at 1 mile in this
calculation. There was no data provided in the NUREG for military aircraft that would
support this route and as a result the in flight crash probability for F-16s accepted in the
Private Fuel Storage SER of 2.736 x 10”® was used. l

P3ia = CxNxA/Mw = (2.736 x 10'8) x (75) x (0.0228)/(1) = 4.68 x 108
Military ordnance on aircraft on VR-249

Based on information provided by the Naval Air Station at Lemoore, which flies a |
maijority of the flight on VR-249, aerial bombs are not carried. .However, because of
recent events, other ordnance such as air-to-air missiles and cannon/machine guns I
might be carried on a very small number of the military aircraft on this route. Accidental
firings of air-to-air missiles or aircraft guns have not been reported. In addition, air-to-air
ordnance does not have a large explosive charge and would not be expected to cause |
major damage to non-aircraft targets.
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VR-249 is a visual route, which requires a minimum of 5 miles of visibility and minimum

- ceilings of 3,000 ft. Aircraft using this route normally remain offshore and do not fiy
directly over the Diablo Canyon Power Plant or the Diablo Canyon ISFSI. Based on the
type of ordnance the miniscule probability of an accidental discharge, and the visual |
requirements of the route the potential for any possible interaction between the

ordnance and the ISFSI is not credible. |

Summary of aircraft hazards

As stated above, and with the exception of the traffic related to VR-249, Morro Bay VOR
and from V-27, the landing patterns and distance to the local airports would not
significantly increase the probability of a crash at the ISFSI site. In addition, there are
no designated airspaces, which are within the limits of Criterion 2 of NUREG-0800. As
result, the total aircraft hazard probability at the Diablo Canyon ISFSI site is equal to the
sum of the individual probabilities calculated above.

Total = Pl + P22+ P3ss =(7.72x 107) + (6.53 x 10°) + (4.68 x 10%) =8.26 x 107 |

Based on the above calculatlon the total aircraft hazard probability is determined to be
approximately 8.26 x 107, which is less than the threshold of 1 x 10°® specified in the
Private Fuel Storage SER for acceptable frequency of aircraft impact into a facility from
all types of aircraft. ’

PG&E is aware the NRC is considering revising security regulations, which may affect
aircraft hazard requirements relating to aircrafi hazards. Following adoption of any new
security regulations by the NRC, PG&E will comply with any such revised requirements
as appropriate.

2.2.1.3.1 Estimates of Future Potential Hazards from Air Crashes

The projected growth of civilian flights can be based on Federal Aviation Administration
(FAA) long-range forecast (FAA, 1999). This includes commercial aircraft operations for
air carriers and commuter/air taxi takeoff and landings at all US towered and non-
towered airports. In the FAA forecasts, that the commercia! aircraft operations are
projected to increase from 28.6 million in 1998 to 47.6 million in 2025. That results in a
pro;ected increase of 66 percent by 2025.

In addltlon the annual number of general aviation operations at all towered and non-
towered airports in the US is projected by the FAA to increase from 87.4 million in 1998
to 99.2 million in 2025. That results in a projected increase of 14 percent by 2025.
Based on the above potential i mcreases in traffic, the crash probability for local traffic on
VR-27 would increase to 8.82 x 10~ and for commercial traffic not landing Iocally to
1.08 x 10°® by the year 2025. :
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The FAA also predicts that the military traffic will not increase appreciably, if at all in the
foreseea_E;le future. As a result the probability of a crash on VR 249 will remain at
56x10™.

Considering all of the FAA projections, the cumulative aircraft crash probabilities
increases to 9.4 x 107 in 2025, which is still less than the threshold of 1 x 10°® specified
in the Safety Evaluation Report concerning the Provide Fuel Storage Facility, Docket
No. 72-22, as an acceptable frequency for impact into the facility from all types of -
aircraft.

2.2.2 ONSITE POTENTIAL HAZARDS
2.2.2.1 Structures and Facilities

At the DCPP site, including the ISFSI storage site, there are no cooling towers or stacks
with a potential for collapse. Therefore, such hazards need not be considered for any
potential effects on the ISFSI.

There are 500-kV transmission lines that run in close proximity of the ISFSI storage site
and on the hill above it (Figure 2.2-1). A 500-kV transmission line drop is postulated as
a result of a transmission tower collapse or transmission line hardware failure near the
ISFSI storage site and the cask transfer facility (CTF), as discussed on Section 8.2.8.
The worst-case fault condition for a cask is that which places a cask in the conduction
path for the largest current. This condition is the line drop of a single conductor of one
phase with resulting single line-to-ground fault current and voltage-induced arc at the
point of contact.

It is concluded that the postulated transmission line break will not cause the affected
cask components to exceed either normal or accident condition temperature limits and
that localized material damage at the point of arc on the shell of the overpack and
transfer cask water jacket is bounded by accident conditions discussed in

Sections 8.2.2 (tornado missile} and 8.2.11 (loss of shielding, HI-TRAC transfer cask
water jacket). As a result of the considerations, it is apparent that the postulated
transmission line break does not adversely affect the thermal performance of either
system.

In addition to the 500-kV lines, the towers that support these lines were evaluated for
any potential effect (Figure 2.2-1). They have been evaluated, and although the towers
could fail as a result of a severe wind event, there would be no separation of the towers
from their foundations, and the towers on the hillside would not have credible contact
with the ISFSI storage site. However, the towers, which are located near the ISFSI
storage site could, in these events, collapse and strike either the MPC while at the CTF
or the loaded overpacks stored on the pads. As a result, as discussed in Section
8.2.16, this impact potential has been evaluated, and it does not adversely affect the
MPC or the loaded overpacks.
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2.2.2.2 Hazards from Fires

The ISFSI or the fuel storage systems have no credible exposure to fires caused by
offsite transportation accidents, pipelines, or manufacturing facilities because of the
distance to these transportation routes and the lack of facilities in the proximity of the
site. However, there are onsite sources that were evaluated.

Fires are classified as human-induced or natural phenomena design events in
accordance with ANSI/ANS 57.9, Design Events ill and IV (Reference 3). To identify
sources and to establish a conservative design basis for onsite exposure, a walkdown
was performed of the CTF, ISFSI storage site, and the complete transportation route
from the FHB/AB to the CTF and ISFSI storage site. Based on that walkdown, the
following fire events are postulated:

(1)  Onsite transporter fuel tank fire . |

(2) Other onsite vehicle fuel tank fires

(3) Combustion of other local statibnéry fuel tanks
(4) Combustion of other local combustible materials
(5) Fire in the surrounding vegetation

(6) Fire from mineral oil from the Unit 2 transformers

The potential for fire is addressed for both the HI-STORM 100 overpack and the
HI-TRAC transfer cask. Locations where the potential for fire is addressed include the
ISFSI storage pad; the area immediately surrounding the ISFSI storage pad, including
the CTF; and along the transport route between DCPP and the ISFSI storage pad.
These design-bases fires and their evaluations are detailed in Section 8.2.5. This
section also discusses various administrative controls to ensure that any fire cannot
exceed a design basis for the transfer and storage cask. These administrative controls
are further defined in Section 8.2.5 and the evaluations done in support of that section.

For the evaluation of the onsite transporter and other onsite vehicle fuel tank fires
(Events 1 and 2), it is postulated that the fuel tank is ruptured, spilling all the contained
fuel, and the fuel is ignited. The fuel tank capacity of the onsite transporter is limited to
a maximum of 50 gallons of fuel. The maximum fuel tank capacity for other onsite
vehicles in proximity to the transport route and the ISFSI storage pads is assumed to be
20 gallons. As discussed in Section 8.2.5, the results of the Holtec analyses for
transporter fuel tank rupture fire indicate that neither the storage cask nor the transfer
cask undergoes any structural degradation and that only a small amount of shielding
material (concrete and water) is damaged or lost. This analysis bounds the 20-gallon
onsite vehicle fuel tank fire (Event 2).
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The location of any transient sources of fuel in larger volumes, such as tanker trucks,
will be administratively controlled to provide a sufficient distance from the CTF , and
transport route during transport operations to ensure the total energy received is less
than the design-basis fire event. As discussed in Section 8.2.5 an analysis was
performed for a ruptured 2000-gallon gasoline tanker truck and determined that it does
not result in exceeding the design basis of the storage casks.

All onsite stationary fuel tanks (Event 3) are at least 100 ft from the nearest storage
cask, the transport route, and the CTF (Figure 2.2-1). Therefors, there is at least a
100-ft clearance between combustible fuel tanks and the nearest cask in transport, at
the CTF, or on the ISFSI storage pads. These existing stationary tanks have been
evaluated, but due to their distances to the transport route or the storage pads, the total
energy received by the storage cask or the transporter is insignificant compared to the
design basis fire event. These tanks will be periodically filled by standard tanker trucks
with a capacity of three to four thousand gallons. As discussed in Section 8.2.5, the
location of any tanker truck will be administratively controlled to ensure the total energy
potentially received at the ISFSI is less than the design basis event. In addition, during
transport operations, all filling will be suspended and these gasoline tanker trucks, will
not be allowed within the owner-controlied area. This will be administratively controlled
in accordance with the Diablo Canyon ISFSI Technical Specification Cask
Transportation Evaluation Program.

For the ISFSI site, the restricted area not covered by the storage pads will be covered
with crushed rock approximately 12 inches deep. The outer fence will be separated
from the inner fence by a distance of approximately 20 ft. The isolation zone (i.e., the
region between the fences) will also be covered with crushed rock approximately

12 inches deep. A maintenance program will control any significant growth of
vegetation through the crushed rock. Therefore, the surface of the restricted area will
be noncombustible.

No combustible materials will be stored within the security fence around the ISFSI
storage pads at any time. In addition, prior to any cask operation involving fuel
transport, a walkdown of the general area and transportation route will be performed to
assure all local combustible materials (Event 4), including all transient combustibles, are
controlled in accordance with administrative procedures.

The native vegetation (Event 5) surrounding the ISFSI storage pad is primarily grass, |
with no significant brush and no trees. Maintenance programs will prevent uncontrolled
growth of the surrounding vegetation. As discussed in Section 8.2.5, a conservative fire
model was established for evaluation of grass fires, which has demonstrated that grass
fires are bounded by the 50-gallon transporter fuel tank fire evaluation.

The potential fire from mineral oil in the Unit 2 transformers (Event 6) has been
evaluated in Section 8.2.5 and found to be bounded by the design basis fire.
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In summary, as discussed in Section 8.2.5, the potential effects of any of these
postulated fires have been found to be insignificant or acceptable. The physical layout
of the Diablo Canyon ISFSI and the administrative controls on fuel sources ensure that
the general design criteria related to fire protectlon specified in 10 CFR 72.122(c) are
met (Reference 4).

2.2.2.3 Onsite Explosion Hazards

The storage site has no credible exposure to explosion caused by transportation
accidents, pipelines, or manufacturing facilities because of the distance to these
transportation routes and the lack of facilities in the proximity of the site. However,
there are potential onsite hazards that must be evaluated.

Explosions are classified as human-induced or natural phenomena design events in
accordance with ANSI/ANS 57.9 Design Events Ill and IV. To determine the potential
explosive hazards, which could affect the ISFSI or the fuel transportation system, a
walkdown of the ISFSI storage area and the transportation route from the FHB/AB was
completed. The following explosion sources and event categories have been identified
and evaluated in Section 8.2.6:

(1) Detonation of a cask transporter or an onsite vehicle fuel tank
(2) .. Detonation of propane bottles transported past the ISFSI storage pad

(3) Detonation of compressed gas bottles transported past the ISFSI storage
pad .

(4) Detonation of large stationary fuel tanks in the vicinity of the transport
route

(5) Explosive decompression of a compressed gas cylinder
(6) | Detonation of the bulk hydrogen storage facility

(7) . Detonation of acetylene bottles stored on the east side of the cold
machine shop :

Figure 2.2-1 shows the location of the stationary potential sources (sources 4, 6 and 7).
Events 1, 2, 3, and 5 are assumed to occur in the vicinity of the ISFSI storage pads,
CTF, or transport route and potentially affect both the loaded overpack and the transfer
cask. Events 4 through 7 occur in the vicinity of the transport route and affect the
transfer cask. This section also discusses various administrative controls to ensure that
any potential explosion hazards will meet the Regulatory Guide 1.91 criteria or
methodologies. These administrative controls are further defined in Section 8.2.6 and
the evaluations done in support of that section.

2.2-13 Amendment 2 October 2003




DIABLO CANYON ISFSI
SAFETY ANALYSIS REPORT

In all of the above evaluations, the effect on the loaded overpacks or transport cask are
either minimal or not credible, and there will be no loss of function. For Events 1
through 3, as discussed in Section 8.2.6, the risk of exceeding the Regulatory Guide
1.91 overpressure criterion of 1 psi is not significant. In addition the transportation
practices and the physical distance to the storage pads, CTF, or transporter are
controlled by administrative procedures. For Event 4, the distance of the existing fuel
tanks from the transportation route precludes any effect on the transportation of the
spent fuel to the storage pads or CTF. Event 5 concerns decompression of gas
cylinders and the possible missile damage to the transfer cask and overpack. The
evaluation performed in Section 8.2.6 shows that this is not a credible event and that
there would be no significant damage or loss of function by this event. Event 6 involves
the transportation of the transfer cask past a potential hydrogen explosion hazard
(Figure 2.2-1). Section 8.2.6 discusses the evaluation that was performed for this
event. The evaluation shows that the probability of a detonation at the moment the
transporter is in the vicinity is so small that it is not credible per the guidelines of
Regulatory Guide 1.91. Event 7 was evaluated in Section 8.2.6 where it is shown that
the detonation of the acetylene bottles stored on the east side of the cold machine shop
was not a credible event based on configuration, restraints, and lack of an ignition
source.

Also under Event 1, it not only refers to an average 20-gallon vehicle fuel capacity, but
also a 2,000-gallon gasoline tanker truck that transports fuel near the ISFSI facility.
This truck will only be in this area momentarily while passing by the ISFSI facility and
will be under administrative controls for its speed and continued movement through the
area on its way to and from the vehicle maintenance shop that is located approximately
2,000 ft northeast of the ISFSI pad. As discussed in SAR 8.2.6, a probabilistic risk
assessment was performed and it was determined, based on the use of administrative
controls and the restriction for movement and stopping within the separation distance
calculated based on the 1 psi Regulatory Guide 1.91 criterion, that the risk is
insignificant.

The Cask Transportation Evaluation Program will be developed, implemented, and
maintained to ensure that no additional hazards are introduced either at the storage
pads, CTF, or on the transportation route during onsite transport of the loaded
overpacks or transfer cask. That program will include limitation on hazards and will
require a transportation route walkdown prior to any movement of the transporter with
nuclear fuel between the FHB/AB and the CTF, and between the CTF and the storage
pads. The walkdown will require the evaluation or removal of any identified hazards
prior to the movement of the transporter. The program will also control all movement of
vehicles or activities during onsite transport that could have an adverse effect on the
loaded overpacks or transfer cask.

2.2.2.4 Chemical Hazards

A walkdown of all chemical hazards was performed in the ISFS! storage pad and CTF
areas, and along the transportation route. Chemical hazards were identified that could
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have an effect on the ISFSI or the transportation system. To ensure minimum potential
for chemical hazards, the administrative program provided to control fire and explosive
hazards will also include identification, control, and evaluation of hazardous chemicals.

2.2.3 SUMMARY

In summary, there are no credible accident scenarios involving any offsite industrial,
transportation, or military facilities in the area around the DCPP site that will have any
significant adverse impact on the ISFSI. In addition, there are no potential onsite fires,
explosions, or chemical hazards that would have a significant impact on the ISFSI.
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23 METEOROLOGY

The meteorology of the Diablo Canyon area is described in Section 2.3 of the DCPP
FSAR Update. Information in the FSAR Update includes discussion of the regional
climatology, local meteorology, topographical information, onsite meteorological
measurement program, and diffusion estimates for the Diablo Canyon owner-controlied
area, which includes the ISFSI site. Relevant tables and figures supporting the
discussion are included in the FSAR Update. .

Meteorological conditions for the ISFSI site are expected to be the same as for DCPP
since the ISFSI site is located approximately 0.22 miles and slightly uphill from the
DCPRP facilities. No significant changes in climate or meteorological characteristics can
occur within such a short distance and, thus, existing meteorological measurements for
DCPP are expected to be equally applicable to the ISFSI. Diffusion estimates at the
ISFSI site are provided in Section 2.3.4.

The FSAR Update is maintained up to date by PG&E through periodic revisions made in
accordance with 10 CFR 50.71(e). Hence, the information contained in the FSAR
Update is current, and no further revision is necessary for applicability to the ISFSI.
Therefore, in accordance with the guidance of Regulatory Guide 3.62, materia! from
Section 2.3 of the FSAR Update is incorporated herein by reference in support of the
ISFSI license application. The following paragraphs provide a brief summary of various
discussions from Section 2.3 of the FSAR Update.

2.3.1 REGIONAL CLIMATOLOGY

The climate of the area is typical of the central California coastal region and is
characterized by small diurnal and seasonal temperature variations and scanty summer
precipitation. The prevailing wind direction is from the northwest, and the annual
average wind speed is about 10 mph. In the dry season, which extends from May
through September, the Pacific high-pressure area is located off the California coast,
and the Pacific storm track is located far to the north. Moderate to strong sea breezes
are common during the afternoon hours of this season while, at night, weak offshore
drainage winds (land breezes) are prevalent. There is a high frequency of fog and low
stratus clouds during the dry season, associated with a strong low-level temperature
inversion. : . ' - '

The mountains that extend in a general northwest-to-southeast direction along the
coastline affect the general circulation patterns. This range of mountains is indented by
numerous canyons and valleys, each of which has its own land-sea breeze regime. As
the air flows along this barrier, it is dispersed inland by the valleys and canyons that
indent the coastal range. Once the air enters these valleys and canyons, it is controlled
by the local terrain features.

The annual mean number of days with severe weather conditions, such as tornadoes
and ice storms at west coast sites, is zero. Thunderstorms and hail are also rare
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phenomena, the average occurrence being less than 3 days per year. The maximum-
recorded precipitation in the San Luis Obispo region is 5.98 inches in 24 hours at San
Luis Obispo. The 24-hour maximum occurred on March 4, 1978.

The maximum-recorded annual precipitation at San Luis Obispo was 54.53 inches
during 1969. The average annual precipitation at San Luis Obispo is 21.53 inches.
There are no fastest mile wind speed records in the general area of Diablo Canyon,
surface peak gusts at 46 mph have been reported at Santa Maria, California, and-peak
gusts of 84 mph have been recorded at the 250 ft level at the Diablo Canyon site.

The monthly average temperatures for San Luis Obispo from 1948 to 2000 are provided
in Table 2.3-1.

2.3.2 LOCAL METEOROLOGY

The average annual temperature at the ISFSI site is approximately 55°F (based on
measurements made at the DCPP primary meteorological tower). Generally, the
warmest mean monthly temperature occurs in October, and the coldest mean monthly
temperature occurs in December. The highest hourly temperature, as recorded at one
of the recording stations, is 97°F in October 1987, and Diablo Canyon experienced
below-freezing temperatures in December 1990 for several hours. Essentially no snow
or ice occurs at the ISFSI site.

Solar radiation data considered representative of the Diablo Canyon ISFSI site is
collected by the California Irrigation Management Information System (CIMIS),
Department of Water Resources, at the California Polytechnic State University in San
Luis Obispo, California. The CIMIS collection site is about 12 miles northeast of the
Diablo Canyon ISFSI site. For a period of record between May 1, 1986 and December
31, 1999, the maximum measured incident solar radiation (insolation) values at the
CIMIS site were 766 g-callcm? per day for a 24-hour period and 754 g-cal/cm? per day
for a 12-hour period, both on June 1, 1989. The daily (24-hour) average for the period
of record was 430 g-cal/cm? per day. For the Diablo Canyon ISFS! site, the insolation

values would likely be lower than the CIMIS values because of more frequent fog in the
ISFSI area.

The average annual precipitation at the DCPP site is approximately 16 inches. The
highest monthly total recorded between 1967 and 1981 was 11.26 inches. The greatest
amount of precipitation received in a 24-hour period was 3.28 inches. These maxima
were recorded in January 1969 and March 1978, respectively. The maximum hourly
amount recorded in the Diablo Canyon area during the same period is 2.35 inches.

The highest recorded peak wind gust at the primary meteorological tower is 84 mph,
and the maximum-recorded hourly mean wind speed is 54 mph. Persistence analysis
of wind directions in the Diablo Canyon area shows that, despite the prevalence of the
marine inversion and the northwesterly wind flow gradient along the California coast, the
long-term accumulation of emissions in any particular geographical area downwind is
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virtually impossible. Pollutants injected into the marine inversion layer of the coastal
wind regime are transported and dispersed by a complex array of land-sea breeze
regimes that exist all along the coast wherever canyons or valleys indent the coastal
range.

Topographical influences on both short-term and long-term diffusion estimates are
pronounced in that the ridge lines east of the ISFSI location extend at least to the
average height of the marine inversion base. The implications of this barrier are:

(1)  Any material released that is diverted along the coastline will be diluted
and dispersed by the natural valleys and canyons, which indent the
coastline.

(2) Any material released that is transported over the ridgeline will be
distributed through a deep layer because of the enhanced vertical mixing
due to topographic features.

2.3.3 ONSITE METEOROLOGICAL MEASUREMENT PROGRAM

The current onsite meteorological monitoring system supporting DCPP operation will
serve as the onsite meteorological measurement program for the ISFSI. The system
consists of two independent subsystems that measure meteorological conditions and
process the information into useable data. The measurement subsystems consist of a
primary meteorological tower and a backup meteorological tower. The program has
been designed and continually updated to conform with Regulatory Guide 1.23.

A supplementa! meteorological measurement system is also located in the vicinity of
DCPP. The supplemental system consists of two Doppler acoustic sounders and six
tower sites. Data from the supplemental system are used for emergency response
purposes to access the location and movement of any radioactive plume.

2.3.4 DIFFUSION ESTIMATES

For ISFSI dose calculations required by 10 CFR 72.104, (normal operations and
anticipated occurrences), site boundary x/Q values range from 9.2 x 10® to 3.4 x 10°®
sec/m® and nearest residence %/Q values range from 2.0 x 10 to 4.2 x 107 sec/m®.
These values are taken from Table 11.6-13 of the DCPP FSAR Update and have been
determined to be applicable to the ISFSI site. They will be used, as appropriate, for
dose calculations related to normal operations and anticipated occurrences.

Compliance with 10 CFR 72.106 requires calculation of design basis accident doses at
the controlled area boundary (site boundary for the Diablo Canyon ISFSI), which is
about 400 meters from the ISFSI at its closest point. Based on information from the
DCPP FSAR Update, Section 2.3.4 and Table 2.3-41, a x/Q of 4.5 x 10 sec/m® has
been determined to be a conservative estimate applicable to the ISFSI site and will be
used for accident dose calculations.
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24 SURFACE HYDROLOGY

Hydrologlc information pertaining to the Diablo Canyon area in general has been
documented in the DCPP FSAR Update (Reference 1). Much of this information
pertains also to the ISFSI location since the hydrologic characteristics in the Diablo
Canyon area do not vary significantly in the general vicinity of the ISFSI and power plant
facilities. Specific features relevant to hydrologic engineering at the ISFSI location are
described in this section, with reference to supporting information in the FSAR Update
where appropriate.

241 HYDROLOGIC DESCRIPTION

The topography and an outline of the drainage basin in the region surrounding the ISFSI
site are shown in Figure 2.4-1. This map is reproduced from the US Geologica! Survey
(USGS) Port San Luis and Pismo Beach 7.5-minute topographic quadrangles. The
basin drains to Diablo Creek, which discharges into the Pacific Ocean. Figure 2.4-2
shows the Diablo Creek drainage basin to a larger scale. The basin encompasses
approximately 5 square miles and is bounded by ridges reaching a maximum elevation
of 1,819 ft above mean sea level (MSL) at Saddle Peak, located approximately 2 miles
to the east of the ISFSLI.

The hydrologic characteristics of the ISFSI site are influenced by the Pacific Ocean on
the west and by local storm runoff collected from the basin drained by Diablo Creek.

The maximum and minimum flows in Diablo Creek are highly variable. Average fiows
tend to be nearer the minimum flow value of 0.44 cfs. Maximum flows refiect short-term
conditions associated with storm events. Usually within 1 or 2 days following a storm,
flows return to normal. Flows during the wet season (October-April) vary daily and
monthly. Dry season flows are sustained by groundwater seepage and are more
consistent from day to day, tapering off over time. There is no other creek or river within
the site area or the drainage basin. ‘

Wateris supplied to DCPP from three sources: Diablo Creek, two site wells, and an
ocean water desalinization plant that has been used since 1985. The Diablo Creek
collection point is located upstream and to the east of the 500-kV switchyard.

242 FLOODS

The DCPP FSAR Update addresses flood considerations pertinent to the power plant
facilities at Diablo Canyon. The following discussion identifies flood considerations from
the FSAR Update that are pertinent to the ISFSI location. Topography and ISFSI site
structures limit flood design considerations to local fioods from Diablo Creek. The
canyon confining Diablo Creek will remain intact and is more than sufficient to channel
any conceivable flood without any hazard to the ISFSI. Channel blockage from any
landslides downstream of the ISFSI location and to an extent sufficient to flood the
ISFSI area is not possible because of the topographic location and elevation of the
ISFSI.
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There are no dams or natural features in Diablo Creek that would hinder or retain runoff
for a significant period of time. At the ISFSI, runoff can be efficiently drained by the
adjacent natural and constructed drainage features.

Iif the culverts and drainage out of the ISFSI area become plugged during periods of
high precipitation, water may locally and temporarily pond. Drainage in the vicinity of
the ISFSI is shown in Figure 2.4-3. No significant ponding should occur since, due to
the open terrain and location, any additional runoff into the ISFSI area will drain away
from the facility toward Diablo Creek or the ocean. No adverse impact is expected on
ISFSI operation or spent fuel confinement.

Two water reservoirs constructed in rock and located in the vicinity of the ISFSI
maintain redundant water supplies in support of operation of Units 1 and 2. If the
reservoirs were to overflow due to an unlikely accumulation of runoff from high
precipitation, the local topography would cause water to drain toward the creek and
ocean. No adverse impact on the ISFSI would be expected from overflow of the
reservoirs.

243 PROBABLE MAXIMUM FLOOD (PMF) ON STREAMS AND RIVERS

Diablo Creek is the only significant channel for the drainage basin within which the
ISFSI is located. This drainage basin includes approximately 5.2 square miles. The
potential PMF upstream of the location of the power plant facilities was found to have a
peak discharge of approximately 6,900 cfs, with a total volume of approximately

4,300 acre-it for a 24-hour storm.

As documented in the DCPP FSAR Update, the drainage capacity of Diablo Creek
through this area is more than sufficient to efficiently channel the PMF volume directly
into the Pacific Ocean with no retention time. This volume of water discharged from the
Diablo Creek basin will not cause any local flooding around the power plant or overtop
the switchyards, even if the 10-ft diameter culvert passing under the switchyards were
to temporarily plug. If the culvert were plugged, any water impounded east of the 500-
kV switchyard would be discharged along Diablo Creek Road (elevation of
approximately 250 ft MSL opposite the ISFSI) and through the stilling basin located
between the switchyards. The floodwaters would pass through the diversion scheme
with adequate freeboard near each switchyard, on the opposite side of the canyon, and
below the elevation of the ISFSI (310 ft MSL). The water released would not cause any
flooding of the ISFSI.

24.4 POTENTIAL DAM FAILURES (SEISMICALLY INDUCED)

There are no dams in the watershed area. Outside the watershed area, any seismic-
induced failure of dams would not affect the ISFSI.
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24.5 PROBABLE MAXIMUM SURGE AND SEICHE FLOODING

Due to the elevation of the ISFSI, there is no credible scenario that would create any
flooding from a maximum surge or seiche.

24.6 PROBABLE MAXIMUM TSUNAMI FLOODING

Due to the elevation of the ISFSI, a maximum tsunami would not cause any flooding to
the ISFSI.

The maximum combined wave runup from a distantly generated tsunami is 30 ft
(Reference 1, Section 2.4.6.1.3), and the maximum combined wave runup for near
shore tsunamis is 34.6 ft relative to a mean lower low water (MLLW) reference datum
(Reference 1, Section 2.4.6.1.4). This is significantly lower than the elevation of the
Diablo Canyon ISFSI site at 310 ft above mean sea level (MSL) (312.6.ft above MLLW)
or the transporter route at 80 ft above MSL.

Additional data and analysis related to the maximum possible tsunami are provided in
Reference 2 (PG&E Response to NRC Question 2-14).

24.7 ICE FLOODING

Flooding due to ice melt events is not credible because of the mild climate and
infrequency of freezing temperatures in the region.

24.8 FLOOD PROTECTION REQUIREMENTS

No cooling water canals, reservoirs, rivers or streams are used in operation of the
ISFSI. There are no channel diversions in the region that can alter any water flow
patterns so as to affect the ISFS!. Hence, low flow conditions need not be considered.

Based on these considerations, there are no credible hydrological scenarios that can
adversely affect the ISFSI. Thus, specialized hydrological engineering considerations
and fiood protection requirements for the ISFSI facilities are not necessary. Only typical
grading and drainage provisions for storm runoff are needed.

2.49 ENVIRONMENTAL ACCEPTANCE OF EFFLUENTS
SAR Section 3.3.1.7.2 indicates that there are no radioactive wastes created by the

HI-STORM 100 System while in storage at the storage pads, transport to or from the
CTF, or at the CTF.

Environmental Report Sections 2.5, 4.1, and 4.2 address the environmental effects of
potential effluents from the ISFSI. It is concluded that surface runoff from the ISFSI has
no radioactive contamination and will not adversely affect the surrounding ecosystem.
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Diablo Creek is the only source of surface water other than ocean water used at DCPP e
for support of power plant operation. No water is used to support ISFSI operation.

Potable water used to support ISFSI administration is provided by existing systems at

DCPP. Such support of ISFSI administrative activities will be provided according to

plant procedures. No other significant surface or groundwater sources exist or are used

in this area. There is no public use of any surface waters or groundwater from the

Diablo Canyon site. Therefore, no detailed analysis of acceptance of effluents by

surface waters or groundwater due to ISFSI operation is relevant.

2.410 REFERENCES

1. PG&E, Units 1 and 2 Diablo Canyon Power Plant, Final Safety Analysis Report
Update, Revision 14, November 2001.

2. PG&E Letter DIL-02-009 to the NRC, Response to NRC Request for Additional
Information for the Diablo Canyon ISFSI Application, October 15, 2002.
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26 GEOLOGY AND SEISMOLOGY

The Diablo Canyon Independent Spent Fuel Storage Installation (ISFSI) will be located
directly inland from the power plant on a graded bedrock hillslope adjacent to the DCPP
raw water reservoir (Figure 2.6-1). It was desirable to select a site having bedrock
properties and earthquake response characteristics comparable to those of the bedrock
beneath the Diablo Canyon power block, such that existing DCPP design-basis ground
motions could be used in the design of the ISFSI.

In this section, the geologic and seismologic conditions in the region are described and
evaluated. Detailed information is provided regarding the earthquake vibratory ground
motions, foundation characteristics, and slope stability at the ISFSI and CTF sites.
Information regarding foundation characteristics and slope stability also is provided for
the transport route between the power block and the CTF. The information is in
compliance with the criteria in Appendix A of 10 CFR 100, and 10 CFR 72.102, and
meets the format and content recommendations of Regulatory Guide 3.62. Several
commercial technical computer software programs were used to assist in the analyses
performed for Section 2.6.

An external, independent Seismic Hazards Review Board advised on the studies carried
out for this section of the licensing submittal. A letter summarizing the conclusions of
the consulting board is provided in Reference 1, as are the names and affiliations of the
project team responsible for preparation of this section.

Definitions |

For the purposes of Section 2;6, the following definitions and boundaries were used to
describe the ISFSI study area and plant site reglon as illustrated on Figure 2.6-1
(definitions of other terms used in this report are in the glossary at the front of the
report):

. plant site region: the area of the Irish Hills and vicinity within a 10-mile
radius of the Diablo Canyon ISFSI

o plant site area: the area within the DCPP boundary

. ISFSI study area: the area extend-ing along the nose of the ridge behind
the power plant and encompassing the ISFSI site and CTF site

Conclusions

Geologic, seismologic, and geotechnical invesﬁgatidns for the ISFS| yielded the
following conclusions:

. The ISFSI will be founded on bedrock that is part of the same continuous,
thick sequence of sandstone and dolomite beds upon which the DCPP
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power block is sited. The shear wave velocity characteristics of the rock
at the ISFSI and CTF sites are within the same range as those at the
power block. Additionally, the ISFSI and CTF sites are approximately the
same distance from the Hosgri fault zone, the controlling earthquake
source for the DCPP. Thus, the foundation conditions and ground-motion
response characteristics are the same as those at the DCPP (discussed in
Section 2.6.1.10).

Because the ground-motion response characteristics at the ISFSI are the
same as those at the DCPP, the DCPP earthquake ground motions are
appropriate for use in the licensing of the ISFSI, in accordance with

10 CFR 72.102(f) (discussed in Section 2.6.2).

Because ISFSI pad sliding, slope stability, and the stability of the
transporter are affected by longer-period ground motions. than those
characterized by the DCPP ground motions, response spectra having a
longer-period component were developed. The longer-period component
conservatively incorporates the near-fault effects of fault rupture directivity
and fling. These spectra, referred to as the ISFSI long-period ground
motions (ILP), and associated time histories, were used to analyze
elements that may be affected by longer-period ground motions
(discussed in Section 2.6.2.5).

Several minor bedrock faults were observed at the ISFSI and CTF sites.
These minor faults are not capable; hence, there is no potential for surface
faulting at the ISFSI or CTF sites (discussed in Section 2.6.3).

The sandstone and dolomite bedrock, including zones of friable rock, that
underiies the ISFSI and CTF sites area is stable, and has sufficient
capacity to support the loads imposed by the ISFSI pads and casks and
the CTF without settlement or differential movement (discussed in
Section 2.6.4).

There are no active landslides or other evidence of existing ground
instability at the ISFSI and CTF sites, or on the hillslope above the ISFSI
site (discussed in Section 2.6.1.12).

The stability of the hillslope and the slopes associated with the pads, CTF,
and transport route under static and seismic conditions was analyzed
using conservative assumptions regarding slope geometry, material
properties, seismic inputs, and analytical procedures (discussed in Section
2.6.5). The analyses show that the slopes have ample factors of safety
under static conditions. The cutslope above the ISFSI site may
experience local wedge movements or small displacements if exposed to
the design-basis earthquakes. Mitigation measures to address these
movements are described in Sections 4.2.1.1.9.1 and 4.2.1.1.9.2.
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. The transport route follows existing paved roads, except for a portion of
the route that will be constructed to avoid a landslide at Patton Cove along
the coast. The route will have foundation conditions satisfactory for the
transporter (discussed in Section 4.3.3). Small debris fiows could
potentially close portions of the road during or immediately following
severe weather (discussed in Section 2.6.5.4). Because the transport
route will not be used during severe weather, the ﬂows will not be a
hazard to the transporter.

2.6.1 GEOLOGIC, SEISMOLOGIC AND GEOTECHNICAL INVESTIGATIONS

Extensive geologic, seismologic and geotechnical investigations were performed to
characterize the ISFSI and CTF sites. These investigations included compilation and
review of pre-existing information developed for construction of the power plant, the raw
water reservoir, and the 230-kV and 500-kV switchyards, as well as extensive detailed
investigations performed in the ISFSI study area. These investigations are described in
References 2 and 3. The investigations focused on collecting information to address
four primary objectives:

° to evaluate foundation propernes beneath the ISFSI pads, the CTF facnllty
and the transport route

. to evaluate the stability of the proposed cutslopes and existing hilislope
above the ISFSI pads and along the transport route

. to identify and characterize bedrock faults at the site

. to compare bedrock conditions at the ISFSI site with bedrock conditions
beneath the DCPP power block for the purpose of characterizing
earthquake ground motions

Investigations in the plant site area included interpretation of aerial photography, review
of existing data and literature, and field reconnaissance. In particular, borehole and
trench data collected in the 1960s and 1970s for the power plant were compiled,
reviewed, and used to evaluate stratigraphic conditions beneath the power block and
between the power block and the ISFSI site.

Investigations in the ISFSI study area and along the transport route were conducted to
develop detailed information on the lithology, structure, geometry, and physical
properties of bedrock beneath the ISFSI and CTF sites, and beneath the transport
route. Investigations of the ISFSI and CTF site geology included 17 borings at 14
locations, 22 trenches and test pits, a seismic refraction survey, down-hole geophysics
and televiewer surveys, petrographic analysis of rock samples, laboratory analysis of
soil and rock properties, and detailed surface mapping (Reference 3). These data were
used to develop a detailed geologic map of the plant site area, the ISFSI study area and

2.6-3 Amendment 2 October 2003



DIABLO CANYON ISFSI
SAFETY ANALYSIS REPORT

transport route, and 12 geologic cross sections to illustrate the subsurface distribution of
bedrock lithology and structure (Reference 37).

2.6.1.1 Existing Geologic, Seismologic, and Geotechnical Information

Existing geologic, seismologic, and geotechnical information includes that collected for
licensing the operating DCPP, construction of the raw water reservoir, and construction
of the 230-kV and 500-kV switchyards. Regional and site-specific geologic, seismologic
and geotechnical investigations at the DCPP site are documented in Sections 2.5.1 and
2.5.2 of the DCPP Final Safety Analysis Report (FSAR) Update, submitted in support of
continued operation of Units 1 and 2 (Reference 4). In response to License Condition
Item 2.C.(7) of the Unit 1 Operating License DPR-80, issued in 1980, PG&E was
required to reevaluate the seismic design bases for the DCPP. This reevaluation
became known as the Long Term Seismic Program (LTSP). The program was
conducted between 1985 and 1991. In June 1991, the Nuclear Regulatory Commission
(NRC) issued Supplement Number 34 to the Diablo Canyon Safety Evaluation Report
(Reference 5), in which the NRC concluded that PG&E had satisfied License Condition
Item 2.C.(7). The LTSP evaluations are docketed in the LTSP Final Report (Reference
6) and the Addendum to the Final Report (Reference 7). The information presented
herein summarizes and refers to the DCPP FSAR Update and LTSP reports.

Existing regional and site-specific geologic, seismologic and geotechnical information
for the ISFSI is discussed in the following docketed references:

Regional physiography: DCPP FSAR Update, Section 2.5.1.1.1
Geologic setting: DCPP FSAR Update, Section 2.5.1.1.2.1
LTSP Final Report, Chapter 2
Tectonic features: DCPP FSAR Update, Sections 2.5.1.1.2.2 and
251123
LTSP Final Report, Chapter 2
Geologic history: DCPP FSAR Update, Section 2.5.1.1.3
LTSP Final Report, Chapter 2
Regional geologic structure DCPP FSAR Update, Sections 2.5.1.1.4 and
and stratigraphy: 25115
LTSP Final Report, Chapter 2
Geologic structure and DCPP FSAR Update, Section 2.5.1.2
stratigraphy of the plant site LTSP Final Report, Chapter 2
area:

Slope stability of the plant site Slope Stability Report
area:
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Earthquake history and DCPP FSAR Update, Sections 2.5.2.5 and
association of earthquakes 2526
with geologic structures: LTSP Final Report, Chapter 2

Maximum earthquakes ' DCPP FSAR Update, Section 2.5.2.9
affecting the plant site area: ~ LTSP Final Report, Chapter 3

Earthquake ground DCPP FSAR Update, 2.5.2.10 and 3.71
accelerations and response LTSP Final Report, Chapter 4
spectra:

The ISFSiI is sited on a bedrock slope that was previously used as a source of fill

materials for construction of the 500-kV and 230-kV switchyards. The first geologic and
geotechnical studies in the area were performed by Harding Miller Lawson & Associates
(HML) (Reference 9). The study was conducted prior to the borrow excavation to obtain |
information regarding the excavatability and suitability of the site materials for

switchyard fills. Their investigations included borings, test pits, and refraction surveys.
The depth of their explorations, however, was limited to the depth of the planned (and
as-built) borrow excavation, and did not extend below the present post-excavation site
elevations. All the material investigated by HML was removed during the borrow
excavation and used for construction of the switchyard fills.

In addition, an assessment of slope stability near the DCPP was performed following

the heavy winter storms of 1996-1997 (Reference 8). This report includes a map of |
landslides in the plant site area, and a slope stability analysis of the natural hillslope and
cutslope between the power plant and the ISFSI.

2.6.1.2 Detailed ISFSI Study Area Investigations

Additional detailed geologic, seismic, and geotechnical studies were performed in the
ISFSI study area. References 2 and 3 further describe the method, technical approach,
and results of the detailed studies. The following field, office, and laboratory
investigations were performed:

Activity Documented in

Interpretation of 1968 aerial photography, by PG&E Reference 37 |
Geosciences Department (Geosciences) and William Lettis :
& Associates, Inc. (WLA)

Evaluation of previous geologic investigations in the power Reference 37 |
plant area, including borings by HML and others, by
Geosciences and WLA

Detailed geologic mapping of structures and lithology, by Réferenoe 37 |
Geosciences and WLA
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Activity

Documented in

Analysis of rock mass strength, by Geosciences and WLA
Evaluation of rock fractures, by Geosciences and WLA

Analysis of potential rock slope stability, by Geosciences,
WLA, and Geomatrix Consultants

Geologic mapping of the power plant site and ISFSI study
area, by WLA

Drilling and logging of 17 exploratory diamond-core borings
at 14 locations at and near the ISFSI and CTF sites, by WLA

Implementation of two surface seismic refraction lines to
measure compressional wave and shear wave velocities of
shallow bedrock across the ISFSI site, by GeoVision

Suspension logging of compression and shear wave
velocities from boreholes 98BA-1, -3 and -4, by GeoVision

Excavation and logging of 22 exploratory trenches at 14
locations to expose bedrock structures and lithology at the
ISFSI site, by WLA

Natural gamma and caliper logging of borings 00BA-1 and -
2, and optical televiewer imaging of all borings drilled in
2000 and 2001, by NORCAL Geophysical Consultants

Compilation of discontinuity data, by WLA

Soil testing of clay beds, by Cooper Testing Laboratories
Characterization of rock mass strength, by WLA

Rock strength testing of representative core samples, by

GeoTest Unlimited

Petrographic analyses and x-ray diffraction testing of rock
samples, by Spectrum Petrographics, Inc.

X-ray diffraction testing and petrographic analysis of clay
beds, by Schwein/Christensen Laboratories, Inc.
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2.6.1.3 General Description of the ISFSI Study Area

The location and topography of the ISFS| and CTF sites and the transport route are
shown in Figures 2.6-1, 2.6-2, and 2.6-3. Detailed investigations of the seismotectonic
setting performed for the LTSP (Reference 6, Chapter 2) show that the plant site area
lies along the active tectonic boundary between the Pacific and North American plates
in coastal Central California. It is located within the San Andreas fault system, about
48 miles west of the main San Andreas fault, and about 3 miles east of the offshore
Hosgri fault zone. Current tectonic activity in the region is dominated by active strike-
slip faulting along the Hosgri fault zone, and reverse faulting within the Los Osos/Santa
Maria domain. The plant site area is on a structural subblock of the San Luis Range
(the Irish Hills subblock, Figure 2.6-4), bordered on the northeast and southwest by the
Los Osos and southwestern boundary zone reverse faults, respectively, and on the
west by the Hosgri fault zone (Reference 6, Chapter 2, Figure 2-50). Since the end of
the early Quaternary, the Irish Hills subblock has been slowly elevated along these
bounding faults. Detailed mapping and paleoseismic investigations performed for the
LTSP (Reference 6) and the DCPP FSAR Update, Section 2.5.1 show that no capable
faults are present within the plant site area.

Within the Irish Hills structural subblock, the principal geologic structure is the
northwest-trending Pismo syncline (termed the San Luis-Pismo syncline in the DCPP
FSAR Update, Section 2.5.1.1.5.2). This 20-mile-long regional structure deforms rocks

of the Miocene Monterey and Obispo formations, and the Pliocene Pismo Formation.

Fold deformation occurred primarily during the Pliocene, and ceased sometime in the

late Pliocene or early Quatemnary. Detailed mapping of Quaternary marine terraces
across the axis and flanks of the syncline during the LTSP (Reference 6, Plates 10 and
12) documents the absence of fold deformation and associated faulting within the Irish
Hills structural subblock for at least the past 500,000 to 1,000,000 years (Reference 6, |
page 2-34).

The plant site area Is situated on the eroded southwestern limb of the Pismo syncline
(Figure 2.6-4), within Miocene bedrock of the Obispo Formation (Figure 2.6-5). This
regional structure has subsidiary folds that are hundreds to 10,000 ft long and hundreds
of feet wide (DCPP FSAR Update, Section 2.5.1.1.5.2, p. 2.5-19, -20). One of these
structures, a small northwest-trending syncline, is located directly northeast of the
power block (DCPP FSAR Update, Section 2.5.1.2.4.2, p. 2.5-32, -33, Figure 2.5-8).
This is the same small syncline that extends across the western part of the ISFSI site
(Figures 2.6-5, 2.6-6, and 2.6-7).

Along the ooast, the Obispo and Monterey formations have been eroded and incised by
former high stands of sea level, leaving a preserved sequence of marine terraces and
terrace remnants (Figures 2.6-2 and 2.6-7). The foundation for the power block was
excavated into rock below the lower two marine terraces, which are approximately

80,000 and 120,000 years old, respectively (Reference 6, Chapter 2). The power block |
is founded on competent sandstone and siltstone of the Oblspo Formation, the same
stratigraphic unit that underlies the ISFSI site.
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The ISFSI will be on a prominent ridge directly south of the raw water reservoir and east
of the DCPP (Figures 2.6-7 and 2.6-8). The ridge area was used formerly as a borrow
source to derive fill material for construction of the 230-kV and 500-kV switchyards. The
borrow excavation, completed in 1971, removed up to 100 ft of material from the ISFSI
site area and extended deep into bedrock (Figures —2.6-2, 2.6-3, and 2.6-9 through
2.6-12). As a result, the ISFSI and CTF facilities will be founded on bedrock, and the
foundation stability and seismic response will be controlled by the bedrock properties.
The borrow area cutslope is 900 by 600 ft in plan view, and 300 ft high. The slope of
the cut face varies between 2.5:1 and 4:1 (22 to 14 degrees). The former borrow
activity at the site stripped surficial soil and weathered rock from the hillside above the
ISFSI site, leaving a bedrock slope covered with a veneer of rock rubble. The proposed
cutslopes south of the ISFSI pads will be cut entirely in bedrock.

The ISFSI site will be accessed via the transport route, which will follow existing paved
roads, except where the road is routed inland from Patton Cove. The transport route
starts at the power block, and ends at the ISFSI (Figures 2.6-1, 2.6-3, and 2.6-7).

2.6.1.4 Stratigraphy
2.6.1.4.1 Plant Site Area Stratigraphy

The plant site area is underlain by bedrock of the early and middle Miocene Obispo
Formation, and middle Miocene diabase intrusions (References 10 and 6, Chapter 2).
Geologic studies for the original DCPP FSAR Update classified bedrock at the power
plant site as strata from the middle and late Miocene Monterey Formation. Subsequent
studies published by the U.S. Geological Survey (Reference 10), and conducted during
the LTSP (Reference 6, Chapter 2) and this ISFSI study reclassified most of the
bedrock in the plant site area as part of the Obispo Formation.

Hall and others (Reference 10) divided the Obispo Formation into two members: a fine-
grained, massively bedded, resistant zeolitized tuff (mapped as Tor), and a thick
sequence of interbedded marine sandstone, siltstone, and dolomite (mapped as Tof)
(Figures 2.6-6 and 2.6-7). During the current geologic investigations, the marine
sedimentary deposits were further divided into three units, a, b, and ¢, based on distinct
changes in lithology. Unit Tofy occurs in the eastern part of the plant site area (entirely
east of the ISFSI study area) and consists primarily of thick to massively bedded
diatomaceous siltstone and tuffaceous sandstone. Unit Tofy occurs in the central and

west-central part of the plant site area, including the entire ISFSI study area and
beneath the power block, and consists primarily of medium to thickly bedded dolomite,
dolomitic siltstone, dolomitic sandstone, and sandstone. Unit Tofg occurs in the westem
part of the plant site area and consists of thin to medium bedded, extensively sheared
shale, claystone and siltstone.

Diabase and gabbro sills and dikes intrude the Obispo Formation in the plant site area.
These intrusive rocks originally were mapped as a member of the Obispo Formation
(Tod) by Hall (Reference 11), but later were reclassified as a separate volcanic
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formation (Tvr) by Hall and others (Reference 10), because the rocks intrude several
different formations, and are not confined to the Obispo Formation. The nomenclature
of Hall and others (Reference 10) has been adopted for this study, and these rocks are
mapped as Tertiary volcanic rock (Tvr) in the plant site area. These intrusive rocks are
well exposed in the north wall of Diablo Canyon, across from the ISFSI site (Reference
11). The diabase typically is a dark, highly weathered, low-hardness rock. It is altered
and weak, has a fine crystalline structure, and weathers spheroidally. - Petrographic
analysis of hand samples shows the diabase is an altered cataclastic gabbro and-
diorite. The large diabase sill that intruded between dolomite and sandstone beds in the
raw water reservoir area was entirely removed during borrow area excavation

(Figures 2.6-10 and 2.6-11). There are no exposures of diabase remaining on the
borrow area cutslope and no diabase was encountered in any of the boreholes or
trenches excavated at the ISFSI study area. Deeper parts of the original intrusion are
still exposed in the roadcut along Tribar Road east of and below the raw water reservoir
(Figure 2.6-6).

Quatemary deposits generally cover bedrock within the plant site area (Figure 2.6-7).
These unconsolidated sediments are discussed in Section 2.6.1 5.

2.6.1.4.2 ISFSI Study Area Stratigraphy

The ISFSl is sited on folded and faulted marine strata of unit Tofp, of the Obispo
Formation (Figures 2.6-7 and 2.6-8). Unit Tofp, in the ISFSI study area has undergone a

complex history of deposition, alteration, and deformation. Understandlng the
complexity of the geology and the various geologic processes giving rise to the current
geologic conditions at the site is important for interpreting the stratigraphy and structural
geology at the site. Based on analysis of surface and subsurface data, supplemented
by petrographic analyses of rock lithology, mineralogy, and depositional history, the
following events produced the current lithology and stratigraphic character of bedrock at
the site (Figures 2.6-13 and 2.6-14). A detailed description of each of these processes
is presented in Reference 37.

(1)  Original marine deposition, including vertical and lateral facies changes
within the dolomite and sandstone sequence

(2) ~ Burial and lithification, followed by diagenesis and dolomitization
(3) Localized addition of petroliferous fluids
'~ (4) Diabase intrusion, hydrothermal alteration, and associated deformation
(5)  Tectonic deformation (folding and faulting) *
(6) Surface erosion and weathering (both’chemical and mechanical)

(7) Borrow excavation and stress unioading
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Across the ISFSI site, unit Tofp, is significantly influenced by a lateral and vertical facies
change from dolomite to sandstone. In the ISFSI site area, therefore, unit Tofp has
been further divided into a dolomite unit (Tofp.4) and a sandstone unit (Tofp.2). Figure

2.6-15 provides a generalized stratigraphic column illustrating the distribution of rock
types within these two subunits. Unit Tofp.4 consists primarily of dolomite, dolomitic

siltstone, fine-grained dolomitic sandstone, and limestone. Unit Tofp_2 consists

primarily of fine- to medium-grained dolomitic sandstone and sandstone. Thin clay beds
also are present in both units. The dolomite appears to be a diagenetic product of
alteration from a limestone and/or calcareous siltstone and very fine sandstone parent
rock. Primary deposition of limestone (CaCO,) or calcareous siltstone occurred in a

shallow to moderately deep marine environment. Following burial and lithification, the
replacement of calcium by magnesium (dolomitization) during diagenesis of the
limestone or siltstone formed dolomite (CaMg(CO,),).

The contact between the dolomite and sandstone (units Tofp.1 and Tofp.2) marks a

facies change from a deep marine dolomite sequence to a sandstone turbidite
sequence. The contact varies from sharp to gradational, and bedding from one unit
locally interfingers with bedding of the other unit. For purposes of mapping, the contact
was arbitrarily defined as the first occurrence (proceeding down-section) of medium- to
coarse-grained dolomitic sandstone below the dolomite. Surface and subsurface
geologic data were used to construct 12 cross sections across the site and transport
route (Reference 37). The interfingering nature of the dolomite/sandstone contact
beneath the ISFSI study area is illustrated on cross sections A-A’, B-B™, D-D', F-F', I-I',
and L-L' (Figures 2.6-10, 2.6-11, 2.6-16, 2.6-17, 2.6-18, and 2.6-19, respectively).
Some of the thin, interfingering beds provide direct evidence for the lateral continuity
and geometry (attitude) of bedding within the hillslope (for example, between

boring 01-F and 00BA-1 on section I-I').

Analysis of the cross sections shows that the facies contact between the dolomite and
sandstone (units Tofb-1 and Tofb-2) generally extends from northwest to southeast
across the ISFSI study area, with sandstone of unit Tofb-2 primarily in the north and
northeast part of the area, and dolomite of unit Tofb-1 primarily in the south and
southwest part of the area. The three-dimensional distribution of the facies contact is
well illustrated by comparing cross sections B-B™ and |-I' (Figures 2.6-11-and 2.6-18).
This distribution of the two units reflects a cyclic transgressive/regressive/transgressive
marine sequence during the Miocene.

The division of unit Tofp, into two subunits also allows for a detailed interpretation of the

geologic structure (folds and faults) in the ISFSI study area. This understanding
provides the basis for evaluating the distribution of rock types in the area, and for
selecting appropriate rock properties for foundation design and slope stability analyses
at the ISFSI, as discussed in Sections 2.6.1.7, 2.6.1.8, 2.6.4.2, and 2.6.5.
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2.6.1.4.2.1 Dolomite (Unit Tofp.1)

The slope above the ISFSI, including most of the borrow area excavation slope, is
underlain by dolomite (Figure 2.6-8). The dolomite is exposed as scattered outcrops
across the excavated slope, along the unpaved tower access road (Reference 43, Data
Report A), in the upper part of most borings in the ISFSI study area (Reference 44, Data
Report B), and in most exploratory trenches (Reference 46, Data Report D). The
dolomite consists predominately of tan to yellowish-brown, competent, well-bedded
dolomite, with subordinate dolomitic siltstone to fine-grained dolomitic sandstone, and
limestone (Figure 2.6-20). Petrographic analyses of hand and core samples from, and
adjacent to, the ISFSI study area show that the rock consists primarily of clayey
dolomite, altered clayey carbonate and altered calcareous claystone, with lesser
amounts of clayey fossiliferous, bioclastic and brecciated limestone, fossiliferous
dolomite, and friable sandstone and siltstone (Reference 52, Data Report J, Tables J-1 |
and J-2). As described in the petrographic analysis, the carbonate component of these
rocks is primarily dolomite; thus the general term dolomite and dolomitic sandstone is
used to describe the rock.

The dolomite crops out on the excavated borrow area slope as fiat to slightly undulating
rock surfaces. The rock is moderately hard to hard, and typically medium strong to
brittle, with locally well defined bedding that ranges between several inches to 10 ft thick
in surface exposures and boreholes. Bedding planes are laterally continuous for
several tens of feet, as observed in outcrops, and may extend for hundreds of feet
based on the interpreted marine depositional environment. The bedding planes are
generally tight and bonded. Unbonded bedding parting surfaces are rare and generally
limited to less than several tens of feet, based on outcrop exposures.

2.6.1.4.2.2 Sandstone (Unit Tofp.2)

Sandstone of unit Tofp-2 generally underlies the ISFSI study area below about elevation

330 fi (Figure 2.6-8). Typically, the rocks in this subunit are well-cemented, hard
sandstone and dolomitic sandstone, and lesser dolomite beds.

The well-cemented sandstone encountered in the borings and trenches is tan to gray,
moderately to thickly bedded, and competent (Figure 2.6-21). The rock is well sorted,
fine- to coarse-grained, and is typically well cemented with dolomite. Petrographic
analyses show that the sandstone is altered, and that its composition varies from
arkosic to arenitic, with individual grains consisting of quartz, feldspar, dolomite, and
volcanic rock fragments (Reference 52, Data Report J). The rock is of low to medium . |
hardness, is moderately to well cemented, and is medium strong. The matrix of some
samples contains a significant percentage of carbonate and calcareous silt to clay
matrix (probably from alteration). Petrographic analyses show that the carbonate is
primarily dolomite. Thus, these rocks are referred to as sandstone and dolomitic
sandstone. Bedding in places is well defined, and bedding plane contacts are tight and
well bonded. Similar to the dolomite beds, unbonded bedding surfaces within the
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sandstone are rare and generally limited to less than several tens of feet, based on
limited outcrop exposure.

2.6.1.4.2.3 Friable Bedrock

Distinct zones of friable bedrock are present within the generally more cemented
sandstone and dolomite (Figures 2.6-8, 2.6-15, and 2.6-22). In some cases, the friable
bedrock appears to reflect the original deposit, with no subsequent dolomitization. in
other cases, the friable bedrock appears to be related to subsequent chemical
weathering or hydrothermal alteration. The friable beds within units Tofp.1 and Tofp.2

have been designated with the subscript (a). Unit Tofp.14 consists primarily of altered

or weathered dolomite or dolomitic siltstone that has a block-in-matrix friable
consistency, or simply a silt and clay matrix with friable consistency. The friable rock is
of low hardness and is very weak to weak. Unit Tofp.24 consists primarily of friable

sandstone, is of low hardness, and is very weak to weak. In many cases, the friable
sandstone is the original sandstone that has been chemically weathered or altered to a
clayey sand (plagioclase and lithics altered to clay). In other cases, the friable
sandstone simply lacks dolomite cementation and retains its original friable nature.

The vertical thickness of the friable rock encountered in borings ranges from less than

1 ftto 32 ft. The friable zones extend laterally for tens of feet in trench exposures, and

up to about 200 ft were assumed to correlate between borings (Reference 37). As |
illustrated on cross section I-I' (Figure 2.6-18), the zones of friable rock are more

common, and possibly more laterally continuous, in the sandstone than in the dolomite.

2.6.1.4.2.4 Clay Beds

Clay beds are present within both the sandstone and dolomite units. Clay beds were
observed in several trenches (Figures 2.6-23 and 2.6-24) and in many of the borings
(Figures 2.6-25 and 2.6-26). Because clay beds are potential layers of weakness in the
hillslope above the ISFSI site, they were investigated in detail, (Reference 37). The clay |
beds generally are bedding-parallel, and commonly range in thickness from thin

partings (less than 1/16 inch thick) to beds 2 to 4 inches thick; the maximum thickness
encountered was about 8.5 inches. The clay beds are yellow-brown, orange-brown,

and dark brown, sandy and silty, and stiff to hard. Petrographic analyses show that the
clay contains marine microfossils and small rock inclusions; the rock inclusions are
angular pieces of dolomite that are matrix-supported, and have no preferred orientation

or shear fabric (Reference 53, Data Report K). In the trenches, the clay beds locally |
have slickensides and polished surfaces. The clay beds typically are overconsolidated
(due to original burial), as supported by laboratory test data (Reference 49 , Data

Report G), and, where thick, have a blocky structure.

The clay beds encountered in the borings were recorded on the boring logs

(Reference 44, Data Report B). In addition, in most of the borings, the clay beds also I
were documented in situ by a borehole televiewer. The televiewer logs show that the
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clay beds generally are in tight contact with the bounding rock, and are bedding-parallel
(Reference 47, Data Report E). The clay beds range from massive having no preferred
shear fabric, to laminated having clear shear fabric. The shear fabric is interpreted to
be the result of tectonic shearing during folding and fiexural slip of the bedding surfaces.
The shear fabric does not refiect gravitational sliding, because features indicative of
sliding, such as disarticulation of the rock mass, tensional fissures, and geomorphic -
expression of a landslide on pre-construction aerial photographs, are not present.

Clay Beds in Dolomite

Clay beds are more common, thicker, and more laterally continuous in the dolomite
(unit Tofp-1). Examination of the continuity of clay beds within and between adjacent

trenches, roadcuts, and borings provided data on the lateral continuity (persistence) of
the clay beds (Reference 37). Individual clay beds exposed in the trenches and
roadcuts appear to be persistent over distances of between tens of feet to more than
160 ft, extending beyond the length of the exposures. The exposed clay beds are wavy
and have significant variations in thickness along the bed. Thinner clay beds (less than
about 1/4 inch thick) typically contain areas where asperities on the surfaces of the
bounding adjacent hard rock project through or into the thin clay. The bedding surfaces
are all irregular and undulating, with the height (amplitude) of the undulation greater
than the thickness of the clay beds, such that the clay beds likely will have rock-to-rock
contact locally during potential sliding, producing an overall increase in the average
shear strength of the clay bed surface. A correlation of clay beds within the slope above
the ISFSI site is shown on cross section I-I' (Figure 2.6-18). These correlations indicate
that at least some clay beds extend over several hundred feet into the hilislope.
However, some beds clearly do not correlate: for example, the clay beds exposed in
trenches T-14 and T-15 are not found in nearby boring 01-1.

Clay Beds in Sandstone

Clay beds are less common, generally thinner, and less laterally continuous in the
sandstone (unit Tofp.2). Clay beds observed in the sandstone generally are less than

1/4 inch thick. These thinner clay beds are difficult to correlate laterally between
borings and, at least locally, are less than 50 to 100 ft in lateral extent. For example, as
shown on cross sections B-B' and I-I' (Figures 2.6-11 and 2.6-18), clay beds were not
encountered in boring 01-B, but were encountered in borings 01-A and 01-H, 50 to

100 ft away.

Clay Moisture Content

The clay beds encountered in the borings and trench excavations in both the dolomite
‘and sandstone were moist. Clay beds uncovered in the trenches dried out after
exposure during the dry season, and became hard and desiccated. When wetted

during the rainy season, the clay in the trenches became soft and sticky (Reference 46, |
Data Report D, Trench T-11). Possible local perched water tables, as observed in

boring 01-F and evident elsewhere in the plant site area (Section 2.5, Subsurface
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Hydrology), also may soften the upper portions of the clay beds during the rainy season
in the ISFSI study area.

Clay Composition

X-ray diffraction analyses (Reference 53, Data Report K) show that the clay-size |
fraction of the clay beds consists of three primary minerals: kaolinite (a clay),

ganophyllite (a zeolite), and sepiolite (a clay). The silt-size fraction of the sample

consists primarily of rock and mineral fragments of quartz, dolomite/ankerite, and

calcite. Petrographic examination of the clay (Reference 53, Data Report K) shows a I
clay matrix having matrix-supported angular rock fragments and no shear fabric.

Included rock fragments have evidence of secondary dolomitization of original calcite
(limestone), and localized post-depositional contact alteration. Some samples contain
microfossils (benthic foraminifera). The ganophyllite minerals appear to be expansive,

as evidenced by swelling of one sample (X-1 from trench T-14A) after thin-section
mounting. Sample X-2 also had a significant percentage of ganophyllite, and a high
plasticity index (Pl) of 63 (References 49 and 53, Data Reports G & K). |

The presence of microfossils confirms the clay is depositional in origin, and was not
formed by aiteration or weathering of a lithified host rock. The clay is interpreted to
reflect pelagic deposition in a marine environment.

2.6.1.4.2.5 Diabase (Tvr)

Diabase is exposed in the roadcut along Tribar Road and probably underlies the e
eastern portion of the raw water reservoir area. The diabase is part of the Miocene
diabase intrusive complex in Diablo Canyon near the switchyards (Reference 10). A
large diabase body was removed during grading for the raw water reservoir pad and the
borrow cut area. This body of diabase likely was continuous with the diabase exposed
along Tribar Road. Currently, no diabase is exposed on the borrow cut slope, and
diabase was not encountered in any of the borings or trenches in the ISFSI study area.
The diabase exposed along Tribar Road has been altered to a friable rock, and is soft to
dense and easily picked apart; it is judged to be similar in engineering properties to the
friable sandstone and friable dolomite found in the ISFSI study area. Though diabase
was not encountered elsewhere in the ISFSI study area during field investigations, it is
possible that other small dikes or sills of diabase may be encountered during excavation
for the ISFSI pads or cutslope.

2.6.1.5 Geomorphology and Quaternary Geology

The geomorphology and Quaternary geology of the plant site area is dominated by a
flight of coastal marine terraces, deep fluvial incision along Diablo Creek, and deposition
of alluvial and colluvial fans at the base of hillslopes. Quaternary deposits cover
bedrock across most of the power plant property, except in the ISFSI study area, where
extensive borrow excavation in the 1970s removed the Quaternary deposits. These
deposits accumulated in distinctive geomorphic landforms that include coastal marine
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terrace platforms, debris and colluvial fans at the base of hills and swales, landslides on
hillslopes and sea cliffs, and alluvium along the floor of Diablo Canyon. The distribution
of Quaternary deposits and landforms are shown on Figures 2.6-7 and 2.6-8.

2.6.1.5.1 Marine Terraces

Several marine terraces form broad coastal platforms within the western part of the
power plant property (Figure 2.6-7). The power plant and associated support facilities
and buildings are constructed on these terraces (Figure 2.6-2). Discontinuous remnants
of older and higher terraces also are present locally across the ISFSI study area. Each
of these marine terraces consists of a relatively flat, wave-cut bedrock platform, a thin
layer of marine sand and cobble sediments, and surficial deposits of colluvium,
alluvium, and eolian sediments. The "staircase" of bedrock platforms resulted from a
combination of regional uplift, sea level fluctuations, and wave erosion.

The locations and elevations of marine terraces along the coast from Avila Beach to
Montafia de Oro and Morro Bay, including the area of the power plant, were initially
characterized during studies for PG&E's Long Term Seismic Program (Reference 6).. |
Several terraces were mapped in more detail for the ISFSI studies, and the location of

the inner edge (or shoreline angle) of the terraces was estimated (Figure 2.6-7). Well-
developed, wave-cut bedrock platforms and their associated terraces exist in the plant

site area at elevations of about 30 to 35 ft (Q, terrace), 100 to 105 ft (Q, terrace), and

140 to 150 ft (Q, terrace), and form relatively level bedrock surfaces under the surficial

Quaternary deposits along the coast. The platforms slope gently seaward at angles

from 2 degrees to 3 degrees, and are bordered landward by steep (50 degrees to

60 degrees, Reference 6) former sea cliffs that are now largely covered by thick surficial |
deposits. A sequence of Pleistocene to Holocene colluvial fans covers the landward
portion of the coastal terraces. These deposits consist of crudely bedded clay, clayey
gravel, and sandy clay, and have distinct paleosol and carbonate horizons. The lower,
Pleistocene fan deposits are very stiff and partly consolidated; they have highly
weathered clasts, carbonate horizons, and an oxidized appearance. The upper,
Holocene deposits are unconsolidated and have a higher organic contact; they do not
have argillic or carbonate horizons.

Near the ISFSI site, discontinuous remnants of a higher marine terrace are present.
The terrace has an approximate shoreline angle elevation of 290 ft (Q, terrace)

(Figure 2.6-7). The terrace deposits consist of a basal layer of marine sand and gravel
overlain by colluvial sandy clay and clayey gravel. This terrace may be coeval with an
estuarine deposit of black clay having interfingering white shell hash that crops out
beneath the edge of the 500-kV switchyard fill (Figure 2.6-7). The clay appears to have
been deposited in an estuarine environment by an ancient marine embayment into
Diablo Canyon. Most of the Q, terrace, however, has been eroded by incision along

Diablo Creek, or is buried by younger stream terrace and landslide deposits, or
switchyard and road fills.
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The thickness of the terrace deposits (depth to bedrock) varies greatly, from less than
10 ft to greater than 80 ft. Extensive grading for the DCPP and related facilities and
parking areas has substantially modified the morphology and thickness of terrace
deposits in some locations. The current thickness of terrace deposits, therefore, is
locally dependent on site-specific grading activities.

2.6.1.5.2 Inland Quaternary Deposits

Diablo Creek has carved a deep channel into bedrock, causing oversteepening of the
slopes along the canyon walls. Some thin, narrow, channel deposits, and one locally
preserved stream terrace veneered by colluvial deposits, are present in the canyon.
The rate and extent of erosion, however, generally has been dominant over
sedimentation in the canyon, and alluvial deposits are relatively thin and of limited
extent. Substantial reaches along the lower part of the creek were artificially filled,
channeled, and altered during development of the power plant and related facilities,
particularly around the 230-kV and 500-kV switchyards, which are constructed on large
fill pads across the bottom of the canyon.

Slopes in the Irish Hills are extensively modified by mass wasting processes, including
landslides, debris flows, creep, gully and stream erosion, and sheet wash. Extensive
grading to form level platforms for the power plant and related facilities along the back
edge of the coastal terraces has greatly modified the lower portions of most slopes in
the plant site area. Large, deep-seated landslide complexes are present on the slopes
of Diablo Canyon south of the 230-kV and 500-kV switchyards (Figure 2.6-7). These
features consist of large (exceeding 100 acres), deep-seated, coalescing, bedrock
landslides. The dip of bedrock strata in the vicinity of these large slides is downslope,
suggesting the failure planes for these slides probably occurred within the bedrock
along clay beds and bedding contacts. Some slides may have occurred at the contact
between bedrock and overlying weathered bedrock and colluvium, or along contacts
between Obispo Formation bedrock and relatively weaker diabase.

The large landslide complexes have been considerably modified by erosion, and fluvial
terraces and possible remnants of the Q. marine terrace appear to have been cut into

the toes of some of the slides. These conditions suggest they are old features that
likely formed prior to the Pleistocene-Holocene transition, during a wetter climate.
These large slide complexes, therefore, appear to have a stable configuration under the
present climatic conditions, which have persisted during the Holocene (past

10,000 years or so).

Debris-flow scars and deposits are found along some of the steeper slopes (Figure
2.6-7). The debris flows originate where colluvium collects in topographic swales or
gullies on the upper and middle slopes. Debris flows usually are triggered by periods of
severe weather that allow development of perched groundwater within hillside colluvial
deposits. Following initial failure, the saturated mass flows rapidly down drainage
channels, commonly scouring the bottom of the channel and increasing in volume as it
travels downslope. The flow stops and leaves a deposit of poorly sorted debris at a

2.6-16 Amendment 2 October 2003



_ DIABLO CANYON ISFSI ..
SAFETY ANALYSIS REPORT

point where the slope angle decreases. Debris fans formed by accumulation of
successive debris flows are present at the mouths of the larger canyons and gullies in
the area (Figure 2.6-7).

2.6.1.6 Structure
2.6.1.6.1 Regional Structure

Bedrock structure in the plant site region is dominated by the northwest-trending Pismo
syncline (Figure 2.6-4), which forms the core of the Irish Hills (References 10 and 11).
The regional bedrock structure and tectonic setting are described in the DCPP FSAR
Update, Section 2.5.1.1 (Reference 4), and LTSP Final Report, Chapter 2

(Reference 6), and are summarized in Section 2.6.2 of this report. The following
sections describe the structural setting of the ISFSI study area, including the distribution
of bedrock folds, faults, and joints in the area.

2.6.1.6.2 ISFSI Study Area Structure

Bedrock in the ISFS! study area has been deformed by tectonic processes and possibly
by the intrusion of diabase. The detailed stratigraphic framework described above
provides the basis for analyzing the geologic structure in the site area.

Geologic structures in the ISFSI study area include folds, fauits, and joints and
fractures. The distribution and geometry of these structures is important for evaluating
rock mass conditions and slope stability because (1) folds in the bedrock produce the
inclination of bedding that is important for evaluating the potential for out-of-slope,
bedding-plane slope failures; and (2) faults and, to a lesser extent, joints in the bedrock
produce laterally continuous rock discontinuities along which potential rock failures may
detach in the proposed cutslopes.

The distribution and geometry of folds and faults in the bedrock were evaluated through
detailed surface geologic mapping, trenches, and borings (References 2 and 3). Data
from these studies were integrated to produce geologic maps (Figures 2.6-6, 2.6-7, and
2.6-8) and geologic cross sections (for example, Figures 2.6-10, 2.6-11, and 2.6-16
through 2.6-19). The cross sections were prepared at various orientations to evaluate
the three-dimensional distribution of structures. Bedding attitudes were obtained from
surface mapping (including roadcut and trench exposures) and from boreholes (based
on visual inspection of rock core integrated with oriented televiewer data). These
bedding attitudes were used to constrain the distribution of bedrock lithologies and
geometry of bedding shown on the cross sections.

2.6.1.6.2.1 Folds
Similar to the power plant, the ISFSI is located on the southwestern limb of the regional

Pismo syncline (Figure 2.6-4). As shown on the geologic maps (Figures 2.6-6, 2.6-7,
and 2.6-8) and cross sections (Figures 2.6-10, 2.6-11, and 2.6-16 through 2.6-19),
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bedrock in the ISFSI study area is deformed into a small, northwest-trending syncline
and anticline along the western limb of the larger regional Pismo syncline. On the ridge
southeast of the ISFSI study area, nearly continuous outcrops of resistant beds expose
the small anticline and an en echelon syncline (Figures 2.6-6, 2.6-7, and 2.6-17). These
folds are relatively tight and sharp-crested, have steep limbs, and plunge to the
northwest.

Within the ISFSI study area, the northwest-plunging anticline appears to be the
northwestward continuation of the anticline that is exposed in the ridge top at the
Skyview Road overlook area (Figure 2.6-1). The anticline varies from a tight chevron
fold southeast of the ISFSI study area, to a very broad-crested open fold across the
central part of the area. The northwestward shallowing of dips along the anticlinal trend
appears to reflect a flattening of fold limbs up-section. In the ISFSI study area, the
broad crest of the fold is disrupted by a series of fold-parallel, minor faults (Figure
2.6-11). The minor faults displace the fold axis, as well as produce local drag folding,
which tends to disrupt and complicate the fold geometry. The axis of this broad-crested
anticline is approximately located on the geologic map (Figure 2.6-8).

The en echelon syncline at the ridge crest along Skyview Road projects to the
northwest along the southwestern margin of the ISFSI study area. From the southeast
to the northwest, the syncline changes into a northwest-trending monocline, and then
back into a syncline (Figures 2.6-6 and 2.6-7). In the ISFSI study area, the syncline
opens into a broad, gently northwest plunging (generally less than 15 degrees) fold with
gently sloping limbs (generally less than 20 degrees). Bedding generally dips
downslope to the northwest in the upper part of the slope above the ISFSI site, and
perpendicular to the slope to the southwest and west in the lower part of the siope.
Small undulations in the bedding reflect the transition from a tight syncline to a relatively
flat monocline, or “shoulder,” and then back to a broad, northwest-plunging syncline.
These localized interruptions to the northwestern plunge of the fold may be caused by
the diabase intrusion and localized doming associated with the intrusion (compare
diagrams C and D on Figure 2.6-13).

As discussed above and shown on cross sections B-B™, D-D’, and F-F’ (Figures 2.6-11,
2.6-16, and 2.6-17), the western limb of the small syncline varies from steeply dipping
(approximately 70 degrees northwest) across the southern part of the plant site area, to
gently dipping (approximately 30 degrees northwest) beneath the power block. This
change in the dip of the syncline across the plant site area mirrors the change in dip
described above across the ISFSI study area. Based on the geometry of the syncline,
bedrock beneath the power block consists of sandstone (unit Tofp.2), underiain by

dolomite (unit Tofy,.1) (Figure 2.6-11). The power block is located on the same

stratigraphic sequence exposed in the ISFSI study area; however, the sequence is
approximately 400 ft lower in the stratigraphic section. As shown on cross section B-B™
(Figure 2.6-11), boreholes drilled during foundation exploration for the power block
encountered calcareous siltstone having abundant foraminifera. This description of the
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rock is very similar to the dolomite of unit Tofp_1; thus, the lower contact between units
Tofp.1 and Tofp.2 is interpreted to be beneath the power block area.

Folding occurred during growth of the northwest-trending, regional Pismo syncline in the
Pliocene to early Quaternary (Reference 6). The smaller folds at and near the ISFSI |
study area are parasitic secondary folds along the southwestern limb of the larger

Pismo syncline. Because of their structural association with the Pismo syncline, the
folding in the area is interpreted to have occurred during the Pliocene to early

Quaternary (Figure 2.6-8). Some localized fold deformation also may have

accompanied the earlier Miocene diabase intrusions.

2.6.1.6.2.2 Faults

Numerous minor, bedrock faults occur within the ISFSI study area (Figures 2.6-27 and
2.6-28). Based on displaced lithologic and bedding contacts, most of the faults have
vertical separations of a few inches to a few feet. At least five faults show vertical
separation of several tens of feet. Slickensides and mullions on the fault surfaces
generally show strike-slip to oblique strike-slip displacement.

The faults trend generally northwest, subparallel to the local fold axes (Figure 2.6-29).
They dip steeply to near-vertical, generally 70 to 90 degrees, both northeast and
southwest. They consist of interconnecting and anastomosing strands, in zones up to

5 ft wide. The faults have documented lengths of tens of feet to a few hundred feet, and
are spaced from several tens of feet to hundreds of feet apart across the ISFSI study
area, based on trench exposures and surface geologic mapping.

The fault surfaces within bedrock vary from tightly bonded or cemented rock/rock
surfaces, to relatively soft slickensided clay/rock and clay film contacts. Individual faults
are narrow, ranging in width from less than an inch to about 2 ft. Fault zones contain
broken and slickensided rock, intermixed clay and rock, and locally soft, sheared, clayey
gouge. The thickness of fault gouge and breccia is variable along the faults.

Cross section B-B"™ (Figure 2.6-11) illustrates the subsurface stratigraphy and structure
beneath the ISFSI pads. As shown on the map (Figure 2.6-8) and cross section, five
minor faults clearly juxtapose dolomite (Tofp.1) against sandstone (Tofy-2), and

truncate individua! friable beds. Vertical separation across individual faults ranges from
about 10 ft to greater than 50 ft, based on displacements of friable beds and the contact
between units Tof,.4 and Tofp-2. Total vertical separation across the entire fault zone

exceeds 50 ft; cumulative displacement is down on the northeast. As described
previously, the contact between dolomite and sandstone (units Tofy.4 and Tofp_2)

beneath the pads is based on the first occurrence of medium to coarse-grained
sandstone, and there is no evidence of significant facies interfingering between the two
units beneath the pads that would obscure the amount of displacement. Therefore, the
interpretation of vertical separation of bedrock along the faults is given a relatnvely high
degree of confidence.
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Subhorizontal slickensides indicate that the minor faults in the ISFSI study area have
predominantly strike-slip displacement (Figure 2.6-30). Using a typical range of a
10-degree to 20-degree rake on the slickensides and the vertical separation, total fault
displacement is estimated to be several tens to several hundreds of feet. The faults
trend subparallel to the axis of the Pismo syncline, and trend approximately 35 to

55 degrees more westward than the offshore Hosgri fault zone (Figure 2.6-29).

The faults in the ISFSI study area may be continuous with several other minor faults
having similar characteristics exposed along strike in dolomite in the Diablo Creek
roadcut about 800 ft to the north (Figures 2.6-6, 2.6-7, and 2.6-30). Given this
correlation and the presence of several hundred feet of strike-slip displacement, the
faults may be at least several thousand feet long. Interpretation of pre-borrow
excavation aerial photography shows that the faults are not geomorphically expressed
in the ISFSI study area (Figure 2.6-31) and there is no evidence of displaced
Quaternary deposits along the fault traces.

In the analysis of slope stability (Section 2.6.5), the faults are assumed to form high-
angle parting surfaces along the lateral margins of potential rock slides, rock wedges,
and topple blocks. Fault-bounded structural blocks are shown on Figure 2.6-8, and on
cross section B-B"™ (Figure 2.6-11). The age and noncapability of the faults are
discussed in Section 2.6.3.

2.6.1.6.2.3 Bedrock Discontinuities

Extensive data on bedrock discontinuities were collected from the borings and trenches
within the ISFSI study area to assess their orientation, intensity, and spatial variability
(Reference 48, Data Report F). The discontinuity data were used in the failure analysis
of the ISFSI cutslopes (Section 2.6.5). Bedrock discontinuities include joints, faults,
bedding, and fractures of unknown origin. These discontinuities, in particular joints, are
pervasive throughout bedrock in the ISFSI study area (Figure 2.6-20). Steeply dipping
faults and joint sets are the dominant discontinuities, giving the rock mass a subvertical
fabric. Random and poorly developed low-angle joints also occur subparallel to
bedding. The fault discontinuities are described in Section 2.6.1.6.2.2. Joint
discontinuities are described below.

Joint contacts vary from tight to partially tight to slightly open; joint surfaces are slightly
smooth to rough, and have thin iron oxide or manganese coatings (Reference 50, Data
Report H). Joint lengths in trenches and outcrops typically range from a few feet to
about 20 ft, and typical joint spacings range from about 6 inches to 4 ft, with an
observed maximum spacing of about 14 ft (Reference 48, Data Report F, Table F-6).
The intersections of various joints, faults, and bedding divide the bedrock into blocks
generally 2 ft to 3 ft in dimension, up to a maximum of about 14 ft. Rock blocks formed
by intersecting joints larger than those described above generally are keyed into the
rock mass by intact rock bridges or asperity interlocking. The largest expected “free”
block in the rock mass is, therefore, estimated to be on the order of about 14 ftin
maximum dimension.
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Both the well-cemented sandstone and the dolomite contain numerous joints. The
jointing typically is confined to individual beds or groups of beds, giving the bedrock a
blocky appearance in outcrop. Joints are less well developed and less common in the
friable sandstone and friable dolomite. Linear zones of discoloration in the friable rock
may represent former joints and small faults, but these zones are partially recemented,
and not as frequent or obvious as joints in the harder rock.

The character of joints also differs between the upper, dilated zone of bedrock
(generally within the upper 4 ft in the ISFSI study area, but conservatively estimated to
extend to a maximum of 20 ft deep, particularly toward the edges of the old borrow cut
where the amount of rock removed in 1971 is minimal) and the underlying zone of “tight”
bedrock. Joints are generally tight to open in the upper zone. In the lower zone, the
joints and other structures are tight and, in places, bonded and healed. This is well
demonstrated in the borehole optical televiewer logs (Reference 47, Data Report E),
which show the joints are typically tight and/or partly bonded throughout the borings. In
both zones, the joints are locally clay-filled, and commonly contain thin fillings of clay,
calcite, dolomite, and locally, gypsum. Joints and fractures in the borings are very
closely to widely spaced (less than 1/16-inch to 3-ft spacing), with local crushed areas
between joints.

In general, the joints group into two broad sets: a west- to west-northwest-striking set,
and a north-northwest-striking set. In some trenches, fractures from both sets are
present, whereas some show a scatter in orientation within a general northwest-
southeast orientation. The variation in orientation and density of the joints with both
strata and location across the ISFSI study area shows that the joints are limited in
continuity.

The general noﬂhweét-southeast-trending character of the joints in the ISFSI study area
is consistent with both the overall northwest-trending regional structural grain. Local

_ variations in discontinuity orientations and intensity are attributed to rheological

differences between dolomite and sandstone and their friable zones, as well as to
proximity to the minor faults that cut across the area.

2.6.1.7 Stratigraphy and Structure of the ISFSI Pads Foundation

Figure 2.6-32 illustrates the expected bedrock conditions that will be encountered in the
foundation excavation for the ISFSI pads at the assumed pad subgrade elevation of

302 ft (Reference 37). The pads will be founded primarily on dolomitic sandstone of unit |
Tofp-2 and dolomite of unit Tof,.1. Dolomitic sandstone generally underlies most of the

site; dolomite underlies the eastern end of the site. The proposed cutslopes above the
site are generally underlain by dolomitic sandstone in the western and central parts of
the cut, and by dolomite in the upper and eastern parts of the cut.

Locally, fnable sandstone (Tofp-23) and friable dolomite (Tofp-15) underlie the

foundation of the ISFSI pads and the proposed cutslopes (Figure 2.6-32). Because the
zones are highly variable in thickness and continuity, their actual distribution likely will
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vary from that shown on Figure 2.6-32. In particular, a large body of friable dolomite
underlies the southeastern portion of the proposed cutslope. Other smaller occurrences
of friable sandstone and dolomite probably will be encountered in the excavation.

These friable rocks locally have dense, soil-like properties; thus, specific analyses were
performed to assess the foundation properties and slope stability of these friable rock
zones (Reference 51, Data Report I). Small zones of friable diabase may be found in
the excavation, as discussed in Section 2.6.1.4.2.5. This rock has properties similar to
the friable sandstone. _

In two places beneath the foundation of the ISFSI pads, clay beds within dolomite and
sandstone are expected to daylight or occur within 5 ft of the base of the foundation
(Figure 2.6-32). Additional clay beds may be exposed in the foundation of the pads.
Although available geologic data do not document the presence of clay beds that will
daylight in the ISFSI cutslope, some may be encountered when the cuts are made.

In addition, a zone of minor noncapable faults trends northwest across the central and
eastern part of the ISFSI pads (Figures 2.6-8 and 2.6-11) (Section 2.6.3). The faults
have vertical separations of 10 ft to 30 ft, and locally juxtapose different bedrock units.

2.6.1.8 Stratigraphy and Structure of the CTF Foundation

The CTF site lies about 100 ft directly northwest of the northwest corner of the ISFSI
site (Figure 2.6-8). The CTF site is on the same west limb of the small anticline that
underlies the ISFSI site (Figure 2.6-8, Section 2.6.1.6.2.1). Borings 00BA-3 and
01-CTF-A show the CTF will be founded on sandstone (unit Tofp.2) and friable

sandstone (unit Tofp.245), similar to the rock at the ISFSI site (Figures 2.6-8 and 2.6-32).

The CTF site is located along the northwestern projection of the small bedrock faults at
the ISFSI site, and similar faults and joints are expected to be encountered in the
excavation for the CTF. Although no clay beds were encountered in borings 00BA-3
and 01-CTF-A, clay beds may underlie the site at deeper elevations (Reference 37).
The dip of the bedrock at the CTF site appears to be near-horizontal. In the cutslope
west of the CTF site, bedrock dips moderately to the northeast, into the slope

(Figure 2.6-7).

2.6.1.9 Stratigraphy and Structure of the Transport Route

The transport route begins at the power block and ends at the ISFSI. The route will
follow existing paved Plant View, Shore Cliff, and Reservoir roads (Figure 2.6-1), except
where routed north of the intersection of Shore Cliff and Reservoir roads to avoid an
existing landslide at Patton Cove. The lower two-thirds of the route traverses thick
surficial deposits, including marine terrace, debris-flow, and colluvial deposits of varying
thicknesses (Reference 37). These surficial deposits overlie two units of the Obispo
Formation bedrock: unit Toff, sandstone and dolomite, and unit Tofg thinly to thickly

bedded claystone, siltstone, and shale. The upper third of the route is on engineered
fill, directly above dolomite and sandstone bedrock (units Tofp-¢ and Tofp.2) of the
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Obispo Formation (Figure 2.6-7). Locally, the road is on a cut-and-fill bench cut into the
bedrock.

In the geologic description below, approximate stations have been assigned to assist in
defining distances between locations, starting from the power block and ending at the
ISFSI (Figure 2.6-7). Although not surveyed, this informal stationing is standard
engineering format to represent the distance, in feet, from the beginning of the route
outside the power block to the station location (for example, 21+00 is 2,100 ft from the
beginning). The specific conditions along the route are discussed below.

Station 00+00 (south side of power block) to 20+00 (near Reservoir Road): The
transport route generally follows Plant View Road and Shore Cliff Road. The route
starts at the power block and crosses flat, graded topography on the lower coastal
marine terrace (Q,) (Figure 2.6-3). Behind the power block, the route is founded on

sandstone (Tofp) of the Obispo Formation. From there to near Reservoir Road, the

transport route is founded on surficial deposits 10 to 40 ft thick, and engineered fill in
excavations made during construction of the power plant. The surficial deposits consist
primarily of debris-flow and colluvial deposits that overlie the marine bedrock terrace
platform (Figures 2.6-7 and 2.6-16). These deposits range in age from middle
Pleistocene to Holocene, and consist of overconsolidated to normally consolidated
clayey sand and gravelly clay. The deposits contain some carbonate cementation and
paleosols, and typically are stiff to very stiff (medium dense to dense). Bedrock below
the marine terrace platform consists of east-dipping sandstone (Tofp,) from station

00+00 to about 07+00, and steeply dipping claystone and shale (Tof) from about

07+00 to 20+00. Because of the thickness of the overburden, bedrock structure will
have no effect on the foundation stability of the road.

Station 20+00 to 34+00 (near Shore Cliff Road to Hillside Road): From station 20+00 to
26+00, the transport route will be on a new road north of the intersection of Shore Cliff
Road and Reservoir Road to avoid an existing landslide at Patton Cove -

(Section 2.6.1.12.1.1; Figures 2.6-6, 2.6-7, and 2.6-19). A 5- to 50-ft-thick prism of
engineered fill will be placed to achieve elevation from the lower part of the marine
terrace to the upper part of the marine terrace as the road U-turns uphill. The
engineered fill will overlie overconsolidated to normally consolidated Pleistocene debris-
flow and colluvial deposits 20 to 80 ft thick that cover the marine bedrock platform (Q2),
which in turn overlie steeply dipping claystone and shale of unit Tofc below the marine
platform. :

Along Reservoir Road, the route follows the higher part of this terrace, generally over
the marine platforms Q, and Q,. The surficial deposits consist of debris-flow and

colluvial deposits up to 80 ft thick along the base of the ridge behind parking lot 8

(Figure 2.6-19). Bedrock below the marine terrace is claystone and shale (Tofc) from
station 26+00 to 29+50, and sandstone (Tofp) from station 29+50 to 34+00.
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Station 34+00 (Reservoir Road at Hillside Road) to 49+00 (along Reservoir Road): The
route follows Reservoir Road to the raw water reservoir area. The road traverses the
west flank of the ridge on an engineered cut-and-fill bench constructed over unit Tofp,

dolomite and sandstone, and thin colluvium and debris-flow fan deposits. Bedding, as
exposed in the roadcut, dips 30 to 50 degrees into the hillslope, away from the road.
Engineered fill on sandstone and dolomite underlies the inboard edge of the road, and a
wedge of engineered fill over colluvium generally underlies the outboard edge of the
road (Figures 2.6-7, 2.6-11, and 2.6-19).

Bedrock joints exposed in this part of the route are similar to those at the ISFSI site.
Joints are generally of low lateral persistence, confined to individual beds, and are tight
to open. Joint-bounded blocks are typically well keyed into the slope, with the exception
of a 1- to 3-foot-thick outer dilated zone. No large unstable blocks or adverse structures
prone to large-scale sliding were observed.

Station 49+00 (along Reservoir Road) to 53+50 (ISFSI pads): The route leaves the
existing Reservoir Road and crosses the power plant overview parking area. The route
will be placed on new engineered fill up to 5 ft thick that will overlie thin engineered fill
(up to 4 ft thick) that was placed over sandstone and friable sandstone (Tofp-2 and

Tofp.23), the same rock types that underlie the ISFS1 pads and CTF site.

Bedrock structures beneath this part of the route are inferred to be joints and small
faults, similar to those exposed at the ISFSI site (Figure 2.6-8). The faults would trend
generally northwest, and dip steeply northeast and southeast, to vertical. The primary
joint sets are near-vertical (Section 2.6.1.6.2.3). This part of the road is on fiat
topography, and bedrock structure will have no effect on the foundation stability of the
road.

An expanded description of this section of the transport route is provided in Reference
76 (PG&E Response to NRC Request 5).

2.6.1.10 Comparison of Power Block and ISFSI Bedrock

Bedrock beneath the ISFSI was compared to bedrock beneath the power block based
on stratigraphic position, lithology, and shear wave velocity. Based on these three
independent lines of evidence, the bedrock beneath the ISFSI and the power block is
interpreted to be part of the same stratigraphic sequence, and to have similar bedrock
properties and lithology.

Stratigraphic Position
Cross section B-B™ illustrates the stratigraphic correlation of bedrock between the ISFSI
site and the power block site (Figure 2.6-11). As shown on the cross section, the power

block and ISFSI are located on the same continuous, stratigraphic sequence of
sandstone and dolomite of unit Toft, of the Obispo Formation. As mentioned previously,
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the sequence at the power block is approximately 400 ft lower in the stratigraphic
section.

The bedrock of the same continuous, stratigraphic sequence as that beneath the power
block is exposed directly along strike in roadcuts along Reservoir Road (Figure 2.6-2).
The bedrock exposed in the roadcut consists of dolomite, dolomitic sﬂtstone and
dolomitic sandstone of unit Tofp,.1. .

Lithology

As described in the DCPP FSAR Update, Section 2.5.1.2.5.6, p. 2.5-42, Figures 2.5-9
and 2.5-10) bedrock beneath the power block consists predominantly of sandstone, with
subordinate thin- to thick-bedded slightly calcareous siltstone (for examples, see boring
descriptions on Figures 2.6-11 and 2.6-19). The rocks are described as thin-bedded to
platy and massive, hard to moderately soft and “slightly punky,” but firm. These
lithologic descriptions are similar to those for the rocks at the ISFSI site, and the rocks
are mterpreted to be the same lithologies.

The "calcareous siltstone” described in the DCPP FSAR Update is probably dolomite or
dolomitic siltstone comparable to unit Tofy,_4. For example, based on the geologic

descriptions of the rocks, the “siltstone” and “sandstone” encountered in 1977 in power
block boring DDH-D is interpreted to be the dolomite and dolomitic sandstone of unit
Tofp-1 observed at the ISFSI site.

Boring logs from the hillslope between the power block and the ISFSI site, included in
the DCPP FSAR Update (Figures 2.5-22 to 2.5-27; Appendix 2.5C, plates A-1 to A-19),
describe bedrock as tan and gray silty sandstone and tuffaceous sandstone (Figures
2.6-11 and 2.6-19). These rocks are moderately hard and moderately strong. The rock
strata underlying this slope dip into the hillside and correlate with the sandstone and
dolomite strata exposed on the west flank of the ridge (and west limb of the syncline)
that are exposed in roadcuts along Reservoir Road south of the ISFSI site (Figures
2.6-6, 2.6-7, and 2.6-20) and in the deeper part of the borings at the ISFSI site.

Shear Wave Velocity

Shear wave velocity data from the power block site and the ISFSI site are summarized
on Figures 2.6-33 and 2.6-34. Velocity data in Figure 2.6-35 are from borehole surveys
at the ISFSI site (Reference 45, Data Report C), and comparative velocities at the
power block site are from the DCPP FSAR Update. As evident from the figures, shear-
wave velocities from surface refraction and borehole geophysical surveys at the ISFS!
site are within the same range as those obtained at the power block site. The velocity
profiles at both sites are consistent with a classification of “rock” for purposes of
characterizing ground-motions (Reference 12).
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2.6.1.11 Groundwater

Refer to Section 2.5, Subsurface Hydrology.

2.6.1.12 Landslides

2.6.1.12.1 Landslide Potential in the Plant Site Area

Slopes in the Irish Hills are subjected to mass-wasting processes, including landslides,
debris flows, creep, gully and stream erosion, and sheet wash (Reference 9). Extensive
grading in the plant site area to create level platforms for structures along Diablo
Canyon and the coastal terraces has modified the lower portions of most of the slopes
near the plant site.

Debris-flow scars and deposits occur on, and at the base of, slopes in the plant site
area. The debris flows initiate where colluvium collects in topographic swales or gullies,
and are usually triggered by periods of severe weather. Debris-flow fans, caused by the
accumulation of successive debris flows, form at the mouths of the larger canyons and
gullies in the area. Several typical gullies that have colluvium-filled swales, debris-flow
chutes, and debris-flow fans at the bottom of the chutes are found on the slope above
parking lots 7 and 8, south of the power plant (Figures 2.6-5 and 2.6-7).

During landslide investigations in 1997, PG&E identified a large, (exceeding 100 acres)
ancient landslide complex on the slopes of Diablo Canyon, directly east of the 230- and
550-kV switchyards (Reference 9, Figure 2.6-7). The dip of the bedrock in the vicinity of
these large slides is downslope, contributing to slope instability (Reference 9,

Figure 21). This structure suggests the failure planes for these slides are probably
within the bedrock along bedding contacts, clay beds, and possibly along the intrusive
contacts between Obispo Formation bedrock and the altered diabase.

The large landslide complex is subdued, and has been considerably modified by
erosion. Thin stream-terrace deposits and remnants of the Q, 430,000-year-old marine

terrace at elevation 290 15 ft appear to have been cut into the toes of some of the
slides. These relations indicate the landslides are old, and likely formed in a wetter
climate during the middle to late Pleistocene. The landslides appear to be stable under
the present climatic conditions. There is no geomorphic evidence of activity in the
Holocene (past 10,000 years or so). Additionally, the 500-kV switchyard embankment
fill in the canyon provides a partial buttress to the toe of the old landslide deposit, and
serves to help stabilize the landslide. The switchyard shows evidence of no post-
construction slope movement. The complex lies entirely east of the ISFSI, and does not
encroach, undermine, or otherwise affect the ISFSI.

Patton Cove Landslide

The Patton Cove landslide (Figure 2.6-36) is a deep-seated rotational slump located at
a small cove adjacent to Shore Cliff Road along the coast, about one-half mile east of

2.6-26 Amendment 2 October 2003



DIABLO CANYON ISFSI
SAFETY ANALYSIS REPORT

the power plant (Figures 2.6-6, 2.6-7, and 2.6-17) (Reference 9, p. 78-83). Shore CIiff
Road was constructed on engineered fill benched into marine-terrace and debris-flow
fan deposits directly east of the slide. Cracks within Shore Cliff Road suggest that the
landslide may be encroaching headward beneath the road. The landslide is
approximately 125 ft long, 400 ft wide, and 50 ft deep. The slide occupies nearly the full
height of the bluff face, which is inclined about 1.3:1 (H:V).

Slide movement was first documented in 1970 by Harding Lawson Associates (HLA)
(Reference 13). In 1970, the head scarp of the slide was approximately 15 ft south of
the toe of the fill that supports Shore Cliff Road. In the 31 years since slide movement
was first documented, the slide mass has been episodically reactivated by heavy rains
and continued wave erosion at the toe of the slide along the base of the sea cliff.

Renewed activity of the landslide in the winter of 1996/1997 coincided with development
of numerous en echelon cracks in the asphalt roadway and walkway along Shore Cliff
Road. In the winter of 1999/2000, a water line separated beneath the paved roadway in
the vicinity of the cracks. Comparison of pre- and post-construction topographic maps
shows that the locations of these cracks coincide approximately with the contact
between the road fill wedge and the underlying colluvium, suggesting that deformation
in this area may be caused by fill settlement or creep. However, the arcuate pattern of
the cracks and proximity to the Patton Cove landslide suggest that incipient landsliding
is encroaching into the roadway. The cracks also are located in the general area ofa -
crescent-shaped marine terrace riser mapped prior to road construction (Reference 4, -
Figure 2.5-8). The mapped terrace riser is more likely a subdued landslide headscarp.

To avoid the potential hazard of the landslide and unstable fill, the transport route will be
constructed north of the existing road (Patton Cove Bypass, Figure 2.1-2), where the
Patton Cove slide will pose no hazard (Section 2.6.1.12.3). The closest approach of the
transport route will be about 100 ft north of the cracks at the intersection of Shore CIliff
and Reservoir roads.

Significant movement of the upper Patton Cove landslide, if it occurs, will not impact the
proposed transport route of the Patton Cove Bypass because its headward migration is
limited by the depth of the slide, which is controlled by the elevation of the higher
wavecut platform. The geometry of the landslide is such that it is unlikely to extend
much farther landward because it would require either (a) an extremely low slide plane
angle in the alluvial fan deposits or (b) a deeper slide plane that cuts through the
bedrock materials. These scenarios are both considered to be very unlikely. The
current head of the upper slide is located 110 ft from the edge of the proposed transport
route. Continued movement of the lower slide, however, will probably continue to
destabilize the upper slide and cause additional movements and increased cracking in
Shore Cliff Road. ‘ '

As discussed in SAR Section 2223,a Cask Transportation Program will be developed
and implemented to require a walkdown of the transportation route prior to any transport
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operations. This walkdown will ensure that no hazards are present from the Patton
Cove landslide as evidenced by severe cracking of the roadway surface.

Additional information on the potential impact of the Patton Cove landslide on the
transport route is provided in Reference 75 (PG&E Response to NRC Question 2-17).

An inclinometer was installed on the road shoulder closest to the slide in

November 2000 to monitor the depth and rate of future movements. The inclinometer
has recorded small movements near the contact between the base of the fill and the
underlying colluvium and debris-flow deposits.

2.6.1.12.2 Landslide Potential at the ISFS! and CTF Sites

Detailed investigation of landslides in the plant site area (Reference 9) shows there are
no existing deep-seated landslides or shallow slope failures at the ISFS| and CTF sites.
Field mapping and interpretation of 1968 aerial photography (Figure 2.6-31) during the
ISFSI site investigations confirmed the absence of deep-seated bedrock slides or
shallow slope failures at the site.

Excavation of the existing slope at the ISFSI site was completed in 1971. No stability
problems were encountered during excavation using bulldozers and scrapers, and the
slope has been stable, with minimal surface erosion, since 1971. Prior to excavation of
the slope, Harding Miller Lawson (HML) (Reference 9) described a shallow landslide in |
weathered bedrock (Figure 2.6-10) along a “shale seam” in their exploratory trench A
(Reference 9, Plate D-3). This feature was less than 15 ft deep, and was removed |
entirely, along with underlying intact bedrock, to a depth of about 75 ft during excavation
of the slope. Zones of “fractured, decomposed, and locally brecciated sandstone,
siltstone, and shale” and “breccia and clay zones” described in HML trench A are
interpreted to be friable dolomite zones and steep faults.

The Harding Miller Lawson landslide is apparent on 1968 black-and-white aerial
photography, and is expressed by a subtle, arcuate headscarp, hummocky landscape,
and locally thicker vegetation, probably reflecting high soil moisture within the slide
debris (Figure 2.6-31). The slide was located along a slight swale in colluvial soils and
possibly weathered bedrock that mantled the slope prior to excavation. The slide mass
appears to have moved northeast along the axis of the swale, and not directly
downslope. Because bedding is interpreted to dip to the northwest in this area, the
landslide probably was not a bedrock-controlied failure. There is no evidence of deep-
seated bedrock landslides on the 1968 aerial photographs; the ISFSI study area
appears as a stable, resistant bedrock ridge in the photos.

Because surficial soils were removed from the ISFSI site area during past grading, there
is no potential for surficial slides to adversely affect the site. There is no evidence of
bedrock landslides below the ISFSI site or along the southern margin of Diablo Canyon
near the raw water reservoir. Reservoir facilities (including the water treatment plant)
and paved areas between the ISFSI and CTF sites and Diablo Canyon show no
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evidence of sliding or distress. Because the 290-foot Q, marine terrace is preserved

locally across the ISFSI study area, it is apparent that no deep-seated bedrock slides
have occurred since formation of the 430,000-year-old terrace, and the ridge is
interpreted to be stable. Some shallow debris-flow failures and slumps were identified
in surficial soil on the outermost 3 ft to 4 ft of weathered rock in the steep (45 to

65 degrees) slope below the raw water reservoir (Figure 2.6-7). These failures are
shallow, and do not pose a stability hazard to the ISFS! or CTF sites, which are set
more than 180 ft back from the top of the slope.

2.6.1.12.3 Landslide Potential Along the Transport Route

The transport route is located 100 ft north of the headscarp of the active Patton Cove
landslide (Figure 2.6-7). Based on detailed mapping, borings, and an inclinometer, the
landslide headscarp is defined by a series of cracks at the intersection of Shore Cliff
and Reservoir Roads. A cross section through the landslide is shown in Figure 2.6-17.
The geometry and depth of the slide plane indicate further headward encroachment of
the landslide toward the transport route is not Ilkely

Where the transport route follows Reservoir Road at the base of the bedrock hlllslope
north from near Hillside Road, there are no bedrock landslides. Sandstone beds in the
hillslope above the road dip obliquely into the slope at about 30 to 50 degrees

(Figures 2.6-7, 2.6-11, and 2.6-19). These beds extend continuously across much of
the hillside, providing direct evidence of the absence of bedrock slope failures

(Figure 2.6-5). Small faults and joints in the rock mass do not appear to adversely
affect potential slope stability, and the existing roadcut and natural slopes have no
evidence of any slope failures.

Kinematic analyses of the bedding and fractures along the road were performed where
the road borders the bedrock slope (Section 2.6.5.4.1). Two portions of the route were
analyzed: a northern part from approximately station 43+00 to 49+00 (Figure 2.6-37),
and a northwesterly stretch from approximately station 35+00 to 42+00 (Figure 2.6-38).
The rock mass is stable against significant wedge or rock block failures; however, the
analysis indicates that rock topple failure from the cutslope into the road is possible.
Field evaluations indicate such failures would be localized and limited to small blocks.
The existing drainage ditches on the inboard edge of the road would catch these small
topple blocks.

Several colluvial or debris-flow swales are present above the transport route along
Reservoir Road (Figures 2.6-5 and 2.6-7). These swales have been the source of past
debris flows that primarily have built the large fans on the marine terraces over the past
tens of thousands of years. Additional debris flows could develop within these swales -
during severe weather events, similar to those described elsewhere in the Irish Hills
following the 1997 storms (Reference 8). Holocene debris-flow fan deposits extend to
just below the road alignment, indicating that future debris flows could cross the road.
However, large graded benches for an abandoned leach field system are present above
a portion of the Reservoir Road, and concrete ditches and culverts are present in swale
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axes. These existing facilities will catch and divert much of the debris from future debris
flows above the road. However, two debris-flow chutes are present above the road
northwest of Hillside Road; this part of Reservoir Road is not protected from these
potential debris flows. Based on the thickness of the coliuvium in the swales (5 to 10 ft),
and the slope profile, the maximum depth of debris on the road following severe
weather is estimated to be less than 3 ft, which easily could be removed after the event.

2.6.1.13 Seismicity

A detailed analysis of the earthquake activity in south-central coastal California was
presented in Reference 6. The report included the historical earthquake record in the
region since 1800, instrumental locations from 1900 through May 1988, and selected
focal mechanisms from 1952 to 1988. From October 1987 through May 1988, the
earthquake catalog incorporated data recorded by the PG&E Central Coast Seismic
Network (CCSN). This station network has operated continuously since then to monitor
earthquake activity in the region.

The seismicity in the region is illustrated in two frames on Figure 2.6-39: (a) historical
earthquakes of magnitude 5 and greater since 1830, and (b) instrumentally recorded
seismicity of all magnitudes from 1973 through September 1987. Epicentral patterns of
the microearthquakes (Figure 2.6-39) show that most of activity within the region occurs
to the north, beneath the Santa Lucia Range and north of San Simeon, and in the
southern onshore and offshore region south of Point Sal. Earthquakes in the southern
offshore region extend westward to the Santa Lucia Bank area. Within about 15 miles
of the ISFSI, small, scattered earthquakes occur between the Los Osos fault and faults
of the Southwest Boundary fault zone (including the Irish Hills subblock

(Section 2.6.1.3), in the nearshore region within Estero Bay, and along the Hosgri fault
zone. Focal mechanisms along the Hosgri fault zone show right-slip displacement
along nearly vertical fault planes (Reference 6, Figures 2-30 and 2-36).

McLaren and Savage (Reference 14) updated the earthquake record and present
well-determined hypocenters and focal mechanisms for earthquakes recorded from
October 1987 through January 1997 by the CCSN and by the U.S. Geological Survey,
from north of San Simeon to the southern region near Point Arguello (Figure 2.6-40).
No significant earthquakes occurred during this time period, and no significant change
in the frequency of earthquake activity was observed. The largest event recorded was
the local (Richter) magnitude 5.1 (duration magnitude 4.7) Ragged Point earthquake on
17 September 1991 northwest of San Simeon (Figure 2.6-40 inset). The focal
mechanism of this event is oblique thrust, typical of nearby recorded earthquakes.
Earthquake data since January 1997 also do not show any significant change in the
frequency or epicentral patterns of seismic activity in the region.

The seismicity data presented in Reference 14 is consistent with the LTSP observations
and conclusions (Reference 6). Specifically:
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. Epicentral pattems of earthquakes have not changed. As shown in
Figure 2.6-40, microearthquakes continue to occur to the north, along a
northwest trend to San Simeon, east of the Hosgri fault zone, and in the
southern offshore region.

. Selected seismicity cross sections A-A' through D-D' along the Hosgri fault
zone (Figure 2.6-41) show that onshore and nearshore hypocenters
extend to about 12-kilometers depth, consistent with the seismogenic
depth range reported for the region (Reference 6). Seismicity cross |
section B-B', across the Hosgri fault zone, shows the Hosgri fault zone is
vertical to steeply dipping. The earthquakes projected onto cross sections
C-C' and D-D’ are evenly distributed in depth.

. Focal mechanisms along the Hosgri fault zone (Figure 2.6-42) are
primarily strike slip, consistent with the LTSP conclusion that the Hosgri is
a northwest-trending, vertical, strike-slip fault (Reference 6). Mechanisms |
from events within the Los Osos/Santa Maria domain show oblique slip
and reverse fault motion, consistent with the geology.

. The location of the 1991 Ragged Point earthquake in the San Simeon
reglon as well as its size and focal mechanism, are consnstent with
previous earthquakes in the region.

2.6.2 VIBRATORY GROUND MOTIONS
2.6.2.1 Approach

10 CFR 72.102(f) states the following "The...DE for use in the design of structures must
be determined as follows:

(1)  For sites that have been evaluated under the criteria of Appendix A
of 10 CFR 100, the DE must be equivalent to the safe shutdown
- earthquake (SSE) fqr a nuclear power plant.”

Thus, DCPP ground motions are considered to be the seismic licensing basis, in
accordance with 10 CFR 72.102(f), for the evaluation ISFSI design ground motions.
Seismic analyses for the ISFSI used ground motions that meet or exceed the DCPP
ground motions.

Vibratory ground motions were considered in the design and analyses (Section 8.2.1) of
(1) the ISFSI pads, (2) the CTF, including the reinforced concrete support structure and
structural steel, (3) the ISFSI casks and cask anchorage, (4) ISFSI| pad sliding and
cutslope stability, (5) transport route slope stability, and (6) transporter stability.

The approach used for developing the ground motion characteristics to be used for
design and analysis of the ISFSI SSCs consisted of the following.
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. Use the DCPP ground motions (Section 2.6.2.2) as the basis for
developing the ISFSI design ground motions, in accordance with
10 CFR 72.102(f).

. Compare the earthquake source and distance and ISFSI site conditions
with those at the DCPP to confirm the applicability of the DCPP ground
motions to the ISFSI site.

° Because ISFSI pad sliding and cutslope stability, transport route slope
stability, and transporter stability may be affected by longer-period ground
motions than those characterized by the DCPP ground motions, develop
appropriate response spectra for the analysis of these elements,
conservatively taking into account the additional influence of near-fault
effects, such as fault rupture directivity and fling, that have been recorded
in recent large earthquakes.

. Develop, as necessary, spectra-compatible time histories for use in
analyses and design.

2.6.2.2 DCPP Licensing-Basis Ground Motions

The basis for the DCPP design ground motions is discussed in the DCPP FSAR
Update, Sections 2.5.2.9, 2.5.2.10, and 3.7.1. There are three design ground motions
for the DCPP: the design earthquake (DE), DCPP FSAR Update, Figures 2.5-20 and
2.5-21; the double design earthquake (DDE), DCPP FSAR Update, Section 3.7.1.1;
Reference 4; and the Hosgri earthquake (HE), DCPP FSAR Update, Figures 2.5-29
through 2.5-32, which was incorporated into the DCPP seismic design basis as part of
the seismic reevaluation of applicable existing structures by PG&E, and is now required
as part of the licensing basis at the plant.

As discussed in the DCPP FSAR Update, the seismic qualification basis for the plant is
the original design earthquakes (DE and DDE), plus the HE evaluation, along with their
respective analytical methods, acceptance criteria, and initial conditions. Future
additions and modifications to the plant are to be designed and constructed in
accordance with these seismic design bases. In addition, as discussed in the DCPP
FSAR Update, certain future plant additions and modifications are to be checked
against the insights and knowledge gained from the Long Term Seismic Program
(LTSP) to verify that the plant’s "high-confidence-of-low-probability-of-failure™ (HCLPF)
values remain acceptable (Reference 4). As part of the Long Term Seismic Program,
response spectra were developed for verification of the adequacy of seismic margins of
certain plant structures, systems, and components (Reference 6). The DE, DDE, HE, |
and LTSP spectra are defined for periods up to 1.0 second, 1.0 second, 0.8 second,
and 2.0 seconds, respectively.
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2.6.2.3 Comparison of Power Block and ISFS! Sites -

The Diablo Canyon ISFSI site is located in the plant site area of the licensed DCPP;
therefore, the applicability of the DCPP ground motions to the ISFSI site was evaluated
by comparing the ground-motion response characteristics of the ISFSI site with those of
the plant site, and by comparing the distance from the controlling seismic source to the
plant with the distance from the controlling source to the ISFSI.

As described in Section 2.6.1.4.2 and shown in Figures 2.6-6 and 2.6-11, the power
block and the ISFSI are sited on bedrock that is part of the same, continuous, thick
sequence of sandstone and dolomite beds of unit b of the Obispo Formation. In the
classification of site conditions used for purposes of ground-motion estimation, both of
these sites are in the “rock” classification (Reference 12).

Shear-wave velocity profiles from both sites are compared in Figure 2.6-35. As these
comparisons indicate, shear-wave velocities from surface refraction and borehole
geophysical surveys at the ISFSI site are within the same range as those obtained at
the power block site. The velocity profiles at both sites are consistent with the “rock”
classification for purposes of ground-motion estimation (Reference 12). '

The earthquake potential of the significant seismic sources in the region was
characterized during development of the DCPP FSAR Update and the Long Term
Seismic Program (Reference 6). The Hosgn fault zone, at a distance of 4.5 kilometers,
was assessed to be the controlling seismic source for the DCPP (Reference 4,
Sections 2.5.2.9 and 2.5.2.10; Reference 6, Chapters 3 and 4). The ISFSl is
approximately 800 ft to 1,200 ft east of the power block, and is thus only slightly farther
from the Hosgri fault zone (Figure 2.6-4).

Therefore, because both sites are classified as rock, and because within the rock
classification they have similar ranges of shear-wave velocities, and the distance to the
controlling seismic source is essentially the same, the DCPP ground motions are judged
to be applicable to ISFSI design.

2.6.2.4 Spectra for ISFS! Pads, Casks and Cask Anchorage, and CTF

The DE, DDE, HE, and LTSP spectra (Figures 2. 6-43 and 2.6-44; the DE is one-half the
DDE and is not shown) are applicable to the analysis of the pads casks and cask
anchorage, and CTF (Reference 55) (Section 8.2.1.2).

For cask anchorage design, the design spectra were defined by the HE spectrum for
periods up to 0.8 second, and the LTSP spectrum for periods up to 2.0 seconds. New
three-component, spectrum-compatible time histories were developed for the HE and
LTSP by modifying recorded ground motions using the spectral matching procedure
described by Silva and Lee (Reference 15). The recorded time histories used in the
spectral matching were selected based on their similarity to the DDE, HE and LTSP
earthquakes. The NRC Standard Review Plan spectral matching criteria (Section 3.7.1,
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NUREG-0800) were followed for 4-percent, 5-percent, and 7-damping; however, the
NUREG requirement for a minimum value for the power spectral density (PSD) based
on an NRC Regulatory Guide 1.60 spectral shape is not applicable to the spectral
shapes of the HE or LTSP. The objective of the minimum PSD requirement was met by
requiring the spectrum of each time history to be less than 30 percent above and

10 percent below the target spectrum. This ensures that no Fourier amplitudes are
deficient in energy for the frequency range of interest.

2.6.2.5 ISFSI Long-Period Earthquake (ILP) Spectra and Time Histories For Pad
Sliding, Slope Stability, and Transporter Stability Analyses

Because ISFSI pad sliding and cutslope stability, transport route slope stability, and
transporter stability may be affected by longer-period ground motions than those
characterized by the DCPP ground motions, PG&E has developed longer-period

spectra and associated time histories for the analysis of pad sliding, slope stability, and
transporter stability (References 54, 56, 57, and 58). These are referred to as the ISFSI |
long period (ILP) ground motions (Figures 2.6-45 and 2.6-46). The ILP spectra

represent 84th percentile horizontal and vertical spectra, at damping values of

2 percent, 4 percent, 5 percent, and 7 percent, that extend out to a period of

10 seconds.

New information has become available from analytical studies of near-fault strong-
motion recordings of large earthquakes in the past decade to evaluate the influence of
near-fault effects, such as fault rupture directivity and tectonic deformation (fling),
especially on ground motions in the longer-period range. PG&E has incorporated the
influence of rupture directivity and fling in the ILP spectra and time histories (References
54, 56, 57, and 58) used for the analyses of pad sliding, slope stability, and transporter
stability.

Development of the ILP horizontal spectra (Figure 2.6-46) incorporated the following
assumptions and considerations:

» Although the LTSP (Reference 6) considered alternative styles of faulting |
for the Hosgri fault zone, the weight of the evidence favored strike-slip,
and subsequent earthquake data and geologic and geophysical data
interpretations (References 14 and 16) indicate the style of faulting is
strike slip. Therefore, ground-motion characteristics appropriate for strike-
slip earthquakes were used.

. The effect of directivity was analyzed for the case in which rupture begins
at the southern end of the Hosgri fault zone, progresses 70 kilometers to
the northwest where it passes at a closest distance of 4.5 kilometers from
the plant site, and continues an additional 40 kilometers to the northwest
end of the Hosgri fault zone. This assumption is conservative, because
this rupture scenario has the greatest directivity effects at the site.
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. The ILP horizontal spectrum at 5-percent damping at periods less than
' 2.0 seconds envelopes the DDE, HE, and LTSP spectra.

. The spectrum based on the Abrahamson and Silva (Reference 17) |
attenuation relation is consistent with the envelope of the DDE, HE, and
LTSP spectra at 2 seconds, and has the same slope-with-period as the
Sadigh (Reference 18) and Idriss (References 19, 20, and 21) attenuation |
relations, so it was used to extrapolate the envelope spectrum to
10 seconds. This spectrum is the 84th percentile horizontal spectrum.

. The 5-percent-damped horizontal spectra were increased to assure they
envelope the Hosgri spectra at 4-percent and 7-percent damping ratios.
Scaling factors for computing spectra at damping values other than
5 percent are from Abrahamson and Silva (Reference 17). |

. Abrahamson's (Reference 22) and Somerville and others' (Reference 23) |
models were used to scale the average horizontal spectrum, to compute
the fault-normal and fault-parallel ground-motion components,
incorporating directivity effects.

. The fauli-normal component was increased in the period range of-
0.5 second to 3.0 seconds to account for possible directivity effects for -
earthquakes having magnitudes less than 7.2 at periods near 1 second.

e Because fling can occur on the fault-parallel component for strike-slip

= . faults, a model was developed (Reference §7) to compute the 84th
percentile ground motion due to tectonic fling deformation at the ISFSI
accompanying fault displacement on the Hosgri fault zone in a
magnitude 7.2 earthquake. The fling arrival time was selected, and the
fling and the transient fault-parallel ground motion were combined so as to
produce constructive interference of the fling and the S-waves, resultlng in
a conservative fault-paralle! ground motion.

Development of the ILP vertical spectra (Figure 2.6-46) incorporated the following
assumptions and considerations:

) The ILP vertical spectrum at 5-percent damping at periods less than

2 seconds is defined by the envelope of the DDE, HE, and LTSP

(Reference 4) spectra ‘ |
. Current empirical attenuation relations (References 17, 18, and 24) were |

used to estimate the vertical-to-average-horizontal ratio for periods greater
than 2 seconds; the value of two-thirds is conservative. The envelope

- vertical spectrum at 5-percent damping at penods less than 2 seconds
was extended to a period of 10 seconds using two-thirds the average
horizontal spectrum.
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* The 5-percent-damped vertical spectra were increased to assure they
envelop the Hosgri spectra at 4 percent and 7 percent damping ratios.
Scaling factors for computing spectra at damping values other than
5 percent are from Abrahamson and Silva (Reference 17).

Five sets of spectrum-compatible acceleration time histories were developed to match
the ILP ground motions spectra (References 56 and 58). The recordings in the table
below were selected because they are from strike-slip earthquakes of magnitude 6.7 or
greater, recorded at distances less than 15 kilometers from the fault, and contain a
range of characteristics of near-fauit ground motions.

Earthquake Magnitude Recording Distance Site Type
(km)
1992 Landers 7.3 Lucerne 1.1 Rock
1999 Kocaeli 74 Yarimca 8.3 - Soil
1989 Loma Prieta 6.9 DCPP 6.1 Rock
1940 Imperial Valley 7.0 El Centro #9 6.3 Soil
1989 Loma Prieta 6.9 Saratoga 13.0 Soil

The NRC Standard Review Pian spectral matching criteria (Section 7.1, NUREG-0800)
recommends 75 frequencies for spectral matching. Augmented frequency sampling at
104 frequencies was used to account for the broader frequency range being considered
for the ISFSI analyses. The interpolation of the response spectral values was done
using linear interpolation of log spectral acceleration and log period. The NRC
requirement permits not more than 5 of the 75 frequencies to fall below the target
spectrum, and no point to fall below 0.9 times the target spectrum. This requirement
was adhered to with the 104 frequencies.

The time histories were matched to the target spectra at 5-percent damping. The mean
response spectrum of the five sets must envelop the target to meet the criteria of

SRP 3.7.1. This criterion was applied to the damping values of 2 percent, 4 percent,

5 percent, and 7 percent.

The fault-parallel time histories were modified to include the effects of fling.
2.6.2.6 Transport Route and Transporter Design-Basis Ground Motions

As discussed in Section 2.6.1.9 and shown in Figures 2.6-6 and 2.6-7, the transport
route is underlain by Obispo Formation bedrock consisting of unit b dolomite and
sandstone (the same bedrock as at the power block and ISFSI sites), and unit ¢
claystone and shale. Varying thicknesses of dense soil deposits overlie the bedrock.

Because the transport route is about the same distance from the Hosgri fault zone as
the DCPP and the ISFSI sites, the ILP spectra are appropriate for use along the
transport route where the route is constructed on bedrock and where the transport route
crosses surficial deposits over bedrock (approximately two-thirds of the route)
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(Section 2.6.1.9). An evaluation of the impact of a seismic event occurring during cask |
transport is discussed in Section 8.2.1.2.1.

2.6.3 SURFACE FAULTING

Potentially active faults at Diablo Canyon and in the surrounding region were identified
and characterized in the DCPP FSAR Update, Section 2.5.3, the LTSP Final Report,
Chapter 2, and the LTSP Addendum (Reference 7, Chapter 2). Together, these
documents provide a comprehensive evaluation of the seismotectonic setting and

location of capable faults in the plant site region, and document the absence of capable
faults beneath the power block and in the plant site area. These studies used detailed
mapping of Quaternary marine terraces and paleoseismic trenching to document the
absence of middle to late Pleistocene faulting in the plant site area, including the ISFSI
study area {Reference 6, p. 2-38, Plates 10 and 12). Hence, there are no capable faults |
at the ISFSI site. :

Several minor bedrock faults were encountered in trenches at the ISFSI site during site
characterization studies (described in Section 2.6.1.6.2.2). These faults are similar to
minor faults that are commonly observed throughout the Miocene Obispo and Monterey
formations in the Irish Hills (DCPP FSAR Update, Section 2.5.1; References 9 and 11).
Similar minor bedrock faults encountered beneath the power block strike generally
northwest to west, dip 45 degrees to 85 degrees, and have displacements of up to

several tens of feet (Reference 4, Section 2.5.1.2.5.6, Figure 2.5-14). |

The faults at the ISFSI site (Figure 2.6-8) are near-vertical (dip generally 70 to

90 degrees) and trend northwest, subparallel to the regional structural trend of the
Pismo syncline (Figure 2.6-29). As described in Section 2.6.1.6.2.2, individual faults
have vertical separation of a few tens of feet or less; cumulative vertical separation
across the fault zone is greater than 50 ft, down on the northeast (Figure 2.6-11).
Subhorizontal slickensides on the fault plane indicate a significant component of oblique
strike slip, so total displacement is hundreds of feet. Detailed site investigations,
including mapping and trench excavations, show that the individual faults generally
extend across the ISFSI site and at least across the lower slope above the ISFSI. -

The faults do not align with any significant bedrock fault in the plant site area

(Figures 2.6-4 and 2.6-6), nor do the faults have major stratigraphic displacement. The
origin of the faults may be related to one or more of three possnble causes, all prior to

1 million years ago.

The faults most likely formed during a period of regional transtensional deformation

during the Miocene, when normal and strike-slip faulting occurred in the region. This
most directly explains the observed normal-oblique slip on the fault zone. A transition to
transpressional deformation occurred during the late Miocene to Pliocene, and is well
expressed in the offshore Santa Maria Basin and along the Hosgri fault zone

(Reference 6).. The minor bedrock faults at the ISFSI site were subsequently rotated |
during the growth of the Pismo Syncline, although the faults occur near the fiat-lying
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crest of a small parasitic anticline and, thus, have not been rotated significantly. Given
this origin, the faults formed during the Miocene, contemporaneous with the
transtensional formation of Miocene basins along the south-central coast of California,
prior to 5 million years ago.

Alternatively, the minor faults may be secondary faults related to growth of the regional
Pismo syncline (Figure 2.6-4), as concluded for the small bedrock faults at the power
block (Reference 4, p. 2.5-49, -50). As shown on Figure 2.6-29, the faults trend
subparallel to the axis of the Pismo syncline, and are located near the crest of a small
anticline on the southwestern limb of the syncline. The apparent oblique displacements
observed on the faults may be related to bending-moment normal fauits and right shear
along the axial plane of the small anticline that formed in the Pliocene to early
Quaternary. The zone of minor faulting may have used the area of diabase intrusion as
an area of crustal weakness to accommodate tensional stresses along the axial plane of
the anticline. As described in Reference 4, pages 2.5-14, -33, -34, and in the LTSP
reports (Reference 6, p. 2-34 to -38; and Reference 7, p. 2-10), growth of the Pismo
syncline and related folds ceased prior to 500,000 years to 1,000,000 years ago. Thus,
the observed minor faults also ceased activity prior to 500,000 years to 1,000,000 years
ago.

A third alternative explanation for origin of the minor bedrock faults is that they are
related to intrusion of the diabase into the Obispo Formation. Diabase is present locally
in the ISFSI study area. Forceful intrusion, or magmatic stoping of the diabase may
have produced faulting in response to stresses induced by the magma intrusion in the
adjacent host rock. Hydrothermal alteration is extensive in the diabase. The friable
sandstone and dolomite in the ISFSI study area are spatially associated with the zone
of faulting (Figures 2.6-8 and 2.6-11), indicating the faults may have acted as a conduit
for hydrothermal solutions. Assuming the hydrothermal fluids were associated with the
diabase intrusion, the minor faults predate, or are contemporaneous with, intrusion of
the diabase. Diabase intrusion into the Obispo Formation occurred in the middle
Miocene (References 10 and 11), indicating the faulting would have occurred prior to or
contemporaneous with the diabase intrusion in the middle Miocene, more than

10 million years ago. The faulting may have originated by transtensional regional
deformation, as described above, then subsequently was modified by diabase intrusion.

In addition to their probable origin related to transtensional deformation in the Miocene
(or to growth of the Pismo syncline in the Pliocene to early Quaternary, or to intrusion of
the diabase in the middle Miocene), several additional lines of evidence indicate the
minor faults are not capable and do not present a surface faulting hazard at the site:

* As described in the Reference 6, pages 2-37 to -39, Plates 10 and 12), the |
Quaternary marine terrace sequence in the plant site vicinity is not
deformed, providing direct stratigraphic and geomorphic evidence
demonstrating the absence of capable faulting. The minor faults observed
at the ISFSI site project northwest across, but do not visibly displace, any
of the lower marine terrace platforms, within a limit of resolution of 5 ft,
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indicating the absence of deformation in the past 120,000 years.
Assuming the displacement does not die out at the coast, this resolution is
enough to recognize the greater-than-50-ft of vertical separation on the
faults at the ISFSI site.

. As described in Reference 4, p. 2.5-35 to -50, Figures 2.5-13 to 2.5-16,
similar northwest-trending minor faults were mapped in bedrock in the
power block area. Detailed trenching investigations of these faults and
mapping of the power block excavation provided direct observation that
they do not displace and, hence, are older than the late Pleistocene
(120,000 years old) marine terrace deposits. By analogy, the minor faults
at the ISFSI site also would be older than late Pleistocene.

. Interpretation of aerial photographs taken before the 1971 excavation of
the ISFSI site area (former borrow area) and construction of the raw water
reservoir (Figure 2.6-31), shows there are no geomorphic features in the
ISFSI study area (tonal lineaments, drainage anomalies, scarps) indicative
of displacement of the minor faults prior to grading. The landscape in the
ISFSI study area is interpreted to have formed in the middie to late
Quaternary, about 430,000 years ago, based on the preserved remnants
of marine terraces in the surrounding site area.

Based on these lines of evidence, the minor faults observed in bedrock at the ISFSI site
are not capable; hence, there is no potential for surface faulting at the ISFSI site.

2.6.4 STABILITY OF SUBSURFACE MATERIALS
2.6.4.1 Scope

An extensive program of field investigations, in situ testing, and laboratory testing was
conducted to define the static and dynamic characteristics of the soil and rock materials.
The scope of the program is summarized in Table 2.6-1. A detailed discussion of the
test procedures and results is presented in References 44, 45, and 48 through 51, Data
Reports B, C, F, G, H, and |, and Reference 9. The results are summarized below.

2.6.4.2 Subsurface Characteristics

The geology at the subgrade of the foundation of the ISFSI pads (elevation ébout 302 ft,
8 ft below the pad grade) is shown in Figure 2.6-32. The subsurface beneath the ISFS!
pads consists of dolomite (Tofp-1), sandstone (Tofp,_2), friable dolomite (Tofp-15), and
friable sandstone (Tofp.23) (Section 2.6.1.7). The bedrock contains minor faults and

joints (Section 2.6.1.6.2). The groundwater table is near elevation 100 ft, about 200 ft
below the foundation elevation. Clay beds of limited extent occur at a few locations
under the ISFSI pads, below the surface of the cutslope, and in the existing slope above
the pads (Section 2.6.1.7).
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The geology at the CTF foundation grade is shown in Figure 2.6-32. At this grade
(elevation about 286 ft), the bedrock consists of sandstone and friable sandstone
(Section 2.6.1.8). At the site, the sandstone may have a few minor faults and joints,
similar to those described in Section 2.6.1.6.2. Because the rocks are the same, the
static and dynamic engineering properties of the rock at the foundation of the CTF were
selected to be the same as those at the ISFSI pads.

The transport route traverses thick surficial deposits along nearly two-thirds of its route,
including a new 500-foot-long section of thick, engineered fill near Patton Cove. ltis
constructed on engineered fill placed on dolomite and sandstone for the rest of its
length (Section 2.6.1.9).

The detailed geologic characteristics of these rock units are described in
Section 2.6.1.4.2.

2.6.4.3 Parameters for Engineering Analysis
2.6.4.3.1 ISFSI and CTF Sites

The static and dynamic engineering properties for use in foundation analyses of the
rock at the ISFSI and CTF sites are as follows:

Density: A density of 140 pounds per cubic ft (pcf) was chosen as appropriate for
foundation analyses (Reference 51, Data Report 1).

Strength: A friction angle for the rock mass of 50 degrees was chosen as appropriate
for foundation analyses. This friction angle is consistent with that used in the slope
stability analyses (Section 2.6.5.1.2.3).

Poisson’s ratio: A representative value of Poisson’s ratio of 0.22 for dolomite and
sandstone was selected as appropriate for analyses. A representative value of 0.23
was selected for friable rock. These values were derived from seismic velocity
measurements in the bedrock below the footprint of the pads (Reference 59), and
laboratory-based measurements (Reference 60) on samples of bedrock from beneath
the pads (Reference 37 and Reference 51, Data Report I).

Young's modulus: Representative values of Young's modulus of between 1.34 times
10° psi (mean) and 2.0 times 10° psi (84™ percentile upper bound) for dolomite and
sandstone were selected as appropriate for analyses. A representative value of

0.2 times 10° psi was selected for friable rock. These values were derived from seismic
velocity measurements in the bedrock below the footprint of the pads (Reference 59),
and laboratory-based measurements (Reference 60) on samples of bedrock from
beneath the pads (Reference 37 and Reference 51, Data Report |).
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2.6.4.3.2 Slopes

Static and'dynamic engineering properties of soils and rock at the ISFSI site for use in
slope stability analyses are as follows:

Rock Strength: A friction angle of 50 degrees for the rock mass was selected for
stability analyses of the hillslope above the ISFSI pads. A range of friction angles
between 16 degrees and 46 degrees for rock discontinuities was selected for stability
analyses of the cutslopes behind the ISFSI pads. Further discussion of rock strength
parameters is provided in Sections 2.6.5.1.2.3 and 2.6.5.2.2.3.

Clay Bed Strength and Unit Weight: The following parameters were defined for clay:
. unit weight, 115 pcf (Reference 49, Data Report G)
. shear strength, drained, c' = 0 psf; ¢' = 22 degrees

e  shear strength, undrained, lower of ¢ = 800 psf and =15 degrees or
- =29 degrees.

Further discussion of clay strength parameters is provided in Section 2.6.5.1.2.3.

Shear wave velocities: Representative values of shear wave velocities were selected
for stability analyses (Section 2.6.5.1.3.2). These values were based on suspension
geophysical surveys in boreholes beneath the footprint of the pads, as well as on data
summarized in the Addendum to the LTSP Final Report (Reference 7, Chapter 5,
Response to Question 19).

Dynamic shear modulus and damping values: Relationships of the dynamic shear
modulus and damping values with increasing shear strain were selected for stability
analyses (Section 2.6.5.1.3.2), based, in part, on literature review and dynamic tests of
DCPP rock core samples performed in 1977 and 1988 (Reference 41). |

Additional considerations for the selection of rock and clay properties for specific static
and dynamic stability analyses, and the calculation of seismically induced .
displacements are presented in Section 2.6.5.1.3.

2.6.4.3.3 Transport Route

As described earlier, the transport route generally follows existing Plant View, Shore

Cliff, and Reservoir roads (Figure 2.6-7). The specifications for the construction of

these roads required all fills to be compacted to 90-percent relative density, and the

upper 2.5 ft to be compacted to 95-percent relative density. Fills on slopes were

benched and keyed a minimum of 6 ft into the hillside. Based on these requirements, |
the road base and subgrade material are expected to be at least as capable for
transporter loads and earthquake ground motions as the underlying rock and soil. -
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The new section of the transport route near Patton Cove will be constructed on
engineered fill, as will a section of the route near the CTF (Figure 2.6-7). These fills and
the overlying road subgrade also will be constructed to the same specifications as the
existing roads. Both new roadway sections will support the imposed loads.

Where the transport route follows Plant View, Shore Cliff and Reservoir roads to Hillside
Road, the alignment is founded on marine terrace deposits overlain by dense colluvial
deposits. The remaining portions of the route, on Reservoir Road (beyond station
34+00), are founded on cuts made in the dolomite and sandstone. The static and
dynamic engineering properties of the rock and soil deposits underlying the transport
route are summarized in Reference 9, Tables 1 and 2.

2.6.4.4 Static Stability

The ISFSI pads will be founded on dolomite, sandstone, friable dolomite, and friable
sandstone (Figure 2.6-32). The CTF will be founded on sandstone and friable
sandstone (Figure 2.6-32). This bedrock will support the proposed facilities without
deformation or instability (References 61 and 71). The borrow excavation removed
between 75 ft and 100 ft of rock from the ISFSI and CTF sites. As a result, the existing
rock is overconsolidated, and facility loads are likely to be much less than the former
overburden loading on the rock (calculated to be about 10,000 to 14,000 psf). The
overconsolidated state of the rock mass in the foundation precludes any settlement,
including differential settlement between rock types, under the planned loading
conditions.

As discussed in the DCPP FSAR Update, Section 2.5.4, there are no mines or oil wells
in the plant site area. The two makeup-water wells draw water from fractured bedrock
that is fed groundwater from the shallow alluvium along Diablo Creek (Section 2.5). No
subsidence has been observed, nor is any expected, near these wells, which are
approximately 2,500 ft east of the ISFSI.

Similarly, there is no evidence of solution features or cavities within the dolomite and
sandstone strata, or in the friable dolomite and friable sandstone, beneath the ISFSI, or
in the plant site area. Hence, there is no potential for karst-related subsidence or
settlement at the ISFSI or CTF sites.

There is no potential for differential settlement across the different rock units
(sandstone, dolomite, friable sandstone, friable dolomite) at the ISFSI, because the rock
is well consolidated, joints and fractures are tight, and the friable rocks have almost no
joints. Although no piping voids in the friable rocks are expected beneath the ISFS!
pads, very small voids (a few inches across) are possible, as found in the friable
dolomite in one of the trenches (Reference 46, Data Report D, trench T-20A). The
foundation will be below the dilated zone for the borrow area cutslope (observed to be
at about 4 ft in the trenches), and the rock mass is expected to be tight, with no open
fractures. The rock mass is also overconsolidated, having had 100 ft of rock
overburden removed from the location of the borrow area in the vicinity of the ISFSI for
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construction of the raw water reservoir and the 230-kV and 500-kV switchyards
(Figure 2.6-10). :

There is no potential for displacement on the faults at the sites, because the faults are
not capable (Section 2.6.3). No differential dlsplacement or settlement is expected
during potential ground shakmg

2.6.4.5 DYNAMIC STABILlTY

The ISFSI is located entirely within bedrock. There are no loose, saturated deposits of
sandy soil beneath the pads or CTF site, and the groundwater table is near elevation
100 ft, about 200 ft below the foundation level. Therefore, there is no potential for
liquefaction at either site.

The CTF foundation will be embedded into rock at least 20 ft below grade, as shown on
Figure 2.6-32. This precludes the development of unstable foundation blocks under
static or dynamic loading conditions.

Because the transport route subgrade will be on engineered fill on rock and well-
consolidated surficial deposits, no liquefaction or other stability problems are expected.

An analysis was performed to verify pad stability during an earthquake (Reference 72).
This analysis included the inertial effects of the pad and pre-existing structures.
Additional information is provided in Reference 75 (PG&E Response to NRC Question
2-16) and Reference 76 (PG&E Response to NRC Request 2).

2.6.4.6 POTENTIAL FOR CONSTRUCTION PROBLEMS

No significant construction-related problems are anticipated for preparation of the ISFSI
and CTF foundations subgrade. The permanent groundwater table is about 200 ft below
the planned foundation elevations (Section 2.5), and groundwater is not expected to rise
to within the zone of foundation influence. The rock mass is generally tight, and does
not have significant voids or soft zones that would require grouting or dental work, with
the possible exception of small piping voids related to the friable dolomite. The
fractures are tight or filled, and are tightly confined by the surrounding competent rock.
The prepared foundation pads will be level, and will be a considerable distance from
descending slopes, thus precludang development of unstable blocks or foundation loads
into slopes.

2.6.5 SLOPE STABILITY
The ISFSI is located on the lower portion of a hillslopé that has been modified by
excavation for borrow materials during the construction of the DCPP. - Construction of

the ISFSI pads, the CTF, and portions of the transport route will include cutslopes and
fills. The purpose of this section is to examine the stability of the hillslope and the cuts
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and fills. For each slope, the static and seismic stability were analyzed, and the
potential seismically induced displacements were estimated.

The analyses, which are summarized in Table 2.6-2, show that the hilislope and the
cutslopes above the ISFSI are generally stable under modeled seismic inputs, slope
geometries, and material properties. The seismically induced displacements of the rock
mass above the ISFSI, estimated using very conservative assumptions, are small.
Under the modeled seismic loads, small rock wedges appear to be susceptible to
movement in the cutslopes around the pads. These potential hazards will be mitigated
by setbacks in slope design, rock anchors, and debris fences, as discussed in

Section 4.2.1.1.9.1. The slopes along the transport route and below the CTF are stable.

For each slope analysis, the objectives and scope of the stability analysis are defined,
and the analysis methods are described. The slope geometry and selection of material
properties are then given. Finally, the results of the analyses for the hillslope above the
ISFSI, the ISFSI cutslopes, the slope below the CTF, and slopes along the transport
route are presented.

2.6.5.1 Stability of the Hillslope above the ISFSI

A critical section of the hillslope above the ISFSI was analyzed to examine the static
and dynamic stability of the jointed rock mass along postulated slide surfaces.
Analyses also were conducted to estimate potential seismically induced displacements
due to the vibratory ground motions derived in Section 2.6.2. In addition, an analysis
was conducted to evaluate the conservatism of the analysis parameters and examine
the geologic data to estimate past displacements due to earthquakes. In Reference 76
(PG&E Response to NRC Request 3), PG&E has performed additional evaluations to
address: (a) the potential for a generalized slip-circle type failure of the cutslopes and
hill slope above the ISFSI and (b) the effect of the cutslope (i.e., the proposed
excavation for construction of the ISFSI) on the stability of the hill slope above the
ISFSI. The results of the evaluations found that the clay bed failure of the slopes
govermned the design and the effect of the cutslope on slope stability was minimal.

2.6.5.1.1 Geometry and Structure of Rock Mass Slide Models

Cross section I-I' (Figure 2.6-18) paraliels the most likely direction of potential slope
failure, and illustrates the geometry of bedding in the ISFSI study area for analysis of
slope stability. The cross section shows apparent dips, and the facies variation and
interfingering of beds between the dolomite and sandstone (units Tofp.4 and Tofp-2)

beneath the slope. The clay beds, where orientation and extent are critical to this
evaluation of slope stability, have been correlated based on stratigraphic position,
projection of known bedding attitudes, and superposition of sandstone and dolomite
beds (clay beds have not been allowed to cross cut dolomite or sandstone beds, but
have been allowed to cross facies changes). These clay beds, as drawn, are a
conservative interpretation of their lateral continuity for the analysis of the stability of the
slope.
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Individual clay beds that are, in places, thick (more than about 0.5-inch thick) in the
dolomite, may continue up to several hundred feet. Thinner clay beds are less laterally
continuous. On cross section I-I' (Figure 2.6-18), clay beds are not shown to extend
continuously through the slope, but are terminated at set distances from exposures in
boreholes, trenches, or outcrops, reflecting the estimates of possible lateral continuity.
Because of the generally limited lateral continuity of the clay beds, potential large
surfaces (greater than several hundred feet in maximum dimension) likely would require
sliding on several clay beds, and stepping between beds on joints and in places through
rock in a “staircase” profile. Stepping between basal clay failure surfaces would
probably be localized where the individual clay beds are stratigraphically close and are
thin and pinch out. Other likely locations for stair-stepping failure or structural
boundaries for possible rockslide margins are at changes in structural orientation
(transitions from monocline to syncline), and along the lateral margins of the slide.
These limit the size of potential rock masses. Faults at the site are subparallel to the
potential down-slope motion, and impart a strong near-vertical fabric in the rock mass.

It is likely that lateral margins for potential larger rockslides would develop, at least
partially, along these faults.

Based on the above considerations, three rock mass slide models, comprising ten
potential slide surfaces, were defined for cross section I-I' of the hillslope:

Model 1. A shallow slide mass model (Figure 2.6-47) involving sliding rock masses
along shallow clay beds encountered in trench T-14A and boring 01-. It
toes out at the upper part of the tower access road.

Model 2. A medium-depth slide mass model (Figure 2.6-48) involving sliding rock
» masses along clay beds encountered at depths of between about 25 ft
and 175 ft in borings 01-F, 00BA-1, and 01-1, and trench T-11D. It toes -
out on the slope between the ISFSI and below the tower access road.

Model 3. A deep slide mass model (Figure 2.6-49) involving sliding along deep clay
beds encountered in borings 01-H, 01-F, 00BA-1, and 01-I at depths of
between about 50 ft and 200 ft. It toes out behind or below the proposed
ISFSI cutslope and pads. ,

Model 1 has been segmented into two possible geometries, labeled 1a and 1b on
Figure 2.6-47. These two modeled slide blocks daylight at a clay bed encountered in
trench T-14A (model 1a), or along the projected dip of a clay bed encountered in boring
01-l. The failure headscarp/tension break-up zone extends upward from the inferred
maximum upslope extent of the clay bed in trench T-14A (model 1a), or from the
inferred likely uphill extent of a clay bed encountered in boring 01-1.

Model 2 has been segmented into three subblocks: 2a, 2b, and 2¢ (Figure 2.6-48). The
three blocks daylight along a clay bed encountered in trench T-11D (2a and 2b), or
along the dip projection of a clay bed encountered in boring 00BA-1 (2b). Model 2a
breaks up near trench T-14A at the location of a major structural discontinuity for
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potential slide blocks; the transition between the monocline and syncline where the
bedding geometry (strike and dip) changes. Models 2b and 2c¢ break up from the basal
failure planes in a “stair-stepping” manner between clay beds, and have a common
headscarp that daylights about 50 ft above the brow of the 1971 borrow cut excavation.
The geometry of the headscarp break-up zone is inferred to be controlled by the uphill
limit of clay beds encountered in the borings, and dominant steep joint fabric in the rock
mass.

Model 3 has been segmented into three subblocks: 3a, 3b, and 3c. The three blocks
daylight in the ISFSI pads cutslope, or at the base of the cutslope (Figure 2.6-49). All
three modeled blocks have basal slide surfaces along clay beds encountered in borings
01-F, or 00BA-1 and 01-l. Models 3a and 3b break up with headscarp/tension zones at
the location of the structural change in bedding geometry described for model 2a (3a
and 3b), or about 75 ft above the top of the borrow cut (3c) at an inferred maximum
uphill extent of clay beds encountered in boring 01-1. Model 3 has been further
segmented into 3c-1, which daylights beyond the ISFSI pads, and 3¢c-2, which daylights
at the base of the first cutslope bench.

For all models, the toe daylight geometry reflects the propensity for failure planes to
break out along bedding planes and along the projection of clay beds. In contrast, the
geometry of the headscarp/tension failure was inferred to be controlled by the dominant
steep (greater than 70 degrees) joint/fault fabric in the rock mass.

2.6.5.1.2 Static Stability Analysis
2.6.5.1.2.1 Method

The static stability analysis of the hillslope was conducted using the computer program
UTEXAS3 (Reference 26). Spencer's method, a method of slices that satisfies force
and moment equilibria, was used in the analysis.

2.6.5.1.2.2 Assumptions

The following assumptions were made:

. The clay beds are saturated. This assumption is reasonable, because
during the rainy season, rainfall would infiltrate the slope through the
fractured rock and perch temporarily on the clay beds, and would saturate
at least the upper part of the clay.

. There is little water in the slope. This assumption is reasonable, because
the groundwater table is about 200 ft below the ISFSI site, and the rock is
fractured and well-drained. There are no springs from perched water
tables near the ISFSI slope.
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. The lateral margins of the potential slide masses have no strength. This is
conservative, because the margins of a potential failure wedge would, in
part, follow discontinuous joints, small faults, and, in part, break through
rock. Friction between rock surfaces and by asperity overriding, or
shearing along the lateral slide margms would provide some resistance to
sliding.

. The upper 20 ft of the rock mass forming the head of a potential sliding
mass has been modeled as a tension crack, that is, the zone has been
given no strength. This assumption is conservative, because the dilated
zone is only about 4 ft deep (Reference 37).

o The head of the slide below the tension crack would break irregularly
along joints and clay beds and through some rock. The strength assigned
to this rock mass is discussed below.

o The orientation, continuity, and extent of the clay beds is assumed to be
as shown on cross section I-I'. This is reasonable, because the extent of
the clay beds and their dip is based on extensive geologic data from the
ISFSI study area.

. The strength of the clay (discussed below) is assumed to apply along the
entire length of a clay bed, as shown on cross section I-I'. This is
conservative, because the clay beds are commonly thin and irregularly
bedded, providing rock contact through the beds, thereby increasing the
strength.

2.6.5.1.2.3 Material Properties

Drained and undrained clay-bed strength parameters were developed from the results
of streng