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Introduction

A physics experiment has been proposed in the area surrounding the Diablo Canyon Power Plant, DCPP, in San Luis Obispo County. The experiment requires about 300 meters of overburden. This overburden will be achieved by boring a horizontal tunnel into a hillside. The topology and direction will determine the tunnel length, but it can range from 1 km to 2.5 km long. The following document will describe the special requirements for this site including the geology. 

The size and cost of the tunnel impacts the scaling of the experiment. A brief discussion of the experiment and the outfitting requirements are also discussed. There are two tunnel size options. The baseline detector is with a 5 meter diameter and 13.5 meters long tank. The baseline tunnel cross-section is horseshoe shaped 6 meters x 6 meters. An optional tank diameter of 6.5 meters requires a tunnel size of 7.5 meters x 7.5 meters. In addition to the primary tunnel two sections of the tunnel will  be expanded into two outfitted detector rooms approximately 10 meters wide x 7.5 meters high x 28 meters long.

The Diablo Canyon Site 
The Diablo Canyon nuclear power plant is surrounded by relatively steep hills in the North, East, and South that provide overburden up to 1400 m. The DCPP site is shown in Figure 1.
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Figure 1 Diablo Canyon Site. 

In order to consider all possibilities we evaluate at the current planning stage of the experiment all detector locations between 0-2.5 km with a minimum overburden of 300 mwe equivalent. Three areas are potential sites for the tunnel and detectors of the Diablo Canyon neutrino project. See Figure 2 for the candidate areas. A detailed optimization of the experiment can be done once an area for this project has been chosen. In general, we want to place one detector at a distance of 0-1 km and the second detector between 1.5-2.5 km. Figure 3 is shows three possible tunnel lengths and directions originating from Dry Canyon road and outside of the Costal zone.  
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Figure 2 Diablo Canyon Site. Highlighting Area I, Area II and Area III

[image: image3.jpg]Coastal Zone and Topo Map with Possible Tunnels from Dry Canyon Road





Figure 3 USGS Topographic Map of  Diablo Canyon Site. Three possible tunnel lengths and directions outside of the Costal zone and originating from Dry Canyon road.

Area I

This site is located to the South-East of the power plant, It provides reasonably good overburden and detector locations between 0.7-2 km. Access to this hillside is over the main road of the power plant which provides easy access for heavy construction machinery. The beginning of the tunnel would be close to the proposed PG&E Dry Waste Storage Site. This could be advantageous for coordinating construction efforts, but it may also interfere with the PG&E activities.

Area II

This area to the East of the power plant is behind the transformer station of the power plant. Access is over the main road and it requires passing by the inner power plant area and the cooling ponds. Detector locations between 1.2 km to 2.2 km are possible. These distances may allow us to perform the experiment but they are not ideal. The overburden is reasonably good. Excavation and construction traffic will have to pass by the cooling ponds and the construction area of the Dry Waste Storage Site. This may or may not pose a problem. 

Area IIIa
option North-East

This area is an extended hillside with several peaks and allows tunnel excavation to the North-East and North-West, The option to the North-East allows detector distances between 0.9-2.5 km from the reactor core. Access from Dry Canyon Road is possible. Excavation and construction traffic will have to pass by the cooling ponds and the construction area of the Dry Waste Storage Site. This may or may not pose a problem.  For pictures of Dry Canyon Road see Figure 4 thru 7.

Area IIIa+b
option North-West

The area to the North-West of the power plant provides the most extensive hillside area. In principle, a tunnel from 0.9-3.1 km can be excavated crossing Crowbar Canyon at about 1.9 km. An Aerial view of Crowbar Canyon can be seen Figure 8. These distances may provide the most flexibility in optimizing and varying the detector distances in this experiment. Access to this area is from Dry Canyon Road. A second or intermediate exit from the tunnel into Crowbar Canyon would be possible. Excavation and construction traffic will have to pass by the cooling ponds and the construction area of the Dry Waste Storage Site. This may or may not pose a problem. 
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Figure 4 Aerial View of Dry Canyon Road
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Figure 5 Aerial View of Dry Canyon Road looking North
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Figure 6 Dry Canyon Road Entry
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Figure 7 Dry Canyon Road at Canyon Entrance. Possible staging area and access to Crowbar Canyon
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Figure 8 Aerial View looking east at Area llla (middle of picture) and Crow Bar Canyon ( far left). 

Permitting requirements

The initial assessment by our environmental department is that the tunnel construction and detector operation will be subject to CEQA and NEPA requirements. The CEQA requrement should be an Impact Study / Negative Declaration, not an Enviromental Impact Report. The NEPA require should be an Environmental Assessment and not an Environmental Impact Statement.

In addition, issues related to the tunnel excavation and the civil construction as well as the environmental planning process may affect the choice of location for this project. Some of the other issues include:

Excavation and Construction

· Road access

· Construction staging area

· Interference with power plant operations

· Overburden for a 1 km-long tunnel with 2 exits  

· Etc. 

Environmental planning and Licensing

· Coastal development zone

· NRC licensing area of the Diablo Canyon power plant 

· Archeological Indian sites

· Ecological preservation site

Summary of geological issues for Diablo Canyon

Patrick Dobson (8/14/03)

Geologic Setting

Stratigraphy

The stratigraphy of the Diablo Canyon region is dominated by three Pliocene-Miocene marine sedimentary units: the Pismo Formation, the Monterey Formation and the Obispo Formation.  The rocks present in the area around the prospective tunnel sites at Diablo Canyon are predominantly the older sedimentary and volcanic rocks of the Obispo Formation.  The two mapped subunits of this formation present along the lower reaches of Crowbar Canyon and Diablo Canyon consist of: (1) tuffaceous siltstones and claystones, and (2) basaltic flows, dikes, and sills.  Other units of interest include Quaternary alluvial deposits along the canyon floors and Quaternary landslide deposits found on some of the steep hillsides.

Structural Features

The most prominent structural feature is the northwest trending Pismo syncline, in which the youngest unit (the Pismo formation) is exposed in the core of the syncline, and the oldest unit (the Obispo formation) is exposed at the limbs.  All of the Plio-Miocene units have undergone significant folding and faulting subsequent to their deposition.  Folding is present (See Figure 9) as both large-scale (km) and small-scale (m) features.

The main fault in the Diablo Canyon area is the Hosgri fault, a NW-trending high-angle fault located about 5 km offshore from the Diablo Canyon power plant.  This right-lateral fault is thought to have been associated with the 1927 M 7.3 Lompoc earthquake.  Other faults in the area include the San Miguelito, Edna, and Los Osos faults, which also have a NW-SE orientation.
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Fig. 9.  Tilted and folded siliceous marine sediments of the Monterey Formation at Pt. Buchon, located north of the Diablo Canyon power plant site.  This formation is also found to the east of the Diablo Canyon site.

Geologic Concerns

There are a variety of geologic hazards and issues associated with the construction and maintenance of a neutrino detector facility at Diablo Canyon.  These issues are discussed in brief below.

1) Landslide hazards

One of the favorable attributes of the Diablo Canyon site is the presence of steep topography, which results in having the needed amount of shielding overburden above a horizontal tunnel with a minimum amount of tunneling.  However, this steep topography also poses a risk for landslides.  There are several fairly large (up to 500 m) landslide blocks that have been identified by geologic mapping within 2 km of the proposed tunnel locations.  Care must be taken to avoid known landslide features.

2) Rock quality issues

The Obispo formation contains numerous folds, fractures, and small-scale faults.  The orientation of fold axes and faults in this area is predominantly NW-SE.  While it may be helpful to orient the tunnel obliquely to the main fault and fold axis trend in order to avoid key block failure, tunnel engineering could probably allow for tunnel construction in almost all locations (but with additional cost).

3) Seismic hazards

Earthquakes will pose a hazard to any facility near a tectonically active region such as Diablo Canyon.  Underground facilities will undergo reduced ground motion relative to a surface location.  A tunnel does have the potential to have rockfall or collapse during a major earthquake.  However, with proper engineering and construction practices, this hazard can be minimized.

4) Water quality issues

Tunnel excavation will result in the generation of a significant amount of rock spoils.  This material will have a larger volume than the excavation that is being created (the removed material will have a lower bulk density resulting from an increase in porosity generated by excavation).  One of the key environmental issues will be how this material is handled.   The tunnel entrance will be near either the Diablo Canyon or the Crowbar Canyon drainages, and thus any storage of spoils on site will potentially impact the water quality and habitat of these ephemeral streams.  It may be possible to use the cuttings for other construction projects at the Diablo Canyon facility, but the most likely scenario is that all of the spoils will need to be disposed of off-site.
5) Tunneling issues

There are three geologically related items that could pose difficulties for tunneling at Diablo Canyon.  They are:

· The presence of hydrocarbon (i.e., methane, ethane, propane, etc.) and/or hydrogen sulfide (H2S) gases.  Elevated concentrations of these gases could result in asphyxiation, poison, and explosion hazards.  Borehole studies would help determine if these gases are present in the subsurface formations.  The Monterey Formation does have intervals with elevated organic contents (it is a source rock for some oil and gas deposits in California).

· The elevation of the groundwater table relative to the projected tunnel locations would influence the potential for water to flow from the tunnels during excavation (the higher the water table relative to the tunnel, the larger the driving force for water flow into the tunnel).  The groundwater table can be determined through boreholes and existing wells.  PG&E may have some information on this subject.
· The presence of subsurface thermal anomalies could pose a hazard to tunneling.  This issue is not expected to be a problem at Diablo Canyon (there are no thermal springs in the area).  Subsurface temperature gradients can be determined through measurement of thermal profiles in test boreholes
Geological cross-sections

Based on the geological map of San Luis Obispo – San Simeon Region, four geological cross-sections along the prospective tunnel sites at Diablo Canyon are provided.  For access convenience, the cross-sections A-A’ and A-A’’ were extended to the road of Diablo Canyon. (fig. 10)
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Fig. 10. Geological Map of the San Luis Obispo – San Simeon Region, CA

Cross-section A-A’
The section has 2.74 km along the NNW direction which cuts mostly tuffaceous siltstone and claystone (Tof), vitric tuff (To) and diabase  (Tvr) of the Obispo Formation and shale and interbedded chert (Tm) of the Monterey Formation. The beds dip moderately to the NW and metric folds are present.  The occurrence of competent rocks in the Obispo Formation associated with folding may have caused fracturing, damaging the rock matrix. 

The advantage of this section is the presence of the Crowbar Canyon, which may facilitate engineering work, access, instrumentation, ventilation, etc. See Figure 11.
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Figure 11 Cross-Section A-A’

Cross-section A-A’’
The section has 1.70 Km along the NNE direction.  The cross-section is oriented normal to the bedding, which dips to the NW.  This shows the complete stratigraphy of the Diablo Canyon region, comprised by the Obispo, Monterey and Pismo Formations. The cross-section is also normal to the fold axis resulting layer repetition of the Obispo Formation. See Figure 12.
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Figure 12 Cross-Section A-A’’

Cross –section B-B’
The section has 1.69 Km along the NE direction and starts close to the axis of an anticlinal fold, which results in an apparent thickness of the tuffaceous siltstone and clay stone (Tof). 

The steep topography for cross-sections A-A’ and B-B’ may cause landslide risk. In addition, differences in physical and mechanical properties of the layers may cause concerns for engineering construction. See Figure 13 
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Figure 13 Cross-Section B-B’

Cross-section C-C’
The section is oriented NW-SE and is 2.57km long. The section is parallel to the main NW trending Pismo Syncline. Oblique folds resulted in gentle metric-folds observed along the cross-section comprised mainly of the Obispo Formation overlaid by the Monterey Formation. The simple geology would facilitate engineering works, however, the orientation of the section parallel to the main fold trend may create the risks of key block failure.  See Figure 14
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Figure 14 Cross-Section C-C’

Tunnel Specifications

Y. Minamihara, T. Ladran (9/5/03)

The tunnels will be bored horizontal into the mountain side and will require a portal at the entrance (and exit if applicable). There were initially two options for the minimum finished tunnel size. The first option is a 6 meter x 6 meter finished dimension tunnel. See Figure 15. The second option has been abandoned but was for a 7.5 meter x 7.5 tunnel with a 6.5 meter detector. Only the first option for a 6 m x 6m tunnel should be considered for costing and feasibility.  The tunnel roof can be arched or flat, but requires clearance at center to accommodate the detector shown in Figure 16.

The tunnel should be lined but the experiment does not need the main tunnels to be hydrostatically sealed (dependent on the water table level an acceptable level of water incursion is still being developed). Floor should be lined with a concrete structure sufficient to handle a rail system and a floor loading of 7500 psf. The floor will have a 1%  or less grade on the tunnel axis for passive drainage.

Detector Room Desciption

There will be two separate detector rooms within the tunnel as shown in the top and middle illustrations in Figure 17. The specific locations for these rooms are not yet determined but the spacing between the rooms will be anywhere from 0.5 km to 1 km. The nominal dimensions of the detector rooms are 10 meters wide x 7.0 meters high x 28 meters long with a flatter roof instead of the horseshoe shape of the main tunnel  (note detector room length is 28 meters which replaces the 20 meters shown in figure 15). Background radiation needs to be minimized. These rooms will need to be built with low-background concrete, sealed to minimize the radon levels and lined  with a duralon. There will also be structures and outfitting as shown in Figure 16. The detector rooms will also have a built up concrete berm sufficient to contain any tank leakage.
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Figure 15 Tunnel Cross-Section 6 m x 6 m with Detector Hall 10 m wide x 7 m tall x 20 m long 
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Figure 16 Detector Concept using a flat bar track and hilman rollers.
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Figure 17  CAD Concept of  Tunnel Cross-Section 6 m x 6 m with Detector Hall 10 m wide x 7 m tall x 20 m long . Two Detectors separation ~ 1km
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Figure 18.  Detector Room with shielding.  28 meter length should accommodate two detectors

Tunnel Outfitting

Electrical and Mechanical Systems

The tunnel will require lighting, electrical power (220V). Additional items may include cable ways and a 80 psi house air system. 

Ventilation

The tunnel will need fresh air ventilation There are no plans to provide a ventilation shaft, but this option has not been ruled out. This will be a low occupancy facility and if it is a blind tunnel, the ventilation will be provided by mechanical means only using blowers.  

Transport and rail systems

The detectors require a means to move them from detector room to detector room. A track system has been proposed consisting of either standard 141# steel rail, or a 4 inch wide steel bars. The track will be mounted directly to the invert with a load distribution of < 7500 lbs/sq ft. 

Drain and Holding Tank

The liquids being held in the tank must be contained in the event of a leak. There should be a passive drain system specifically for this event and may require the drain to empty into a holding tank to capture any effluent from the tunnel not associated with the natural drainage. 

Muck Disposal
The muck disposal will be on-site and will be used for restoration.

Contact Information

For additional information 

Tony Ladran

LAWRENCE BERKELEY NATIONAL LABORATORY

(510) 495-2817
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