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1. Introduction

The physics specification for a single large cavity is at least 100 kTon fiducial volume of water or 100,000 m3. The water will be contained in a vessel inside a large cavity at the 4850ft deep level. The vessel has to withstand the hydrostatic pressure of the water and support the PMT’s inside. Several approaches for the construction of the vessel have been considered. The different approaches lead to slightly different sizes of the cavity and to possible methods of PMT support.  

2. Definitions

“Freeboard” is the distance between the top of the water level and the next higher element in the cavity that the water should not touch.

“Fiducial Volume cut:” The allowance in meters, either radially or axially, between the maximum extent of photocathode and the volume of water used for physics analysis. 
“Fiducial Volume” is the volume of water available for physics analysis, after removing the volume occupied by the PMT’s their support and a fiducial volume cut. 
“Buffer size” is the allowance in meters, either radically or axially, for the PMT’s, their support and a fiducial volume cut. It is measured as the thickness of water layer from the extreme perimeter of the water to the boundary of the fiducial volume. 
“Deck” Structure above the water to allow occupancy of the excavation volume above the water with people, equipment or other apparatus. 

3. Requirements and Constraints

Table 1 lists the requirements and constraints for the large cavity water Cherenkov (WCh) detector.
Table 1: Requirements and constraints for a water Cherenkov detector.
	Item
	Value
	Reason

	Total Volume of WCh detector
	≥300kT
	Proton Decay, Neutrino Oscillation parameter measurement

	Minimum fiducial Volume per Cavity
	≥100kT
	Scientific Competiveness

	Maximum distance between cavities
	5 km perpendicular to neutrino beam
	 Neutrino beam opening angle

	Maximum Depth of Water above lowest PMT
	60 m
	PMT collapse under water pressure

	Depth of Cavity below Surface
	4850L
	Cosmogenic background to proton decay

	Maximum Distance between PMTs
	80 m
	Water attenuation length at peak PMT wavelength sensitivity when convoluted with Cherenkov light spectrum

	Cavity Lifetime
	≥30 years
	Proton Decay, Neutrino Oscillation parameter measurement

	Egress 
	Dual Egress from drifts and cavities during all phases of construction and operation
	Personnel Safety

	Water management 
	Inherently protect the remainder of the DUSEL facility from catastrophic failure of the water containment
	Personnel, Equipment or facility safety

	Code requirements
	TBD
	Personnel, Equipment or facility safety


4. Assumptions

Assumptions used to calculate the size of the vessel for the water Cherenkov detector are shown in Table 2.

Table 2: Assumptions used to calculate size of vessel
	Assumption
	Value

	Fiducial Volume 
	100kT

	Shape
	Right Cylinder

	Diameter of fiducial volume
	50 m

	Height of fiducial volume
	51 m

	Fiducial Volume cut 
	1 m

	PMT space
	0.5 m

	Allowance for freeboard and deck (top only)
	3 m combined

	
	

	
	


5. Vessel Requirements

The vessel must contain the amount of water of the fiducial volume in one single volume. The basic shape of the fiducial volume is a right cylinder with 50 m diameter and 51 m height.

The fiducial volume cut of 1 m is added to sides, top and bottom of the fiducial cylinder. The photomultiplier tubes (PMT) are placed just outside of this volume. 
A total of 50000 PMTs are places around the perimeter, the top and bottom of the detector facing inward. The spacing between the PMTs is approximately 0.48 m. The approximate distribution is:
	On top
	8300

	On bottom
	8300

	Around the perimeter
	33400

	Total
	50000


The space for PMTs, and their mountings is 0.5m. This is a very rough assumption at this time and may increase. An upper estimate at this time is 1.2 m. 
Therefore, the total water diameter is 53 m to 54.4 m. Total water height is 54 m. Therefore total water volume is 119,134 m3 to 125,511 m3. 

The water level may vary above the space of the top PMTs. Therefore, a freeboard is required above the water level to the top of the tank. This is assumed to be 1 m. Therefore, the total inside height of the tank is 55 m.
A deck is placed over the tank spanning the entire surface. The vertical height of the deck is assumed to be 2m at this time. Therefore, a total freeboard and deck height is 3 m.

The freeboard space will be sealed volume and back filled with inert gas. The pressure will be regulated at 1 atm absolute. 
The water pressure at the bottom of the tank will be 540 kPa gauge (78 psig). 

5.1. Vessel Wall
The containment vessel wall construction method is a very challenging part of the vessel design. It must withstand the hydrostatic pressure of the water without leak. It must also withstand pressure from groundwater and allow for groundwater collection. 

Long-term stability of the cavern rock walls is critical to the longevity of the vessel walls. Slabs of pre-cast concrete with bolts into the rock will most likely be the first choice for wall structure. 

A sealing layer will be applied over the entire wall. This sealing will be the same as that used on the floor with appropriate attachment to the wall slabs. The thickness of this layer depends on the material, manufacturing and joining techniques. 

The wall will have anchors for attachment of the wall PMT superstructure. The anchors will be incorporated into the wall pre-cast slabs with appropriate seals. Other anchors for services and cables will also be incorporated.

5.2. Vessel Floor

The containment vessel floor design must be compatible with the geological conditions of cavern floor and must withstand the total load of the water with an appropriate safety margin. The underlying load bearing floor will be constructed from cast-in-place reinforced concrete. The design and thickness of the floor slab must be such that the upper surface of the slab is stable to within the requirements of the detector.

A sealing layer will be applied over the floor slab. This sealing layer may be metallic or polymeric. Other materials may also be studied during the design. 

The sealing technique within parts of the sealing layer will depend on the chosen material. For a metallic construction, welding may be used. For other materials welding or other bonding techniques may be used. 

This layer will see the full compressive load of the water and the PMT system. However, since it will be fully supported on the floor slab, the thickness of this layer is not great.  The thickness will be determined by the manufacturing, application and joining methods. 

The floor will have anchor points for attachment of the floor PMT mounts or superstructure. The anchors will be incorporated into the floor slab with appropriate seals. Other anchors for services and cables will also be incorporated.

5.3. Sealing Layer

In all concepts a water sealing layer is applied inside the tank. The requirements for this layer are determined by:

· Compatibility with the chemistry of the water

· Methods of application as appropriate for the vessel construction

Methods of joining and sealing in situ 
Candidate materials are:

· Stainless steel sheets welded in situ

· Sheets of polymeric material sealed in situ

· Polymeric material applied via in-situ spraying

· Glass?

All materials must be tested with the water system for appropriate length of time to ensure against contamination of the water and damage to the material. 
5.4. Deck 

(as is for now from Richard, add loads, area for equipment, etc)

We have limited the deck height above the freeboard axially as listed in Table 2. A continuous deck (i.e. deck with 100% access over the cavity) will most likely require additional support from above the 4850L. This means any continuous deck will not be unobstructed, and may have trusses, supports from cable bolts from the ceiling or both.  Careful consideration will have to be given how this affects any apparatus which needs access over the entire top surface of the cavity, eg: 

a. light shield, 

b. N2 blanket  or radon barrier (if required), 

c. handling equipment 

d. calibration equipment and procedures and

e. maintenance issues

5.5. Overall Dimensions

The figure below shows approximate dimensions of the vessel. 
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5.6. Construction Methods and Schedule
Construction schedule for the vessel is one of the most critical components of the overall project schedule. There are two basic approaches for vessel construction:
1. The entire cavern is excavated before the construction of the vessel starts,

2. The construction of the vessel is concurrent, in part or in whole, with cavern excavation.

Evaluation of different construction concepts must take this fully into account. Project cost and schedule estimates for each concept must clearly show the impact of these basic two choices. 
There are a number of possible construction concepts for the vessel as listed in Appendix A.

5.7. Applicable Codes and Standards

The construction method for the tank wall and floor must follow all applicable codes and standards for underground construction and pressure vessel construction.

 Applicable standards are:

6. Water Temperature and Distribution
Average temperature of the water inside the tank is to be 15C.

The water distribution in the vessel will be via inlet and outlet ports arranged to achieve proper circulation and ensure against stratification of temperature and water quality. 

Water filling of the tank will be at the rate of 1000 liters/minute. This will allow the water level to rise at approximately 0.7 m/day.
Water drains at the bottom of the tank will allow for complete emptying of the tank. The draining and pumping rate will be at ? liters/minute. This will allow the water level to lower at approximately ? m/hour

7. Thermal Isolation and Heat Input
The tank will be house inside a rock cavity. The bulk temperature of the rock at this level is 32C. Different construction concepts for the tank will have different thermal coupling to surrounding rock. The thermal isolation of the tank will be designed in order to keep the heat input into the water from the rock to within the capacity of the water chilling system.

In addition to the heat input from the surrounding rock, a total of 15kW of heat will be dissipated y all the PMTs into the water. This heat will also have to be removed by the chilling system. 
8. Magnetic Compensation
What field?
Where?

Concept?
9. Leak Rate

The leak rate of the water from inside the vessel to the drainage system has to be within the make-up capacity of the water purification system. (what is this number?, any other constraints?)
The leak rate of the drainage water from outside of the vessel to the inside has to be below ??. (What governs this? Impurity, temperature, etc? In some concepts, this number can become significant over time.)
10. Leak Water Collection

A system of collection of leak water from inside the tank to the outside must be incorporated. This water may be fed back to the filling system or may be disposed of after proper treatment. 

A system of ground water collection from the surrounding rock around the tank must be incorporated. This water must be channeled around the tank in free-flowing fashion and not allowed to build any additional pressure around the tank. The ground water must be collected and disposed of after proper treatment.

Due to chemicals within the tank and the need for separate treatment requirements, the two systems must be separate. Water from one must not be allowed to mix with the other. 
11. PMT Support Provision
All PMTs are housed inside the vessel. They may be installed individually or in modules containing several. 

Individual PMTs, or PMT modules, may be attached directly to the vessel inner walls, floor and deck. Alternatively, a superstructure may be build inside the vessel supporting them. This superstructure, may be stabilized or partially supported on the vessel inner surfaces.
In either case, provisions will be made inside the vessel for attachment of the PMTs or the superstructure. They may be in the form of plates embedded in the vessel or mounting features attached to it. The exact design and number will be determined by the PMT design group.
.

Appendix A

Vessel Construction Concepts

Several concepts are under consideration for the construction of the vessel. They are categorized into:

1. Vessel wall is not supported on the rock wall ( concepts 1 and 3)

2. Vessel wall is supported directly on the rock wall (concepts 2, 4 and 5)

3. Vessel wall is pressure balanced by water (concept 6)

The concepts are tabulated below. The detail of construction parameters such as: sizes of each section, masses, etc. are approximate. 

The section sizes and masses must fit within the safe capacities of the lifts as listed below:

Add diagram

Add weight limit
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1                    

Steel self 

supporting

2        

Concrete 

blocks

3            

Unitary post-

stressed 

concrete 

vessel self 

supporting

4                 

Liner on 

shotcrete

5              

Cast concrete 

against rock

6                

Pressure 

balanced wall

Fiducail Radius m 25 25 25 25 25 25

Fiducial volume cut m 1 1 1 1 1 1

PMT module thickness m 0.5 0.5 0.5 1 1 1

Gap between PMT module and tank wall m 0 0 0 0.2 0 0.2

Buffer size m 1.5 1.5 1.5 2.2 2 2.2

Sealing/coating  layer thickness m 0.005 0.005 0.005 0.005 0.005 0.01

Tank inner radius m 26.51 26.51 26.51 27.21 27.01 27.21

Tank wall thickness top m 0.05 0.5 1 0.1 1 0.01

Tank wall thickness bottom m 0.12 0.5 1.0 0.1 1 0.0

Tank wall thickness average m 0.09 0.50 1.00 0.10 1.00 0.01

Tank outer radius m 26.63 27.01 27.51 27.31 28.01 27.22

Access/drainage/balance gap m 2 0.2 3 0 0 0.5

Rock wall raidus m 28.63 27.21 30.51 27.31 28.01 27.72

Tank wall mass tonne 5989 11453 23331 2316 23755 231

Fiducial volume cu m 100000 100000 100000 100000 100000 100000

Fiducial height m 51 51 51 51 51 51

Tank water height m 54 54 54 54 54 54

Tank water radius m 26.5 26.5 26.5 27.2 27.0 27.2

Total water voulme cu m 119134 119134 119134 125511 123672 125511

Tank floor thickness m 2 2 2 2 2 2

Excavation height m

Excavation volume (without upper part) cu m

Normalized

Height of each section m 2 1 54 54 54

No of sections around 40 50 1 1 1

Width of each section m 4.16 3.33

Mass of section at top tonne 3.25 4.16


Concept 1 is a self-supporting vessel. The vessel wall is made from flat steel plates welded in situ. The perimeter is divided into 40 plates. Each plate is 2 meter high. Therefore the total number of plates is 1080. The plates are 0.12m thick and 7.79 tonnes at the bottom The thickness of the plates will be reduced to 0.05m in several steps moving to the top. The top pleats are 3.25 tonnes. A sealing layer is applied to the steel surface.

Concept 2 is a concrete block vessel supported on the rock. The vessel wall is made from flat concrete blocks fastened in situ. The perimeter is divided into 50 blocks. Each block is 1 meter high. Therefore the total number of blocks is 2700. The blocks are 0.5m thick and 4.16 tonnes each. A sealing layer is applied to the concrete surface.

Concept 3 is a self-supporting concrete vessel constructed in situ. It is then post-stressed via cables around the perimeter. The wall thickness is 1 m. A sealing layer is applied to the steel surface.

Concept 4 consists of shotcrete applied directly over stabilized rock surface and a water sealing layer is applied directly to the shotcrete surface.

Concept 5 consists of cast-in-place concrete sections directly against the rock surface or a layer that allows ground water drainage. A sealing layer is applied to the concrete surface.

Concept 6 combines concepts 1 and 4 but allows for the thickness of the steel plates to be reduced to about 1cm. High purity water will be inside the steel vessel. Lower purity water will be around the steel vessel and inside the shotcrete-liner vessel. The pressure will be slightly higher in the inner vessel to allow for net leakage from inside to outside. In this concept the steel vessel needs to be stainless steel because application of a sealing layer to outside surfaces of the steel vessel may not be possible. 

Other concepts are, of course, possible and will be solicited and investigated during the course of work.

In all concepts, the vessel floor is cast-in-place reinforced concrete. A sealing layer is applied to the floor. Method of joining and sealing the floor to the wall depends on type of wall construction.
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