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There are several alternative strategies for siting the FIRE project.  The FIRE design process has been based on the assumption that the experiment will be sited at a new, undeveloped location  - a “greenfield” site.  However, it is also possible that the project could be sited at an existing research establishment, where it could utilize existing equipment, infrastructure, and facilities.  To aid the process of site identification and evaluation, this document identifies the features and parameters that the site must provided.  These parameters are defined as site requirements.  A second set of parameters is also identified.  The second set identifies assumed site conditions and parameters that can be used for design purposes.  These design assumptions may be superceded when an actual site is selected. 

The following key criteria are expected to be important to the process of selecting a site for FIRE:

· Availability of land.  Since FIRE will be a licensed nuclear facility, it will be necessary for the operating organization to be able to control land use within a distance of 500 to 1000 meters from the tokamak building.  This exclusion distance is related to the analysis of radiation release events, and suitability of the site for a nuclear facility.

· Access to electrical power.   FIRE will require large pulses of input power on the order of 1000 800 megawatts for periods at least as long as the plasma pulse plus the ramp-up time of roughly 20 seconds (total up to 16 Gigajoules), repeated once per hour.  If an otherwise good site does not have a sufficient electrical supply, some form of supplemental power energy storage could be considered, with sufficient energy storage to shave the power peaks and/or supply the base power for periods up to 20 seconds.  However, the high power demand and relatively long pulse could require total energy storage on the order of 20 gigajoules.  

· Access to industrial infrastructure.   Supply of construction labor and material, transportation for the delivery of tokamak and other large components, and the availability of industrial commodities such as liquid nitrogen will be factors, which could effect the cost and schedule.  

· Ability to transport radioactive materials. It must be acceptable to the surrounding community that the FIRE facilities receive shipments of tritium and issue shipments of encapsulated radioactive waste.  

· Access to amenities for FIRE staff.  The scientists, engineers, and technicians who build and operate FIRE will require adequate schools, health care, and community infrastructure.  

2.0 Compulsory Requirements 

Land Area





Facility Area – dedicated to FIRE use for 20 years
87,000
m2
Based on Fig. 1 - attached


Construction Laydown Area – dedicated for 10 years
50,000
m2



Area for Adjacent Liquid Nitrogen Plant – dedicated for 20 years
5,500
m2



Exclusion Area – required for nuclear licensing (may vary with site meteorological conditions – based on 400 m radius)
500,000
m2


Geotechnical Conditions





Soil Load Bearing Capacity 
20
t/m2
See Note 1


Soil-structure seismic interaction:
No possibility of liquefaction

Compulsory Requirements, continued:

Water Supply (excluding heat rejection)


Factored from ITER


Peak requirements (over 24 hours)
2500
m3/d



Average requirements
250
m3/d


Heat Dissipation





Peak requirement (during plasma shot) 
216
MWt
See Note 2


Average requirements (based on 20 shots/week)
11
MWt


Electrical Supply





Peak real power load (during plasma shot for 20 seconds once per hour)
800
MWe
See Note 3


Total Maximum magnet plus aux. heating energy absorbed per plasma shot
14.5 16
GJ



FIRE house load (continuous after startup)
8 10
MWe



Minimum liquid nitrogen plant load (continuous after startup)
2
MWe
See Note 4

Site Infrastructure





Site sanitary waste discharge
Sufficient for 750 persons


Site industrial sewage discharge
150
m3/d
Factored from ITER


Component shipping envelope
4.75 x 2.5 x 3.75(h)
m
Based on ¼ vacuum vessel sector


Component shipping weight limit
40
t
Based on 1 TF coil

3.0 Site Design Assumptions
Land and Geotechnicl Characteristics





Groundwater Elevation
-4
m



Site Topology – Balanced (onsite excavation spoils disposition



Bedrock location – Below excavations (no blasting required)



Design Basis Earthquake – (SL2 85th (/ile, 10,000 yr return)
0.4
g
Based on ITER


Design Basis Earthquake (SL2 -  50th (/ile, 10,000 yr return):
0.2
g
Based on ITER


Design Basis Earthquake (SL1 -  50th (/ile, 100 yr return)
0.1
g
Based on ITER


Maximum site elevation (above sea level)
500
m


Meteorology 


Based on ITER


Maximum horizontal wind (10 m above grade)
200
km/hr



Maximum temperature (1 hour):
35
Deg C



Maximum temperature (24 hours):
30
Deg C



Minimum temperature (1 hour)
-30
Deg C 



Minimum temperature (24 hours)
-20
Deg C



Maximum relative humidity (24 hours)
95
%



Maximum relative humidity (30 days)
90
%



Maximum snow load
150
kg/m2



Maximum rainfall (1 hour)
5
cm



Maximum rainfall (24 hours)
20
cm



Worst air pollution (IEC71-2)
Level 3



Notes:

1. The conditions at the site may require features such as piling, soil grouting, caissons, or similar augmentation in order to meet this requirement.

2. Heat deposited in the divertor is assumed to be 70% of the heat generated in the plasma (Pfus +PICRF).  Peak heat rejection is equal to the divertor heat load plus the continuous average heat load.  Vacuum vessel coolant is assumed to be allowed to rise in temperature during the pulse, as are the magnets.

3. The peak real power required is 800 MWe.  The power factor for this load is very unfavorable highly variable during the pulse,  and it is likely anticipated that a significant amount (200 – 400 MVAR) of controlled reactive power compensation will be required have to be provided by FIRE for this such that the net load to be the net load is acceptable to the supplying utility.  Some or part of this entire real power load could be supplied by on-site energy storage systems (e.g. motor generators such as used at TFTR).

4.
The magnet cooling system uses liquid nitrogen.  Assuming a maximum of 20 shots per week, the liquid nitrogen system must be capable of dissipating the energy deposited in the magnets (13.78 GJ/shot).  However, the LN2 system is assumed to operate continuously.  The minimum capacity needed for the LN2 is therefore 455 kW.  The efficiency of the liquefaction process is approximately 25%; therefore the electrical load is approximately 2 MWe.  It is likely that a larger plant will be used, and LN2 not required by FIRE will be sold commercially.
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