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The Proton Driver injection absorber design effort investigated the design and construction of an internal absorber, which eliminated the need for costly civil construction. One way this was accomplished was to surround the graphite core with tungsten. The vertical centerline of the injection absorber is 27", the same as the MI. In the case of the Recycler, its elevation is 56" above the MI or 83 inches above the floor.  Figure 1 is a cartoon cross section of the tunnel region around MI-10 alcove. The nominal tunnel ceiling height is 8' (green dashed line) and in the alcove proper it is 9' (magenta line). The black line represents external of the concrete enclosure. The concrete thickness is indicated. The positions of the walls in the left hand side of figure 1 are not shown to scale
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Figure 1: Tunnel cross section cartoon showing the relative locations of the MI and Recycler in the tunnel.

The Proton Driver injection absorber centerline is at the same elevation as the Main Injector, 27 inches above the floor. This constrained the amount of shielding that could be installed under the absorber, which determines the star density in the soil around the sump drainpipes.  

The nominal distance from the Recycler centerline to the tunnel ceiling is 13 inches and inside the alcove it is 25 inches. However there are cable trays in the alcove, which may complicate utilizing the full 25" for shielding. The first option to evaluate will be to keep the elevation of the absorber at that of the Recycler and the plan view footprint the same as what was done for the injection absorber off the MI. Figure 2 shows the orientation of the injection absorber off the MI. 
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Figure 2: MARS model of the Proton Driver injection absorber, the surrounding tunnel, and the MI-10 crossover. 

Figure 3 shows the cross section of the absorber at the face of the graphite core (downstream of the tungsten throat).  Initially we should keep the horizontal dimensions close to what was used for the PD absorber. Since there is only 12" (and maybe 25") above the Recycler centerline to the ceiling, we note that from figure 3 the core box, Al jacket, and tungsten would take up the 12". Will this work not having anything above the tungsten?  We can then assume we have the full 25" where we relocate all the cable trays. Will this provide adequate shielding? The absorber could potentially sit on concrete blocks and the tungsten could be removed from the bottom and add more steel on the bottom. One could even envision having a dual core injection absorber with one core for the MI and the other for the Recycler.  So far, none of these options involve civil construction and the transport line to the absorber is very short. 

Alternative designs would have a vertical down bend from the recycler level in addition to the existing horizontal bend. This would require the absorber be shifted downstream and almost certainly require civil construction to enlarge the tunnel cross section downstream of the wide alcove.

As is discussed in Beams doc 3128 the number of protons/year to the absorber is calculated to be 5.57E20 protons/year. This assumes we send 10% of the design beam power (2.8E13 protons/sec) to the absorber for 5500 hrs/year. This is about a factor of 5.5 larger flux than the previous PD injection absorber.
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Figure 3: Cross section of PD injection absorber at the face of the graphite core.

At this stage of the design, we are trying to determine if we can put enough shielding in the tunnel to meet all of the radiological requirements discussed in Beams doc 3128. We will also be looking at how the absorber design would change if we allowed civil construction to widen the enclosure, but still keeping the absorber in the main MI enclosure. Further optimization would investigation of creating a separate injection absorber enclosure off the MI tunnel and a long transport line.  Ultimately, we will need to address the question of 2MW and what can/could be done in terms of absorber design and future upgrades.

I assume the beam pipe would probably be 3 inches in diameter and end in a vacuum window. There would be BPM and profile monitors in the beam line just prior to the face of the absorber. I also assume that the face of the core box is inside from the external steel/concrete/marble face with a collar of tungsten around the "throat".  See plan view in figure 2. We need to address any backscattering and potential activation of external components (magnets).

An initial set of basic questions and or features that we should address include:

1. The first assumption is that it must meet radiological requirements.

2. The absorber, core box, or window cannot be destroyed or the radiation level outside the enclosure cannot be excessive (need to define this value) under accident conditions. Accident conditions probably means full intensity pulse for some number of cycles (one to a few). In general the absorber will be protected with toroid, loss monitors, thermocouples and a beam permit system. If all these fail, the absorber should be able to handle full intensity with out being destroyed.

3. Does the core box need to be water-cooled? What is the capacity, flow, details?

4. Does the steel or tungsten need to be cooled?

5. What happens if the water-cooling trips off? How long can we operate and at what intensity?

6. What is the temperature profile? 

7. What are the maximum temperatures in the absorber and where?

8. Are there any issues in dissipating heat through the tungsten, iron, concrete?

9. What is steady state temperature (maximum and outside surface)?

10. Will the vacuum window withstand routine intensity and accident conditions?

11. Are there any airborne radiation issues?

12. Are there any thermo-mechanical issues, shock waves or stresses that we need to be concerned with?

The following is a list of suggested assumptions and calculations to get started.

1. Assume injection intensity is 5.6E13 at 5 Hz into the Recycler, 5.5E20/year.

2. Starting with the footprint of the Proton Driver make the absorber symmetrical with the dimensions of the wall side (figure 3). Keep longitudinal dimensions of the absorber the same.

3. Assume there are only 12 inches above the centerline to the ceiling to place shielding.  (What kind of shielding is required for the bottom?)

4. Perform a MARS calculation

a. What amount of shielding is required on the underneath (bottom side)?

b. How much protection does this amount of shielding give?

c. What is required to provide enough shielding to meet radiological requirements for nominal intensity.

d. Generate model that can be utilized in ANSYS

e. Generate energy deposition array or file using above intensity profile that can be fed into the ANSYS model.

f. Generate a longitudinal energy deposition profile on axis.

g. What is required to keep the peak energy deposition within the graphite core? Is this beneficial or necessary? Does it create a better solution?

5. Perform an ANSYS calculation

a. Using energy deposition data from MARS determine the temperature profiles (maximum, location, outside surface) and determine cooling requirements.
b. Utilize realistic assumptions for heat transfer/conductance between layers of absorber. 

c. Determine any thermo-mechanical issues

d. Determine if there are any shock wave issues.

6. Depending on the results of the first round of modeling, determine modifications for the second round on modeling. Is placing the absorber in the tunnel a non- starter? Can we solve the issues by adding additional shielding in the 8 to 9 ft region of the tunnel?  Can shielding be added outside the tunnel on the roof structure? Do we need to bend the beam down? Agree on second round modifications to the model. Repeat steps 4 and 5.

7. Once FESS can evaluate the civil construction issues with widening the tunnel or creating a separate injection absorber enclosure, we will re-evaluate absorber design.

8. Eventually, we need to understand what would be required to handle 200 kW into the absorber.
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