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Introduction

The DTL tanks 4-6 and CCL modules 1-3 will be commissioned by accelerating the H- beam, delivered by the ion source and the front end system from 2.5 MeV to 157 MeV in the CCL module 3. During commissioning DTL tank 6, CCL modules 1-3 the accelerated beam will be finally terminated in an water cooled copper temporary beam stop (TBS). The CCL module 3 has the highest commissioning parameters: 20mA unchopped beam at 1Hz, 50us; 157 MeV (which corresponds to the 1 A time-averaged beam current), which will introduce 157 W of beam power on the beam stop. It is possible that for a short time CCL module 3 will be commissioned with 2 A time averaged beam current. 
The commissioning shielding envelope was designed for the case with the highest commissioning parameters (H- beam at 157 MeV and 2 A time averaged beam current), the CCL module 3 commissioning. The radiation fields during DTL tank 6 and CCL modules 1-2 commissioning were estimated as well inside the shielding enclosure. The studies for the residual induced radiation were performed only for CCL module 3 commissioning.

Methodology and Sources

Full three-dimensional Monte Carlo calculations were performed applying the MCNPX1 code version 2.4.0. The MCNPX code simulates the particle transport of hadrons, continuous energy loss of charged particles in matter, elastic and nonelastic hadron interactions, secondary particle generation (here mainly gammas and neutrons) and their transport. Dose equivalent rates were tallied by folding neutron and gamma fluxes with flux-to-dose conversion coefficients, which were taken from the HILO2K neutron/gamma multi cross section library2. Results are presented mostly by color dose rates map, which obtained using the mesh tally feature.
Residual calculations are performed by feeding reaction rates above 20 MeV and neutron fluxes below 20 MeV in each accelerator structure in to Activation Analyses System3 (AAS). AAS folds neutron fluxes below 20 MeV with the FENDL-based neutron production-rate cross sections for each nuclide in each material and combines with reaction rates above 20 MeV. These total production rates are then fed into the ORIHET code. The ORIHET code uses these total production rates, as well as internal decay constants, for the final ORIHET buildup/decay calculations. This code produces isotope concentration tables and other data tables including gamma spectra and gamma power in the multi-group structure of the DABL69 and HILO libraries, which are used as sources for MCNPX residual transport calculation.
Source terms
Table 1 shows beam commissioning parameters corresponding to the each structure commissioned in to TBS.
Table 1. Source terms for commissioning parameters corresponding to the each structure commissioned in to TBS

	Structure
	Energy, MeV
	Time averaged current, uA
	Beam power, protons/s
	Total operational time, h

	DTL tank6
	87
	2
	1.248e13
	10

	CCL module 1
	107
	2
	1.248e13
	8

	CCL module 2
	131
	2
	1.248e13
	8

	CCL module 3
	157
	2
	1.248e13
	28


Table 2 shows neutron and gamma yields for beam energies corresponding to the each structure commissioned in to TBS

Table 2: Neutron and gamma yields for beam energies and target materials studied for DTL tank 3 commissioning. corresponding to the each structure commissioned in to TBS

	
	Particle Yield per Incident Proton

	Beam energy (MeV)
	Neutrons
	Gammas

	87
	0.19
	0.38

	103
	0.28
	0.54

	131
	0.41
	0.74

	157
	0.59
	1.01


Geometry models
Linac geometry model is described in details in the earlier studies4. Figures 1 and 2 show linac geometry, which includes front end building, DTL section, and CCL section with the TBS (Fig.2) located in the end of CCL section – downstream module 4. TBS is made from four 1-cm-thick copper plates.  One plate is slanted and water cooled. This plat anticipates the H- beam.
After the CCL section, SCL section begins, which has two helium horizontal transfer lines, which are located 90 cm below beam centerline, near the tunnel south wall. Even more in some locations there are vertical lines over the horizontal helium transfer lines (Fig. 4). The design and location of shielding wall should be performed taking into account these lines because they introduce the void zones in the shielding. The vertical piping limits the wall thickness inside the tunnel to 2.5 meters (space, where there are no vertical tubes).
The strategy for down stream shielding design for TBS was to shield as much as possible TBS and, then, taking into account helium transfer lines to design two consequent traverse walls, which will reduce the dose rate below 0.25 mrem/h behind the shielding. Concrete was used as a shielding material for both TBS shielding and shielding walls.

Figire 3 and 4 shows the downstream shielding geometry for the beam stop. The concrete bricks 10.16x10.16x20.32 were used for this purpose. The beam stop is surrounded by:

- 5 layers of bricks from the bottom and north side;
- 4 layers of bricks on the top;

- 3 layers of bricks on the south, amount of layers restricted by vertical tubing;

- 5 layers of bricks downstream.

First shielding wall is 200-cm-thick, second shielding wall is 240-cm –thick. In order to shield the radiation streaming trough horizontal transfer lines, down stream the second shielding wall they are shielded by 2 layers of bricks on the south side and on the top up to tunnel north wall.
During the shielding design wall it was decided to transfer shielding from 2 traverse completely closing tunnel wall to the 3 walls shielding maze. The calculation including 3 walls labyrinth was performed according geometry presented on Figure 5. Some inside tunnel dimensions were updated according taken from the tunnel sizes.
Resilts

Prompt radiation, beam commissioned at 157 MeV
Figures 6 – 8 show the neutron dose rate map for the 2 walls design. Figures 9 – 14 show the neutron and gammas dose rates map for the 3 walls maze. The neutron dose rates 50-100 times higher than the gammas dose rates. Table 3 presents the neutron dose rates in some locations inside the tunnel.

Table 3. Neutron dose rates in some locations inside the tunnel, mrem/h
	On the north beam stop shielding
	On the south beam stop shielding
	Between beam stop shielding and north wall
	After first column between column and wall
	After first column between column and wall
	After first column between column and wall
	After first column in the middle

	56000
	600000
	20000
	800
	70
	0.18
	0.1


Residual radiation

Figures 15–23 show residual gammas dose rates map inside the shielding enclosure 1 hour, 4 hours, 1 day and 5 days following 28 hours of the operation. Figures 17 and 18 show the residual dose rates only due to activated ccl modules. There are possible higher spots, because the ccl segments are activated not even. The portion of the ccl segment faced the TBS will by more activated than upstream portion. This could lead to some spots with higher residual gamma dose rates with in factor of 5.
Table 4 show the residual dose rates on the side of the beam stop shielding and in the tunnel between the beam stop shielding and tunnel north wall.

Figure 24 shows residual dose rates map inside the shielding enclosure due to activated concrete tunnel and shielding walls 1 hour and 3days following 28 hours of the operation.
Table 4 Residual dose rates in some location, mrem/h

	Position
	Decay time, hours

	
	1
	4
	12
	24
	72
(3 days)
	120

(5 days)

	Between beam stop and the north wall
	55
	46
	28
	18
	2
	0.2

	Between beam stop and the north wall, due to concrete walls
	20
	
	
	
	0.7
	

	On the side of the beam stop - contact
	280
	250
	165
	94
	15
	1.2


Prompt radiation, beam commissioned at 87, 107 131 MeV
As a part of commissioning plan DTL tank 6 and CCL modules 1 and 2 will be commissioned as well in to temporary beam stop. H- beam has lower energy, than during CCL module 3 commissioning. So, designed shielding envelop will be appropriate for DTL tank 6 and CCL modules 1 and 2 commissioning.
Figures 25 – 36 show dose rate inside the enclosure during DTL tank 6 and CCL modules 1 and 2 commissioning.
Beam stop activation
Copper beam stop, which will anticipate the commissioning beam, will be heavily activated. According to the commissioning plan four commissioning cycles will be performed into copper TBS: DTL tank 6, CCL modules 1-3. The activation analyses were performed taking into account influence of each commissioning cycle over TBS activation. Table 5 shows the gamma power after 5 days cooling down in the copper beam stop for different beam operation time for the cycle with highest energy and for different cycles (structure commissioned into TBS).
Table 5. Gamma power in the copper beam stop

	
	157MeV beam  for 200 hours 
	157MeV beam  for 28 hours 
	87, 107, 131, 157 MeV beam 10, 8, 8, 28 hours correspondingly

	Gamma power, gammas/s
	1.85E+10
	2.92E+09
	3.67E+09


Analyses shows, that lower cycles makes 25% increase in residual gammas to the cycle with the highest beam energy. Consequently, for further analyses only the highest cycle could be considered.
Residual gammas in the copper are mostly due to Co56 (70 days half life), Co58 (70 days half life) and Mn52 (5.5 days half life), after short living isotopes are gone.
Set of analyses was performed to evaluate shielding from TBS residual gammas after 5 days of cooling down time taking into account all commissioning cycles with 2 microA time averaged beam current. Following models were considered:
1. Unshielded beam stop

2. Beam stop shielded by 1 layer of concrete (20 cm)

3. Beam stop shielded by 1 layer of concrete (20 cm) following by 6 cm-thick steel layer

4. Beam stop shielded by 2 layer of concrete (20 cm)

Table 6. Dose rate at some locations for TBS different shielding configurations.
	Models
	Detector position

	
	1
	2
	3
	4
	5

	No shielding
	140
	57
	31
	140
	57

	Only activated table
	
	
	
	2.5
	1.5

	No shielding
	140
	57
	31
	140
	57

	One layer not activated concrete
	14
	5.7
	3.1
	
	

	Two layers not activated concrete
	17
	0.5
	0.3
	
	

	One layer activated concrete
	52
	19
	10
	17
	15

	One layer activated second layer not activated concrete
	60
	3
	2
	14
	3

	Two layers activated concrete
	73
	13
	6
	
	

	One layer activated concrete second layer steel
	57
	3.8
	2
	12
	2


Figures 39 -40 show the dose rate map for some shielding configurations.
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Figure 1. Geometry model for commissioning into TBS.
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Figure 2. Geometry model for TBS.
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[image: image3]
Figure 3. Geometry model for downstream TBS shielding, horizontal section at beam level.
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[image: image4]
Figure 4. Geometry model for downstream TBS shielding, horizontal section at helium transfer lines level.


[image: image5]
Figure 5. Geometry model for downstream TBS shielding maze, horizontal section at beam line level.
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Figure 6. Neutron dose rates map, horizontal section through transfer lines
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Figure 7. Gammas dose rates map, horizontal section through transfer lines
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Figure 8. Neutron dose rates map, vertical section through beam center line
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Figure 9. Neutron dose rates map, horizontal section through the beam center line
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Figure 10. Neutron dose rates map, horizontal section through the transfer lines
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Figure 11. Neutron dose rates map, vertical section through the beam center line
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Figure 12. Gammas dose rates map, horizontal section through the beam center line
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Figure 13. Gammas dose rates map, horizontal section through the transfer lines
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Figure 14. Gammas dose rates map, vertical section through the beam center line
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Figure 15. Residual dose rates inside the tunnel 1 hour after beam termination following 28 hours of operation, horizontal section through the beam center line.
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Figure 16. Residual dose rates inside the tunnel 1 hour after beam termination following 28 hours of operation, vertical section through the beam center line.
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Figure 17. Residual dose rates due to activated ccl structures inside the tunnel 1 hour after beam termination following 28 hours of operation, horizontal section through the beam center line.
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Figure 18. Residual dose rates due to activated ccl structures inside the tunnel 1 hour after beam termination following 28 hours of operation, vertical section through the beam center line. 
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Figure 19. Residual dose rates inside the tunnel 4 hours after beam termination following 28 hours of operation, horizontal section through the beam center line.
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Figure 20. Residual dose rates inside the tunnel 4 hours after beam termination following 28 hours of operation, horizontal section through the beam center line.
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Figure 21. Residual dose rates inside the tunnel 1 day after beam termination following 28 hours of operation, horizontal section through the beam center line.
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Figure 22. Residual dose rates inside the tunnel 1 day after beam termination following 28 hours of operation, vertical section through the beam center line.
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Figure 23. Residual dose rates inside the tunnel 5 days after beam termination following 28 hours of operation, horizontal section through the beam center line.
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Figure 23. Residual dose rates inside the tunnel 5 days after beam termination following 28 hours of operation, vertical section through the beam center line.
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Figure 24. Residual dose rates due to activated concrete walls and shielding wall inside the tunnel 1 hours and 3 days after beam termination following 28 hours of operation, horizontal section through the beam center line.
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Figure 25. Neutron dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 131MeV, horizontal section at helium transfer lines level.
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Figure 26. Neutron dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 131MeV, vertical section at beam line level.
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Figure 27. Gammas dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 131MeV, horizontal section at helium transfer lines level.
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Figure 28. Gammas dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 131MeV, vertical section at beam line level.
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Figure 29. Neutron dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 107MeV, horizontal section at helium transfer lines level.
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Figure 30. Neutron dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 107MeV, vertical section at beam line level.
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Figure 31. Gammas dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 107MeV, horizontal section at helium transfer lines level.
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Figure 32. Gammas dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 107MeV, vertical section at beam lines level.
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Figure 33. Neutron dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 87MeV, horizontal section at helium transfer lines level.
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Figure 34. Neutron dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 87MeV, vertical section at beam line level.
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Figure 35. Gammas dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 87MeV, horizontal section at helium transfer lines level.
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Figure 36. Gammas dose rate inside the shielding enclosure, when beam stop anticipates H- beam at 87MeV, vertical section at beam line level.
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Figure 37. Vertical traverse TBS section for different shielding design.
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Figure 38. Residual gamma dose rate map after 5 days of cooling down, when TBS has first activated and second not activated concrete layers, vertical along beam line, vertical traverse and horizontal trough beam line sections
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Figure 39. Residual gamma dose rate map after 5 days of cooling down, when TBS has first activated and second not activated steel layers, vertical along beam line, vertical traverse and horizontal trough beam line sections
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Figure 40. Residual gamma dose rate map after 5 days of cooling down, when TBS has first and second activated concrete layers, vertical along beam line, vertical traverse and horizontal trough beam line sections
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