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SNS DTL4-6 and CCL1-3 Fault Study Plan

This document details the fault study plan for DTL4-6 and CCL1-3 during the commissioning phase planned for September 2004. The studies are limited to unchopped beam. The layout of the facility is given in section 1. The outline of the fault study plan is laid out in section 2, including the goals and a general method for achieving them. Section 3 is a more detailed plan, each subsection viewed as a plan for each fault outlined in section 2.

1 Layout

Figure 1 shows the top view layout of the FE-DTL1-6, CCL1-4.  

The FE-DTL1-3 area may be divided into three zones: Zone 1 covers the FE control room and the FE portion of the beam line (i.e. Ion source, LEBT, RFQ and MEBT). Zone 2 covers the DTL and CCLL enclosure, including the labyrinth to it from the FE control room. Zone 3 is the linac tunnel downstream of the DTL-CCL enclosure. 

2 Fault Study Plan

2.1 Goals

The fault study goals are:
(a) Establish routine dose rates outside shielding

(b) Measure the dose at various points outside the DTL-CCL enclosure area while controlled faults are occurring, in order to determine the optimal location of interlocked area radiation monitors (Chipmunks), the attenuation achieved by radiation shielding and the labyrinth, and the maximum fault dose rates at all penetrations

(c) Estimate the quality factor of neutrons to be used to set the Chipmunks.

(d) Measure beam transmission to the beam stop while controlled faults are occurring in order to assess the accuracy of beam transmission predictions under abnormal conditions.
2.2 Method

(a) Routine dose rates:

           1. For an initial nominal beam going into the MEBT beam stop, record all
               chipmunk readings and check dose rates near this beam stop.
           2. Accelerate the beam up to 7.5 MeV and transport it into the EDFC1 
                , record all chipmunk readings and check doses in the locations  
                i.-vi. as marked below and check dose rates near this beam stop with remote

                readout.

      3. Accelerate the beam up to 23 MeV and transport it into the 

                EDFC2, record all chipmunk readings and check doses in the locations  

                i.-vi. as marked below and check dose rates near this beam stop with remote

                readout.

             4. Accelerate the beam up to 40 MeV and transport it into the 

                EDFC3, record all chipmunk readings and check doses in the locations  

                i.-vi. as marked below and check dose rates near this beam stop with remote

                readout.


       5. Accelerate the beam up to 57 MeV and transport it into the 

                EDFC4, record all chipmunk readings and check doses in the locations  

                i.-vi. as marked below and check dose rates near this beam stop with remote

                readout.

             6. Accelerate the beam up to 73 MeV and transport it into the 

                EDFC5, record all chipmunk readings and check doses in the locations  

                i.-vi. as marked below and check dose rates near this beam stop with remote

                readout.

             7. Accelerate the beam up to 86 MeV and transport it into the 

        EDFC6, record all chipmunk readings and check doses in the locations

                i.-vi. as marked below and check dose rates near this beam stop with remote

                readout.
             8. Transport 86 MeV beam into the beam stop, record all chipmunk readings
                  and check doses in the locations i.-vi. as marked below and check dose
                  rates near this beam stop with remote readout.

            9. Accelerate the beam up to 107 MeV into the beam stop, record all    

                 chipmunk readings and check doses in the locations i.-vi. as marked below

                 and check dose rates near this beam stop with remote readout.

            10. Accelerate the beam up to 131 MeV into the beam stop, record all    

                 chipmunk readings and check doses in the locations i.-vi. as marked below

                 and check dose rates near this beam stop with remote readout.

            11. Accelerate the beam up to 157 MeV into the beam stop, record all    

                 chipmunk readings and check doses in the locations i.-vi. as marked below

                 and check dose rates near this beam stop with remote readout.

(i) at the shield wall west of the DTL-CCL enclosure; 

(ii) outside the North wall of the labyrinth; 
(iii) in the linac tunnel downstream of the DTL-CCL enclosure; 
(iv) near the penetrations south of the DTL-CCL enclosure; 
(v)  in the Klystron building near the DTL and CCL penetrations; 
(vi)  on the mezzanine near the alignment penetration.
       Note that for later studies (e.g. at different repetition rates and pulse lengths),
       dose rate estimates may be obtained by scaling these measurements.

(b) Create the 2 faults listed below and check doses in corresponding locations:

1. Beam of ~40MeV on the walls of CCL1 by switching off RF power to DTL tank#4. Survey at locations as listed under 2.2 (a) , record all chipmunk readings and the current to the beamstop.
(c) Each of the (non-automated) radiation measurements described above will be carried out by an RCT using approved, calibrated instrumentation capable of detecting neutrons and photons.  Instruments approved for measurements of this type at ORNL include a Remball with integrating electronics and/or an analog Snoopy for neutrons, and an RO-20 for photons.  All of these instruments have been shown (by comparison with TLDs and the Health Physics Instrument model HPI1030) to have acceptable accuracy in the pulsed fields found at SNS.  In addition, the ORNL-approved Bicron Microrem will be compared to other instruments to confirm that it is accurate in the pulsed fields found at SNS.  The REM500 neutron spectrometer will be used to directly measure quality factors any time the neutron flux in an occupied area is sufficient for use of that instrument.  A more elaborate set various-sized Bonner spheres is available for neutron spectroscopy measurements if the neutron dose rate in an occupied area is sufficient and stable.  A Chipmunk and a commercial version of the Chipmunk radiation monitor will be used to monitor radiation fields inside the DTL-CCL enclosure – both have been shown to compare favorably with HPI1030 measurements in the pulsed fields found at SNS.
2.3    Chipmunks Locations

A total of six chipmunks are currently positioned in the following locations :

· Between Ion Source and FE control room (#100).

· Just north of the MEBT (#101).

· South of the DTL shield wall (#102).

· Just east of the downstream PPS gate (#103).

· Up in the mezzanine above the DTL1-3 enclosure (#105).

· In the klystron gallery near the penetration (#104)

3 Fault Studies Step-By-Step

In this section the different fault studies are detailed one by one. The expected dose rates, in mrem/hour, at various key locations are listed for each fault mode. Some other faults were considered but didn’t qualify for fault study because resulting beam losses are insignificant or loss pattern is similar to the scenarios in the plan (e.g. with MEBT steerers, which according to simulations cause beam loss of less than 4% in the DTL1-DTL2-DTL3 area). All fault studies will be conducted under MPS protection. Fault studies other than those found in this chapter will be prompted if needed, as set out in SNS-OPM 2.H-16 (Fault Study Procedure for Primary and Secondary Beam Areas). Expected distribution of lost particles along the beam line used in radiation field calculations is listed in the Appendix. 
(a) Routine dose rates:

           1. For an initial nominal beam (2.5 MeV, 20 mA, 50 microsec, 1 Hz) going 

into the MEBT beam stop, record all chipmunk readings and the current to   the beamstop, check dose 

               rates near this beam stop.
               Expected dose rate estimates (mrem/hour):

	Location
	neutron
	Gamma

	30 cm from beam stop
	0.135
	0.0025

	100 cm from beam stop
	0.012
	<0.001


           2. Accelerate the beam under 3 (a) 1. up to 7.5 MeV and transport it into the
               EDFC1, record all chipmunk readings and the current to the beamstop, 
               check dose rates in the locations i.-vi. as marked under 2.2 (a). Measure 
               near beam stop using remote readout. Locations L1 through L4 are shown 
               in figure 1.
               Expected dose rate estimates (mrem/hour):
	Location (inside enclosure)
	Neutron
	Gamma

	North of beam stop, against poly
	0.2
	0.5

	South of beam stop, against poly
	0.2
	0.5

	Above beam stop, on top of poly
	0.2
	0.5

	L1
	0.7
	1.8

	L2
	0.03
	0.1

	L3
	0.01
	0.03

	L4
	0.001
	0.004


               Expected dose rate estimates (mrem/hour):

	Location (outside enclosure)
	neutron
	Gamma

	i.
	<0.1
	<0.1

	ii.
	<0.1
	<0.1

	iii.
	<0.1
	<0.1

	iv.
	<0.1
	<0.1

	v.
	<0.1
	<0.1

	vi.
	<0.1
	<0.1


              3. Accelerate the beam under 3 (a) 1. up to 22 MeV and transport it into the

               EDFC2, record all chipmunk readings and the current to the beamstop,
               check dose rates in the 

               locations i.-vi. as marked under 2.2 (a). Measure near beam stop

               using remote readout. Locations L1 through L4 are shown in figure 1.

               Expected dose rate estimates (mrem/hour):

	Location (inside enclosure)
	Neutron
	Gamma

	North of beam stop, against poly
	4-10
	0.3-0.8

	South of beam stop, against poly
	4-10
	0.3-0.8

	Above beam stop, on top of poly
	2-6
	0.5

	L1
	40
	5-8

	L2
	1-2
	0.1-0.4

	L3
	1.5-5
	0.5-2

	L4
	0.2
	0.02


               Expected dose rate estimates (mrem/hour):

	Location (outside enclosure)
	neutron
	Gamma

	i.
	0.001-0.03
	0.08

	ii.
	0.001-0.013
	0.005-0.02

	iii.
	0.01
	0.002

	iv.
	0.1-0.25
	0.025

	v.
	<0.001
	-

	vi.
	0.01-0.15
	0.02-0.15


              4. Accelerate the beam under 3 (a) 1. up to 40 MeV and transport it into the

               EDFC3, record all chipmunk readings and the current to the beamstop, 
               check dose rates in the locations i.-vi. as marked under 2.2 (a). Measure near
               beam stop using remote readout. Locations L1 through L4 are shown in
               Figure 1.

               Expected dose rate estimates (mrem/hour):

	Location (inside enclosure)
	Neutron
	Gamma

	North of beam stop, against poly
	150-300
	20-200

	South of beam stop, against poly
	100-220
	20-200

	Above beam stop, on top of poly
	150-400
	20-200

	L1
	15-25
	1.2-2.0

	L2
	2
	0.2

	L3
	0.3-0.5
	0.1

	L4
	0.05
	0.01


               Expected dose rate estimates (mrem/hour):

	Location (outside enclosure)
	neutron
	Gamma

	i.
	0.02-0.1
	0.01-0.06

	ii.
	0.001-0.01
	0.001

	iii.
	0.15
	0.025

	iv.
	0.05-0.1
	0.01-0.025

	v.
	0.03
	-

	vi.
	0.02-0.1
	0.01-0.04


5. Accelerate the beam under 3 (a) 1. up to 57 MeV and transport it into the

               EDFC4, record all chipmunk readings and the current to the beamstop, 

               check dose rates in the locations i.-vi. as marked under 2.2 (a). Measure near

               beam stop using remote readout. Locations L1 through L4 are shown in

               Figure 1.

               Expected dose rate estimates (mrem/hour):

	Location (outside enclosure)
	neutron
	Gamma

	i.
	<0.25
	<0.25

	ii.
	<0.25
	<0.25

	iii.
	<0.25
	<0.25

	iv.
	<0.25
	<0.25

	v.
	8
	<0.25

	vi.
	<0.25
	<0.25


6. Accelerate the beam under 3 (a) 1. up to 73 MeV and transport it into the

               EDFC5, record all chipmunk readings and the current to the beamstop, 

               check dose rates in the locations i.-vi. as marked under 2.2 (a). Measure near

               beam stop using remote readout. Locations L1 through L4 are shown in

               Figure 1.

               Expected dose rate estimates (mrem/hour):

	Location (inside enclosure)
	Neutron
	Gamma

	L1
	30
	2

	L2
	2
	<0.25

	L3
	1
	<0.25

	L4
	<0.25
	<0.25


               Expected dose rate estimates (mrem/hour):

	Location (outside enclosure)
	neutron
	Gamma

	i.
	<0.25
	<0.25

	ii.
	<0.25
	<0.25

	iii.
	<0.25
	<0.25

	iv.
	<0.25
	<0.25

	v.
	45
	5

	vi.
	<0.25
	<0.25


7. Accelerate the beam under 3 (a) 1. up to 86 MeV and transport it into the

               EDFC6, record all chipmunk readings and the current to the beamstop, 

               check dose rates in the locations i.-vi. as marked under 2.2 (a). Measure near

               beam stop using remote readout. Locations L1 through L4 are shown in

               Figure 1.

               Expected dose rate estimates (mrem/hour):

	Location (inside enclosure)
	Neutron
	Gamma

	L1
	7
	1

	L2
	0.25
	<0.25

	L3
	<0.25
	<0.25

	L4
	<0.25
	<0.25


               Expected dose rate estimates (mrem/hour):

	Location (outside enclosure)
	neutron
	Gamma

	i.
	2
	<0.25

	ii.
	<0.25
	<0.25

	iii.
	<0.25
	<0.25

	iv.
	<0.25
	<0.25

	v.
	50-120
	4

	vi.
	<0.25
	<0.25


8. Transport the beam under 3 (a) 1. at 86 MeV into the beam stop,

               record all chipmunk readings and the current to the beamstop, 

               check dose rates in the locations i.-vi. as marked under 2.2 (a). Measure near

               beam stop using remote readout. Locations L1 through L4 are shown in

               Figure 1.

               Expected dose rate estimates (mrem/hour):

	Location (inside enclosure)
	Neutron
	Gamma

	North of beam stop, against poly
	7000
	1300

	South of beam stop, against poly
	17000
	21000

	Above beam stop, on top of poly
	32000
	6000

	L1
	
	

	L2
	
	

	L3
	<0.25
	<0.25

	L4
	<0.25
	<0.25


               Expected dose rate estimates (mrem/hour):

	Location (outside enclosure)
	neutron
	Gamma

	i.
	<0.25
	<0.25

	ii.
	<0.25
	<0.25

	iii.
	<0.25
	<0.25

	iv.
	<0.25
	<0.25

	v.
	<0.25
	<0.25

	vi.
	<0.25
	<0.25


9. Accelerate the beam under 3 (a) 1. up to 107 MeV into the beam stop,

               record all chipmunk readings and the current to the beamstop, 

               check dose rates in the locations i.-vi. as marked under 2.2 (a). Measure near

               beam stop using remote readout. Locations L1 through L4 are shown in

               Figure 1.

               Expected dose rate estimates (mrem/hour):

	Location (inside enclosure)
	Neutron
	Gamma

	North of beam stop, against poly
	15500
	2100

	South of beam stop, against poly
	300000
	35000

	Above beam stop, on top of poly
	67000
	9000


               Expected dose rate estimates (mrem/hour):

	Location (outside enclosure)
	neutron
	Gamma

	i.
	<0.25
	<0.25

	ii.
	<0.25
	<0.25

	iii.
	<0.25
	<0.25

	iv.
	<0.25
	<0.25

	v.
	<0.25
	<0.25

	vi.
	<0.25
	<0.25


10. Accelerate the beam under 3 (a) 1. up to 131 MeV into the beam stop,

                record all chipmunk readings and the current to the beamstop, 

               check dose rates in the locations i.-vi. as marked under 2.2 (a). Measure near

               beam stop using remote readout. Locations L1 through L4 are shown in

               Figure 1.

               Expected dose rate estimates (mrem/hour):

	Location (inside enclosure)
	Neutron
	Gamma

	North of beam stop, against poly
	30000
	3300

	South of beam stop, against poly
	520000
	54000

	Above beam stop, on top of poly
	131000
	13500


               Expected dose rate estimates (mrem/hour):

	Location (outside enclosure)
	neutron
	Gamma

	i.
	<0.25
	<0.25

	ii.
	<0.25
	<0.25

	iii.
	<0.25
	<0.25

	iv.
	<0.25
	<0.25

	v.
	<0.25
	<0.25

	vi.
	<0.25
	<0.25


11. Accelerate the beam under 3 (a) 1. up to 157 MeV into the beam stop,

               record all chipmunk readings and the current to the beamstop, 

               check dose rates in the locations i.-vi. as marked under 2.2 (a). Measure near

               beam stop using remote readout. Locations L1 through L4 are shown in

               Figure 1.

               Expected dose rate estimates (mrem/hour):

	Location (inside enclosure)
	Neutron
	Gamma

	North of beam stop, against poly
	70000
	5000

	South of beam stop, against poly
	500000
	81000

	Above beam stop, on top of poly
	180000
	20000


               Expected dose rate estimates (mrem/hour):

	Location (outside enclosure)
	neutron
	Gamma

	i.
	<0.25
	<0.25

	ii.
	<0.25
	<0.25

	iii.
	<0.25
	<0.25

	iv.
	<0.25
	<0.25

	v.
	<0.25
	<0.25

	vi.
	<0.25
	<0.25


(b) Using beam under 3 (a) perform the following fault studies:
1. Beam of ~40MeV on the walls of CCL1 by switching off RF power to DTL tank#4. Survey at locations as listed under 2.2 (a) , record all chipmunk readings and the current to the beamstop. Survey along the DTL-CCL using remote read-out.

No measurable dose rates expected outside the DTL-CCL enclosure.
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Figure 1 Layout of the FE-DTL1-CCL beam line. 
                                                  Appendix.
Distribution of lost particles along the beam line for the fault scenario was calculated using PARMILA particle tracking code. Longitudinal coordinate, energy and deposited power at point of loss is shown in the table below.

  z [cm]
    Energy [MeV]
Power [W]


fault #1



  3.4438898e+003  3.9138000e+001  3.4554123e-003

  3.5001128e+003  3.9462300e+001  6.4454815e-002

  3.5282566e+003  3.9160700e+001  8.6435410e-004

  3.6706324e+003  3.9244600e+001  3.7246856e-002

  3.6994329e+003  3.9399300e+001  8.6962048e-004

  3.8450145e+003  3.9283500e+001  2.6011936e-002

  3.9333686e+003  3.9618600e+001  3.2704836e-001

  4.0219471e+003  3.9625700e+001  3.7608556e-002

  4.0246464e+003  3.9149800e+001  1.9874611e-002

  4.0331764e+003  3.9149800e+001  7.9498444e-002

  4.0542618e+003  3.9149900e+001  3.6120037e-001

  4.0617842e+003  3.9226600e+001  1.2900549e-001

  4.0693065e+003  3.9243800e+001  2.4859604e-001

  4.0768288e+003  3.9147100e+001  3.5512616e-001

  4.0843512e+003  3.9102600e+001  5.6617505e-001

  4.0918735e+003  3.9183000e+001  7.7490229e-001

  4.0993959e+003  3.9249400e+001  9.8846186e-001

  4.1446670e+003  3.9191700e+001  1.1029239e+000

  4.1522431e+003  3.9112100e+001  1.2111838e+000

  4.1598191e+003  3.9147000e+001  3.4389258e+000

  4.1673952e+003  3.9099100e+001  1.4006400e+000

  4.1749713e+003  3.9167500e+001  1.5163404e+000

  4.1825474e+003  3.9231700e+001  1.6400548e+000

  4.1901235e+003  3.9178600e+001  1.8652640e+000

  4.1976996e+003  3.9104000e+001  2.0472794e+000

  4.2432966e+003  3.9141300e+001  2.2410238e+000

  4.2509277e+003  3.9222600e+001  2.4612430e+000

  4.2585589e+003  3.9201900e+001  1.4220605e+001

  4.2661900e+003  3.9252300e+001  2.8391138e+000

  4.2738212e+003  3.9194400e+001  2.5771267e+000

  4.2814523e+003  3.9138500e+001  2.4395522e+000

  4.2890835e+003  3.9183600e+001  2.2373917e+000

  4.2967146e+003  3.9243600e+001  2.0736442e+000

  4.3426455e+003  3.9209900e+001  1.8996409e+000

  4.3503330e+003  3.9150100e+001  1.7645333e+000

  4.3580206e+003  3.9173700e+001  7.7964683e+000

  4.3657081e+003  3.9156700e+001  1.2989915e+000

  4.3733956e+003  3.9205600e+001  1.0989883e+000

  4.3810832e+003  3.9230300e+001  9.1697784e-001

  4.3887707e+003  3.9185100e+001  8.5018949e-001

  4.3964582e+003  3.9159400e+001  7.5023446e-001

  4.4427307e+003  3.9201300e+001  6.5932067e-001

  4.4504759e+003  3.9229700e+001  5.7667413e-001

  4.4582211e+003  3.9189600e+001  2.1365302e+000

  4.4659663e+003  3.9179800e+001  5.7853493e-001

  4.4737114e+003  3.9131500e+001  4.5603867e-001

  4.4814566e+003  3.9145200e+001  3.9658150e-001

  4.4892018e+003  3.9188100e+001  3.1743991e-001

  4.4969470e+003  3.9176300e+001  3.1993842e-001

  4.5435688e+003  3.9136200e+001  2.5741638e-001

  4.5513729e+003  3.9149900e+001  2.6441941e-001

  4.5591770e+003  3.9186900e+001  8.3120003e-001

  4.5669811e+003  3.9224000e+001  2.1990082e-001

  4.5747852e+003  3.9230700e+001  1.7491163e-001

  4.5825894e+003  3.9196800e+001  1.3755899e-001

  4.5903935e+003  3.9193900e+001  1.2630269e-001

  4.5981976e+003  3.9223600e+001  1.1687523e-001

  4.6451762e+003  3.9222400e+001  8.4840163e-002

  4.6530405e+003  3.9191800e+001  7.6988608e-002

  4.6609047e+003  3.9197200e+001  2.8117691e-001

  4.6687690e+003  3.9182200e+001  7.8699407e-002

  4.6766333e+003  3.9208100e+001  5.1924019e-002

  4.6844976e+003  3.9217700e+001  5.1936732e-002

  4.6923619e+003  3.9193300e+001  2.9412504e-002

  4.7002262e+003  3.9192900e+001  3.8062852e-002

  4.7475690e+003  3.9215400e+001  3.8084703e-002

  4.7554947e+003  3.9213900e+001  2.3369265e-002

  4.7634204e+003  3.9191200e+001  1.0812841e-001

  4.7713461e+003  3.9177800e+001  2.7671409e-002

  4.7792717e+003  3.9178200e+001  2.2483249e-002

  4.7871974e+003  3.9199600e+001  2.3360743e-002

  4.7951231e+003  3.9190000e+001  1.5570015e-002

  4.8030488e+003  3.9160900e+001  1.5558453e-002

  4.8507631e+003  3.9165800e+001  6.9157334e-003

  4.8587514e+003  3.9194700e+001  1.5571882e-002

  4.8667397e+003  3.9160800e+001  4.8403953e-002

  4.8747279e+003  3.9129400e+001  7.7729693e-003

  4.8827162e+003  3.9091100e+001  6.0397253e-003

  4.8907045e+003  3.9145200e+001  7.7761079e-003

  4.8986928e+003  3.9160200e+001  2.5930292e-003

  4.9066810e+003  3.9108600e+001  8.6320415e-003

  4.9547749e+003  3.9115100e+001  5.1800857e-003

  4.9628263e+003  3.9179800e+001  2.5943270e-003

  4.9708776e+003  3.9154800e+001  1.6420254e-002
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