NuMI Technical Design Handbook


5 RADIATION SAFETY

5.5 Introduction

Chapter 4 of this Handbook presented technical designs for each of the subsystems required to produce the neutrino beam for the NuMI physics program.  Inherent in the designs is the fact that radiation protection is of the greatest importance in both primary and secondary beam areas.  The purpose of this chapter is to present the various radiation-related matters, to explain the methodology that has guided the designs of the radiation protection systems in the project and to show the results. 

The design of the Fermilab Main Injector (MI) permits the acceleration of numbers of protons not previously encountered in the energy regime above 100 GeV. The NuMI Facility design assumes that Main Injector protons will be transported to the target at a maximum intensity of 4(1013 protons every 1.87 seconds.  This is called the Safety Envelope.  Normal running will be allowed up to 10% less than this safety envelope.  Physics goals of the MINOS experiment assume a value for beam on target of 3.7(1020 protons per year.  For the purposes of designing radiation protection for the NuMI Facility, the above intensities translate to a maximum instantaneous proton rate of 2.1(1013 protons per second and an annual "dc" average (assuming 55% efficiency for beam) of ~1(1013 protons per second. 

As discussed in Chapter 4, an important consideration in the design of the NuMI Facility has been the desire to maintain the flexibility to accommodate a variety of neutrino beam configurations. This flexibility includes designing a Target Hall in which the location of the beam line components such as the target and the focusing horns may vary depending on the desired range of neutrino energy.  Maintaining this flexibility has an impact on the design of the radiation shielding because of the desire to minimize the need to reconfigure the Target Hall shielding after the facility has begun operation.

There are four types of radiation that are of concern in the design of a facility such as NuMI. These are 1) the prompt radiation field, 2) the residual radiation field, 3) airborne activation and 4) soil/rock and groundwater activation.  All these will be discussed.  We have also included a section on Decontamination and Decommissioning (D&D).  

The program MARS
 has been adopted as the Fermilab standard shielding code. Thus the design of the NuMI shielding is based on the use of the MARS simulation code. The "output" of the MARS program can be converted to activation level or, dose equivalents, used to determine the probability of radionuclide production in the air, soil or rock in which the nuclear interactions occur. These doses can then be compared to the various regulatory limits for each type of radiation exposure. 

Evaluation of the radiation protection requirements for the NuMI facility has shown that various radiation safety factors drive the design of the facility.  The design of the shielding for the target/focusing region (except the top), decay region, and two sides of the Hadron Absorber are driven by groundwater activation.  Residual activation levels drive the shielding on top of the target/focusing region, and two sides of the Hadron Absorber.   The level of primary beamline losses allowed are driven by groundwater or residual dose rate concerns, depending on the region of the primary beam.  The air within the target chase is highly activated and thus must be contained in the target chase to the extent possible.  This drives some design issues with the target chase shielding.  Similarly the air in the region of the Hadron Absorber is highly activated and must be minimized and allowed to decay in transit to the vent.

Figure 5‑1 shows a conceptual drawing of the NuMI Project.  Radiation safety items are shown such as interlocked gates and doors, air monitoring locations, and labyrinths and penetrations.  Refer to this picture when locating items described in the text.
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Figure  5-1 Conceptual Drawing of the NuMI Project, showing Radiation Safety Items
5.2 Access Requirements and Interlocks

The personnel safety interlock system is fail safe and redundant. The primary critical device for NuMI will be the Lambertson string (LAM601, LAM6023) located in MI-60. The secondary critical device will be the set of bend magnets HV102.  (Need MARS runs of this.)

The personnel safety interlock system will "request" the abort signal required to stop NuMI extraction, in those situations when a radiation or critical equipment protection limit has been exceeded. The interlocks for the portions of the NuMI facility in the MI enclosure, NuMI Stub Enclosure, and lined section of the carrier tunnel will be an integral part of the MI interlocks system.

The NuMI safety interlock system will prevent personnel access, when the beam is enabled, to the Carrier Tunnel unlined section, Pretarget and Target Hall area, decay pipe tunnel, Hadron Absorber area and muon alcoves. There will also be interlocked detectors that will disable the beam if the radiation levels become too high in the power supply room, upstream shaft area and bypass tunnel. 

5.3  Groundwater

Groundwater activation and contamination can occur when radionuclides produced in the soil or rock surrounding an accelerator or beam line enclosure have a finite probability of getting into water passing through the soil or rock. Groundwater activation also can occur when the beam produces radionuclides, namely tritium, directly in the water contained in the soil or rock. This activated water can then migrate to a potential source of potable water. 

The NuMI primary proton beam, and the secondary hadron beam, must be directed toward the MINOS far detector in Soudan, implying a 58 mradian downward slope. As a consequence the Target Hall and much of the hadron decay region pass through the local aquifer. This has led to careful consideration and analysis of the processes that might lead to potential contamination of the groundwater resources. The key issue for NuMI is that radionuclides produced in the rock and water surrounding part of the beam line are produced in the groundwater resource.  Thus we cannot take credit for decay in transit to the groundwater resource, as other facilities not constructed so deeply have. Several analyses and designs
,
,
 laid the groundwork for the present model, which has resulted in the understanding of the problem.  A Fermilab TM describing this methodology has been completed and is being circulated for approval.  It takes into consideration the flow rate of water within the aquifer.  Previous methodologies assumed static water conditions, which is extremely unrealistic within the aquifer.  In the unlined sections of the NuMI tunnel, all the water nearby is captured by the tunnel and thus cannot make it to a well for consumption.

5.5.1 Specifications

Table 5‑1 gives the limits on the concentrations of 22Na and 3H allowed.  

	
	22Na (pCi/ml)
	3H (pCi/ml)

	Groundwater
	0.4
	20

	Surface Water
	10
	2000


Table 5‑1 Regulatory limits on allowed radionuclide concentrations in groundwater and surface water. 
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The sum of the fractions of radionuclide contamination (relative to the regulatory limits) must be less than one for all radionuclides;

where the sum is over radionuclides, i, Ci is the concentration of radionuclide i in the water and Creg i is the regulatory limit concentration.

Fermilab ES&H policy requires that a facility design must demonstrate that beamline operation will not result in activation levels above the regulatory limits, including all uncertainties in the methodology and input parameters. Verification that such limits are not violated is accomplished during the facility operation through the Lab-wide monitoring program (FESHM).  

5.5.2 Primary Beam Region

The primary beam region is separated into seven different sections based on the geology and geometry of the sections.  Both geometry and geology affect the water flow rates.  Figure 5-2 shows the seven sections.  The sections of main concern are the lined sections 1 and 2.  
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Figure 5-2: Seven Groundwater Sections of the NuMI Primary Beam

Section 1, the glacial till region, is not in the aquifer and the water travels slowly (cm/yr) through the soil to the aquifer.  Thus much of the radioactivity has decayed by the time the water reaches the aquifer.  Section 2, where the tunnel is lined, in the aquifer and in the mixed rock glacial till, is the area of the utmost concern.  Here predicting the water velocity is difficult due to the variable nature of the geology in this region.  We conservatively assume the water flows with the regional gradient towards the Fox River.  This velocity (4 to 50 feet per year) is slow enough to allow activation of the water near the tunnel.  The remaining sections (3 through 7) are unlined and have high water inflow velocities (several hundred feet per year), thus not allowing the water to get very activated and not allowing the water to get to a well.  In all cases the inflow rates assumed in the calculations is below that measured in May 2002.  

One should also note that the unlined tunnel downstream collects a large amount of water from the critical section 2.  This is because two drainpipes were installed under the lined carrier tunnel.  These two pipes extend ~50 feet and 6 feet respectively from the unlined section upstream into the lined section.  They collect water in this region at a rate of ~5 gpm (update value) as of March 2002.  The groundwater activation calculation conservatively assumes the tunnel collects none of the water in section 2.

Table 5-2 shows the calculated residency time of the water in each of the 7 sections, based on conservative (slow) flow rates.  The last two columns show the number of accident pulses allowed in each section, and the accident condition that can cause such an accident pulse.  These results are all based on comparison to the groundwater limit.  This table is being updated for the new beam optics.  It is envisioned that the results will not change significantly.  The region of most concern, as expected, is region 2.  The final column in the table shows that power supply regulation is very important. (See Section 4.3.1).  In order to have stable, controllable beam, the power supplies will be regulated at least an order of magnitude below that which is shown to create these accident conditions.  

The radiation safety system will have interlocked detectors to watch losses in the primary beam.  If excessive losses are seen, it will trip the critical devices and remove the beam permit.  Also the beam permit system will check the power supply current at flattop before each pulse, losses on the last pulse and many other status items.  The permit system will not allow extraction if anything is not within tolerance (See Section 4.1).  All of this will make the occurrence of more than one accident pulse very unlikely.
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Table 5-2  Primary Beam Accident Conditions and Lost Pulses Allowed
Due to all the mitigating factors for accident pulses, the DC or normal operational losses are of the biggest concern.  These are the continually occurring losses that one can run with while still meeting all the regulatory requirements and not overly irradiating the components that personnel need to access.  These are estimated using MARS, to be at a level of 10-4 of 4E13ppp (at 1.87 sec per pulse) for all regions, but region 2 where it is 10-6.  MARS simulations show that with the required power supply regulation no beam normal beam losses should occur, assuming 500 beam at 1x10-3p/p.  As described in Section 4.1,the NuMI beam optics is designed to accept the largest beam the MI can provide.

5.5.3 Secondary Beam Region

Similar to the primary beam, the secondary beam is broken down into 5 different regions.  Table 5‑3 shows the estimated star densities from MARS simulations of the secondary beam components and shielding, and the resulting estimates of activation of the water flowing into the tunnel relative to the groundwater regulatory limit.  Figure 5-3 shows the activation levels of the inflow waters relative to the groundwater regulatory limits, including uncertainties.  In all areas we are below the groundwater regulatory limit, including uncertainties.

	Region
	Star Density (stars per cm3/p)
	Star Density Limit (stars/cm3/p)
	Average Value Relative to Limit

(% Uncertainty) 

	Target Hall
	1.33E-11
	4.10E-11
	0.185 (75%)

	DK Middle Silurian
	4.58E-11
	6.80E-11
	0.402 (66%)

	DK Lower Silurian
	2.02E-11
	4.80E-11
	0.258 (64%)

	DK Upper Ordovician
	1.23E-11
	5.40E-11
	0.142 (61%)

	Hadron Absorber
	7.8e-12
	4.7e-11
	0.101 (64%)


Table  5‑3: Secondary Beam Star Densities and Estimated Activation Levels
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Figure 5-3: Secondary Beam Groundwater Inflow Activation Levels Relative to Regularity Limits 

5.3.4  Monitoring

Operation of the NuMI Facility will be included in the comprehensive laboratory-monitoring program.  Wells are an integral part of the Fermilab environmental monitoring strategy.  Samples of well water would initially be examined every month, with the sampling rate eventually being reduced once NuMI has reached steady-state operation. NuMI, in collaboration with the ES&H Section, is in the process of determining the number and locations of NuMI monitoring wells.  

In addition, regular sampling will be done on the water that is pumped from the NuMI downstream shaft region to the surface waters. Regular sampling will also be done for radionuclide levels in cooling water systems, including both the closed loop RAW system serving components experiencing higher activation levels, and the LCW cooling system serving conventional beam transport elements. RAW spills are controlled by a combination of continuous water level sensing, secondary containment vessel collection and tightly controlled sump discharge. 

5.4 Airborne Activation

Airborne activation results from the interaction of primary and secondary particles directly with target nuclei of the air (or other gaseous medium) in its path. A secondary source of airborne activity is dust, formed by natural erosion or wear or by work on radioactive accelerator components. The third source of airborne radioactivity results from the emission of gaseous radioactivity from liquids irradiated in the accelerator produced radiation environment.  For NuMI, the main concern is radioactive air. Activities in radioactive air consist primarily of 11C and 13N with smaller concentrations of 15O and 41Ar; all with relatively short half-lives.  11C, having a 20 minutes half-life, tends to be the dominant concern.

5.5.4 Specifications

Federal regulations, which are further implemented by the State of Illinois, govern the releases of airborne radionuclides, excluding radon and radon progeny, by U. S. Department of Energy Facilities (CFR89)
.  These regulations place an annual limit of 10 mrem/year on the dose equivalent that can be delivered to a member of the public due to the release of airborne radionuclides from DOE facilities.  The methodology for determining the dose equivalent is also specified.  The regulations further require the application of continuous monitoring in accordance with U. S. Environmental Protection Agency specifications if the dose equivalent should exceed 0.1 mrem/year.  Requirements for monitoring systems that meet these specifications are quite stringent and could tightly constrain Fermilab operations.  These limits apply to the total release from the Laboratory.  

Consistent with these requirements, in March 1999, Fermilab submitted an application renewal to the Illinois Environmental Protection Agency for its lifetime air pollution-operating permit
.  This application addressed the radionuclide emissions from NuMI and other Fermilab facilities.  It specified that the doses to the public will be kept well below 0.1 mrem/year for all Fermilab operations.  The average annual activity release is to be kept less than 100 Ci.  In consideration of the overall program of operations at Fermilab, the NuMI project management in consultation with the staff of the Fermilab ES&H Section established an administrative goal for the NuMI project of a maximum annual release of 45 Ci.  The corresponding maximum anticipated dose equivalent due to NuMI operations that might be received by an individual hypothetically present full-time at the Fermilab site boundary is estimated to be 0.025 mrem.

5.4.2  Air Activation Results for NuMI

Delayed ventilation is used at NuMI to control radioactive air emissions.  It is the simplest method and the one historically used at Fermilab.  Since the vast majority of the radioactive atoms produced are short lived (20.5 minutes for 11C), a delay time of one hour from production to exhaust will reduce the radioactivity by roughly one order of magnitude at the stack.  Since the sealed chase inside the Target Hall is the main source of air activation, the largest delay is from the Target Hall to the vent part way down the Decay Tunnel.  The area between the Hadron Absorber and the decay pipe also has high air activation levels.  We are in the process of more accurately estimating these levels and determining the best ways to mitigate them.  Most likely we will significantly reduce the airflow rate from the Hadron Absorber to the vent and build an aluminum box to contain the air just downstream of the decay pipe.  Details of the air activation methodology and its application to NuMI are covered in TM-2089, and draft documents on the updated air activation methodology. 

	
	Ventilation Rate (cfm)
	Yearly Release 1% 41Ar (Ci/yr)
	Yearly Release 2.5% 41Ar (Ci/yr)

	Carrier Tunnel
	1000
	To be determined
	1

	Pre-Target Hall
	900
	To be determined
	1

	Target Hall
	800 (700 leakage rate from chase)
	To be determined
	40

	Upstream 1/2 Decay Region
	800
	To be determined
	0.01

	Downstream 1/2 Decay Region
	3500
	To be determined
	0.01

	Hadron Absorber
	2250 (200 leakage rate from core/aluminum box)
	To be determined
	Being calculated


Table 5-4 Summary of air emission calculations at NuMI stacks. Note that the ventilation rate in the pre-target area can be reduced if necessary.
5.5 Prompt Radiation

The prompt radiation field at particle accelerators and beam lines exists only while they are in operation.  Depending on the configuration of the facility and its components, the prompt radiation fields may include thermal neutrons, fast neutrons, photons and/or muons.

The prompt radiation field must be predicted and mitigated for both normal operations and accident conditions. There are two areas of concern; the radiation field outside of enclosures, which are normally embedded and/or covered by bulk shielding comprised of rock and/or soil, and the “leakage” of radiation through labyrinths and penetrations. For the former it is appropriate to use the results, which have been well established by the simulations done for a relevant set of case studies. These results are documented
,
 and accepted for use in the design of bulk shielding at Fermilab. 

Since most of the NuMI Facility lies deep underground, there are only a few areas where the issue of prompt radiation from NuMI operations must be considered. These areas are the MI/NuMI Stub, power supply room/upstream shaft area and bypass tunnel (see Figure 5‑1).  Interlocks and interlocked detectors will be used in some of these areas.  There is also the issue of prompt radiation from the MI in areas where NuMI wishes to have access when NuMI is not operating, but the MI is operating.  This includes the unlined section of the Carrier Tunnel and downstream. 

5.5.1  Primary Beam

MI/NuMI Stub: In particular, this includes the regions of the Main Injector where the NuMI extraction devices are located, also the NuMI Extraction Stub (Figure A). The design goal is to have the surface areas above all Main Injector related beams be classified as Unlimited Occupancy.  The applicable criterion applied to the MI indicates the need for 24.5 feet of soil equivalent over most of the enclosure and 25 feet over extraction regions, with stairways, cable penetrations etc. being treated separately.  The as-built drawing which includes the MI-60 extraction region and the NuMI Stub
 shows that the stated shielding criteria  (24.5 and 25 feet) have been satisfied. 

Table 5-5  shows the various penetrations and labyrinths in the primary beam region, their dose rates at the exit under normal and accident conditions and the mitigation that will be used.  Accident pulses will normally be limited to one pulse due to the beam permit system or radiation safety system detecting the accident condition.  Thus the column to look at for the accident condition is the dose rate/pulse.  All of these areas have sufficiently low dose rates for their locations.

	Access
	Normal (mrem/hr)
	Accident (mrem/hr)
	Accident (mrem/pulse)
	Mitigation

	Survey Riser SR-1 (498)
	1.48
	14765.41
	7.79
	plug

	Exhaust Air Vent EAV-1 (935)
	0.29
	2852.87
	1.51
	fence

	Survey Riser SR-2 (954)
	0.29
	2852.87
	1.51
	plug

	Target Hall Labyrinth 
	2.44E-03
	24.37
	0.013
	OK

	Target Hall Equipment Door
	0.25
	2476.83
	1.31
	OK


Table 5-5: Primary Beam Labyrinth and Penetration Calculations

5.5.5 Secondary Beam

In the secondary beam, two areas will have beam on access. These areas are the power supply room and upstream shaft area adjacent to the Target Hall.  The design goal is to have these areas be Controlled Areas.  Table 5-6 shows anticipated levels in these areas due to the transmission line penetration, labyrinth and the equipment door.  Two interlocked detectors will be located in this region, one in the Power Supply Room and one in the shaft area.

	Access
	Normal (mrem/hr)
	Accident (mrem/hr)
	Accident (mrem/pulse)
	Mitigation (possible)

	Survey Riser SR-1 (498)
	0.15
	14765.41
	7.79
	plug

	Exhaust Air Vent EAV-1 (935)
	0.03
	2852.87
	1.51
	(fence)

	Survey Riser SR-2 (954)
	0.03
	2852.87
	1.51
	plug

	Target Hall Labyrinth 
	1.36E-03
	-
	-
	OK

	Target Hall Equipment Door
	0.74
	-
	-
	OK

	Stripline Penetration (PS Room)
	2.77
	-
	-
	(shield)

	Raw Penetration
	60.80
	-
	-
	plug

	Survey Riser SR-3 (1321)
	0.002
	-
	-
	plug


Table 5-6: Secondary Beam Labyrinth and Penetration Dose Rates

Dose rates at the exit of the Hadron Absorber labyrinth are estimated at 7 mrem/hr beam on.  Dose rates in the bypass tunnel are estimated at less than 0.05 mrem/hr.  When beam is first commissioned at lower intensities, these values will be checked with radiation monitors.

5.6 Residual Dose Rates

The residual radiation field is that which remains after the beam has been shut down. In most situations at Fermilab, the residual radiation field is almost exclusively gamma rays, with the occasional presence of beta rays near a contaminated surface.
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Table 5-7: Estimated Residual Dose Rates for Various Beamline Elements

Table 5-7  shows the estimated residual dose rates for various beamline elements.  Blank cells are in the process of being estimated.  Underlined numbers are being updated.

5.7 RAW Water Systems

Here we describe the results of the calculation of the induced activity in the NuMI Radioactive Water (RAW) Systems.  The interaction between the ionizing radiation and water leads to the formation of short-lived radical species (OH, H and electrons mainly) and stable molecular species (O2, H2O2 and H2).  While most of the ions recombine to form water, hydrogen gas and other species are also produced. The amount of hydrogen gas produced is calculated to assess the level of safety precautions required.  

The most significant radioisotopes, from a contaminant aspect are 3H, and to a lesser extent 7Be, because of their rather long half lives. However, from a dose rate from a RAW system point of view, tritium dose not contribute, because of its very low energy decay beta particle. Only 10% of beryllium decays are via gamma emissions, while 11C, 13N and 15O are positron emitters producing 0.511MeV gamma rays. Therefore, allowing cooling time before getting near a RAW system is very effective way of reducing the dose rates.

Fermilab Radiological Control Manual (FRCM) suggests keeping the tritium concentrations in the cooling system below 0.67 microCuries/cc. However, some of the NuMI RAW systems may exceed this limit due to high particle fluxes or it may not be feasible to replace the cooling water frequent enough to keep the concentrations below the FRCM value. For these cases, multi-tier containment methods are used, with the proper operational precautions during the handling of the RAW systems. When possible the high tritium concentration water is disposed of as solidified low-level radioactive waste.
Table 5-8 and Table 5-9 summarize the results for five NuMI RAW systems.  One can see that the horn 1 system has the highest levels.  These results, are conservatively calculated (reference RAW Note), and thus an overestimate.  The table also shows the estimated shielding needed for the RAW systems and DI bottles and tanks.  A 1.5’ thick concrete wall is planned for the RAW room which houses the horn 1, horn 2, target and decay pipe RAW systems.  With this wall, dose rates are estimated at less than 5 mrem/hr outside the room’s door.

The flux densities used in calculating activities and dose rates are shown in Table 5-8 for the decay pipe and Hadron Absorber Systems.  For the target system, a flux density of 0.12 hadrons/cm2/proton was used.  This corresponds to 10 times the flux density at the horn 1 neck.  This is a conservatively high estimate.  For horn 1, the flux density used for the water between the conductors was 0.019 hadrons/cm2/proton and 0.0053 hadrons/cm2/proton for the water in the tank under the horn.  For horn 2 the flux density used for the water between the conductors is 0.0025 hadrons/cm2/proton and 0.0019 hadrons/cm2/proton for the tank under the horn.  The target cooling tubes have an inner diameter of 5.4 mm, and thus the amount of water present is extremely small.
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Table 5-8: RAW System Activity
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Table  5-9  RAW System Dose Rates and Hydrogen Gas Production

Since 4% hydrogen gas in air is considered explosive, a helium purging system will be added to the horn RAW systems.  The Hadron Absorber RAW system needs to be vented to the exhaust stack and the Decay Pipe RAW system might need daily purging/venting with small amounts of Helium gas.  

5.8 Hot Component Handling

See Section 4.2.

5.9 Decontamination & Decommissioning (D&D)

The guidelines of the FESHM 8070 will be used for the D&D of the NuMI Beamline.  No hazardous materials have been used in the construction of the beamline.  Items put in the NuMI tunnel during construction are being chemically analyzed for D&D.  Therefore, no mixed waste or potential contaminant of the ground water will be produced. The major radioactive isotopes produced will have 2.6 and 5.3 year half-lives. There are sump pumps that remove the water that flows into the NuMI tunnel. This will continue after the conclusion of the experiment. Accidental flooding of the tunnel in the future will not have any detrimental effects on the ground water. All the materials used in the construction of the beamline are naturally occurring in the surrounding soil.    
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�  The approved  NuMI/MINOS SA can be found on the � HYPERLINK "http://www-numi.fnal.gov/internal/safety_docs/SAD/NuMI_SAD_v10.doc" ��web�; it contains the most up to date information on radiation safety.  Contact Nancy Grossman for access to this password protected document.


� N. V. Mokhov, “The MARS Code System User’s Guide”,Fermilab-FN-628 (1995); Update Version 13(98), February, 1998


� A.Wehman, S. Childress, “Tritium Production in the Dolomitic Rock Adjacent to NuMI Beam Tunnels”, Draft (1998) NuMI-B-495A(1999)


� B. Freeman, “A NUMI Wide-Band Beam Shield Design That Meets the Concentration Model Groundwater Criteria, NuMI-B-155, June 13, 1995.


� A. Wehmann,et.al.,”Groundwater Protection for the NuMI Project, FERMILAB-TM-2009, October 10, 1997.


� Dagenais (Da84) has provided estimates of the buildup of radon in tunnels made of the rock found at the level of the NuMI facilities on the Fermilab site.  These results, including worst-case estimates, indicate occupational exposure to radon and radon progeny under the ventilation conditions present in the NuMI facility to be unimportant compared to the applicable regulatory limits of (CFR93).


� In response to this application, Illinois Environmental Protection Agency permit was issued on June 16, 1999.


� A. Van Ginneken and M. Awschalom, “High Energy Particle Interactions in Large targets”, Fermilab, 1975, (available from the Publication’s Office).


� J. D. Cossairt, “A Collection of Casim Calculations”, TM-1140, October 22, 1982.


� Radiation Safety 9667-C7
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		Location

		Dose Rate 


(on contact)



		Target Hall: concrete floor of work area

		< 1 mrem/hr



		Target Hall: Top of T-Block (horn 1)

		~ 5 mrem/hr



		Target Hall: Bottom of concrete “cap”

		~ 2 mrem/hr



		Target Hall: near work cell

		~ 1 mrem/hr



		Target Hall: near air handling equipment

		~1 mrem/hr



		Target Hall: DS horn baffle (old result)

		25 rem/hr



		Target Hall: bottom of T-Blocks above horn 1 (average)

		100 rem/hr



		Target Hall: inside cave walls around horn 1

		80 rem/hr



		Target Hall: horn 1 outer conductor

		600 rem/hr



		Target Hall: target

		6000 rem/hr



		Target Hall: upstream wall

		~2 mrem/hr



		Decay Region: outside edge of concrete

		~100 mrem/hr



		Decay Region: emergency egress (rock & conc)

		~100 mrem/hr



		Decay Region: upstream window

		5 rem/hr



		Decay Region: downstream window

		700 mrem/hr



		Decay Region: decay pipe

		30-200 rem/hr



		Hadron Absorber: Core Near Beam

		~100’s rem/hr



		Hadron Absorber: Core Sides

		~ 10’s rem/hr



		Hadron Absorber: Steel Blocks

		~1’s rem/hr



		Hadron Absorber: Front

		~ 1’s rem/hr



		Hadron Absorber: Labyrinth Side 

		~100 mrem/hr



		Hadron Absorber: Non-Labyrinth Side

		



		Hadron Absorber: Top

		



		Hadron Absorber: Back

		< 30 mrem/hr






_1097642180.xls
Borak & ET

		Borak Flux Calculation vs. Stars Calculation

		borak		fraction water by weight		rock density (g/cm3 dry)		porosity (n=pw)		3H activity/gm soil (pCi/g)		3H activity/gm water (pCi/g/had/cm2/sec)		Na22 activity/gm soil (pCi/g)		Na22 cm2/g

		a1		0.14		2.15		0.301		2.30E-02		1.60E-01		5.60E-03		2.10E-04

		b1		0.188		2.15		0.4042		2.90E-02		1.60E-01		6.10E-03		2.30E-04

		b2		0.082		2.15		0.1763		9.00E-03		1.10E-01		5.30E-03		2.00E-04

		b3		0.116		2.15		0.2494		1.40E-02		1.20E-01		4.20E-03		1.60E-04

		averages		0.1315		2.15		0.282725		0.01875		0.1375		0.0053		0.0002

		all values are per unit flux (hadron/cm2sec)

		eq'n=Np*Savg*(KL/n)*1/0.037* buildup-removal term=Si*K

		eq'n=Np*Fluxavg*pCi/gm water* buildup-removal term=Fi*K

		eq'n=Np*Fluxavg*pCi/gm soil*r soil/n*buildup-removal term=Fi*K

		K= buildup/removal term

		STARS above 47 MeV

		Region		Savg density 30 MeV		S avg 47.5 MeV		Volume of region (cm3)		KL3/n*		Na22 cross sections		KL22/n*		S3		S22

		TH

		Decay Joliet		1.25E-11		1.31E-11		3.55E+10		0.185				7.68E-04		1107.0		4.6

		Decay Brainard		4.35E-12		4.22E-12		3.79E+10		0.185				7.68E-04		356.6		1.5

		Decay Joliet(less conc)				1.39E-11				0.185				7.68E-04		1174.6		4.9

		Decay Brainard (less conc)				7.98E-12				0.185				7.68E-04		674.3		2.8

		FLUX Above 30 MeV

		Region		Flux avg (ptcls/cm2/p) 30 MeV		Error		Volume of region (cm3)		F3		F22		F22		flux/stars calc 3H		flux/stars calc 22Na

		TH

		Decay Joliet		8.41E-10		3.45E-11		3.55E+10		1202.6		2.2		15.6		1.09		3.40

		Decay Brainard		2.83E-10		1.72E-11		3.79E+10		404.7		0.7		5.3		1.13		3.56

		Decay Joliet(less conc)		8.87E-10						1268.4		2.3		16.5		1.08		3.38

		Decay Brainard (less conc)		5.16E-10						737.9		1.3		9.6		1.09		3.43

						using soil activity				1086.7

		NuMI

		K22 Borak based				8.84E-01

		Np (protons/sec)				1.30E+13

		22Na cm2/g soil				2.00E-04		cm2/g soil

		3H Acitvity/gH20/prt/cm2/sec				1.10E-01

		Porosity				0.15

		density				2.7		g/cm3

		leaching factor for Na22				0.015		fraction

		inelastic cross section				0.011		cm2/g

		fraction water by weight				0.0555555556

		* without factor of 1.3 correction for flux cutoff

		From Hydrogeological Evaluation Report for NuMI

		specific gravity is 2.5-2.9

		15% water by rock weight (dry) (range is 10-30%)

		matrix porosity is 4-10%, formation porosity is 10-20%

		MARS uses 2.5 g/cm3 dry density, 3.8% water by weight (dry weight) this implies a porosiy of 10%

		borak concentration were 8.2% to 18.8% water by weight, 2.1-2.2 g/cm3

		100 gpm/mile inflow for Tunnel (ET)

				<matrix time> years				<fracture time> years

				ET		me*		ET		me

		TH		0.1800		0.1900		0.0022		0.0000

		DK		0.6600		0.2900		0.0022		0.0000

		Maq		3.0000		0.2900		0.0049		0.0000

		* change low inflow to 100 gpm/mile and change matrix porosity to 0.2 (as ET used).





Sheet3

		Beam Loss Location		Beam loss limit (fractional)		Region that determines limit

		HT107		1.80E-04		carreir pipe glacial till/rock interface (lined)

		V110-1, HT108		6.00E-03		unlined carreri pipe

		Baffle		6.00E-03		pretarget regions

		Scenario to obtain beam loss limit				Current regulation needed		Standard Regulation		100 ppm Regulation		Beam Loss for Expected Regulation		Star Density:

		MI Beam Shift of 1.6mm

		Current varaition in Lambertson 0.65%				0.650%		0.346%		0.034%		1.00E-07

		Current varaition in V100 0.90%				0.900%		0.358%		0.036%		1.00E-07

		Current varaition in HV101 0.30%				0.300%		0.346%		0.034%		1.00E-07

		Current varaition in V104 0.78%				0.780%		0.346%		0.034%		1.00E-07

		Current varaition in V105 0.12%				0.120%		0.200%		0.020%		1.00E-07

		100 ppm regulation on lambertson, HV101 and V105 strings

		Region						Beam Loss Area, equation		Star density

				ppp		4.00E+13						Beam Loss

		1		signma 1		9.00E-08		HT107

		2		sigma 2		1.30E-08		HT107

		4		sigma 4		8.00E-08		V110-1,+0.157*HT107





inputs

		Groundwater Star Density Limits for the Carrier Pipe and Pre Target Tunnels

		4/12/01 NLG - for carrier pipe and pre target regions, gives DC and accident limits.  Irradiation time is the residency time of that radionuclide.  Use worst case for each region here.  Comment describes worst case.

		INPUTS IN RED and BLUE BOLD.  Blue bold values have little uncertianty.

		Inputs				Limit 3/02/01		worst MARS value (stars/cc/p)		Radius of Tunnel (ft)		Avg. Radial Dist. Wall to 99.9% volume (ft)		Radius from tunnel wall to star density avg. radius (ft)		min		max		Fractional Change on Final Result		Basis

		Savg (carrier pipe GT) Acc		stars/cm3/p		5.30E+03		6.00E-08		3.00		5.45		1.25		4.08E-08		7.92E-08		0.32		Values are from MARS (or limits) and uncertainty from

		Savg (carrier pipe GT) DC		stars/cm3/p		6.40E-04		8.00E-08		3.00		5.45		1.25		5.44E-08		1.06E-07		0.32		Co99, states use 30% for Savg, plus add 10% in quadra-

		Savg (carrier pipe Interface) Acc		stars/cm3/p		2.75E-06		1.10E-07		3.00		6.04		1.07		7.48E-08		1.45E-07		0.32		ture due to effects of uncertainties in porosity &density.

		Savg (carrier pipe Interface) DC		stars/cm3/p		2.10E-12		2.00E-11		3.00		6.04		1.09		1.36E-11		2.64E-11		0.32

		Savg (carrier pipe unlined) Acc		stars/cm3/p		2.70E-06		6.75E-08		4.00		3.54		1.05		4.59E-08		8.91E-08		0.32

		Savg (carrier pipe unlined) DC		stars/cm3/p		5.70E-10		5.00E-09		4.00		3.54		1.08		3.40E-09		6.60E-09		0.32

		Savg (pre target US) Acc		stars/cm3/p		2.70E-06		7.75E-08		6.00		5.74		1.02		5.27E-08		1.02E-07		0.32

		Savg (pre target US) DC		stars/cm3/p		4.80E-10		5.00E-11		6.00		5.74		1.03		3.40E-11		6.60E-11		0.32

		Savg (pre target mid) Acc		stars/cm3/p		2.70E-06		2.10E-08		12.00		5.22		0.98		1.43E-08		2.77E-08		0.32

		Savg (pre target mid) DC		stars/cm3/p		6.40E-10		6.00E-11		12.00		5.22		1.03		4.08E-11		7.92E-11		0.32

		Savg (pre target shaft) Acc		stars/cm3/p		2.70E-06		2.38E-09		20.00		8.20		1.01		1.62E-09		3.14E-09		0.32

		Savg (pre target shaft) DC		stars/cm3/p		6.40E-10		6.00E-11		20.00		8.20		1.01		4.08E-11		7.92E-11		0.32

		Savg (pre target DS) Acc		stars/cm3/p		2.70E-06		8.25E-10		18.00		7.87		1.08		5.61E-10		1.09E-09		0.32

		Savg (pre target DS) DC		stars/cm3/p		6.40E-10		6.00E-11		18.00		7.87		1.09		4.08E-11		7.92E-11		0.32

		Carrier Pipe Tunnel Radius		ft		3								Tunnel radii from TBM Civil Drawings (3/21/00)  and NuMI Tunnels and halls (5/99) for upstream. (CP could be 3' to 5' in radius, 3' is better, need to check, though)

		Pre Target/Unlined CP Tunnel Radius US		ft		4

		Pre Target Tunnel Radius DS		ft		14.3

		irradiation time, accident		years		3.20E-07								1.1e-4 is 1 hour accident time, 3.2e-7 is 5 pulses

		irradiation time, DC loss		years		8.00E+00								8 years is the lifetime of the facility

		R till for Lemont Formation				5.20E-10								Memo KaMran Vaziri, Paul Kesich to Nancy Grossman, 8/12/99 "Tritium Concentration Reduction Factors for the MI62 Region"

		Np (accident)		protons/sec		2.11E+13								4e13 ppp, 1.9 sec pulse, TDR99

		Np		protons/sec		1.15E+13		1.05E+13		1.26E+13		0.09		4e13 ppp, 1.9 sec pulse, 50%-60% up time/year TDR99

		time to get to Np avg		years		0.019								assumes the average weekly efficieny is

		up time/year				0.575		0.5		0.6		0.09		50%-60% up time/year TDR99

		3H groundwater limit		pCi/ml		2.00E+01

		22Na groundwater limit		pCi.ml		4.00E-01

		t, Na 22 (mean lifetime of 22Na)				3.8

		t, 3H (mean lifetime of 3H)				17.8

		star density average radius		feet		1.8								50% of stars are closer to tunnel than this distance ou;t from the tunnel wall.  Radius at which the inflow velocity is calculated at.

		r (radial distance from tunnel wall to 99.9% volume)				6.50E+00								From plot of MARS star density drop off ref. SS00.

		Borak Na 22 cross section (average)		cm2/g soil		2.00E-04						0.5		Overall uncertainty in F for Na 22, based on uncertainties in K, L and cutoff correction factor.

		Fraction 22Na leachable				1.50E-02		0.01		0.02				uncertainity included in overall uncertainty in Na 22 cross section (50%)

		Borak H3 cross section (average)		cm2/gm water		6.90E-04						0.5		Overall uncertainty in F for H 3, based on uncertainties in K, L and cutoff correction factor.

		Fraction 3H "leachable"				1.00E+00

		total inelastic cross section		cm2/g		1.10E-02

		Borak % water by weight in soil (average)				0.132								Bo72

		Distribution coefficient (22Na, Borak, Kd)		cm3/g		0.204		0.1		0.204				upper limit:same amount of clay in dolomite and less surface area for exchange than glacial till, Bo72 and F. Breen.

		Distribution coefficient (3H, Borak, Kd)		cm3/g		0

		Low energy Monte Carlo (30-47.5 MeV) cutoff correction factor				1.24								MARS runs at two cutoff points.

		matrix porosity				7.00E-02		0.04		0.1		0.03		Used to calculate matrix velocity. Neutron data, P. Kesich.

		Average formation porosity				1.50E-01								Used to calculate 22Na velocity w/ Kd.  Neutron data, P. Kesich?

		Fracture porosity				0.2		0.2		0.5		0.09		Used to calculate fracture velocity, vary up to 0.5, then 9% increase.

		rd (density of dolomite)		g/cm3		2.7		2.5		2.9		0.01		use 2.6 for glacial till for carrier pipe (PK, phone conversation, 8/17/99)

		Flow through fractures		gpm		1		197 ft3/day						192.513368984

		percent water thru matrix for 25' fracture spacing				0.178		0.1		0.3				uncertaity included in overal velocity uncertainty

		flow in at midpoint between fractures		ft3/day/ft		1.1		0.6		1.7				uncertaity included in overal velocity uncertainty

		Correction factor from DK inflow rates to TH inflow rates				1.5								uncertaity included in overal velocity uncertainty

		Based on R. Heuer 8/11/99 memo:

		Region		Length (feet)		Inflow (minimum) Before Grout		Theoretical Mimimum Inflow after Grout (gpm)		Inflow with reality Factor (gpm)		(gal/3875cm3)(2.54cm/in)(12in/ft)**3

		Carrier Pipe and Pre-target		310		12		5		8		gal/ft3=		7.48

		Target Hall		250		18		5		8

		Decay Region (Kankakee)		150		10		5		8

		Decay Region (Lower Silurian)		850		20		15		23

		Decay Region (Upper Ordovician)		1200		105		25		38

		Total:		2760		165		55		82.5

		R. Heuer states that they will shoot for grouting to 100-150 gpm

		Reality Factor (not grout if not much inflow)						1.5		Results of expected and range (including uncertainties) of concentration ratios to regulatory limit

		Inflow Ranges for Tunnel to Shales:								Uncertainties (added in quadrature) omitting velocity uncertainty=										0.6079473661

				gpm		gpm/mile				Region		Low  Uncertainty		Med		High Uncertainty		High Value		Overall Uncertainty		Number accidents to limti

		Minimum inflow (gpm)		83		158				1. Lined Carrier Pipe GT Accident		4.28E-12		7.04E-12		4.28E-12		1.13E-11		0.61		88281243575

		Expected Inflow (gpm)		125		239				Lined Carrier Pipe GT DC Loss		4.74E-05		7.80E-05		4.74E-05		1.25E-04		0.61

		Maximum Inflow (gpm)		200		383				2. Lined Carrier Pipe (Interface) Accident		0.015		0.025		0.015		0.0399		0.61		25

										Lined Carrier Pipe (Interface) DC Loss		9.122		3.700		9.122		12.8224		2.47

										3. Unlined Carrier Pipe Accident		0.009		0.015		0.009		0.0245		0.61		41

										Unlined Carrier Pipe DC Loss		14.323		19.525		14.323		33.8480		0.73

										4. Pre Target Accident (US)		0.011		0.017		0.011		0.0281		0.61		36

										Pre Target DC Loss (US)		0.444		0.387		0.444		0.8308		1.15

										5.  Pre Target Accident (Mid)		0.003		0.005		0.003		0.0076		0.61		131

										Pre Target DC Loss (Mid)		0.432		0.675		0.432		1.1066		0.64

										6. Pre Target Accident (Shaft)		0.000		0.001		0.000		0.0009		0.61		1160

										Pre Target DC Loss (Shaft)		0.920		0.701		0.920		1.6213		1.31

										7. Pre Target Accident (DS)		0.000		0.000		0.000		0.0003		0.61		3339

										Pre Target DC Loss (DS)		0.697		0.799		0.697		1.4963		0.87





inputs

		0		0		0

		0		0.0000474276		0.0000474276

		0		0.0150995381		0.0150995381

		0		9.1222976139		9.1222976139

		0		0.0092653577		0.0092653577

		0		14.3230619236		14.3230619236

		0		0.0106381748		0.0106381748

		0		0.443996442		0.443996442

		0		0.0028826175		0.0028826175

		0		0.4319293836		0.4319293836



Relative Concentration

Radionuclide Concentrations Relative to the Regulatory Limit

Pre Target Accident

Lined Carrier Pipe
 (Interface) Accident

Lined Carrier Pipe
 GT Accident

Unlined Carrier Pipe
 DC Loss

Unlined Carrier Pipe
 Accident

Lined Carrier Pipe 
(Interface) DC Loss

Lined Carrier Pipe
 GT DC Loss



calculations

		Groundwater Star Density Limits for the Carrier Pipe and Pre Target Tunnels

		4/12/01 NLG - for carrier pipe and pre target regions, gives DC and accident limits.  Irradiation time is the residency time of that radionuclide.  Use worst case for each region here.  Comment describes worst case.

		(1) Inflow Post Grouting under 3 scenarios (low, expected and high)

		Region		Length (miles)		Inflow (minimum) Before Grout		Theoretical Mimimum Inflow after Grout (gpm)		Low Inflow (gpm)		Expected Inflow (gpm)		High Inflow (gpm)

		Carrier Pipe and Pre-target		0.06		12		5		8		11		18

		(2) Calculate fraction of water coming in through matix vs fracture spacing (based on Earth Tech inflow results for DK region for 25' fracture spacing)

		Fracture Spacing (feet)		Matrix ft3/day		Matrix (ft3/dy/ft)		Decay Region/CP		Kankakee (PT, TH, DK1)

		15		26.69		1.91		0.12		0.17

		20		34.19		1.80		0.15		0.21

		25		41.69		1.74		0.18		0.25

		30		49.19		1.70		0.20		0.28

		40		64.19		1.65		0.25		0.33

		50		79.19		1.62		0.29		0.38

		60		94.19		1.60		0.33		0.42				(5) Calculate average radial inflow area for each region=2*pi*r*L, L=1'

		70		109.19		1.58		0.36		0.46				Use the star density weighted average radius from MARS for each case.

		80		124.19		1.57		0.39		0.49

		90		139.19		1.56		0.42		0.52				Region				Area (ft2) Acc		Area (ft2) DC

		100		154.19		1.56		0.44		0.55				1				26.7		26.7

		110		169.19		1.55		0.47		0.57				2				25.6		25.7

		120		184.19		1.55		0.49		0.59				3				31.7		31.9

		130		199.19		1.54		0.51		0.61				4				44.1		44.2

		140		214.19		1.54		0.53		0.63				5				81.6		81.9

		matrix inflow for 25' decay region spacing (ft3/day)								41.6878098286				6				132.0		132.0

														7				119.9		119.9

		(3) Based on R. Heuer Inflow Rates Per Region, 1 gpm per fracture inflow, and percent inflow through matrix versus fracture spacing, calculate fracture spacing for each region.

		Region		% in matrix		low Inflow spacing		% in matrix		med inflow spacing		% in matrix		high inflow spacing

		Carrier Pipe		0.34		63		0.23		35		0.15		20

		Pre Target		0.48		79		0.33		41		0.22		22

		(4) This is a check of the math to make sure the inflow rates per foot per region, based on fracture spacing and % inflow through the matrix still agree with the R. Heuer values. Then rock matrix and fracture velocities are calculated using (v=w/(A*n)).

		Region		Low Inflow								Med Inflow								High Inflow

				gpm/ft (R.Heuer)		gpm/ft (ET)		Rock Matrix Velocity Acc (ft/yr)		Rock Matrix Velocity DC (ft/yr)		gpm/ft (R.Heuer)		gpm/ft (ET)		Rock Matrix Velocity Acc (ft/yr)		Rock Matrix Velocity DC (ft/yr)		gpm/ft (R.Heuer)		gpm/ft (ET)		Rock Matrix Velocity Acc (ft/yr)		Rock Matrix Velocity DC (ft/yr)		Fracture Velocity ft/yr

		Carrier Tunnel Unlined		0.024		0.024		260.248		258.688		0.037		0.037		266.742		265.144		0.059		0.059		278.340		276.672		11073.288

		Pre Target  (US)		0.024		0.024		264.408		263.965		0.037		0.037		275.425		274.964		0.059		0.059		293.786		293.295		7968.957

		Pre Target  (mid)		0.024		0.024		142.894		142.404		0.037		0.037		148.847		148.338		0.059		0.059		158.771		158.227		4306.652

		Pre Target  (shaft)		0.024		0.024		88.320		88.320		0.037		0.037		92.000		92.000		0.059		0.059		98.134		98.134		2661.878

		Pre Target  (DS)		0.024		0.024		97.228		97.214		0.037		0.037		101.279		101.265		0.059		0.059		108.031		108.016		2930.336

		(5) Calculate an average velocity for each region based on a radius at the star density weighted average radius. Time based on full 99.9% radius.

		Region		Vmin (ft/yr)		Vexpected (ft/yr)		Vmax (ft/yr)		t min (yr) or 5 pulses for accident		t expected (yr) or 5 pulses for accident		t max (yr) or 5 pulses for accident										(6) Determine values for F scaling from Borak:

		1. Lined Carrier Pipe GT Accident		0		0		0		3.20E-07		3.20E-07		3.20E-07

		Lined Carrier Pipe GT DC Loss		0		0		0		8.00E+00		8.00E+00		8.00E+00		8 years since little flow								Radionuclide		F=KL/n*CF atms/star

		2. Lined Carrier Pipe (Interface) Accident		4		20		50		3.20E-07		3.20E-07		3.20E-07		5 pulses								3H		2.18E-01

		Lined Carrier Pipe (Interface) DC Loss		4		20		50		0.121		0.302		1.509		residency time 99.9% vol.								22Na		9.49E-04

		3. Unlined Carrier Pipe Accident		732		1073		1624		3.20E-07		3.20E-07		3.20E-07

		Unlined Carrier Pipe DC Loss		728		1067		1616		0.002		0.003		0.005		residency time 99.9% vol.

		4. Pre Target Accident (US)		532		780		1181		3.20E-07		3.20E-07		3.20E-07										retardation factor for 22Na		0.214

		Pre Target DC Loss (US)		531		779		1179		4.87E-03		7.37E-03		1.08E-02		residency time 99.9% vol.

		5.  Pre Target Accident (Mid)		287		421		638		3.20E-07		3.20E-07		3.20E-07

		Pre Target DC Loss (Mid)		286		420		636		8.20E-03		1.24E-02		1.82E-02		residency time 99.9% vol.

		6. Pre Target Accident (Shaft)		178		261		394		3.20E-07		3.20E-07		3.20E-07

		Pre Target DC Loss (Shaft)		178		261		394		2.08E-02		3.15E-02		4.62E-02		residency time 99.9% vol.

		7. Pre Target Accident (DS)		196		287		434		3.20E-07		3.20E-07		3.20E-07

		Pre Target DC Loss (DS)		196		287		434		1.81E-02		2.75E-02		4.03E-02		residency time 99.9% vol.

		(7) Star density, F, velocity and r (etc.) used to get relative concentrations to regulatory limits, using residency time in 99.9% volume (full radius).

		Region		Low Inflow						Med Inflow						High Inflow

				Relative 3H concentration		Relative 22Na concentration		Total Relative Concentration		Relative 3H concentration		Relative 22Na concentration		Total Relative Concentration		Relative 3H concentration		Relative 22Na concentration		Total Relative Concentration		Velocity Uncertainties

		1. Lined Carrier Pipe GT Accident		6.71E-03		6.84E-03		1.35E-02		6.71E-03		6.84E-03		1.35E-02		6.71E-03		6.84E-03		1.35E-02		0

		Lined Carrier Pipe GT DC Loss		9.82E+04		5.18E+04		1.50E+05		9.82E+04		5.18E+04		1.50E+05		9.82E+04		5.18E+04		1.50E+05		0

		2. Lined Carrier Pipe (Interface) Accident		1.23E-02		1.25E-02		0.0248		1.23E-02		1.25E-02		0.025		1.23E-02		1.25E-02		0.025		0.0000002557

		Lined Carrier Pipe (Interface) DC Loss		3.51E+00		9.03E+00		12.5407		7.22E-01		2.98E+00		3.700		2.90E-01		1.30E+00		1.592		2.3893048453

		3. Unlined Carrier Pipe Accident		7.55E-03		7.69E-03		0.0152		7.55E-03		7.69E-03		0.015		7.55E-03		7.69E-03		0.015		0.0000092963

		Unlined Carrier Pipe DC Loss		4.79E+00		2.27E+01		27.5406		3.40E+00		1.61E+01		19.525		2.30E+00		1.10E+01		13.255		0.4105299926

		4. Pre Target Accident (US)		8.67E-03		8.83E-03		0.0175		8.67E-03		8.83E-03		0.017		8.67E-03		8.83E-03		0.017		0.0000041732

		Pre Target DC Loss (US)		9.06E-02		6.73E-01		0.7634		6.80E-02		3.19E-01		0.387		4.79E-02		2.25E-01		0.273		0.973490362

		5.  Pre Target Accident (Mid)		2.35E-03		2.39E-03		0.0047		2.35E-03		2.39E-03		0.005		2.35E-03		2.39E-03		0.005		0.0000024823

		Pre Target DC Loss (Mid)		1.43E-01		6.67E-01		0.8100		1.19E-01		5.56E-01		0.675		8.87E-02		4.16E-01		0.505		0.2005955691

		6. Pre Target Accident (Shaft)		2.66E-04		2.71E-04		0.0005		2.66E-04		2.71E-04		0.001		2.66E-04		2.71E-04		0.001		0.0000009758

		Pre Target DC Loss (Shaft)		-2.02E-02		-9.37E-02		-0.1139		1.23E-01		5.78E-01		0.701		1.47E-01		6.94E-01		0.842		-1.162386284

		7. Pre Target Accident (DS)		9.23E-05		9.40E-05		0.0002		9.23E-05		9.40E-05		0.000		9.23E-05		9.40E-05		0.000		0.000001119

		Pre Target DC Loss (DS)		5.29E-02		2.47E-01		0.2995		1.40E-01		6.59E-01		0.799		1.43E-01		6.74E-01		0.816		-0.6252588466

		Note 100 gpm/mile (ET baseline) corresponds to % matrix inflows of 51%, 51% and 42%.

		Region		Np min resid. time		Np exp resid. time		Np max resid. time		(8) Use an Np that peaks at Np max (4e13 ppp or 2.11e13p/s) for 0 residency time and decreases linearly over the average time period (use 1 week now) to obtain 55% efficiency, depending on the residency time.  Ones in yellow are for residency times greate

		all regions, all accidents		2.11E+13		2.11E+13		2.11E+13

		Lined Carrier Pipe GT DC Loss		1.15E+13		1.15E+13		1.15E+13

		Lined Carrier Pipe (Interface) DC Loss		1.15E+13		1.15E+13		1.15E+13

		Unlined Carrier Pipe DC Loss		2.01E+13		1.95E+13		1.88E+13

		Pre Target DC Loss (US)		1.88E+13		1.76E+13		1.60E+13

		Pre Target DC Loss (Mid)		1.72E+13		1.52E+13		1.25E+13

		Pre Target DC Loss (Shaft)		1.13E+13		6.24E+12		-6.95E+11

		Pre Target DC Loss (DS)		1.25E+13		8.14E+12		2.09E+12

		Accident is assumed to last at most 5 pulses

		Region		Avg. Star density limit based on activation or residency time (stars/cm3/p)		CASIM derived average star density for full beam loss at region (stars/cm3/p)		Fractional beam loss allowed		Water residency time (years)		Water residency time (days)		Lost pulses allowed in residency time		Accident Condition

		1. Lined Carrier Pipe GT Accident		5.3E+03		1.1E-06		1.30E+02		8.00000		2920.00		4.E+11		V105, 0.6%

		Lined Carrier Pipe GT DC Loss		6.4E-04		1.1E-06		5.82E+02		2920.0

		2. Lined Carrier Pipe (Interface) Accident		2.8E-06		1.1E-06		1.80E-06		1.50919		550.85		125		V104-2, 30%

		Lined Carrier Pipe (Interface) DC Loss		2.1E-12		1.1E-06		1.91E-06		550.9

		3. Unlined Carrier Pipe Accident		2.7E-06		1.1E-06		1.80E-06		0.00487		1.78		204		V104-2, 13%

		Unlined Carrier Pipe DC Loss		5.7E-10		1.1E-06		5.18E-04		1.8

		4. Pre Target Accident (US)		2.7E-06		1.5E-07		6.00E-05		0.01082		3.95		178		V105, 0.2%

		Pre Target DC Loss (US)		4.8E-10		1.5E-07		3.20E-03		3.9						V105, 0.2%

		5.  Pre Target Accident (Mid)		2.7E-06		1.5E-07		6.00E-05		0.01821		6.65		656		V105, 0.2%

		Pre Target DC Loss (Mid)		6.4E-10		1.5E-07		6.00E-05		6.6						V105, 0.2%

		6. Pre Target Accident (Shaft)		2.7E-06		1.5E-07		6.00E-05		0.04618		16.86		5799		V105, 0.2%

		Pre Target DC Loss (Shaft)		6.4E-10		1.5E-07		6.00E-05		16.9						V105, 0.2%

		7. Pre Target Accident (DS)		2.7E-06		1.5E-07		6.00E-05		0.04028		14.70		16693		V105, 0.2%

		Pre Target DC Loss (DS)		6.4E-10		1.5E-07		4.3E-03		14.7

				4.4E+07

				6.0E+06



get this value from the cell inflow table and must iterate as it will change the fracture spacing which changes this value-iterate until converge



calculations

		



Decay Region/CP

Kankakee (PT, TH, DK1)

Fracture Spacing (feet)

Faction of Water

Fraction of Water Flowing in through Rock Matrix



starsvsradius

		Radius (cm)		Rock Distance (m)		Rock Distance (ft)		Decay Stars		error		Carrier Pipe Stars

		410		0		0.00E+00		5.10E-11		2.47E-11				0.25		0.125

		435		0.25		8.20E-01		2.40E-11		9.97E-12				0.5		0.375

		460		0.5		1.64E+00		1.55E-11		4.16E-12				0.75		0.625

		485		0.75		2.46E+00		6.14E-12		1.67E-12				1		0.875

		510		1		3.28E+00		8.35E-12		6.32E-13				1.25		1.125

		535		1.25		4.10E+00		2.09E-12		3.14E-13				1.5		1.375

		560		1.5		4.92E+00		3.09E-13		1.15E-13				1.75		1.625

		585		1.75		5.74E+00		1.50E-13		3.12E-14				2		1.875

								4.04E-01		2.95E-01

								1.08E-10		4.16E-11

						0		0.0000000001		0		99.9% volume

						1.64		0

						2.46		0

						6.97		0

						212.4456



get this value from the cell inflow table and must iterate as it will change the fracture spacing which changes this value-iterate until converge

get this value from the cell inflow table and must iterate as it will change the fracture spacing which changes this value-iterate until converge

Decay Region/CP

Kankakee (PT, TH, DK1)

Fracture Spacing (ft)

Fraction of Water Flowing through Matrix

Fraction of Water Flowing through Matrix vs. Fracture Spacing



starsvsradius

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Decay Stars

Radial Distance in Rock (ft)

Star Density (stars/cc/p)

Radial Star Density

0

0

0

0

0

0

0

0



MARS & Casim

				Region		Star density limit/year		Derived star density limit/proton		CASIM derived average star density per lost proton		Resulting fractional beam loss allowed		Water residency time		Lost pulses allowed in residency time		Level of Concern

				Lined carrier tunnel in soil with Rtill of 1E-5		1.1E+13		3.0E-08		1.1E-06		2.7E-02		8 years		2,000,000		4

				Lined carrier tunnel in mixed soil/rock with flow of 20'/yr		NA		1.0E-12		1.1E-06		9.1E-07		4 months		2		2

				Unlined carrier tunnel in rock		NA		2.1E-11		1.1E-06		1.9E-05		5 days		2		3

				Unlined pretarget hall in rock		NA		2.1E-11		1.5E-07		1.4E-04		5 days		16		1

				NA - Annual limits are not applicable in flowing water

		Number		Region		Length (m): End (start @158)		Length in MARS (ft)		Linear feet by Healey		Length (feet)		Length (cm)		Start of Region (cm)		Length (cm)		Length (feet)

		1		Carrier Pipe Glacial Till (lined)		192		111.55		102.33		102		3108.96		2.96E+04

		2		Carrier Pipe Interface (lined)		218		85.30		98.5		100		3048		3.27E+04

		3		Carrier Pipe Dolomite (unlined)		284		216.54		196		217		6614.16		3.58E+04		12771.12		419		Carrier Pipe

		4		PreTarget Upstream		301		55.77				66		2011.68		4.24E+04

		5		Pre-Target Middle		318		55.77				117		3566.16		4.44E+04		5577.84		183		Pre-Target Hall

		6		Pre-Target Shaft Area		325		22.97

		7		Pre-Target Downstream		338		42.65

		CP length:		413.39		PT length		177.17		590.55		End of Pre Target Hall:		4.79E+04		18348.96		602		Total

				Due to the geometry and geology of the various regions, I need the 99.9% volume and star density for each of these regions for each

				scenario you run.  So, for a given run, there will be 5 different volumes, Smax's, Savg's and radii for the 99.9% volume.  I think the

				numbers in "start of region" should correspond to Sergei's numbers in his geometry.  Please check to see if they are about right Sergei.

		region		stars/cc		Lost Protons		Stars/cc/lost p		Volume (cc)		Length (cm)		Tunnel Radius (feet)		Avg. radius (feet)		R (ft) to 99.9% volume (0 is tunnel wall)		!/2 Radius (ft) for residency time

		1		0		4.00E+13		0.00E+00		5.14E+08		3400		3		7.79		4.79		3.8970538815

		2		0		4.00E+13		0.00E+00		5.21E+08		2600		3		8.81		5.81		4.4058429332

		3		1.53E+06		4.00E+13		3.83E-08		8.95E+08		6600		4		7.90		3.90		3.9516933155

		4		2.69E+06		4.00E+13		6.73E-08		3.73E+08		1700		5		10.01		5.01		5.0044573318

		5		11523		4.00E+13		2.88E-10		7.89E+08		1700		12		17.41		5.41		8.7029155457

		6		1190		4.00E+13		2.98E-11		7.63E+08		700		20		27.81		7.81		13.9065735584

		7		450		4.00E+13		1.13E-11		1.52E+09		1300		18		26.91		8.91		13.4544921797





Sheet1

		Setup		Max. Beam loss point		region		St		Lu		Loses Scaled to Peter Worst Case Normal %		Smax (stars/cc/p lost)		Savg (stars/cc/p lost)		R tunnel (cm)		R 99.9 max (cm)		R residency (cm)		Radius Weighted avg R fraction		99.9% vol (cc)		L (cm)

		1N		V1095 dipole		US PT		2.2		1				1.00E-06		2.00E-08		257		407		150		0.28		1.30E+09		6000

												0.0009		1.90E-07		9.60E-09		515		627		112				1.80E+09

						CP GT												515		627		112

																		515		627		112

		2N		DS of HQ107		US CP		1.3		0.5				1.50E-06		2.10E-08		120		300		180		0.28		3.40E+09		21500

												0.0000000848		1.40E-06		1.80E-08		120		300		180				3.50E+09

		3N		V109M2 dipole		US PT		6, 0.17		1, 0.5				1.40E-06		2.00E-08		260		440		180		0.28		1.60E+09		14000

												1.33E-08		1.20E-06		2.30E-08		280		467		187				1.40E+09		12000

		4N		bad vac.		CP, US PT interface		17%/130m, atmospheric pressure		1.E-05		1.E-05		1.30E-06		1.90E-08		250		350		100		0.28		4.60E+09		21500

		5A		v1043=0		US CP, US PT								4.40E-07		9.40E-09		255		440		185		0.28		5.20E+09		21500

		6A		HV101 string off		MI								3.60E-07		1.80E-08						0				8.20E+08

		setup 1		beam offset		% beam loss				setup 2		Lamb mag field deviation		% Beam loss				Setup 3		V105 Field variation, 2mm ofset in BP		% Beam loss

				1.6		0.06						1.1		0.08						0.0017		0.02

				1.8		0.21						1.2		0.55						0.0018		0.88

				2		0.51						1.3		1.5						0.0019		4.26

				2.2		1.14						1		0						0.002		13

				1.4		0						0.5		0.0000000848		0.000000424				0.005		100

				1		0.0009		0.0045				1.3		1.7271624423						0.0015		0

				2		0.5252632743														0.001		1.33E-08		6.65E-08

		Sergei used a gaussian beam with cuts at 3 sigma.  3 sigma leaves 0.3% in the tails.																		0.002		1.77E+01

		Assume that tails will be 5 times worse than gausian beyond the 3 sigma level:														5

		Locations of region changes on Sergeis scale:

		Region				cm		Loss Setup

		start of CP				2.96E+04

		Start of interface				3.27E+04

		start of unlined CP				3.57E+04

		Start of PT				4.24E+04

		Start of DS PT				4.44E+04

		Start of TH				4.80E+04

		Setup		Smax Location (m)		Smax		Savg		Max Location		Next Max Location		Ratio max/next		Savg Max Loc		Savg next		Rmax (cm)		Rnext		Savg setup 1		Savg/p (max)		Savg/p (next)

		1		322		1.90E-07		9.60E-09		CP GT		CP Int.		2.00		0.0000000064		0.0000000032		112		112		0.0000000096		0		0

		2		164		1.40E-06		1.80E-08

		3		287		1.20E-06		2.30E-08

		4		270		1.30E-06		1.90E-08

		5A		325		4.40E-07		9.40E-09

		6A				3.60E-07		1.80E-08
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radii(old)

		Lined CP decay to well.  5/24/00 updated.  Need to check equations still.

		Assume inflow to tunnel edge, then instantaneously along tunnel to aquifer (10' above dolomite).

				Units

		Length of Carreir Pipe to dolomite		ft		123

		Length of Carrier Pipe in aquifer (in galcial till)		ft		100

		Average distance to tunnel edge		ft

		Average distance to aquifer		ft		0

		Velocity for "inflow" to tunnel wall

		Rtill for flow to aquifer

		MI62 Rtill (Lemont Formation)				5.20E-10		1, 10 years operation, r for Savg is 5.2'.

		Lemont Fromationseepage velocity		cm/yr		0.55						1

		Lemont Formation porosity				30						2

		Lemont Formation density		g/cm3		2.6		2.5		2.7		2

		Assume no inflow to tunnel edge, but that grouting/liner is very good, thus water flows to aquifer.

		1 Memo KaMran Vaziri, Paul Kesich to Nancy Grossman, 8/12/99 "Tritium Concentration Reduction Factors for the MI62 Region"

		2 Phone converstation with Paul Kesich 8/17/99

		What density should I use??? 2.1 or 2.6?

				Relative Concentration C/Co

		Distance to Well (feet)		V=2ft/yr		V=10ft/ty		V=50ft/yr		low uncertv		high uncert v

		0		12.541		3.700		1.592		2.3893048453		0.5698571283

		50		2.076		2.170		1.275		-0.0434145875		0.4126013079

		100		0.874		1.344		1.028		-0.3495987032		0.2350743237

		150		0.427		0.888		0.836		-0.5184476392		0.0579961372

		200		0.212		0.626		0.686		-0.6620567687		-0.0957525865

		250		0.105		0.469		0.568		-0.7763997421		-0.2121330673

				Relative Concentration C/Co

		Distance to Well (feet)		low uncert		V=20ft/ty		high uncert

		0		3.083		3.700		9.122

		50		1.621		2.170		0.000

		100		1.320		1.344		0.000

		150		0.974		0.888		0.563

		200		0.714		0.626		0.451

		250		0.544		0.469		0.382





radii(old)

		0		0.7677488895		0.1964975318

		0		0		0.1007873803

		0		0		0.0812017525

		0		0.0342096658		0.0591924343

		0		0.0270855147		0.0428853983

		0		0.0227012402		0.0323506617



V=20ft/ty

Distance to Well (feet)

Concentration Relative to the Regulatory Limit

Relative Concentration vs. Distance to Well

0.2320408332

0.1349228651

0.0826901756

0.0539584634

0.0376187705

0.0278885015



DK shielding Dimensions

		Star Density Data for Decay Region:										Zones 193, 190 and 191 respectively								R=200cm (6.5') +SQRT ( Xave**2 + Yave**2)

		Date		Beam		USA(50m)		USB		US		DS		RTH		R1(cm)		R2		R3		R4		R5		Comment

		9/29/95		medium energy		1.54E-11		9.71E-12		1.06E-11		8.52E-12				729		772		708		665		629		correct placement of shiedling around decay pipe, downstream end with 1' removed (shielding and tunnel radius)

				low energy		2.53E-11		8.59E-12		1.12E-11		7.50E-12

				high energy		1.66E-11		9.84E-12		1.15E-11		1.22E-11

				hadronic hose med		1.96E-11		1.07E-11		1.21E-11		1.90E-11

		11/10/95		medium energy						1.05E-11		8.54E-12				729		772		708		665		629		smaller steps standard job

		11/10/95		medium energy						1.32E-11		1.06E-11				671		714		649		607		571		6" space, 5' space, rounded top, square bottom

		11/11/95		medium energy						1.03E-11		9.41E-12				729		772		708		665		629		6" space, 5' space, rounded top, square bottom, old 99.9% volume

		11/11/95		medium energy						1.15E-11		1.02E-11				671		714		650		665		629		6" space, 5' space,  1 rounded top corner other square, square bottom

		11/14/95		medium energy						1.15E-11		9.87E-12				664		707		643		600		564		2" space, 5' space,  2 rounded top corners, square bottom (half-round)

				low energy						1.34E-11		1.04E-11

				high energy		2.05E-11		1.21E-11		1.35E-11		1.34E-11

		11/21/95		medium energy						1.06E-11		8.57E-12				729		772		708		665		629		2" space, 5' space,  1 rounded top corner, square bottom and top corner

				medium energy hose						1.39E-11		8.36E-12

				low energy						1.12E-11		7.17E-12

				low energy hose						1.35E-11		8.18E-12

		HE/ME				1.08E+00		1.01E+00		1.08E+00		1.43E+00		r1		r2		r3		r4		r5		r6		9/30/99 HE/ME ratio

		HE/ME								1.17E+00		1.36E+00														11/15/99 HE/ME ratio

		1/16/96		medium energy (130pcf)		3.15E-11		1.20E-11		1.47E-11		1.04E-11		649		692		628		585		623		549		1" space, 3'8" space,  1 rounded top corner, square bottom and top corner

				High energy (130pcf)		3.89E-11		1.03E-11		1.43E-11		1.09E-11

				Low energy (130pcf)		3.24E-11		1.22E-11		1.50E-11		1.32E-11

				medium energy (140pcf)		2.23E-11		8.81E-12		1.07E-11		9.50E-12

				High energy (140pcf)		2.74E-11		1.05E-11		1.28E-11		8.94E-12

				Low energy (140pcf)		3.07E-11		9.52E-12		1.25E-11		1.10E-11

				140/130		78.92%		86.07%		85.62%		83.33%		83.48%		22.7034120735		20.6036745407		19.1929133858		20.4396325459		18.0118110236

		2/7/96		TBM option

		equivalent radius (4 sides inflow)														11.9285696374		13.2032908705		11.2807604861		10.0269363225		8.9611857833

		equivalent radius (3 sides inflow)														8.9371541535		9.8931950783		8.4512972901		7.5109291673		6.7116162629

		Diameter of shielding														569		630		538		478		427

		Length in feet														144		492		365		781		410

		weighting														0.2264150943		0.7735849057		0.2345758355		0.5019280206		0.263496144

		wted avg.														12.9146747422				10.0402320157

		VOL1		4.20E+09

		Vol2		2.60E+10

						volA		volB

						4.20E+09		2.60E+10		3.02E+10

		Date		Description		USA		USB		US		DS		D&B limit		US		DS

		Dec-95		ME 130		3.15E-11		1.20E-11		1.47E-11		1.04E-11				1.50E-11		2.28E-11

		30 MeV		ME140		2.23E-11		8.81E-12		1.07E-11		9.50E-12

				140/130		0.71		0.73		0.73		0.91		avg 140/130=				0.828969769

				HE130		3.89E-11		1.03E-11		1.43E-11		1.09E-11

				HE140		2.74E-11		1.05E-11		1.28E-11		8.94E-12		TBM/D&B=				7.01E-01

				140/130		0.70		1.02		0.90		0.82

				HE/ME		1.23		0.86		0.97		1.05		HE/ME=				1.0092361543

				LE130		3.24E-11		1.22E-11		1.50E-11		1.32E-11

				LE140		3.07E-11		9.52E-12		1.25E-11		1.10E-11				us		ds

				140/130		0.95		0.78		0.83		0.83		140/130

		Mark		LE130		3.38E-11		1.32E-11		1.61E-11		1.27E-11

		open DK, D&B		LE HH 130		3.32E-11		1.30E-11		1.58E-11		1.93E-11

		30 MeV		expected LE HH 140		2.75E-11		1.08E-11		1.31E-11		1.60E-11

				LE HH/LE		9.82E-01		9.85E-01		9.84E-01		1.52E+00

				LE BP 130		4.23E-11		7.10E-12		1.20E-11		3.70E-12

				LE BP HH 130		4.62E-11		8.30E-12		1.36E-11		4.70E-12

				LE BP HH/LE BP		1.09E+00		1.17E+00		1.13E+00		1.27E+00

				ME 130		2.81E-11		1.29E-11		1.50E-11		1.15E-11

				ME HH 130		3.81E-11		1.30E-11		1.65E-11		1.62E-11		TBM limit		US		DS

				ME HH/ME		1.36E+00		1.01E+00		1.10E+00		1.41E+00				1.55E-11		1.95E-11

				expected ME HH 140		3.16E-11		1.08E-11		1.37E-11		1.34E-11		US1, US2		3.70E-11		1.13E-11

		Feb-96		TBM ME 130		1.87E-11		8.96E-12		1.03E-11

				TBM/D&B		5.94E-01		7.47E-01		7.01E-01				Target Hall

		4/3/00 Cat		TBM 140 ME		1.31E-11		6.68E-12		7.59E-12		7.93E-12		4.95E-12

		30 MeV		TBM 140 LE		1.80E-11		6.11E-12		7.79E-12		7.29E-12		3.53E-12

				TBM 140 HE						0.00E+00

		volumes (cm3)				2.77E+09		1.60E+10		1.88E+10		2.32E+10

		4/24 w/ equivalent radius		TBM 140 ME		2.25E-11		1.27E-11		1.42E-11		5.80E-12

				volumes		2.48E+09		1.52E+10		1.77E+10		1.40E-01

		5/13/96		TBM 130, 47 MeV LE		4.05E-11		1.85E-11		2.16E-11				140 US1		130 US2		avg

				Flux		1.43E-09		6.87E-10		7.91E-10				3.19E-11		1.85E-11		2.04E-11

		2 meter r		TBM 140, 47 MeV LE		3.19E-11		1.44E-11		1.69E-11

				Flux

				TBM 130, 30 MeV LE		4.42E-11		1.73E-11		2.11E-11

				Flux		2.02E-09		8.14E-10		9.83E-10

				30MeV/47 MeV		1.09E+00		9.35E-01		9.76E-01

				140/130		7.88E-01		7.78E-01		7.81E-01

				Flux ratio: 30/47 MeV		1.41E+00		1.18E+00		1.24E+00

		volumes (cm3)				4.82E+09		2.93E+10		3.41E+10		1.96E+10		Equivalent Circumference Beam to Rock Radius (feet)		Length of section (feet)		MARS Length  (m)		MARS Length  (ft)						Distance in Rock (feet)

		From 3/21/00 TBM progress print for DK				radius to 99.9% (cm)		radius to 99.9% (cm)		radius to 99.9% (ft)		radius to 99.9% (ft)		18.9		250										2.4254593176

		all in cm		Radius (TH)		650				21.3				12		150		50		164.0419947507						10.4409448819

				Radius (DK strata 1)		684				22.4				12.2		850		260		853.0183727034						11.5532808399		9.5519685039

				Radius (DK strata 2)		724		663		23.8		21.8		11.7		1600		360		1181.1023622047		note MARS does not include hadron absorber cavern length				5.6228346457

				Radius (DK strata 3)		528				17.3				13.4

				Hadron Absorber (60' long now?)

		4/24 w/ equivalent radius

		calculate CP and PT length (PT 165', CP 416'?)  check on tunnels and halls drawings





Sheet2

		Star Density Data for Decay Region:										Zones 193, 190 and 191 respectively								R=200cm (6.5') +SQRT ( Xave**2 + Yave**2)

		Date		Beam		USA(50m)		USB		US		DS		RTH		R1(cm)		R2		R3		R4		R5		Comment

		9/29/95		medium energy		1.54E-11		9.71E-12		1.06E-11		8.52E-12				729		772		708		665		629		correct placement of shiedling around decay pipe, downstream end with 1' removed (shielding and tunnel radius)

				low energy		2.53E-11		8.59E-12		1.12E-11		7.50E-12

				high energy		1.66E-11		9.84E-12		1.15E-11		1.22E-11

				hadronic hose med		1.96E-11		1.07E-11		1.21E-11		1.90E-11

		11/10/95		medium energy						1.05E-11		8.54E-12				729		772		708		665		629		smaller steps standard job

		11/10/95		medium energy						1.32E-11		1.06E-11				671		714		649		607		571		6" space, 5' space, rounded top, square bottom

		11/11/95		medium energy						1.03E-11		9.41E-12				729		772		708		665		629		6" space, 5' space, rounded top, square bottom, old 99.9% volume

		11/11/95		medium energy						1.15E-11		1.02E-11				671		714		650		665		629		6" space, 5' space,  1 rounded top corner other square, square bottom

		11/14/95		medium energy						1.15E-11		9.87E-12				664		707		643		600		564		2" space, 5' space,  2 rounded top corners, square bottom (half-round)

				low energy						1.34E-11		1.04E-11

				high energy		2.05E-11		1.21E-11		1.35E-11		1.34E-11

		11/21/95		medium energy						1.06E-11		8.57E-12				729		772		708		665		629		2" space, 5' space,  1 rounded top corner, square bottom and top corner

				medium energy hose						1.39E-11		8.36E-12

				low energy						1.12E-11		7.17E-12

				low energy hose						1.35E-11		8.18E-12

		HE/ME				1.08E+00		1.01E+00		1.08E+00		1.43E+00		r1		r2		r3		r4		r5		r6		9/30/99 HE/ME ratio

		HE/ME								1.17E+00		1.36E+00														11/15/99 HE/ME ratio

		1/16/96		medium energy (130pcf)		3.15E-11		1.20E-11		1.47E-11		1.04E-11		649		692		628		585		623		549		1" space, 3'8" space,  1 rounded top corner, square bottom and top corner

				High energy (130pcf)		3.89E-11		1.03E-11		1.43E-11		1.09E-11

				Low energy (130pcf)		3.24E-11		1.22E-11		1.50E-11		1.32E-11

				medium energy (140pcf)		2.23E-11		8.81E-12		1.07E-11		9.50E-12

				High energy (140pcf)		2.74E-11		1.05E-11		1.28E-11		8.94E-12

				Low energy (140pcf)		3.07E-11		9.52E-12		1.25E-11		1.10E-11

				140/130		78.92%		86.07%		85.62%		83.33%		83.48%		22.7034120735		20.6036745407		19.1929133858		20.4396325459		18.0118110236

		2/7/96		TBM option

		equivalent radius (4 sides inflow)														11.9285696374		13.2032908705		11.2807604861		10.0269363225		8.9611857833

		equivalent radius (3 sides inflow)														8.9371541535		9.8931950783		8.4512972901		7.5109291673		6.7116162629

		Diameter of shielding														569		630		538		478		427

		Length in feet														144		492		365		781		410

		weighting														0.2264150943		0.7735849057		0.2345758355		0.5019280206		0.263496144

		wted avg.														12.9146747422				10.0402320157

		VOL1		4.20E+09

		Vol2		2.60E+10

						volA		volB

						4.20E+09		2.60E+10		3.02E+10

		Date		Description		USA		USB		US		DS		D&B limit		US		DS

		Dec-95		ME 130		3.15E-11		1.20E-11		1.47E-11		1.04E-11				1.50E-11		2.28E-11

				ME140		2.23E-11		8.81E-12		1.07E-11		9.50E-12

				140/130		0.71		0.73		0.73		0.91		avg 140/130=				0.828969769

				HE130		3.89E-11		1.03E-11		1.43E-11		1.09E-11

				HE140		2.74E-11		1.05E-11		1.28E-11		8.94E-12		TBM/D&B=				7.01E-01

				140/130		0.70		1.02		0.90		0.82

				HE/ME		1.23		0.86		0.97		1.05		HE/ME=				1.0092361543

				LE130		3.24E-11		1.22E-11		1.50E-11		1.32E-11

				LE140		3.07E-11		9.52E-12		1.25E-11		1.10E-11				us		ds

				140/130		0.95		0.78		0.83		0.83		140/130

		Mark		LE130		3.38E-11		1.32E-11		1.61E-11		1.27E-11

				LE HH 130		3.32E-11		1.30E-11		1.58E-11		1.93E-11

				expected LE HH 140		2.75E-11		1.08E-11		1.31E-11		1.60E-11

				LE HH/LE		9.82E-01		9.85E-01		9.84E-01		1.52E+00

				LE BP 130		4.23E-11		7.10E-12		1.20E-11		3.70E-12

				LE BP HH 130		4.62E-11		8.30E-12		1.36E-11		4.70E-12

				LE BP HH/LE BP		1.09E+00		1.17E+00		1.13E+00		1.27E+00

				ME 130		2.81E-11		1.29E-11		1.50E-11		1.15E-11

				ME HH 130		3.81E-11		1.30E-11		1.65E-11		1.62E-11		TBM limit		US		DS

				ME HH/ME		1.36E+00		1.01E+00		1.10E+00		1.41E+00

				expected ME HH 140		3.16E-11		1.08E-11		1.37E-11		1.34E-11				1.58E-11		2.00E-11

		Feb-96		TBM ME 130		1.87E-11		8.96E-12		1.03E-11

				TBM/D&B		5.94E-01		7.47E-01		7.01E-01				Target Hall

		4/3/00 Cat		TBM 140 ME		1.31E-11		6.68E-12		7.59E-12		7.93E-12		4.95E-12

				TBM 140 LE		1.80E-11		6.11E-12		7.79E-12		7.29E-12		3.53E-12

				TBM 140 HE						0.00E+00

		volumes (cm3)				2.77E+09		1.60E+10		1.88E+10		2.32E+10

		4/24 w/ equivalent radius		TBM 140 ME		2.25E-11		1.27E-11		1.42E-11		5.80E-12

		volumes (cm3)				4.82E+09		2.93E+10		3.41E+10		1.96E+10

		From 3/21/00 TBM progress print for DK				radius to 99.9% (cm)		radius to 99.9% (cm)		radius to 99.9% (ft)		radius to 99.9% (ft)		Equivalent Circumference Beam to Rock Radius (feet)		Length of section (feet)		MARS Length  (m)		MARS Length  (ft)						Distance in Rock (feet)

		all in cm		Radius (TH)		650				21.3				18.9		250										2.4254593176

				Radius (DK strata 1)		684				22.4				12		150		50		164.0419947507						10.4409448819

				Radius (DK strata 2)		724		663		23.8		21.8		12.2		850		260		853.0183727034						11.5532808399		9.5519685039

				Radius (DK strata 3)		528				17.3				11.7		1600		360		1181.1023622047		note MARS does not include hadron absorber cavern length				5.6228346457

				Hadron Absorber (60' long now?)										13.4

		4/24 w/ equivalent radius

		calculate CP and PT length (PT 165', CP 416'?)  check on tunnels and halls drawings





		DK Region Shielding (6/15/99), (1/17/00):

		MARS												6-7-1 signed/corrected drawings						6-7-4 drawings								6-7-4 11/22/99 bid drawings						21.5' diameter TBM Option 2/9/00						Delta Length		Delta Thickness		Comment

		Length (m)		Length (ft)		Thickness (inches)		Thickness (feet)		Length (ft)		Thickness (ft)		6-7-1 signed drawings: length (ft)		MARS-(6-7-1) Delta lengths (ft)		6-7-1 Thickness (ft)		6-7-4 drawings: length (ft)		6-7-4 drawings: length by STA(ft)		MARS-(6-7-4) Delta lengths (ft)		6-7-4 Thickness (ft)		6-7-4 drawings: length (ft)		6-7-4 drawings: length by STA(ft)		6-7-4 Thickness (ft)		Memo length (ft)		Start STA		Min Thickness (ft)

		50		164.0419947507		72		6.00		18.53		6		18.53		0.00		6		18.53		18.53		0.00		6														-18.53		-6		Target Hall portion, in Target Hall drawing

		150		492.125984252		84		7.00		145.51		6		146		-0.49		6		146		146		-0.49		6		144		144		6.08		144		8+48.5		6.08		-2		0.08		basically same thickness and length

		150		492.125984252		66		5.50		492.13		7		492.125		0.00		7		498.13		498.13		-6.00		7		492		492		7.08		492		9+93		7.08		-6.13		0.08		basically same thickness and length

		100		328.0839895013		66		5.50		1148.29		5.5		1148.3		-0.01		5.5		1142.29		1142.29		6.00		5.5		365		365		5.58		1556		14+85		5.58		-777.29		0.08		removed 1' from the portion of the shielding in the Brainard Formation due to Heuer analysis

		100		328.0839895013		63		5.25		410.10		4.67		409.7		0.40		4.67										781		781		4.58				18+50		4.58		781		4.58		this is the protion of the shidling from above w/1' removed

		125		410.1049868766		56		4.67												69.94		410.23		-0.13		4.67		410		410		3.75						3.75		-0.23		-0.92		old shielding with 1' removed.

		sum:		2214.5669291339						2214.56				2214.66		-0.09				1874.89		2215.18		-0.62				2192.00		2192.00				2192.00

														18.53

		Total length of NuMI in MARS: 73640cm = 736.4 m												2196.13														Note: For TBM, from 14+85 the beam centerline angles off from the TBM centerline.  Thus shielding shnges gradually as one goes downstream.

		Target Hall is 5240cm (52.4m), beam is started 400cm (4m) upstream of this.

		DK+ Absorber= 73640-(400+5240)=68000cm (680m)

		DK = 675m long, absorber is 5m long+680m





		Row Label		distance		thickness		distance		distance*cos(alpha)		roundoff

				(meters)		(inches)		(feet)		(feet)		(feet)

		A		50		72		164.0419947507		163.7639230538		164

		B		150		84		492.125984252		491.2917691614		491

		C		150		66		492.125984252		491.2917691614		491

		D		100		66		328.0839895013		327.5278461076		328		1146

		E		100		63		328.0839895013		327.5278461076		328

		F		125		56		410.1049868766		409.4098076345		409

										2210.8129612261		2211		sums

										0.0583		tan(alpha)

										0.9983048749		cos(alpha)



numi: this piece sticks into end of target hall by approx 18', ends at Sta 9+61.73 (dwg C-48)

numi: typical slope of decay tunnel.  There are short lengths where it is either lower or higher

numi:
This is the sum of the three lengths, then rounded to the nearest foot

numi:
On the drawings for the decay shielding this is also taken as 66" thickness
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Stars Density vs. Radius


Decay Star Density (stars/cc/p)


y = 7.1967e-11 * e^(-0.99112x) R


2


= 0.97984 


Decay Star Density (stars/cc/p)


Radial Distance in Rock (ft)





