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Abstract

Using the methodology presented in NuMI-NOTE-BEAM-943, we update the estimates of the releases of airborne radionuclides at the NuMI stacks presented in TM-2089.  Estimates of the time required for cooldown before personnel access is allowed are also presented.
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5Figure 1  Longitudinal schematic elevation view of the NuMI facility on the Fermilab site showing the significant features of the ventilation and air monitoring systems.


11Figure 2: Calculated Annual Release of Radioactivity in the Primary Beam as a Function of Ventilation Rate
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30Figure 13: Pre-Target Area




1 Introduction

Airborne activation results from the interaction of primary and secondary particles directly with the air (or other gaseous medium) in its path. A secondary source of airborne activity is dust, formed by natural erosion, 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 reaching outside consist primarily of 11C and 13N with smaller concentrations of 15O and 41Ar.  11C and 41Ar, having the longest half-lives, tend to be the dominant concern.  Other radionuclides are also produced, but are not a concern for environmental or personnel protection, as discussed in the text. 

The NuMI air exhaust points are shown in Figure 1.  EAV1 is the vent for the carrier tunnel and pretarget area, EAV2 is the exhaust vent for the Target Hall area and upstream decay region, EAV3 is the exhaust vent for the Hadron Absorber area and downstream decay region (and the area upstream of the MINOS shaft) and, EAV4 is the exhaust vent for the area from the MINOS shaft to the MINOS Hall.  The highest levels of activation will be from the Target Hall/upstream decay region (EAV2) and the Hadron Absorber/downstream decay region (EAV3).  From the MINOS shaft and downstream the air is not activated since particle fluxes, other than neutrinos, are negligible.

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.  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 in a year for all Fermilab operations.  The average annual activity release is to be kept less than 100 Ci.  Based on discussions with the ES&H Section, the goal for NuMI air releases is less than 45 Curies in a year.

In this report we apply the approved air activation methodology presented in NuMI-NOTE-BEAM-943 to the NuMI beamline and present the results. 
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Figure 1  Longitudinal schematic elevation view of the NuMI facility on the Fermilab site showing the significant features of the ventilation and air monitoring systems.
2 Methodology

Since the methodology is given in Gr03, it is only summarized here for completeness.  The methodology is an extension of that presented in Fermilab-TM-2089, motivated by the need to calculate releases due to leakage from a highly activated volume of air (confined volume) into a larger vented volume of air (external volume), which is then exhausted out a vent.  For the external volume one has Equation 1:


where,
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is the Ci/yr that is released out the vent from the external volume.

Nj 
is the number of target atoms per unit volume (atoms/cm3).

ij 
is the cross section for production of radionuclide i from target atom j (cm2).

ext
 is the average flux density in the external volume as determined from MARS (particles/cm2/proton).

Np 
is the number of incident protons per second at the source.

i,
is the inverse mean lifetime of radionuclide i.
tirrad
is the irradiation time of the air volume.

r
the ventilation term, is the number of air changes per unit time.
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D 
is the ventilation rate in the external air volume per unit time. 

Vext
is the volume of air in the external volume.

Vvent
is the volume of the air from Vext to the release point.

ttransit
is the ventilation system travel time, from the production region to the release point:
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F
is the fraction of Vext one considers when calculating the transit time (see Gr03).

tcool
is the time after beam-off at which one is calculating the release; typically this is zero as one calculates for a continuous beam-on release.

Os 
is the number of operational (beam-on) seconds in a year. 

Nj, i, and i, are given in Gr03 and do not change for different applications.  Table 1 shows the parameters specific to the accelerator or beamline that are needed to estimate the radioactive air emissions.

Similarly, for the confined volume, one has, Equation 2:

where,
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is the Ci/yr that is released out the vent from the confined volume.

conf
 is the average flux density in the confined volume as determined from MARS (particles/cm2/proton).

rl
the confined volume ventilation term, is the number of air changes per unit time.
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Dl 
is the leak rate from the confined air volume to the external air volume per unit time. 

Vconf
is the volume of air in the confined volume.

ttransit
is the ventilation system travel time, from the production region to the release point:
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F
is the fraction of Vext one considers when calculating the transit time (see Gr03).  For the confined volume calculation of transit time.

Thus, using the air release rate, confined volume leakage rate, flux densities and volumes (see Table 1), one can calculate the total release, in terms of activity, of each individual radionuclide over some period of time. 

The total activity released to the environment is then the sum of the two activities, aext and aconf as shown in equation 3.  Equation 3:

	Parameter
	Units
	Comments

	ext, conf
	Hadrons/cm2/p
	From MARS simulations

	Np
	Protons/sec
	Typically average over 3 years

	D, Dl
	cm3/sec
	Outer external volume release rate, and confined volume leakage rate (respectively)

	Vext, Vvent, Vconf
	cm3
	External volume, air volume from external volume to release location, and the confined volume (respectively)

	tirrad
	sec
	Irradiation time of air volume

	tcool
	sec
	Cooldown time of air volume

	F
	unitless
	Fraction of activated volume of air included in determining the transit time of the air to the release point

	Os
	seconds
	Operational (beam) time per year, 60% up time is assumed


Table 1: Input Parameters for Air Activation Calculations  

For the primary beam region a continuous uniform beam loss is assumed along the beam line since predicting where beam loss will occur is somewhat difficult.  Equation 1 is used with a transit time of zero since the time for the air to flow from the beam enclosure to the vent is negligible.  

For the release rates out EAV2 and EAV3 a more complicated approach is used since there are two sources of activation for each of these vents, one from the Hall (Target or Hadron Absorber) and one from the decay region.  Compounding this is the fact that the flux densities along the decay tunnel also vary significantly.  It is difficult to know what drives the release rates, the Halls or a decay section.  Thus the saturation concentrations are determined for each of the halls and various sections of the decay tunnel.  The saturation concentration of the air in the Target Hall (and Hadron Absorber Hall) is determined using equation 4 for the isotopes 11C and 13N, the main drivers in the activation calculation.  The cooling and irradiation terms are negligible and thus removed in equation 4.

Equation 4:
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The decay region is separated into 6 regions and a saturation level is determined for each of these regions using the first term in equation 4 without the (D-Dl)/D term.  For EAV2, the air travels from the Target Hall to decay volume 1, then to decay volume 2, then to decay volume 3, then to decay volume 4 and out the stack.  For EAV3, the air travels from the Hadron Absorber Hall to decay volume 6, then to decay volume 5 and out the stack (see Lu04 Appendix A for a drawing of the decay volumes). 

For the EAV2 release rates, the concentration of the air in the target hall is decayed in transit to the first volume in the decay region and compared to the saturation concentration of that region.  For the decay time, 1/2 of the target hall volume and 1/2 of the first decay region volume is used, as this is a good estimate of how long it will take the Target Hall air to move to volume 1.  The Target Hall air activation level is found to be higher than the saturation level of decay volume 1, so it is decayed to decay volume 2 and compared to its saturation level.  This continues to decay region 4, at which point the Target Hall air is still found to have a higher concentration level than the decay region 4 air saturation level.  A similar “decay in transit” is done for decay volumes 1 through 4 to the stack.  Results are given in Table 6.  This same approach is used for estimating the release rate out of EAV3 from the Hadron Absorber and downstream decay region.  For EAV2 it is found that the Target Hall drives the air activation levels, assuming a leakage of 750 cfm.  For EAV3, the final decay region before the vent (region 5) drives the air activation levels (see Table 6).

3 Modeling of the Beamline

The primary beam transport and secondary beam transport modeling is done using the MARS simulation program (Mo03).  The user input to the program includes parameters describing the proton beam, layout of the beamline elements and their geometry and the surrounding shielding and enclosure geometry.  The output from MARS simulations that is needed for this air activation methodology is the charged and neutral hadronic flux densities.  For MARS flux density estimations to be used in this methodology, a MARS neutron energy threshold of 20 MeV is used.  This is discussed in reference Lu03.

For the present calculations and all others associated with NuMI radiation issues, the incident beam of 120 GeV protons is taken to be a pulse of 4 x 1013 protons every 1.87 second.  The total annual delivery of 4 x 1020 protons will be over an "operational year" of 1.89 x 107 seconds (60% up time).  For the purposes of these calculations, the average duration of an irradiation period was taken to be tirrad =2000 hours (~83 days).  The results are not sensitive to this particular choice of the value of tirrad since the dominant radionuclides produced have lifetimes small compared to all reasonable irradiation times.  The cooling time, tcool, unless noted otherwise, was taken to be zero.  These values are given in Table 2.

	Protons
	Np
	2.10E+13
	per sec

	Operational Seconds/year
	Os
	1.89E+07
	seconds

	Irradiation Time
	tirrad
	2.00E+03
	hours

	Cooldown Time
	tcool
	0.00E+00
	hours


Table 2: Beam Parameters for NuMI Air Activation Calculations

MARS studies of beam loss along the primary beam are shown in St04.  Beam losses, and thus flux densities, are negligible as long as power supplies are in regulation.  For a realistic beam loss along the primary beam, we consider a continuous beam loss equivalent to the profile monitors being in 1/4 of the time.  The monitors will be in the beam for much less than this, but the beam loss for a given monitor is also representative of the worst-case steady beam loss we might expect at a small number of locations.  The quantitative beam loss values can be found in St04, Table 4.9 and 4.11 and correspond to an average star density in the rock of 5x10-13 stars/cc/proton on target.  One fourth of this is 1.25x10-13 stars/cc/p.  We use the decay region star densities in rock and densities in air to get a rough scaling factor between the two of 600 (Gr04, Lu04).  Thus the 1.25x10-13 stars/cc/p roughly corresponds to a flux density in air of 8x10-11 parts/cm2/p.  

The secondary beam losses were calculated assuming a divergenceless Gaussian (sigma 0.07 cm vertical by 0.17 cm horizontal) hitting the NuMI target.  Lu04 shows the MARS geometry used in determining the hadronic flux densities and volumes.  The MARS geometry is based on the drawing set NuMI Outfitting Drawings 6-7-6, detailed target hall shielding drawings (drawings 8875.126-ME-406829, 8875.126-ME-406736, 8875.000-ME-363027) and detailed Hadron Absorber Drawings (drawing 8875.114-ME-427776). 

The air supplied to the MINOS experimental hall is kept separate from the air ventilating the Hadron Absorber/Bypass Tunnel Region by a wall and fire door.  Beyond the Muon Alcoves, there are no radio-activation issues since, by design, there are essentially no hadrons present.  This design attains the objective of keeping the air in the MINOS Experimental Hall free of radionuclides in view of its availability for continuous occupancy during operations of the facility.

4 Airborne Activity out of the Stacks for the NuMI Beamline

In the Main Injector/Carrier Tunnel region, air flows at 500 cfm from the Main Injector through the NuMI Stub, into the Carrier Tunnel and out the stack (EAV1) at the upstream end of the Pretarget Hall.  A duct in the CMU wall (8” thick hollow brick concrete fire wall, see NuMI Radiation Safety Drawings 9-6-7-4, C-8) at the downstream end of the Carrier Tunnel vents the air to EAV1 and prevents air from entering into the Carrier Tunnel from the Pretarget Region.  In the Pretarget, air enters through the MI65 service building, down the shaft and is routed through the Pretarget Hall at the upstream end of the Target Hall (Outfitting Drawings 6-7-6 A1, A2).

For the Target Hall and upper decay region, air flows down the Target Hall shaft, through the Target Hall, down the decay tunnel and out the vent EAV2 (see Outfitting Drawing 6-7-6 M4, though the flow rates are not accurate).  Air is sealed and recirculated within the Target Pile in the Target Hall.  The worst-case estimate of leakage out of the Target Pile is 750 cfm (see Appendix B).  The MI65 shaft area, horn power supply room and RAW room are kept at positive pressure relative to the NuMI Target Hall.  Thus activated air never flows towards the MI65 shaft or the support rooms.

For the Hadron Absorber, air flows down the MINOS shaft, up the Hadron Absorber bypass tunnel, through the Hadron Absorber Hall, up the decay tunnel and out the vent EAV3  (Outfitting Drawings 6-7-6 M5).  Vents EAV2 and EAV3 are separated by a wall and fire door (see NuMI Radiation Safety Drawings 9-6-7-4, C-8).  Similar to the Target Hall, the Hadron Absorber is also sealed, but will leak somewhat.  A conservative estimate of 25 cfm (Appendix B) leakage is assumed for the calculations.  

4.1 Primary Beam: Main Injector/Carrier Tunnel Region & Pretarget Region

The source term for air activation in the primary beam line (Main Injector, Carrier Tunnel and PreTarget Regions) is a flux density of 8x10-11 /cm2/p (see Section 3).  Note that Appendix A describes the beam loss due to vacuum levels in the primary beam and it is a few times 10-9 of beam, thus a minor contribution.  Extended high losses will not be possible due to the interlocked detector in the upstream end of the pre-target region (Gr04).  

Table 3 shows the input parameters and resultant air activation for the primary beam region using equation 1.  Calculated annual release of radioactivity produced in the primary beam region as a function of the ventilation rate is shown in Figure 2.  Volumes for the primary beam region are based on drawings as described in Appendix C.  


Table 3: Primary Beam Air Activation Results


[image: image9.wmf]0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

100

200

300

400

500

600

700

800

900

Ventillation Rate (cfm)

Release Rate (Ci/yr)

Primary Beam MI to

Carrier Tunnel

Primary Beam PreTarget

to Carrier Tunnel


Figure 2: Calculated Annual Release of Radioactivity in the Primary Beam as a Function of Ventilation Rate

4.2 EAV2 and EAV3 Air Releases

For the Target Hall, an airflow rate of 375 cfm through the transmission line penetration from the power supply room is required.  This added to the 750 cfm maximum leakage rate (see Appendix B) determines the 1125 cfm ventilation rate out EAV2.  For the Hadron Absorber a leakage rate of 25 cfm is used (see Appendix B) and a ventilation rate of 500 cfm is used.  

Releases out EAV2 and EAV3 are estimated in a slightly different manner as explained in Section 2.  For the Target Hall and Hadron Absorber Hall, saturation activation levels for the exterior and interior volumes are determined using equation 3.  Input values are given in Table 4. The external volume for the Target Hall is based on drawings as shown in Appendix C since MARS modeling of the Target Hall area is idealized into rectangular geometry in that outer region.

Similarly saturation levels are determined for 6 decay region volumes (4 upstream for EAV2 and 2 downstream for EAV3) using data from MARS (see Appendix A of Lu04) and the first term in equation 4.  See Table 5.  

Now, as described in Section 2, the saturation activities for each region are decayed in stages in transit to the vents.  Transit times and resultant activity levels are given in Table 6.  For EAV3, the highest activity level is that obtained in the section nearest the release point (DK v5).  For EAV2 the activity from the Target Hall is still higher than the saturation level of the final decay region before the vent and thus the Target Hall activity drives the EAV2 emissions.  One can see this in Table 6.  Thus the activity from these two regions is used to determine the release levels for EAV2 and EAV3 as shown in Table 7 and Table 8.  Figure 3 and Figure 4 show how the release rates are expected to change with ventilation and leakage rates for EAV2 and EAV3.

Table 4: Target Hall and Hadron Absorber Air Activation Input Parameters

	Decay Tunnel Regions
	Volumes (cm3)
	Flux Density (/cm2/p)
	Volumes 

(cubic feet)
	Saturation Activity in Volume (Bq/cm3) C+N

	Target Hall
	4.98E+09
	9.52E-06,           1.54E-08
	1.76E+05
	7.10E+01

	DK v1
	2.07E+08
	4.80E-08
	7.31E+03
	2.43E-01

	DK v2
	5.90E+08
	7.90E-09
	2.08E+04
	8.16E-02

	DK v3
	5.29E+08
	1.70E-08
	1.87E+04
	1.65E-01

	DK v4
	3.20E+08
	1.90E-08
	1.13E+04
	1.33E-01

	DK v5
	1.04E+09
	1.00E-08
	3.68E+04
	1.82E-01

	DK v6
	1.08E+09
	7.70E-09
	3.81E+04
	1.41E-01

	Hadron Absorber
	4.16E+08
	3.81E-05,           5.28E-08
	1.47E+04
	1.30E+01


Table 5:  EAV2, EAV3 Air Volumes, Flux Densities and Saturation Levels


	Decay Tunnel Regions
	Saturation Activity (Bq/cm3) C+N
	Transit Time to Volume (sec), TH to V4: EAV2; HA to V5: EAV3
	Target Hall, HA (Bq/cm3), C+N as it transits volumes
	V1 & V6 (Bq/cm3), C+N
	V2 (Bq/cm3), C+N
	V3 (Bq/cm3), C+N

	Target Hall
	7.10E+01
	 
	7.10E+01
	 
	 
	 

	DK v1
	2.43E-01
	4.89E+03
	3.44E+00
	2.43E-01
	 
	 

	DK v2
	8.16E-02
	7.50E+02
	2.24E+00
	1.42E-01
	8.16E-02
	 

	DK v3
	1.65E-01
	1.05E+03
	1.23E+00
	7.11E-02
	3.97E-02
	1.65E-01

	DK v4
	1.33E-01
	7.99E+02
	7.82E-01
	1.36E-04
	2.38E-02
	9.47E-02

	DK v5
	1.82E-01
	4.49E+03
	1.25E-01
	8.96E-03
	 
	 

	DK v6
	1.41E-01
	3.17E+03
	1.66E+00
	1.41E-01
	 
	 

	Hadron Absorber
	1.30E+01
	 
	1.30E+01
	 
	 
	 


Table 6: EAV2 and EAV3 Activation Levels in Transit to Vent (C+N)
	Flux Density TH Interior
	conf
	9.52E-06
	per proton per cm2

	Volume TH Interior
	Vconf
	4.53E+08
	cm3

	Flux Density TH Exterior
	ext
	1.54E-08
	per proton per cm2

	Volume TH Exterior
	Vext
	4.98E+09
	cm3

	Vol TH to Vent
	Vvent
	1.65E+09
	cm3

	Leakage Rate
	Dl
	750
	cfm

	Fraction of Outer Vol. Used in Calculating Transit Time for confined air
	F
	5.00E-01
	 

	Vent Rate
	D
	1125
	cfm

	Ar41
	
	0.025
	*Fract of C+N Activity

	Transit Time
	ttransit
	2.1643
	hrs

	Air Changes
	
	0.3837
	per hour

	Release Rate
	ayr
	29.92
	Ci/yr

	Release Rate (internal vol)
	aconf
	29.0
	Ci/yr

	Release Rate (external vol)
	aext
	0.9
	Ci/yr

	11C
	
	2.914E+01
	Ci/yr

	13N
	
	5.018E-02
	Ci/yr

	15O
	
	1.525E-17
	Ci/yr

	41Ar
	
	7.298E-01
	Ci/yr

	3H
	
	1.339E-01
	Ci/yr

	7Be
	
	4.772E+00
	Ci/yr

	Sum(11C+13N+41Ar)
	
	29.9
	Ci/yr


Table 7: EAV2 Air Activation Results (Target Hall Air)

	
	
	EAV3 (DK volume 5)
	

	Flux Density
	ext
	1.00E-08
	Part/cm2/p

	Volume
	Vext
	1.04E+09
	cm3

	Transit Time
	ttransit
	0
	hrs

	Air Changes
	
	0.82
	per hour

	Vent Rate
	D
	500
	cfm

	Volume to Vent
	
	0
	cm3

	Release Rate
	ayr
	22
	Ci/yr

	11C
	
	1.72E+01
	Ci/yr

	13N
	
	4.71E+00
	Ci/yr

	15O
	
	9.18E+00
	Ci/yr

	41Ar
	
	5.47E-01
	Ci/yr

	3H
	
	3.18E-04
	Ci/yr

	7Be
	
	1.13E-02
	Ci/yr

	Sum(11C+13N+41Ar)
	
	2.24E+01
	Ci/yr


Table 8: EAV3 Air Activation Results (Decay Volume 5)

 
[image: image10.wmf]0

5

10

15

20

25

30

35

40

400

600

800

1000

1200

Ventilation Rate (cfm)

Release Rate (Ci/yr)

Ci/yr (200 cfm leakage)

Ci/yr (400 cfm leakage)

Ci/yr (750 cfm leakage)


Figure 3: Release Rate versus Ventilation Rate (and Leakage Rate) For EAV2

Figure 4:  Release Rate versus Ventilation and Leakage from Hadron Absorber

5 Determining Site Boundary Dose Equivalent Rates

A dose equivalent rate of 0.1 mrem/year or less, approximately distributed uniformly throughout several months, cannot feasibly be measured directly.  The alternative indirect method used to estimate such a dose equivalent consists of measurements of the activity released from the various sources using stack monitors at the release points.  The activity released, expressed in terms of the individual radionuclides found at the stacks, is then used as input in the computer code CAP88-PC along with specified meteorological data for the calendar year during which the releases occurred
.  The average of these results for the site boundary yields a dose equivalent per unit activity of 5.64 x 10-4 mrem/Ci, a scaling factor that can be used to roughly predict dose rates at the site boundary (Gr99).  The total activity released from the NuMI stacks is conservatively estimated at 52 Ci/yr, corresponding to approximately 0.029 mrem/yr at the site boundary.

6 Dose Equivalent Rate to Personnel within the enclosure due to Exposure to Activated Air

As observed in TM-2089, the dose equivalent rate to personnel accessing an area with radioactive air rapidly decays to trivial levels after only about an hour of cooldown.  This is due to the short half-lives of most of the radionuclides produced.  If one wishes to estimate the dose equivalent to a worker entering the enclosure after a shorter period than 1 hour, then all the radionuclides should be considered.  In this case the concentrations found, after uniformly mixing the contributions of the regions, are used to calculate the effective dose equivalent rate due to exposure to this air.  These concentrations correspond to the first two terms in brackets in equation 4 below.  This is done by taking the concentrations for each radionuclide of concern, including 7Be, calculated at the end of the irradiation, Ci(0), dividing them by the appropriate Derived Air Concentrations (DACs) for occupational workers, and summing them to determine the total fraction of a DAC achieved (see discussion of DACs in TM-2089).  

In general, the effective dose equivalent rate, dH(tcool)/dt, as a function of decay time, tcool, is thus given by,
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since the exchange of air reduces the concentration of activity in a manner similar to that provided by the radioactive decay.  Figure 5 shows the estimated relative Derived Air Concentration levels due to activated air in the various parts of the NuMI beamline assuming nominal flow rates as listed in text.  It includes concentrations of 3H, 11C, 13N, 15O, and 41Ar.  In the figure y= 1 corresponds to 2.5 mrem/hr.  One should realize that access to the MI/CT, Decay Region and Hadron Absorber areas should be infrequent.  Areas more frequently accessed will be the Target Hall and Pre-Target.  Typically access is allowed when levels reach 0.1 DAC and all areas should reach this level in an hour or less.  


Figure 5:  Estimated dose equivalent rate (in DACs) due to activated air as a function of time after beam turn off

7 Discussion of Uncertainty

It is reasonable to determine the Ci/year release rate out the stack for several realistic scenarios of either 41Ar content, ventilation rates and/or leakage rates from the confined volume. This then provides a range of possible results that could be obtained when operating.  Expected values for the Target Hall and Hadron Absorber for the worst-case scenarios are given in the text.  They assume 2.5% 41Ar, when, perhaps, 1% is more realistic.  They assume worst-case leak scenarios and thus most conservative ventilation rates.  If one were to assume 1% 41Ar and more realistic leak scenarios for the Target Pile, then the estimated activity out the stacks would be 38 Ci/yr (see Table 9) at the assumed ventilation rates in the text and 4E13 protons per pulse.  The slight decrease is due the fact that once the Target Pile leaks less, the driving term for air activation out EAV2 is decay region 4.  This is to be compared with 52 Ci under worst-case estimates. 

8 Monitoring and Mitigation

Air is vented from the NuMI underground areas at four vent shafts, located, from upstream to downstream, at the upstream end of the pre-target enclosure (EAV-1, 6-7-4 DWG C-17), two vents at the mid-point of the decay pipe (EAV-2&3, 6-7-4 DWG C-18) and at the downstream end of the MINOS hall (EAV-4, 6-7-4 DWG C-19).  The air from the NuMI Target Hall is expected to be a major contributor to the total release of activated air from the FNAL site, and therefore EAV2 will be continuously monitored. EAV3, which releases air from the Hadron Absorber, and EAV1, which releases air from the primary beamline, can also be continuously monitored.  Monitoring data will be sent into the Lab's MUX system, to be recorded. 

The sampling port for the air monitoring equipment is located in the vent stack, at least eight pipe diameters downstream and two diameters upstream of any flow disturbance, which can be a fan, a bend in the stack, or other obstruction.  The fans for vent EAV-2&3 will be located on the surface adjacent to the vents.  Periodic sampling, using mobile field equipment, will be used to monitor all of the stacks that are not continuously monitored. 

Before the start of the MiniBooNE experiment, beryllium was never detected in radiologically significant concentrations from air activation sources.  The antiproton source was the major source of air activity release, and gamma ray analysis of the emissions samples taken with activated charcoal filter, showed no 7Be activity.  With the start of the MiniBooNE experiment, 7Be has been detected in air filters.  It is important to note that MiniBooNe’s weekly beam usage is as much anti-proton source used annually.  The NuMI experiment requires about same amount of protons per year that MiniBooNE does.  NuMI’s higher beam energy will enhance the air activation levels further.  The Target Hall and the Hadron Absorber Hall are the two major sources of activated air at NuMI. 

The following mitigations are considered in addressing the issue of 7Be from the NuMI air activation sources if needed.  The major part of the air activation is around the target and horn1. The NuMI beam line, target and the horns are located in the Target Chase, enclosed in iron and concrete shielding, separating them from the Target Hall.  Target Chase is cooled by closed loop air handling system. The air from the target chase is filtered, cooled and dehumidified before going back into the Target Chase. It is expected that most of the 7Be is captured in the filters, as is the case for the MiniBooNE. Gamma ray analysis of MiniBooNE samples from the downstream side of the filters show insignificant or no 7Be. This is also verified by the analysis of the soil samples from around the MiniBooNE exhaust vent.  The air handling filters replacement will be handled as a “hot jobs”. The bag-in bag-out design of the filters compartment will reduce the chance of spread of contamination from the filters. Since filters are very efficient in capturing the 7Be, the contribution of this radionuclide to the off site doses will be negligible.

A small amount of air will leak from the Target Chase into the target hall, traveling through a tortuous path through the cracks in the interface between the shielding blocks. This leakage is further reduced through sealing the gaps between the shielding blocks using the soft seals called “noodles”.  Both the secondary beam flux and the leakage are small enough that no 7Be contamination is expected in the Target Hall.  The same is true for the Hadron Absorber Hall.  The Hadron Absorber is similarly sealed, and will have minimal leakage, as there is not forced airflow within it.

The Target Hall will be considered a contamination area, until the initial-entry-surveys shows otherwise.  The people accessing the Target Hall routinely will wear PPE.  If necessary the floor will be covered with Herculite by the Rad Safety surveyors, before the access by others.  It is important to note that the equipment and the shielding in the Target Chase are for remote handling.  However, anything removed from this area will be considered as contaminated and handled accordingly.

The EAV1, EAV2 and EAV3 stacks and the area around them will be fenced and posted as “Controlled Area” and locked. 

9 Summary

Table 9 shows the results of our estimates of the releases out the stacks of the NuMI beamline.  Clearly the driver is the Target Hall and the decay region.  Due to the fact that it is very difficult to estimate the leakage that will occur out the target pile, a conservative value was chosen in the calculation and a more realistic one is also shown in the table below in parenthesis.  The same is true for the Hadron Absorber.   The primary beamline calculation is done assuming a conservative, but realistic continuous normal beam. 

Initially, a stack monitor will be installed at EAV2, and sampling will be done at EAV1 and EAV3.  Continuous air monitors can be installed at stacks EAV1 and EAV3 if necessary.  We will extrapolate emissions at low intensity, while beam is being tuned, to those at expected NuMI operating conditions.  Possible mitigations are to turn down the vent rate or better seal the target pile or Hadron Absorber.  It is anticipated that the values given below are conservative.

	 
	Vent
	Air Exchange rate (/hour)
	Flow (cfm)
	Leakage Rate (cfm)
	Worst Case Estimated Release Rate (Ci/yr)
	More Realistic Estimated Release Rate* (Ci/yr)

	Primary Beam 
	EAV1
	0.25, 0.54
	500
	-
	0.4
	0.2

	Target Hall & Upstream Decay
	EAV2
	0.38
	1125

(775)
	750

(400)
	30
	20

	Hadron Absorber & Downstream Decay
	EAV3
	0.82
	500

(400)
	25


	22
	18

	
	
	
	
	Total
	52
	38


*Assumes factor of 2 less losses in primary beam and 1% 41Ar everywhere but the primary beam, assumes a leakage of 400 cfm for the target pile and thus the vent rate can be decreased to 775 cfm.  The downstream decay region vent rate could be decreased to 400 cfm.

Table 9: NuMI Air Activation Results
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Appendix A : Beam Gas effects

Losses in the lined section of the NuMI carrier tunnel need to be kept less than 10-6 of 4x1013 ppp due to groundwater concerns.  In this calculation we look at losses from beam interacting in the gas in the carrier tunnel region to make sure the levels are low enough to not be a problem for groundwater.  

For air the collision length = 50,000 cm = 1640 feet at STP.

At 10-5 Torr = 10-5/760=1.3x10-7 atm

Most uncertain variable is the effective length over which beam gas collisions occur giving impact.  There are effects from direct transverse showers and longitudinal showers upstream.  We pick 200’ as a conservative length to calculate the effect over.  The carrier tunnel is about 400’ long, although the region of concern for groundwater is ~200’ long.  As one gets close to pumps, the vacuum will be better than 10-5 Torr, thus the calculation is conservative in that regard also.  For 200’, the fraction of beam interacting at 10-5 Torr pressure is:
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This is many orders of magnitude lower than the limit of 10-6 and thus not a problem.

Appendix B : Leakage in the Hadron Absorber and Target Hall

Hadron Absorber:

The estimated internal air volume of 6.972 x 10^6 cc (hand calculation) compares very well with the volume of 6.4 x 10^6 cc in Byron Lundberg's final MARS calculation.  We use an air exchange rate of 2 volume changes per hour based on ASHRAE air infiltration data for houses (Table 8, Chapter 27, 1197 ASHRE Handbook--Fundamentals).  The highest exchange rate in the ASHRE table is 1.5.  It is for a "loose" class (highest exchange rate) house at the maximum temperature difference in the Table, 100 F degrees.  The air exchange rate for the absorber is then {2 volume exchanges per hour} x {6.972 m^3} x {35.3147 ft^3 per m^3} / {60 min per hour} = 8.2, ~10 cfm.

To be conservative, Andy Stefanik (Mechanical Engineer at FNAL) suggests using a design exchange rate for the absorber of 25 cfm in the air activation calculation (2.5 times the loosest value in the ASHRE table).

This rate is reasonable based on current Hadron Absorber plans.  The inner aluminum core fits very tightly together and the steel blocks surrounding the core are grouted together to eliminate leakage.  An air exclusion box has also been installed in front of the Hadron Absorber, decreasing the inner air volume by at least 50% over that which was used in the calculation.  An inspection of the Hadron Absorber sealing will be done once it is fully constructed, checking fro areas that might need better sealing.  Since there is no forced air in the Hadron Absorber, and the inner air volume is quite small, 25 cfm is a very conservative leak rate estimate (based on a leaky house with the largest temperature differential) and the level of sealing of the pile seems appropriate.
Target Hall:

The steel shielding in the Target Pile is completely surrounded by concrete. The pit and decay pipe shielding concrete are discussed in the reference NuMI TDH.  Removable concrete covers, designated "R" shielding blocks, close off the top of the pit. "R" shielding blocks are steel reinforced concrete beams with dimensions of 0.46 by 0.92 by 5.8 meters. The covers are removed to gain access to the beam line components installed in the target pile pit. Gaps between the covers are sealed with closed cell EPDM cord. Strips of closed cell EPDM are used to seal between the covers and the walkway. Polyurethane caulk is used to seal blocks that won't be moved, like under the work cell. It is estimated that no more than 750 scfm of air will leak from the target hall pit pass the cover seals into the target hall with the air cooling system operating. This leak rate is based on preliminary leak testing of sealed joints.
Appendix C : Rough Air Volume Checks

Initially MARS did not calculate air volumes and thus volumes were calculated by hand from drawings.  Once MARS calculated volumes, these were checked against the hand calculations for verification that they were reasonable.  In some cases they were a bit different (20% at most), but that could be explained by either simplifications in the hand calculation or the MARS geometry.  The primary beam air volume was not done with MARS, but by hand as shown.

Notes on calculating air volume in path to EAV-1

A. Wehmann

4/8/04

This is a study of air volumes next to the beam, for air exhausted to vent EAV-1, from upstream and downstream.  The charge from Nancy was to start with magnet Q608 in the injector tunnel.

Figures 6 through 10 are taken from Main Injector drawings obtained from Gary Van Zanderbergen.  They are best viewed in color—to better see the markings made on the drawings.
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Figure 6 MI 60 enclosure, Q608 to Q610, three building cross-section values
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Figure 7: Q610, Q611, Q612 to start of transition region
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Figure 8: Transition region to NuMI stub
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Figure 9: NuMI stub, upper level
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Figure 10: NuMI stub, lower level
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Figure 11: Peter's Porch

From drawings 9-6-7-4-C2, 9-6-7-4-C7, 6-7-6-A31, 6-7-6-A32 I determine that the carrier pipe length that is 6’ diameter is of length 216.1 feet.  This is in the mixed media section.  The carrier pipe in rock section length is 203.7 feet; the opening in the rock varies from 10-13’ in width in this region, and from 6-8’ in height.  An annotated piece of 9-6-7-4-C2 is shown in Fig. 12.
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Figure 12: Carrier Tunnel

In the transition between carrier region and pre-target region the ceiling height increases to 10 feet minimum.  Section C on drawing 6-7-6-A10 shows a tunnel height for the egress walkway in the pre-target region that is 10’ minimum.  Section D on drawing 6-7-6-A10 is in the transition region where tunnel height is increasing again & there the tunnel height is shown as 11’ 6”.  Section D on drawing 6-7-6-A13 is in the region where the construction shaft was located; on this section the tunnel height is indicated to be between 31’ and 40’.  Figure13 is a piece of 6-7-6-A1 which shows a vertical slice near the filled-in construction shaft.
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Figure 13: Pre-Target Area Detail

  Figure14 shows three polygons used to measure area in the pre-target region.  Polygon A has area 1335 square feet.  Polygon B has area 930 square feet.  Polygon C has area 342 square feet.  Polygon A is taken to have height 10’.  Polygons C is taken to have height 35’.  Polygon B is taken to have height 27’ (8’ is lost to the egress walkway).  Polygon D ends at EAV-1 and has area 85 square feet.
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Figure 14: Pre-Target Area

Target Hall estimated volumes (the external volume is the one used in the calculations versus the MARS volume which is less accurate).
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Primary Beam (500 cfm)





Expected running point (500 cfm)
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Expected running point (800 cfm)





EAV3 500 cfm
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EAV2 1125cfm
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EAV3 500 cfm





EAV2 1125cfm





Worst case running point (1125 cfm)








� 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.


�  The Fermilab ES&H Section performs these calculations.
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cool

		Equation for cooldown:

						MI/CT		Pretarget		Target Hall		Decay (US)		Decay (DS)		Hadron Absorber

		vent rate (cfm)				f		NA		1125		NA		0		500

		lambdair (/sec)				0.0000699181		1.513E-04		1.066E-04		1.779E-04		1.108E-04		5.672E-04

		tcool (hrs)		tcool (sec)		MI/CT		Pretarget		Target Hall		Decay (US)		Decay (DS)		Hadron Absorber

		0		0		0.0038570681		3.597E-03		2.446E+00		8.210E-01		3.884E-01		4.707E+00

		0.5		1800		0.000646301		4.921E-04		5.071E-01		0.1053756322		0.0586376291		3.248E-01

		1		3600		0.0002212022		1.423E-04		0.1543230175		0.0289401003		0.018372585		0.0409572578

		1.5		5400		0.0000910543		4.873E-05		0.0538726161		0.0094037164		0.0068520237		0.0057578188

		2		7200		0.0000460646		2.020E-05		2.281E-02		0.0036874163		0.0031081341		0.0009219981

		2.5		9000		0.0000282604		1.010E-05		0.0122291397		1.743E-03		0.0017055959		0.0001769981

		3		10800		0.0000198591		5.822E-06		0.0079983526		0.0009497909		0.0010771955		0.0000415937

		3.5		12600		0.0000150772		3.655E-06		0.0058887268		0.0005642273		0.0007392841		0.0000114974

		4		14400		0.0000119215		2.404E-06		0.004588001		0.0003512866		0.0005305289		0.0000035096

		4.5		16200		0.00000964		1.622E-06		0.0036649433		0.0002244847		0.0003902807		0.000001129

		5		18000		0.0000079062		1.113E-06		0.002960929		0.000145834		0.0002916632		3.734E-07

		DAC				H3		Be7		C11		N15		O15		Ar41

				(muCi/m3)		20		9		59		41		27		47

				(Ci/cm3)		0		0		0.0000000001		0		0		0

		Release MI		Ci/cm3		1.84704E-18		6.58623E-17		3.84146E-14		9.53222E-15		1.69108E-14		0

		Release PT		Ci/cm3		8.53752901151089E-19		3.047812418644E-17		0		0		0		0

		Release TH		Ci/cm3		1.85E-15		6.61E-14		3.49E-11		6.67E-12		5.71E-12		2.01E-13

		Release DK US		Ci/cm3		1.69E-16		6.04E-15		7.65E-12		2.04E-12		3.87E-12		2.42E-13

		Release DK DS		Ci/cm3		1.21766665136713E-16		0		0		0		0		0

		Release HA		Ci/cm3		6.49E-16		2.32E-14		5.03E-11		1.36E-11		1.85E-11		4.60E-13





cool
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Results

		Hardon Absorber								Blue is output.

		Protons				2.10E+13		per sec				Black is input.

		Irradiation Time				2.00E+03		hours				Vent Rate		Leakage Rate (5 cfm)		Leakage Rate (10 cfm)		Leakage Rate (25 cfm)		Decay Volume 5

		Cooldown Time				0.00E+00		hours				200		0		0		0		10.6

		Operational Seconds/year				1.89E+07		seconds				400		0.3		0.4		0.52		18.9

		Flux Density HA Interior				3.81E-05		per proton per cm2				600		3.7		5		6.51		25.6

		Volume HA Interior				6.37E+06		cm3				800		13.35		18		23.53		31.1

		Flux Denstiy HA Exterior				5.28E-08		per proton per cm2

		Volume HA Exterior				4.16E+08		cm3

		Vol HA to Vent				2.12E+09		cm3

		Leakage Rate				25		cfm

		Fraction of Outer Vol. Used in Calculating Transit Time		F		5.00E-01

		Vent Rate		D		500		cfm

		Ar41				0.025		*Fract of C+N Activity

		Transit Time				2.7404		hrs

		Air Changes				2.0421		per hour

		Release Rate				2.36		Ci/yr

		Release Rate (internal vol)				2.11		Ci/yr

		Release Rate (external vol)				0.25		Ci/yr

		11C				2.300E+00		Ci/yr

		13N				1.668E-03		Ci/yr

		15O				7.853E-23		Ci/yr

		41Ar				5.754E-02		Ci/yr

		3H				8.075E-03		Ci/yr

		7Be				2.880E-01		Ci/yr

						2.359E+00		Ci/yr

		old, 7/02 from Alan

				vol (cm3)		n/cm2/p		h/cm2/p		total/cm2/p

		internal air		1.150E+07		4.13E-05		4.30E-05		8.43E-05

		external air		5.65E+08		1.38E-08		6.52E-10		1.45E-08

		update, 8/02 from Alan

				vol (cm3)		n/cm2/p		h/cm2/p		total/cm2/p

		internal air		2.040E+06		2.70E-05		1.84E-05		1.20E-05		cut in 1/2		Al box

		Internal (US)		1.020E+07		5.67E-06		6.37E-06		1.20E-05		remove

		Internal (DS)		0.000E+00		1.91E-04		1.11E-04		3.02E-04

		external air		5.65E+08		2.50E-09		1.83E-10		2.68E-09

		external air from US internal unconfined		8.00E-01

		DS inside air factor		0.00E+00

		US inside air factor		0.2

		Hadron Absorber:										Total (Ci/yr)

		Flow to Vent (cfm)		Leakage (cfm)								1.79

		1500		0		1.61		0.14		0.04		7.48

		1500		200		6.35		0.97		0.16		7.87

		1500		1500		6.63		1.06		0.17		3.25

		2250		0		2.78		0.43		0.04		30.84		to compare with alan

		2250		200		25.16		5.28		0.40		10.43

		2250		200		8.26		2.04		0.14		10.99

		2250		2250		8.60		2.24		0.14



Nancy L. Grossman:
percentage of time beam is up (usually assume 60% running efficiency)

Nancy L. Grossman:
uses old fluxes
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Air_Calc

		General Air Activation Spreadsheet

		(setup 3/00 by N. Grossman, based on D. Cossairt original spreadsheet)

		1.  This spreadsheet calculates air activation and release rates based on fluxdensities (usually from a Monte Carlo program), volumes, ventillation rates and standard cross sections and decay rates.  The Ar41 production by thermal nuetrons is added in adH

														The reader is referred to Fermilab TM 2089 for a complete description of this equation.

		2. The worksheet titled "regions" calculates the first term in the brackets in the equation above for each of the seven regions. The Table (on this page) titiled "Sum of Activation for Regions" sums the activation for the 7 regions.

		3. The table titled "Mixing Conditions" adds in the term in the second set of brackets (activity in the enclosure), calculating the activity in the enclosure volume (Bq/cm3). The table titled "Continuous Release" adds in the third term in brackets in the

		4.  Inputs are highlighted in yellow,

		outputs are highlighted in green.

		5.  This spreadsheet allows 7 separate regions/volumes for flux densities.

		6.  If you do not need all regions, then you must zero the fluxdensity and volume for the unused regions.

		7.  The region spreadsheet calculates an activity for each region for each radionuclide.

		8.  The region activities are then summed and divided by the total volume of the 7 regions to obtain an overall concentration in the whole region.  (This could be changed if you wish to include different mix/flow rates for each of the volumes.)

		For NuMI regions 1 thru 5 are a closed loop.  Need to setup a "leakage" term to multiply the volume by in these regions.

		Beamline Specific Inputs:

		Timeirrad		2.00E+03		hours		7200000		sec		95		Results Summary:

		Timecool		0.00E+00		hours		0		sec						Ci/cm3		Ci

		Protons		2.10E+13		per sec								saturation activation				0.01

														cooldown/no mixing		3.604E-11		0.01

														mixing saturation		1.915E-11		0.01

														transit & release		1.318E-08		0.25		Ci/yaer

														w/ discrete releases				0.00		Ci/yaer

																# of releases/year

		Fluxdens Reg 6		5.28E-08		per proton per cm3		Vol Reg 6		4.16E+08		cm3		use G. Waver Tcap volume 12/00

																						Latest Table 6/12/02 (2.5% Ar-41)														At 800 cfm												At 900 cfm

		Enclosure vol		4.16E+08		cm3		1.47E+04		cubic feet		sum of volumes for regions 6&7										Vent Rate		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (1000 cfm)		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (800 cfm)		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (900 cfm)

		Leakage term		2.50E+01		cfm				% by volume of chase												1000		250		151		67		22		7		61.8		250		60		18		4		0.88		20.7		250		97		36		10		2.6		36.4

		Volume of air from enclosure to vent		2.12E+09		cm3		7.49E+04		cubic feet				Constants Used:								1000		500		223		98		33		10		91.0		500		88		27		6		1.29		30.6		500		143		53		15		3.9		53.7

		Ar41		0.025		*Fract of C+N Activity								cm2mb		1.00E-27						1000		750		265		116		39		11.78		107.9		750		105		32		7.4		1.5		36.5		750		170		63		18		4.6		63.9

		lambdaair, r		2.0420802831		per hour		5.67245E-04		per sec				Molevol		22414.1						1000		1000		293		128		43		13		119.3		1000		116		35		8		1.7		40.2		1000		188		70		20		5.1		70.8

		Transit time		2.7404		hr		9865.505295315		sec				Avogadro		6.0221E+23						1000		1500		327		143		48		14		133.0		1500		130		39		9		1.88		45.0		1500		210		78		22		5.7		78.9

		Air Release rate		5.00E+02		cu ft/min		2.360E+05		cm3/sec												1000		2000		348		152		51		15		141.5		2000		138		41		9.6		2		47.7		2000		224		83		24		6		84.3

		Fraction of Enclosure Volume included in transit time to vent calculation:										5.000E-01										1000		2500		361		158		53		16		147.0		2500		143		43		10		2.07		49.5		2500		232		86		24.5		6.2		87.2

		No of Releases		12		per year																1000		3000		371		162		54		16		150.8		3000		147		44		10.2		2		50.8		3000		239		88		25.1		6.4		89.6

		OpsSec/year		1.890E+07		sec																800		1000		81		24		5.7		1.1		28.0		1.4373881932		4e13/2.5E13		0.25														0.25

		Beam "up" time		0.000E+00		percentage of time beam is up (usually assume 60% running efficiency)																1000		1000		203		90		30		9.00		83.0		1.436746988

		*Typically Ar41 activity is 1% of the sum of the C and N activities.  Conservatively one can use 2.5% (lots of cracks and themral neutrons)																														0.25

								2.491E-01																		1000 cfm vent, 500 cfm leak, 2E13

		Standard Cross Sections and Decay Constants																								1000 cfm vent, 500 cfm leak, 2E13

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		Argon41

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03		1.07E-04		0.3852

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Table 1:  Sum of Activation for Regions (total enclosure activation, saturation, no ventillaion)=										Bq (outside, from regions_flux)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Bq		above pile		7.328E+08		3.125E+08		4.385E+08		1.027E+08		1.739E+08		1.448E+09		1.353E+07		1.461E+09		5.547E+08

		Ci				1.981E-02		8.445E-03		1.185E-02		2.774E-03		4.699E-03		3.913E-02		3.657E-04		3.950E-02		1.499E-02

		Table 2: Enclosure Concentration with Cooldown ( no ventillation)=								(Bq from table 1)/(enclosure volume)*exp(-lambda_isotope*tcool)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		ConcEncl		Bq/cm3		1.762E+00		7.512E-01		1.054E+00		2.468E-01		4.180E-01		3.480E+00		3.252E-02		3.513E+00		1.333E+00

				Ci/cm3		4.761E-11		2.030E-11		2.849E-11		6.669E-12		1.130E-11		9.407E-11		8.790E-13		9.494E-11		3.604E-11

		TotActEncl		Bq		7.328E+08		3.125E+08		4.385E+08		1.027E+08		1.739E+08		1.448E+09		1.353E+07		1.461E+09		5.547E+08

				Ci		1.981E-02		8.445E-03		1.185E-02		2.774E-03		4.699E-03		3.913E-02		3.657E-04		3.950E-02		1.499E-02

				%		50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Table 3:  Enclosure Concentration with Mixing Conditions=						(1-EXP(-(lambdaH3+lambdaair)*Timeirrad))*C58*1/lambdaH3/(1/lambdaH3+1/lambdaair)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		EnclConc (mixed)		Bq/cm3		5.559E-06		1.986E-04		5.256E-01		1.657E-01		3.800E-01		1.071E+00		1.728E-02		1.089E+00		7.086E-01

				Ci/cm3		1.50233355869483E-16		0		1.420E-11		0		1.027E-11		2.895E-11		4.671E-13		2.942E-11		1.915E-11

		TotActEncl		Bq		2.312E+03		8.261E+04		2.186E+08		6.894E+07		1.581E+08		4.457E+08		7.190E+06		4.529E+08		2.948E+08

				Ci		6.250E-08		2.233E-06		5.909E-03		1.863E-03		4.273E-03		1.205E-02		1.943E-04		1.224E-02		7.967E-03

				%		0.001%		0.018%		48.280%		15.223%		34.909%		98.412%		1.588%		100.000%		65.091%

										2.006E+00		1.489E+00		1.100E+00		3.249E+00

		Table 4: Continuous Release Including Decay in Transit=						C66*EXP(-lambdaH3*TransitTime)*Opsec=Bq

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Activity Released		Bq/sec		1.312E+00		4.679E+01		4.754E+02		4.190E-01		4.135E-20		4.771E+02		1.189E+01		4.890E+02		4.877E+02

				Ci/sec		3.545E-11		1.265E-09		1.285E-08		1.132E-11		1.118E-30		1.289E-08		3.215E-10		1.322E-08		1.318E-08

		Annual Release		Bq		2.479E+07		8.843E+08		8.984E+09		7.919E+06		7.816E-13		9.017E+09		2.248E+08		9.242E+09		9.217E+09

				Ci		6.700E-04		2.390E-02		2.428E-01		2.140E-04		2.112E-23		2.437E-01		6.076E-03		2.498E-01		2.491E-01

				%		0.268%		9.569%		97.214%		0.086%		0.000%		97.568%		2.432%		100.000%		99.732%

		Table 4: Add internal and External volume releases

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Activity Released		Bq/sec		1.58E+01		5.64E+02		4.50E+03		3.27E+00		1.54E-19		4.52E+03		1.126E+02		4.63E+03		4.62E+03

				Ci/sec		4.272E-10		1.524E-08		1.217E-07		8.827E-11		4.155E-30		1.222E-07		3.044E-09		1.252E-07		1.248E-07

		Annual Release		Bq		2.988E+08		1.066E+10		8.510E+10		6.173E+07		2.906E-12		8.546E+10		2.129E+09		8.759E+10		8.729E+10

				Ci		8.075E-03		2.880E-01		2.300E+00		1.668E-03		7.853E-23		2.310E+00		5.754E-02		2.367E+00		2.359E+00

				%		0.341%		12.167%		97.158%		0.070%		0.000%		97.569%		2.431%		100.000%		99.659%

		Do this with different irradiation time. (30 days)

		Table 5: Discrete Releases Per Year (Assume Static Conditions During Operations)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Activity/Release		Bq		7.328E+08		3.120E+08		1.681E+06		1.100E+03		8.018E-17		7.345E+08		4.205E+04		7.345E+08		1.724E+06

				Ci		1.980E-02		8.433E-03		4.543E-05		2.972E-08		2.167E-27		1.985E-02		1.136E-06		1.985E-02		4.659E-05

		Total per year

				Bq		8.793E+09		3.744E+09		2.017E+07		1.320E+04		9.622E-16		8.814E+09		5.046E+05		8.814E+09		2.069E+07

				Ci		2.377E-01		1.012E-01		5.451E-04		3.567E-07		2.601E-26		2.382E-01		1.364E-05		2.382E-01		5.591E-04

				%		99.765%		42.480%		0.229%		0.000%		0.000%		99.994%		0.006%		100.000%		0.235%



air in walksways and in workspace, by G. Waver 12/00

Nancy L. Grossman:
2.5%-  1% 41Ar is ~0.7 of release at 2.5%
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Air_Calc

		



40 Ci/yr goal for NuMI

750 cfm goal for Target Hall Leakage

Ci/yr (800 cfm)

Ci/yr (1000 cfm)

Ci/yr (900 cfm)

Leakage Rate (CFM)

Total Ci/year Released

Total Ci/year Released from the Target Hall Vent out the Decay Region Stack @ 4E13 ppp (*0.625 for 2.5E13 ppp)



InnerVolume_Calc

		Inner Chase Volume Released Activity

		(setup 1/01 by N. Grossman, based on D. Cossairt original spreadsheet)

		1. For NuMI the inner chase volume contains most of the activated air.  This volume will be enclosed and have a leakage rate (cfm). Flux densities and volumes are in pink and copied from C-James 031799 items in pink.

		2. We calculate the activity from the inner chase volume (regions 1-4) and the "outer" chase volume (reg. 5, plus area outside steel, about 3200cf), then take a weighted average of these two activities to determine the recirculated air activity.  On works

		3. Items in light yellow are copied automatically from page 1.  Items in bright yellow are input on this sheet.

		Beamline Specific Inputs:

		Timeirrad		2000		hours		7200000		sec

		Timecool		0		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens Reg 1		3.81E-05		per proton per cm2		Vol Reg 1		6.37E+06		cm3		2.25E+02		2.523E+02

		enclosure vol 1		6.37E+06		cm3		2.25E+02		cubic feet		2.25E+02		Total recirculated volume

		Leakage term (cfm)		2.50E+01

		Volume of air from enclosure to vent		0.00E+00		cm3		0.00E+00		cubic feet				Constants Used:

		Ar41		0.025		*Fract of C+N Activity								cm2mb		1.00E-27

		lambdaair, r		6.6680172509		per hour		1.85223E-03		per sec				Molevol		22414.1

		Transit time		2.7404		hr		9865.505295315		sec				Avogadro		6.0221E+23

		Air Release rate		2.50E+01		cu ft/min		1.180E+04		cm3/sec

		Fraction of Enclosure Volume included in transit time to vent calculation:										0.000E+00

		No of Releases		12.12		per year

		OpsSec/year		1.890E+07		sec

		*Typically Ar41 activity is 1% of the sum of the C and N activities.  Conservatively one can use 2.5% (lots of cracks and themral neutrons)

		Standard Cross Sections and Decay Constants

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		Argon41

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03		1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Table 1: Total Enclosure Activation (saturation, no ventillaion)								From Regions_Flux sheet, Regions_Flux!c15*Lambdai (to get activity)=N*sigma*phi*Np*vconf*lambdai(1-EXP(-(lambdaH3+lambdaair)*Timeirrad))

		sum inner chase regions (1-4)				Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Bq				8.098E+09		3.453E+09		4.846E+09		1.134E+09		1.922E+09		1.600E+10		1.495E+08		1.615E+10		6.130E+09

		Ci				2.189E-01		9.333E-02		1.310E-01		3.066E-02		5.193E-02		4.325E-01		4.041E-03		4.365E-01		1.657E-01

		ConcEncl		Bq/cm3		1.271E+03		5.421E+02		7.608E+02		1.781E+02		3.017E+02		2.512E+03		2.347E+01		2.535E+03		9.624E+02

				Ci/cm3		3.436E-08		1.465E-08		2.056E-08		4.813E-09		8.153E-09		6.789E-08		6.344E-10		6.852E-08		2.601E-08

				%		50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		Table 2: Enclosure Concentration with Internal Mixing Conditions								C38*lambdaH3/(lambdaH3+lambdaairint)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		EnclConc (mixed)		Bq/cm3		1.229E-03		4.390E-02		1.776E+02		6.858E+01		2.275E+02		4.737E+02		6.154E+00		4.798E+02		2.523E+02

				Ci/cm3		3.321E-14		0		0.0000000048		0.0000000019		6.148E-09		1.280E-08		1.663E-10		1.297E-08		6.820E-09

		TotActEncl		Bq		7.826E+03		2.796E+05		1.131E+09		4.369E+08		1.449E+09		3.017E+09		3.920E+07		3.056E+09		1.607E+09

				Ci		2.115E-07		7.558E-06		3.057E-02		1.181E-02		3.916E-02		8.155E-02		1.060E-03		8.261E-02		4.344E-02

				%		0.000%		0.009%		37.013%		14.294%		47.410%		98.717%		1.283%		100.000%		52.590%

										0.767		0.615

		Table 3: Enclosure Concentration with ExteranlMixing Conditions								C45*lambdaH3/(lambdaH3+lambdaairext)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		EnclConc (mixed)		Bq/cm3		1.229E-03		4.389E-02		8.905E+01		2.252E+01		2.065E+01		1.322E+02		2.789E+00		1.350E+02		1.144E+02

				Ci/cm3		0		0		0.0000000024		0.0000000006		5.582E-10		3.574E-09		7.539E-11		3.649E-09		3.091E-09

		TotActEncl		Bq		7.826E+03		2.796E+05		5.673E+08		1.435E+08		1.316E+08		8.423E+08		3.381E+01		8.423E+08		7.107E+08

				Ci		2.115E-07		7.556E-06		1.533E-02		3.878E-03		3.556E-03		2.277E-02		9.137E-10		2.277E-02		1.921E-02

				%		0.001%		0.033%		67.345%		17.033%		15.620%		100.000%		0.000%		100.000%		84.379%

						1.000				0.501		0.328

		Table 4: Add decay in transit to vent & Cooldown								C45*1/lambdaH3/(1/lambdaH3+1/lambdaairext)*EXP(-lambdaH3*Timecool)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Activity Released		Bq/sec		1.450E+01		5.171E+02		4.027E+03		2.847E+00		1.124E-19		4.044E+03		1.008E+02		4.145E+03		4.131E+03

				Ci/sec		0.0000000004		0.000000014		0.0000001088		0.0000000001		3.037E-30		1.093E-07		2.723E-09		1.120E-07		1.116E-07

		Annual Release		Bq		2.740E+08		9.772E+09		7.611E+10		5.381E+07		2.124E-12		7.644E+10		1.904E+09		7.835E+10		7.807E+10

				Ci		7.405E-03		2.641E-01		2.057E+00		1.454E-03		5.741E-23		2.066E+00		5.146E-02		2.117E+00		2.110E+00

				%		0.350%		12.474%		97.151%		0.069%		0.000%		97.570%		2.430%		100.000%		99.650%

																								0.000E+00



Nancy L. Grossman:

Nancy L. Grossman:
Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.



AIr Shafts_Data

		NuMI Ventillation Shafts (NuMI Outfitting, 7/27/00 6-7-6 M-4)

				Outter Diameter		Wall thickness		Beam-On Airflow		Beam-Off Airflow

		Shaft		(inches)		inches		cfm		cfm

		EAV-1 (PT)		12.75		0.406		260		430

		EAV-2 (TGT)		20		0.5		1000		2000

		EAV-3 (AB)		16		0.375		2300		2750

		EAV-4 (MINOS)		18		0.438		3275		5275

		Make the 1000 cfm for EAV-2 800 cfm.

		356 cfm from PS room through stripline penetration, into target hall then into chase and

		out of chase

		need 15-20 cfm per person





Regions_Flux

		

		HA Internal Air Activity								Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Nitrogen14								1.008E+03		4.705E+02		6.721E+02		1.344E+02		0.000E+00		1.815E+03		2.016E+01

		Oxygen16								2.580E+02		6.879E+01		8.599E+01		4.299E+01		3.010E+02		6.879E+02		3.225E+00

		Nitrogen15								3.740E+00		1.746E+00		2.494E+00		4.987E-01		0.000E+00		6.733E+00		7.481E-02

		Oxygen18								5.159E-01		1.376E-01		1.720E-01		8.599E-02		6.019E-01		1.376E+00		6.449E-03

		Argon40								1.004E+00		1.004E+00		1.004E-01		1.004E-01		1.004E-01		1.305E+00		5.020E-03

		ConcTgtReg				Bq/cm3				1.271E+03		5.421E+02		7.608E+02		1.781E+02		3.017E+02		2.512E+03		2.512E-03

						Ci/cm3				3.436E-08		1.465E-08		2.056E-08		4.813E-09		8.153E-09		6.789E-08		6.788E-14

		TotActTgtReg				Bq				8.098E+09		3.453E+09		4.846E+09		1.134E+09		1.922E+09		1.600E+10		1.600E+04

						Ci				2.189E-01		9.333E-02		1.310E-01		3.066E-02		5.193E-02		4.325E-01		4.324E-07

		HA External Air Activity								Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Nitrogen14								1.397E+00		6.518E-01		9.312E-01		1.862E-01		0.000E+00		2.514E+00		2.794E-02

		Oxygen16								3.574E-01		9.531E-02		1.191E-01		5.957E-02		4.170E-01		9.531E-01		4.468E-03

		Nitrogen15								5.183E-03		2.419E-03		3.455E-03		6.910E-04		0.000E+00		9.329E-03		1.037E-04

		Oxygen18								7.148E-04		1.906E-04		2.383E-04		1.191E-04		8.340E-04		1.906E-03		8.936E-06

		Argon40								1.391E-03		1.391E-03		1.391E-04		1.391E-04		1.391E-04		1.808E-03		6.955E-06

		ConcTgtReg				Bq/cm3				1.762E+00		7.512E-01		1.054E+00		2.468E-01		4.180E-01		3.480E+00		3.480E-06

						Ci/cm3				4.761E-11		2.030E-11		2.849E-11		6.669E-12		1.130E-11		9.407E-11		9.405E-17

		TotActTgtReg				Bq				7.328E+08		3.125E+08		4.385E+08		1.027E+08		1.739E+08		1.448E+09		2.217E+01

						Ci				1.981E-02		8.445E-03		1.185E-02		2.774E-03		4.699E-03		3.913E-02		5.991E-10
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Summary Decay

		Blue is output.

						Primary Beam MI to Carrier Tunnel		Primary Beam PreTarget to Carrier Tunnel		Upstream Decay Region		Downstream Decay Region		Units				Vent Rate		Primary Beam MI to Carrier Tunnel		Primary Beam PreTarget to Carrier Tunnel		Upstream Decay Region		Downstream Decay Region

		Protons		Np		2.10E+13		2.10E+13		2.10E+13		2.10E+13		per sec				100		0.05		0.05		0.17		0.11

		Operational sec/year		Os		1.89E+07		1.89E+07		1.89E+07		1.89E+07		seconds				200		0.09		0.09		0.81		0.53

		Irradiation Time		tirrad		2.00E+03		2.00E+03		2.00E+03		2.00E+03		hours				300		0.14		0.13		1.85		1.23

		Cooldown Time		tcool		0.00E+00		0.00E+00		0.00E+00		0.00E+00		hours				400		0.18		0.16		3.23		2.15

		Flux Density		f		8.00E-11		8.00E-11		4.80E-08		0.00E+00		per proton per cm2				500		0.22		0.20		4.90		3.28												Leakage Rate (cfm)				Release Rate (Ci/yr)

		Flux Density 2		f		NA		NA		7.90E-09		1.00E-08						600		0.26		0.23		6.80		4.57								Vent		Flow (cfm)		Worst		Realistic		Worst		Realistic

		Flux Density 3		f		NA		NA		5.10E-09		7.70E-09						700		0.30		0.26		8.88		5.99						Primary Beam		EAV1		1000		-		-				1000

		Volume		Vext		3.38E+09		1.56E+09		1.99E+09		2.13E+09		cm3				800		0.33		0.28		11.09		7.52						Target Hall		EAV2		700		700		200				1600

		Vent Rate		D		500		500		750		500		cfm				900		0.37		0.31		13.40		9.11						Upstream Decay		EAV2		700		-		-				700

		Fraction F		F		see equation 4

		Vvent		Vvent		0		0		0		0		cm3				1.04E-08		0.0000000074

		Ar40		Ar41		0.025		0.025		0.025		0.025		Fract of C+N Activity				1.99E+09		2.13E+09		cf										Downstream Decay		EAV3		1000		-		-				1000

		Release Rate		ayr		0.22		0.20		15.9		15.3		Ci/yr		v1		2.07E+08		9.00E+06		7.31E+03		3.18E+02								Hadron Absorber		EAV3		1000		200		10				1210

		Transit time		ttransit												v2		5.90E+08		1.04E+09		2.08E+04		3.68E+04

		Air Changes				0.25		0.54		0.64		0.40		per hour		v3		1.19E+09		1.08E+09		4.21E+04		3.81E+04																Total		0		5510

		11C				1.71E-01		1.52E-01		1.21E+01		1.19E+01		Ci/yr		avg. fd		1.04E-08		8.79E-09

		13N				4.25E-02		3.99E-02		3.43E+00		3.03E+00		Ci/yr		vol		1.99E+09		2.13E+09

		41Ar				5.35E-03		4.79E-03		3.87E-01		3.73E-01		Ci/yr

		3H				8.24E-06		3.81E-06		1.86E-04		1.42E+07		Ci/yr

		7Be				2.94E-04		1.36E-04		6.63E-03		5.06E+08		Ci/yr

		Sum(11C+13N+41Ar)				2.19E-01		1.97E-01		1.59E+01		1.53E+01		Ci/yr

														0.009456

						Cross section area (sq. ft)		length (cm)		Volume of vent (cm3)		flow rate (cm3/hr)		0.009144

		Transit time US:				1.97		6583.68		1.20E+07		1274258096.64

		Transit time DS:				1.27		6583.68		7.77E+06		849505397.76

		Length (feet)				216

		0.00E+00

		NA

		NA

		1.56E+09

		500



Nancy L. Grossman:
percentage of time beam is up (usually assume 60% running efficiency)
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Decay Region US

		Atmosphere Nuclides				12/1/99		Decay Region		Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23						US Decay Region:

		Timeirrad		2.00E+03		hours		7200000		sec		Flux Density		0.000000048		per proton per cm3

		Timecool		0.00E+00		hours		0		sec		Volume		1.99E+09		cm3

		Protons		2.10E+13		per sec						Vent Rate		750		cfm		353960.5824		cm3/sec

		Fluxdens		4.80E-08		per proton per cm3						Transit Time		0.1735		hrs

		TgtVol		1.99E+09		cm3(same as Enclvol for 1/2 decay sect.)						Release Rate		1.589E+01		Ci/yr

		Enclvol		1.99E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		N regions decay		9

		Transit time		6.25E+02		sec		0.174		hours

		for 1/10 vol.

		N fluxes		1

		lambdaair		0.6403307018		per hour		1.78E-04		per sec

		Average concentration in enclosure:

						Bq/cm3				3.49E-06		1.25E-04		3.81E-01		1.34E-01		3.87E-01		9.018E-01		1.287E-02		9.147E-01		5.277E-01

						Ci/cm3				9.426E-17		3.369E-15		1.029E-11		3.621E-12		1.046E-11		2.437E-11		3.478E-13		2.472E-11		1.426E-11

		Continuous Release (Decay in transit for each of N regions)

		Transit time		0.1735		hr		0		sec

		Air Release		750		cu ft/min		3.540E+05		cm3/sec

		Activity Released				Bq/sec				3.633E-01		1.298E+01		2.362E+04		6.720E+03		1.358E+04		4.393E+04		7.586E+02		4.469E+04		3.110E+04

						Ci/sec				9.820E-12		3.509E-10		6.385E-07		1.816E-07		3.671E-07		1.187E-06		2.050E-08		1.208E-06		8.406E-07

		OpsSec/year				1.890E+07		sec

		Annual Release				Bq				6.867E+06		2.454E+08		4.465E+11		1.270E+11		2.567E+11		8.302E+11		1.434E+10		8.446E+11		5.878E+11

						Ci				1.856E-04		6.631E-03		1.207E+01		3.433E+00		6.938E+00		2.244E+01		3.875E-01		2.283E+01		1.589E+01

		Discrete Releases Per Year (Assume Static Conditions During Operations)

		No of Releases				12.12		per year

		Activity/Release				Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Total per year

						Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Upstream ~0.6 of decay region acitvation release, add in downstream portin at its flow rate.  Amount should be same as table as flux density is uniform and no decay in traqnsit.

		cfm		Ci/year (2.5% Ar)		Ci/yr (5% Ar)		1.589E+01

		3500		0.01		0.01

		3000		0.009		0.009

		2250		0.006		0.007

		2000		0.006		0.006

		1500		0.004		0.004

		1000		-		-

		500		-		-





calc  US

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		4.80E-08		per proton per cm3

		DKVol		2.07E+08		cm3

		Enclvol		2.07E+08		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								1.270E+00		5.927E-01		8.467E-01		1.693E-01		0.000E+00

		Oxygen16								3.250E-01		8.666E-02		1.083E-01		5.417E-02		3.792E-01

		Nitrogen15								4.712E-03		2.199E-03		3.142E-03		6.283E-04		0.000E+00

		Oxygen18								8.323E-06		1.733E-04		2.167E-04		1.083E-04		7.583E-04

		Argon40								1.265E-03		1.265E-03		1.265E-04		1.265E-04		1.265E-04

		ConcTgtReg				Bq/cm3				1.601E+00		6.830E-01		9.585E-01		2.244E-01		3.800E-01

						Ci/cm3				4.327E-11		1.846E-11		2.591E-11		6.064E-12		1.027E-11

		TotActTgtReg				Bq				3.313E+08		1.413E+08		1.983E+08		4.642E+07		7.863E+07		7.959E+08

						Ci				8.953E-03		3.819E-03		5.360E-03		1.255E-03		2.125E-03		2.151E-02

		TotActTgtReg (in one of 3 regions)				Bq				3.313E+08		1.413E+08		1.983E+08		4.642E+07		7.863E+07		7.959E+08

						Ci				8.953E-03		3.819E-03		5.360E-03		1.255E-03		2.125E-03		2.151E-02

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				1.601E+00		6.830E-01		9.585E-01		2.244E-01		3.800E-01		3.164E+00		2.957E-02		3.194E+00		1.212E+00

						Ci/cm3				4.327E-11		1.846E-11		2.591E-11		6.064E-12		1.027E-11		8.551E-11		7.993E-13		8.631E-11		3.277E-11

		TotActEncl				Bq				3.313E+08		1.413E+08		1.983E+08		4.642E+07		7.863E+07		6.546E+08		6.119E+06		6.607E+08		2.509E+08

						Ci				8.953E-03		3.819E-03		5.360E-03		1.255E-03		2.125E-03		1.769E-02		1.654E-04		1.786E-02		6.780E-03

						%				0.5013359338		21.387%		30.014%		7.026%		11.900%		99.074%		0.926%		100.000%		37.966%

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		6.1588114869		per hour		1.71E-03		per sec

		EnclConc (mixed)				Bq/cm3				1.675E-06		5.988E-05		2.377E-01		9.066E-02		2.921E-01		6.204E-01		8.208E-03		6.286E-01		3.365E-01

						Ci/cm3				4.528E-17		0		0		0		0		1.677E-11		2.218E-13		1.699E-11		9.095E-12

		TotActEncl				Bq				3.466E+02		1.239E+04		4.917E+07		1.876E+07		6.043E+07		1.284E+08		1.698E+06		1.301E+08		6.963E+07		3.365E-01

						Ci				9.367E-09		3.348E-07		1.329E-03		5.070E-04		1.633E-03		3.469E-03		4.590E-05		3.515E-03		1.882E-03		9.095E-12





calc  US 2

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		7.90E-09		per proton per cm3

		DKVol		5.90E+08		cm3

		Enclvol		5.90E+08		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								2.090E-01		9.755E-02		1.394E-01		2.787E-02		0.000E+00

		Oxygen16								5.349E-02		1.426E-02		1.783E-02		8.915E-03		6.240E-02

		Nitrogen15								7.756E-04		3.619E-04		5.171E-04		1.034E-04		0.000E+00

		Oxygen18								1.370E-06		2.853E-05		3.566E-05		1.783E-05		1.248E-04

		Argon40								2.082E-04		2.082E-04		2.082E-05		2.082E-05		2.082E-05

		ConcTgtReg				Bq/cm3				2.635E-01		1.124E-01		1.578E-01		3.693E-02		6.255E-02

						Ci/cm3				7.122E-12		3.038E-12		4.264E-12		9.980E-13		1.690E-12

		TotActTgtReg				Bq				1.554E+08		6.631E+07		9.306E+07		2.178E+07		3.690E+07		3.735E+08

						Ci				4.201E-03		1.792E-03		2.515E-03		5.887E-04		9.972E-04		1.009E-02

		TotActTgtReg (in one of 3 regions)				Bq				1.554E+08		6.631E+07		9.306E+07		2.178E+07		3.690E+07		3.735E+08

						Ci				4.201E-03		1.792E-03		2.515E-03		5.887E-04		9.972E-04		1.009E-02

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				2.635E-01		1.124E-01		1.578E-01		3.693E-02		6.255E-02		5.207E-01		4.867E-03		5.256E-01		1.996E-01

						Ci/cm3				7.122E-12		3.038E-12		4.264E-12		9.980E-13		1.690E-12		1.407E-11		1.315E-13		1.421E-11		5.393E-12

		TotActEncl				Bq				1.554E+08		6.631E+07		9.306E+07		2.178E+07		3.690E+07		3.072E+08		2.871E+06		3.101E+08		1.177E+08

						Ci				4.201E-03		1.792E-03		2.515E-03		5.887E-04		9.972E-04		8.302E-03		7.760E-05		8.380E-03		3.182E-03

						%				50.134%		21.387%		30.014%		7.026%		11.900%		99.074%		0.926%		100.000%		37.966%

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		2.1601256088		per hour		6.00E-04		per sec

		EnclConc (mixed)				Bq/cm3				7.861E-07		2.809E-05		7.644E-02		2.434E-02		5.657E-02		1.573E-01		2.519E-03		1.599E-01		1.033E-01

						Ci/cm3				2.125E-17		7.59293657577045E-16		0		0		0		4.253E-12		6.809E-14		4.321E-12		2.792E-12

		TotActEncl				Bq				4.637E+02		1.657E+04		4.509E+07		1.436E+07		3.337E+07		9.282E+07		1.486E+06		9.431E+07		6.093E+07		0.1032942644

						Ci				1.253E-08		4.479E-07		1.219E-03		3.880E-04		9.019E-04		2.509E-03		4.017E-05		2.549E-03		1.647E-03		0





calc  US 3

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		5.10E-09		per proton per cm3

		DKVol		1.19E+09		cm3

		Enclvol		1.19E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								1.349E-01		6.297E-02		8.996E-02		1.799E-02		0.000E+00

		Oxygen16								3.453E-02		9.208E-03		1.151E-02		5.755E-03		4.029E-02

		Nitrogen15								5.007E-04		2.337E-04		3.338E-04		6.676E-05		0.000E+00

		Oxygen18								8.843E-07		1.842E-05		2.302E-05		1.151E-05		8.057E-05

		Argon40								1.344E-04		1.344E-04		1.344E-05		1.344E-05		1.344E-05

		ConcTgtReg				Bq/cm3				1.701E-01		7.257E-02		1.018E-01		2.384E-02		4.038E-02

						Ci/cm3				4.598E-12		1.961E-12		2.753E-12		6.443E-13		1.091E-12

		TotActTgtReg				Bq				2.030E+08		8.659E+07		1.215E+08		2.845E+07		4.818E+07		4.877E+08

						Ci				5.486E-03		2.340E-03		3.284E-03		7.688E-04		1.302E-03		1.318E-02

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				1.701E-01		7.257E-02		1.018E-01		2.384E-02		4.038E-02		3.362E-01		3.142E-03		3.393E-01		1.288E-01

						Ci/cm3				4.598E-12		1.961E-12		2.753E-12		6.443E-13		1.091E-12		9.086E-12		8.492E-14		9.171E-12		3.482E-12

		TotActEncl				Bq				2.030E+08		8.659E+07		1.215E+08		2.845E+07		4.818E+07		4.011E+08		3.749E+06		4.049E+08		1.537E+08

						Ci				5.486E-03		2.340E-03		3.284E-03		7.688E-04		1.302E-03		1.084E-02		1.013E-04		1.094E-02		4.154E-03

						%				0.5013359338		21.387%		30.014%		7.026%		11.900%		99.074%		0.926%		100.000%		37.966%

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		1.0679333696		per hour		2.97E-04		per sec

		EnclConc (mixed)				Bq/cm3				1.026E-06		3.668E-05		6.674E-02		1.898E-02		3.838E-02		1.241E-01		2.143E-03		1.262E-01		8.787E-02

						Ci/cm3				2.774E-17		9.91235195427517E-16		0		0		0		3.354E-12		5.792E-14		3.412E-12		2.375E-12

		TotActEncl				Bq				1.225E+03		4.376E+04		7.963E+07		2.265E+07		4.579E+07		1.481E+08		2.557E+06		1.506E+08		1.048E+08		0.0878674332

						Ci				3.310E-08		1.183E-06		2.152E-03		6.122E-04		1.238E-03		4.002E-03		6.911E-05		4.071E-03		2.834E-03		0





Decay Region DS

		Atmosphere Nuclides				12/1/99		Decay Region		Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23						DS Decay Region:

		Timeirrad		2.00E+03		hours		7200000		sec		Flux Density		0		per proton per cm3

		Timecool		0.00E+00		hours		0		sec		Volume		2.13E+09		cm3

		Protons		2.10E+13		per sec						Vent Rate		500		cfm		235973.7216		cm3/sec

		Fluxdens		0.00E+00		per proton per cm3						Transit Time		0.2786		hrs

		TgtVol		2.13E+09		cm3(same as Enclvol for 1/2 decay sect.)						Release Rate		1.528E+01		Ci/yr

		Enclvol		2.13E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		N regions decay		9

		Transit time		1.00E+03		sec		0.279		hours

		for 1/10 vol.

		N fluxes		3

		Average concentration in enclosure:

						Bq/cm3				3.18E-06		1.14E-04		9.85E-02		2.52E-02		4.58E-02		1.695E-01		3.091E-03		1.726E-01		1.267E-01

						Ci/cm3				8.597E-17		3.068E-15		2.661E-12		6.804E-13		1.238E-12		4.580E-12		8.355E-14		4.664E-12		3.425E-12

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.3988288252		per hour		1.11E-04		per sec

		Continuous Release (Decay in transit for N regions)

		Transit time		0.2786		hr		0		sec

		Air Release		500		cu ft/min		2.360E+05		cm3/sec

		Activity Released				Bq/sec				0.7506071732		2.679E+01		2.324E+04		5.941E+03		1.081E+04		3.999E+04		7.295E+02		4.072E+04		2.991E+04

						Ci/sec				2.029E-11		7.240E-10		6.280E-07		1.606E-07		2.922E-07		1.081E-06		1.971E-08		1.101E-06		8.083E-07

		OpsSec/year				1.890E+07		sec

		Annual Release				Bq				1.419E+07		5.063E+08		4.392E+11		1.123E+11		2.044E+11		7.558E+11		1.379E+10		7.696E+11		5.653E+11

						Ci				3.834E-04		1.368E-02		1.187E+01		3.034E+00		5.523E+00		2.043E+01		3.726E-01		2.080E+01		1.528E+01





calc  DS

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		0.00E+00		per proton per cm3

		DKVol		2.13E+09		cm3

		Enclvol		2.13E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Oxygen16								0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Nitrogen15								0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Oxygen18								0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Argon40								0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		ConcTgtReg				Bq/cm3				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci/cm3				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		TotActTgtReg				Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		TotActTgtReg (in one of 3 regions)				Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci/cm3				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		TotActEncl				Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						%				0		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

								1.11E-04

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.3988288252		per hour		1.11E-04		per sec

		EnclConc (mixed)				Bq/cm3				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci/cm3				0.000E+00		0		0		0		0		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		TotActEncl				Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00





calc  DS 2

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		1.00E-08		per proton per cm3

		DKVol		2.13E+09		cm3

		Enclvol		2.13E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								2.646E-01		1.235E-01		1.764E-01		3.528E-02		0.000E+00

		Oxygen16								6.771E-02		1.806E-02		2.257E-02		1.128E-02		7.899E-02

		Nitrogen15								9.817E-04		4.581E-04		6.545E-04		1.309E-04		0.000E+00

		Oxygen18								1.354E-04		3.611E-05		4.514E-05		2.257E-05		1.580E-04

		Argon40								2.635E-04		2.635E-04		2.635E-05		2.635E-05		2.635E-05

		ConcTgtReg				Bq/cm3				3.337E-01		1.423E-01		1.997E-01		4.674E-02		7.918E-02

						Ci/cm3				9.018E-12		3.846E-12		5.397E-12		1.263E-12		2.140E-12

		TotActTgtReg				Bq				7.107E+08		3.031E+08		4.253E+08		9.956E+07		1.686E+08		1.707E+09

						Ci				1.921E-02		8.191E-03		1.150E-02		2.691E-03		4.558E-03		4.615E-02

		TotActTgtReg (in one of 3 regions)				Bq				2.369E+08		1.010E+08		1.418E+08		3.319E+07		5.621E+07		5.691E+08

						Ci				6.403E-03		2.730E-03		3.832E-03		8.970E-04		1.519E-03		1.538E-02

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				3.337E-01		1.423E-01		1.997E-01		4.674E-02		7.918E-02		6.593E-01		6.161E-03		6.655E-01		2.526E-01

						Ci/cm3				9.018E-12		3.846E-12		5.397E-12		1.263E-12		2.140E-12		1.782E-11		1.665E-13		1.799E-11		6.827E-12

		TotActEncl				Bq				2.369E+08		1.010E+08		1.418E+08		3.319E+07		5.621E+07		4.681E+08		4.374E+06		4.725E+08		1.793E+08

						Ci				6.403E-03		2.730E-03		3.832E-03		8.970E-04		1.519E-03		1.265E-02		1.182E-04		1.277E-02		4.847E-03

						%				0.5014361069		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

								1.11E-04

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.3988288252		per hour		1.11E-04		per sec

		EnclConc (mixed)				Bq/cm3				5.391E-06		1.924E-04		1.669E-01		4.267E-02		7.766E-02		2.872E-01		5.239E-03		2.925E-01		2.148E-01

						Ci/cm3				1.457E-16		0		0		0		0		7.763E-12		1.416E-13		7.905E-12		5.806E-12

		TotActEncl				Bq				3.828E+03		1.366E+05		1.185E+08		3.029E+07		5.514E+07		2.039E+08		3.720E+06		2.077E+08		1.525E+08

						Ci				1.035E-07		3.692E-06		3.203E-03		8.188E-04		1.490E-03		5.512E-03		1.005E-04		5.612E-03		4.122E-03





calc  DS 3

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		7.70E-09		per proton per cm3

		DKVol		2.13E+09		cm3

		Enclvol		2.13E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								2.037E-01		9.508E-02		1.358E-01		2.717E-02		0.000E+00

		Oxygen16								5.213E-02		1.390E-02		1.738E-02		8.689E-03		6.082E-02

		Nitrogen15								7.559E-04		3.528E-04		5.040E-04		1.008E-04		0.000E+00

		Oxygen18								1.043E-04		2.780E-05		3.476E-05		1.738E-05		1.216E-04

		Argon40								2.029E-04		2.029E-04		2.029E-05		2.029E-05		2.029E-05

		ConcTgtReg				Bq/cm3				2.569E-01		1.096E-01		1.538E-01		3.599E-02		6.096E-02

						Ci/cm3				6.944E-12		2.961E-12		4.156E-12		9.728E-13		1.648E-12

		TotActTgtReg				Bq				5.473E+08		2.334E+08		3.275E+08		7.666E+07		1.299E+08		1.315E+09

						Ci				1.479E-02		6.307E-03		8.852E-03		2.072E-03		3.510E-03		3.553E-02

		TotActTgtReg (in one of 3 regions)				Bq				1.824E+08		7.779E+07		1.092E+08		2.555E+07		4.329E+07		4.382E+08

						Ci				4.930E-03		2.102E-03		2.951E-03		6.907E-04		1.170E-03		1.184E-02

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				2.569E-01		1.096E-01		1.538E-01		3.599E-02		6.096E-02		5.077E-01		4.744E-03		5.124E-01		1.945E-01

						Ci/cm3				6.944E-12		2.961E-12		4.156E-12		9.728E-13		1.648E-12		1.372E-11		1.282E-13		1.385E-11		5.257E-12

		TotActEncl				Bq				1.824E+08		7.779E+07		1.092E+08		2.555E+07		4.329E+07		3.604E+08		3.368E+06		3.638E+08		1.381E+08

						Ci				4.930E-03		2.102E-03		2.951E-03		6.907E-04		1.170E-03		9.742E-03		9.103E-05		9.833E-03		3.732E-03

						%				0.5014361069		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

								1.11E-04

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.3988288252		per hour		1.11E-04		per sec

		EnclConc (mixed)				Bq/cm3				4.151E-06		1.481E-04		1.285E-01		3.285E-02		5.980E-02		2.212E-01		4.034E-03		2.252E-01		1.654E-01

						Ci/cm3				1.122E-16		0		0		0		0		5.978E-12		1.090E-13		6.087E-12		4.470E-12

		TotActEncl				Bq				2.947E+03		1.052E+05		9.125E+07		2.333E+07		4.246E+07		1.570E+08		2.864E+06		1.599E+08		1.174E+08

						Ci				7.966E-08		2.843E-06		2.466E-03		6.305E-04		1.147E-03		4.244E-03		7.742E-05		4.322E-03		3.174E-03





Primary Beam PT

		Atmosphere Nuclides				12/1/99		Decay Region		Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23						US Decay Region:

		Timeirrad		2.00E+03		hours		7200000		sec		Flux Density		0.0000000001		per proton per cm3

		Timecool		0.00E+00		hours		0		sec		Volume		1.56E+09		cm3

		Protons		2.10E+13		per sec						Vent Rate		500		cfm		235973.7216		cm3/sec

		Fluxdens		8.00E-11		per proton per cm3						Transit Time		0.2040		hrs

		TgtVol		1.56E+09		cm3(same as Enclvol for 1/2 decay sect.)						Release Rate		1.965E-01		Ci/yr

		Enclvol		1.56E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		N regions decay		9

		Transit time		7.35E+02		sec		0.204		hours

		for 1/10 vol.

		N fluxes		1

		TotActTgtReg				Bq		data trans.		4.164E+06		1.776E+06		2.492E+06		5.834E+05		9.881E+05		8.228E+06

						Ci				1.126E-04		4.799E-05		6.736E-05		1.577E-05		2.671E-05		2.224E-04

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				2.669E-03		1.138E-03		1.598E-03		3.740E-04		6.334E-04		5.274E-03		4.929E-05		5.324E-03		2.021E-03

						Ci/cm3				7.215E-14		3.077E-14		4.318E-14		1.011E-14		1.712E-14		1.426E-13		1.332E-15		1.439E-13		5.462E-14

		TotActEncl				Bq				4.164E+06		1.776E+06		2.492E+06		5.834E+05		9.881E+05		8.228E+06		7.689E+04		8.305E+06		3.152E+06

						Ci				1.126E-04		4.799E-05		6.736E-05		1.577E-05		2.671E-05		2.224E-04		2.078E-06		2.245E-04		8.520E-05

						%				50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.5445547422		per hour		1.51E-04		per sec

		EnclConc (mixed)				Bq/cm3				3.159E-08		1.128E-06		1.260E-03		3.308E-04		6.170E-04		2.208E-03		3.976E-05		2.247E-03		1.630E-03

						Ci/cm3				8.538E-19		3.047812418644E-17		0		0		0		5.966E-14		1.075E-15		6.074E-14		4.406E-14

		TotActEncl				Bq				4.928E+01		1.759E+03		1.965E+06		5.161E+05		9.625E+05		3.444E+06		6.203E+04		3.506E+06		2.543E+06

						Ci				1.332E-09		4.755E-08		5.311E-05		1.395E-05		2.601E-05		9.307E-05		1.676E-06		9.475E-05		6.874E-05

		Continuous Release (Decay in transit for N regions)

		Transit time		0.2040		hr		0		sec

		Air Release		500		cu ft/min		2.360E+05		cm3/sec

		Activity Released				Bq/sec				0.0074541402		2.661E-01		2.973E+02		7.806E+01		1.294E+02		5.047E+02		9.383E+00		5.141E+02		3.847E+02

						Ci/sec				2.015E-13		7.192E-12		8.034E-09		2.110E-09		3.498E-09		1.364E-08		2.536E-10		1.390E-08		1.040E-08

		OpsSec/year				1.890E+07		sec

		Annual Release				Bq				1.409E+05		5.029E+06		5.618E+09		1.475E+09		2.446E+09		9.540E+09		1.773E+08		9.717E+09		7.271E+09

						Ci				3.808E-06		1.359E-04		1.518E-01		3.988E-02		6.611E-02		2.578E-01		4.793E-03		2.626E-01		1.965E-01

		Discrete Releases Per Year (Assume Static Conditions During Operations)

		No of Releases				12.12		per year

		Activity/Release				Bq				4.164E+06		1.776E+06		2.492E+06		5.834E+05		9.881E+05		8.228E+06		7.689E+04		8.305E+06		3.152E+06

						Ci				1.126E-04		4.799E-05		6.736E-05		1.577E-05		2.671E-05		2.224E-04		2.078E-06		2.245E-04		8.520E-05

		Total per year

						Bq				5.047E+07		2.152E+07		3.021E+07		7.070E+06		1.198E+07		9.972E+07		9.319E+05		1.007E+08		3.821E+07

						Ci				1.364E-03		5.817E-04		8.164E-04		1.911E-04		3.237E-04		2.695E-03		2.519E-05		2.720E-03		1.033E-03

		Upstream ~0.6 of decay region acitvation release, add in downstream portin at its flow rate.  Amount should be same as table as flux density is uniform and no decay in traqnsit.

		cfm		Ci/year (2.5% Ar)		Ci/yr (5% Ar)		1.965E-01

		3500		0.01		0.01

		3000		0.009		0.009

		2250		0.006		0.007

		2000		0.006		0.006

		1500		0.004		0.004

		1000		-		-

		500		-		-





calc  primary PT

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		8.00E-11		per proton per cm3

		DKVol		1.56E+09		cm3

		Enclvol		1.56E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								2.117E-03		9.878E-04		1.411E-03		2.822E-04		0.000E+00

		Oxygen16								5.417E-04		1.444E-04		1.806E-04		9.028E-05		6.319E-04

		Nitrogen15								7.854E-06		3.665E-06		5.236E-06		1.047E-06		0.000E+00

		Oxygen18								1.083E-06		2.889E-07		3.611E-07		1.806E-07		1.264E-06

		Argon40								2.108E-06		2.108E-06		2.108E-07		2.108E-07		2.108E-07

		ConcTgtReg				Bq/cm3				2.669E-03		1.138E-03		1.598E-03		3.740E-04		6.334E-04

						Ci/cm3				7.215E-14		3.077E-14		4.318E-14		1.011E-14		1.712E-14

		TotActTgtReg				Bq				4.164E+06		1.776E+06		2.492E+06		5.834E+05		9.881E+05		1.000E+07

						Ci				1.126E-04		4.799E-05		6.736E-05		1.577E-05		2.671E-05		2.704E-04





Primary Beam CT

		Atmosphere Nuclides				12/1/99		Decay Region		Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23						US Decay Region:

		Timeirrad		2.00E+03		hours		7200000		sec		Flux Density		0.0000000001		per proton per cm3

		Timecool		0.00E+00		hours		0		sec		Volume		3.38E+09		cm3

		Protons		2.10E+13		per sec						Vent Rate		500		cfm		235973.7216		cm3/sec

		Fluxdens		8.00E-11		per proton per cm3						Transit Time		0.4414		hrs

		TgtVol		3.38E+09		cm3						Release Rate		2.192E-01		Ci/yr

		Enclvol		3.38E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		N regions decay		9

		Transit time		1.59E+03		sec		0.441		hours

		for 1/10 vol.

		N fluxes		1										4.76E+06

		TotActTgtReg				Bq		data trans.		9.009E+06		3.842E+06		5.392E+06		1.262E+06		2.138E+06		1.780E+07

						Ci				2.435E-04		1.038E-04		1.457E-04		3.411E-05		5.778E-05		4.811E-04

		Enclosure Concentration with Cooldown

		EnclConc (static)												1.411E-03								(Ar fract x C+N)

		ConcEncl				Bq/cm3				2.669E-03		1.138E-03		1.598E-03		3.740E-04		6.334E-04		5.274E-03		4.929E-05		5.324E-03		2.021E-03

						Ci/cm3				7.215E-14		3.077E-14		4.318E-14		1.011E-14		1.712E-14		1.426E-13		1.332E-15		1.439E-13		5.462E-14

		TotActEncl				Bq				9.009E+06		3.842E+06		5.392E+06		1.262E+06		2.138E+06		1.780E+07		1.663E+05		1.797E+07		6.820E+06

						Ci				2.435E-04		1.038E-04		1.457E-04		3.411E-05		5.778E-05		4.811E-04		4.496E-06		4.856E-04		1.843E-04

						%				50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.251705303		per hour		6.99E-05		per sec				1.256E-03		1.103E-01

		EnclConc (mixed)				Bq/cm3				6.834E-08		2.437E-06		1.421E-03		3.527E-04		6.257E-04		2.400E-03		4.435E-05		2.444E-03		1.818E-03

						Ci/cm3				1.847E-18		6.58623373538333E-17		0		0		0		6.486E-14		1.199E-15		6.606E-14		4.915E-14

		TotActEncl				Bq				2.306E+02		8.225E+03		4.797E+06		1.190E+06		2.112E+06		8.099E+06		1.497E+05		8.249E+06		6.137E+06

						Ci				6.234E-09		2.223E-07		1.296E-04		3.217E-05		5.707E-05		2.189E-04		4.046E-06		2.229E-04		1.659E-04

		Continuous Release (Decay in transit is irrelevant)

		Transit time		0.4414		hr		0		sec

		Air Release		500		cu ft/min		2.360E+05		cm3/sec				2.963E+02		8.007E-09

		Activity Released				Bq/sec				0.0161265237		5.750E-01		3.354E+02		8.323E+01		1.312E+02		5.499E+02		1.047E+01		5.603E+02		4.291E+02

						Ci/sec				4.359E-13		1.554E-11		9.065E-09		2.249E-09		3.547E-09		1.486E-08		2.829E-10		1.514E-08		1.160E-08

		OpsSec/year				1.890E+07		sec

		Annual Release				Bq				3.048E+05		1.087E+07		6.339E+09		1.573E+09		2.480E+09		1.039E+10		1.978E+08		1.059E+10		8.110E+09

						Ci				8.238E-06		2.937E-04		1.713E-01		4.251E-02		6.704E-02		2.809E-01		5.346E-03		2.862E-01		2.192E-01

														1.513E-01

		Discrete Releases Per Year (Assume Static Conditions During Operations)

		No of Releases				12.12		per year

		Activity/Release				Bq				9.009E+06		3.842E+06		5.392E+06		1.262E+06		2.138E+06		1.780E+07		1.663E+05		1.797E+07		6.820E+06

						Ci				2.435E-04		1.038E-04		1.457E-04		3.411E-05		5.778E-05		4.811E-04		4.496E-06		4.856E-04		1.843E-04

		Total per year

						Bq				1.092E+08		4.656E+07		6.535E+07		1.530E+07		2.591E+07		2.157E+08		2.016E+06		2.178E+08		8.266E+07

						Ci				2.951E-03		1.258E-03		1.766E-03		4.134E-04		7.003E-04		5.831E-03		5.449E-05		5.886E-03		2.234E-03

		Upstream ~0.6 of decay region acitvation release, add in downstream portin at its flow rate.  Amount should be same as table as flux density is uniform and no decay in traqnsit.

		cfm		Ci/year (2.5% Ar)		Ci/yr (5% Ar)		2.192E-01

		3500		0.01		0.01

		3000		0.009		0.009

		2250		0.006		0.007

		2000		0.006		0.006

		1500		0.004		0.004

		1000		-		-

		500		-		-





calc  primary CT

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		8.00E-11		per proton per cm3

		DKVol		3.38E+09		cm3

		Enclvol		3.38E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

														4.763E+06		0.0001287227

		TgtRegConc

		Nitrogen14								2.117E-03		9.878E-04		1.411E-03		2.822E-04		0.000E+00

		Oxygen16								5.417E-04		1.444E-04		1.806E-04		9.028E-05		6.319E-04

		Nitrogen15								7.854E-06		3.665E-06		5.236E-06		1.047E-06		0.000E+00

		Oxygen18								1.083E-06		2.889E-07		3.611E-07		1.806E-07		1.264E-06

		Argon40								2.108E-06		2.108E-06		2.108E-07		2.108E-07		2.108E-07

		ConcTgtReg				Bq/cm3				2.669E-03		1.138E-03		1.598E-03		3.740E-04		6.334E-04

						Ci/cm3				7.215E-14		3.077E-14		4.318E-14		1.011E-14		1.712E-14

		TotActTgtReg				Bq				9.009E+06		3.842E+06		5.392E+06		1.262E+06		2.138E+06		2.164E+07

						Ci				2.435E-04		1.038E-04		1.457E-04		3.411E-05		5.778E-05		5.849E-04
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Results

		Target Hall												Blue is output.

		Protons		Np				2.10E+13		per sec				Black is input.

		Operational sec/year		Os				1.89E+07		seconds		60%		uptime % assumed

		Irradiation Time		tirrad				2.00E+03		hours				Target Hall

		Cooldown Time		tcool				0.00E+00		hours				leak rate		vent rate		ci/yr

						Target Hall		Hadron Absorber

		Flux Density TH Interior		fconf		9.52E-06		3.18E-05		per proton per cm2				200		400		0.09		0.00

		Volume TH Interior		Vconf		4.53E+08		6.37E+06		cm3				200		600		1.46

		Flux Denstiy TH Exterior		fext		1.54E-08		5.28E-08		per proton per cm2				200		800		8.01

		Volume TH Exterior		Vext		4.98E+09		4.16E+08		cm3				200		1000		24.74

		Leakage Rate		Dl		750		25		cfm				400		400		0.09

		Fraction of Outer Vol. Used in Calculating Transit Time for confined air		F		0.5		0.5						400		600		1.86

		Vent Rate		D		1125		500		cfm				400		800		11.11

		Ar41				0.025		0.025		*Fract of C+N Activity				400		1000		35.69

		Transit Time		ttransit				0.0000		hrs				400		1200		80.88

		Air Changes						2.0421		per hour				750		400		0.1

		Release Rate		ayr				0.00		Ci/yr				750		600		2.27

		Release Rate (internal vol)		aconf				0.0		Ci/yr				750		800		14.24

		Release Rate (external vol)		aext				0.0		Ci/yr				750		1000		46.69

		11C						0.000E+00		Ci/yr				750		1200		106.96

		13N						0.000E+00		Ci/yr

		15O						0.000E+00		Ci/yr

		41Ar						0.000E+00		Ci/yr

		3H						0.000E+00		Ci/yr

		7Be						0.000E+00		Ci/yr

		Sum(11C+13N+41Ar)						0.0		Ci/yr

		5 Internal Regions, 1 external (from Cat MARS)

				vol (cm3)				byron vol (cm3)		byron cm2/p		total/cm2/p

		internal air		1.660E+08				4.53E+08		9.52E-06		7.98E-04

		external air		4.98E+09				3.23E+09		1.54E-08		3.81E-12

		volume to vent		1.82E+09				1.99E+09

				vol (cm3)				n/cm2/p		h/cm2/p		total/cm2/p

		Total		1.660E+08								7.98E-04

		internal air 1		3.140E+06								6.82E-04

		internal air 2		7.110E+06								4.73E-04

		internal air 3		4.230E+04								3.18E-02

		internal air 4		7.433E+07								1.69E-03

		internal air 5		8.137E+07								6.28E-10

		Jim Hylen Internal Air 7/3/03		5.800E+08				Tunnels & Halls Project 6-7-4 C-46 to C-51

		Jim Hylen External Air 7/3/03		5.00E+09				Tunnels & Halls Project 6-7-4 C-46 to C-51

		Jim Hylen TH to Vent 7/3/03		1.70E+09				Tunnels & Halls Project 6-7-4 C-46 to C-51, minimum volume

		Hadron Absorber:

		Flow to Vent (cfm)		Leakage (cfm)				11C (Ci/yr)		13N (Ci/yr)		41Ar (Ci/yr)		Total (Ci/yr)

		1500		0				1.61		0.14		0.04

		1500		200				6.35		0.97		0.16

		1500		1500				6.63		1.06		0.17		1.79		to compare with alan

		2250		0				2.78		0.43		0.04		7.48

		2250		200				25.16		5.28		0.40		7.87

		2250		200				8.26		2.04		0.14		3.25

		2250		2250				8.60		2.24		0.14		30.84

														10.43

														10.99



Nancy L. Grossman:
percentage of time beam is up (usually assume 60% running efficiency)

Nancy L. Grossman:
uses old fluxes



graphs

		leak rate		vent rate		ci/yr				Vent Rate		Ci/yr (200 cfm leakage)		Ci/yr (400 cfm leakage)		Ci/yr (750 cfm leakage)						200		2000		308

		200		400		0.09				400		0.09		0.09		0.1						200		2500		537

		200		600		1.46				600		1.46		1.86		2.27						400		2000		463

		200		800		8.01				800		8.01		11.11		14.24						400		2500		816

		200		1000		24.74				1000		24.74		35.69		46.69						700		2000		603

		200		1200		54.95				1200		54.95		80.88		106.96						700		2500		1068

		400		400		0.09

		400		600		1.86

		400		800		11.11

		400		1000		35.69

		400		1200		80.88

		750		400		0.1

		750		600		2.27

		750		800		14.24

		750		1000		46.69

		750		1200		106.96
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Air_Calc

		General Air Activation Spreadsheet

		(setup 3/00 by N. Grossman, based on D. Cossairt original spreadsheet)

		1.  This spreadsheet calculates air activation and release rates based on fluxdensities (usually from a Monte Carlo program), volumes, ventillation rates and standard cross sections and decay rates.  The Ar41 production by thermal nuetrons is added in adH

														The reader is referred to Fermilab TM 2089 for a complete description of this equation.

		2. The worksheet titled "regions" calculates the first term in the brackets in the equation above for each of the seven regions* the number of protons per second. The Table (on this page) titiled "Sum of Activation for Regions" sums the activation for the

		3. The table titled "Mixing Conditions" adds in the term in the second set of brackets (activity in the enclosure), calculating the activity in the enclosure volume (Bq/cm3). The table titled "Continuous Release" adds in the third term in brackets in the

		4.  Inputs are highlighted in yellow,

		outputs are highlighted in green.

		5.  This spreadsheet allows 7 separate regions/volumes for flux densities.

		6.  If you do not need all regions, then you must zero the fluxdensity and volume for the unused regions.

		7.  The region spreadsheet calculates an activity for each region for each radionuclide.

		8.  The region activities are then summed and divided by the total volume of the 7 regions to obtain an overall concentration in the whole region.  (This could be changed if you wish to include different mix/flow rates for each of the volumes.)

		For NuMI regions 1 thru 5 are a closed loop.  Need to setup a "leakage" term to multiply the volume by in these regions.

		Beamline Specific Inputs:

		Timeirrad		2.00E+03		hours		7200000		sec		95		Results Summary:

		Timecool		0.00E+00		hours		0		sec						Ci/cm3		Ci

		Protons		2.10E+13		per sec								saturation activation				0.01

														cooldown/no mixing		3.605E-11		0.01

														mixing saturation		1.915E-11		0.01

														transit & release		0.000E+00		0.00		Ci/yaer

														w/ discrete releases				0.00		Ci/yaer

																# of releases/year

		Fluxdens Reg 6		5.28E-08		per proton per cm3		Vol Reg 6		4.16E+08		cm3		use G. Waver Tcap volume 12/00

																						Latest Table 6/12/02 (2.5% Ar-41)														At 800 cfm												At 900 cfm

		Enclosure vol		4.16E+08		cm3		1.47E+04		cubic feet		sum of volumes for regions 6&7										Vent Rate		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (1000 cfm)		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (800 cfm)		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (900 cfm)

		Leakage term		2.50E+01		cfm				% by volume of chase												1000		250		151		67		22		7		61.8		250		60		18		4		0.88		20.7		250		97		36		10		2.6		36.4

		Volume of air from enclosure to vent		0.00E+00		cm3		0.00E+00		cubic feet				Constants Used:								1000		500		223		98		33		10		91.0		500		88		27		6		1.29		30.6		500		143		53		15		3.9		53.7

		Ar41		0.025		*Fract of C+N Activity								cm2mb		1.00E-27						1000		750		265		116		39		11.78		107.9		750		105		32		7.4		1.5		36.5		750		170		63		18		4.6		63.9

		lambdaair, r		2.0420802831		per hour		5.67245E-04		per sec				Molevol		22414.1						1000		1000		293		128		43		13		119.3		1000		116		35		8		1.7		40.2		1000		188		70		20		5.1		70.8

		Transit time		0.0000		hr		0		sec				Avogadro		6.0221E+23						1000		1500		327		143		48		14		133.0		1500		130		39		9		1.88		45.0		1500		210		78		22		5.7		78.9

		Air Release rate		5.00E+02		cu ft/min		2.360E+05		cm3/sec												1000		2000		348		152		51		15		141.5		2000		138		41		9.6		2		47.7		2000		224		83		24		6		84.3

		Fraction of Enclosure Volume included in transit time to vent calculation:										0.000E+00										1000		2500		361		158		53		16		147.0		2500		143		43		10		2.07		49.5		2500		232		86		24.5		6.2		87.2

		No of Releases		12		per year																1000		3000		371		162		54		16		150.8		3000		147		44		10.2		2		50.8		3000		239		88		25.1		6.4		89.6

		OpsSec/year		1.890E+07		sec																800		1000		81		24		5.7		1.1		28.0		1.4373881932		4e13/2.5E13		0.00														0.00

		Beam "up" time		0.000E+00		percentage of time beam is up (usually assume 60% running efficiency)																1000		1000		203		90		30		9.00		83.0		1.436746988

		*Typically Ar41 activity is 1% of the sum of the C and N activities.  Conservatively one can use 2.5% (lots of cracks and themral neutrons)																														0.00

								0.000E+00																		1000 cfm vent, 500 cfm leak, 2E13

		Standard Cross Sections and Decay Constants																								1000 cfm vent, 500 cfm leak, 2E13

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		Argon41

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03		1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Table 1:  Sum of Activation for Regions (total enclosure activation, saturation, no ventillaion)=										Bq (outside, from regions_flux)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

		Bq		above pile		7.329E+08		3.125E+08		4.386E+08		1.027E+08		1.739E+08		1.448E+09		1.353E+07		1.462E+09		5.548E+08

		Ci				1.981E-02		8.447E-03		1.185E-02		2.775E-03		4.700E-03		3.914E-02		3.657E-04		3.950E-02		1.500E-02

		Table 2: Enclosure Concentration with Cooldown ( no ventillation)=								(Bq from table 1)/(enclosure volume)*exp(-lambda_isotope*tcool)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

		ConcEncl		Bq/cm3		1.762E+00		7.513E-01		1.054E+00		2.468E-01		4.180E-01		3.481E+00		3.253E-02		3.514E+00		1.334E+00

				Ci/cm3		4.762E-11		2.031E-11		2.850E-11		6.670E-12		1.130E-11		9.408E-11		8.792E-13		9.496E-11		3.605E-11

		TotActEncl		Bq		7.329E+08		3.125E+08		4.386E+08		1.027E+08		1.739E+08		1.448E+09		1.353E+07		1.462E+09		5.548E+08

				Ci		1.981E-02		8.447E-03		1.185E-02		2.775E-03		4.700E-03		3.914E-02		3.657E-04		3.950E-02		1.500E-02

				%		50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Table 3:  Enclosure Concentration with Mixing Conditions=						(1-EXP(-(lambdaH3+lambdaair)*Timeirrad))*C58*lambdaH3/(lambdaH3+lambdaair)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

		EnclConc (mixed)		Bq/cm3		5.560E-06		1.986E-04		5.257E-01		1.658E-01		3.801E-01		1.072E+00		1.729E-02		1.089E+00		7.087E-01

				Ci/cm3		1.50261814546481E-16		0		1.421E-11		0		1.027E-11		2.896E-11		4.672E-13		2.943E-11		1.915E-11

		TotActEncl		Bq		2.313E+03		8.263E+04		2.187E+08		6.895E+07		1.581E+08		4.458E+08		7.191E+06		4.529E+08		2.948E+08

				Ci		6.251E-08		2.233E-06		5.910E-03		1.864E-03		4.273E-03		1.205E-02		1.943E-04		1.224E-02		7.968E-03

				%		0.001%		0.018%		48.280%		15.223%		34.909%		98.412%		1.588%		100.000%		65.091%

										2.006E+00		1.489E+00		1.100E+00		3.249E+00

		Table 4: Continuous Release Including Decay in Transit=						C66*EXP(-lambdaH3*TransitTime)*airrelesae=Bq

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

		Activity Released		Bq/sec		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

				Ci/sec		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Annual Release		Bq		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

				Ci		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

				%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

		Table 5: Add internal and External volume releases = * Opsec

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

		Activity Released		Bq/sec		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.000E+00		0.00E+00		0.00E+00

				Ci/sec		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Annual Release		Bq		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		With Be&

				Ci		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

				%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

		Do this with different irradiation time. (30 days)

		Table 6: Discrete Releases Per Year (Assume Static Conditions During Operations)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

		Activity/Release		Bq		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

				Ci		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Total per year

				Bq		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

				Ci		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

				%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%



air in walksways and in workspace, by G. Waver 12/00
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40 Ci/yr goal for NuMI

750 cfm goal for Target Hall Leakage

Ci/yr (800 cfm)

Ci/yr (1000 cfm)

Ci/yr (900 cfm)

Leakage Rate (CFM)

Total Ci/year Released

Total Ci/year Released from the Target Hall Vent out the Decay Region Stack @ 4E13 ppp (*0.625 for 2.5E13 ppp)

20.72

61.75

36.4

30.5725

91

53.725

36.475

107.945

63.9

40.175

119.25

70.775

44.97

133

78.925

47.65

141.5

84.25

49.5175

147

87.175

50.8

150.75

89.625
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		Inner Chase Volume Released Activity

		(setup 1/01 by N. Grossman, based on D. Cossairt original spreadsheet)

		1. For NuMI the inner chase volume contains most of the activated air.  This volume will be enclosed and have a leakage rate (cfm). Flux densities and volumes are in pink and copied from C-James 031799 items in pink.

		2. We calculate the activity from the inner chase volume (regions 1-4) and the "outer" chase volume (reg. 5, plus area outside steel, about 3200cf), then take a weighted average of these two activities to determine the recirculated air activity.  On works

		3. Items in light yellow are copied automatically from page 1.  Items in bright yellow are input on this sheet.

		Beamline Specific Inputs:

		Timeirrad		2000		hours		7200000		sec

		Timecool		0		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens Reg 1		3.18E-05		per proton per cm2		Vol Reg 1		6.37E+06		cm3		2.25E+02		2.106E+02

		enclosure vol 1		6.37E+06		cm3		2.25E+02		cubic feet		2.25E+02		Total recirculated volume

		Leakage term (cfm)		2.50E+01

		Volume of air from enclosure to vent		0.00E+00		cm3		0.00E+00		cubic feet				Constants Used:

		Ar41		0.025		*Fract of C+N Activity								cm2mb		1.00E-27

		lambdaair, r		6.6680172509		per hour		1.85223E-03		per sec				Molevol		22414.1

		Transit time		0.0000		hr		0		sec				Avogadro		6.0221E+23

		Air Release rate		2.50E+01		cu ft/min		1.180E+04		cm3/sec

		Fraction of Enclosure Volume included in transit time to vent calculation:										5.000E-01

		No of Releases		12.12		per year

		OpsSec/year		1.890E+07		sec

		*Typically Ar41 activity is 1% of the sum of the C and N activities.  Conservatively one can use 2.5% (lots of cracks and themral neutrons)

		Standard Cross Sections and Decay Constants

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		Argon41

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03		1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Table 1: Total Enclosure Activation (saturation, no ventillaion)								From Regions_Flux sheet, Regions_Flux!c15*Lambdai (to get activity)=N*sigma*phi*Np*vconf*lambdai

										(1-e-(lambda+r)tir)* flux dens

		sum inner chase regions (1-4)				Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

		Bq				6.759E+09		2.882E+09		4.045E+09		9.469E+08		1.604E+09		1.336E+10		1.248E+08		1.348E+10		5.117E+09

		Ci				1.827E-01		7.790E-02		1.093E-01		2.559E-02		4.335E-02		3.609E-01		3.373E-03		3.643E-01		1.383E-01

		ConcEncl		Bq/cm3		1.061E+03		4.525E+02		6.350E+02		1.486E+02		2.518E+02		2.097E+03		1.959E+01		2.116E+03		8.033E+02

				Ci/cm3		2.868E-08		1.223E-08		1.716E-08		4.017E-09		6.805E-09		5.666E-08		5.295E-10		5.719E-08		2.171E-08

				%		50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		Table 2: Enclosure Concentration with Internal Mixing Conditions								C38*lambdaH3/(lambdaH3+lambdaairint)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

		EnclConc (mixed)		Bq/cm3		1.025E-03		3.664E-02		1.482E+02		5.724E+01		1.899E+02		3.953E+02		5.137E+00		4.005E+02		2.106E+02

				Ci/cm3		2.772E-14		0		0.000000004		0.0000000015		5.131E-09		1.068E-08		1.388E-10		1.082E-08		5.692E-09

		TotActEncl		Bq		6.532E+03		2.334E+05		9.442E+08		3.646E+08		1.209E+09		2.518E+09		3.272E+07		2.551E+09		1.342E+09

				Ci		1.765E-07		6.308E-06		2.552E-02		9.855E-03		3.269E-02		6.806E-02		8.844E-04		6.895E-02		3.626E-02

				%		0.000%		0.009%		37.013%		14.294%		47.410%		98.717%		1.283%		100.000%		52.590%

										0.767		0.615

		Table 3: Enclosure Concentration with ExteranlMixing Conditions								C45*lambdaairext/(lambdaH3+lambdaairext)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

		EnclConc (mixed)		Bq/cm3		1.025E-03		3.663E-02		7.433E+01		1.880E+01		1.724E+01		1.104E+02		2.328E+00		1.127E+02		9.545E+01

				Ci/cm3		0		0		0.000000002		0.0000000005		4.659E-10		2.983E-09		6.292E-11		3.046E-09		2.580E-09

		TotActEncl		Bq		6.532E+03		2.333E+05		4.735E+08		1.198E+08		1.098E+08		7.030E+08		2.822E+01		7.030E+08		5.932E+08

				Ci		1.765E-07		6.307E-06		1.280E-02		3.236E-03		2.968E-03		1.900E-02		7.626E-10		1.900E-02		1.603E-02

				%		0.001%		0.033%		67.345%		17.033%		15.620%		100.000%		0.000%		100.000%		84.379%

						1.000				0.501		0.328

		Table 4: Add decay in transit to vent and cooldown								C45*EXP(-lambdaH3*TransitTime)*EXP(-lambdaH3*Timecool)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

		Activity Released		Bq/sec		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

				Ci/sec		0		0		0		0		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Annual Release		Bq		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

				Ci		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

				%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

																								0.000E+00



Nancy L. Grossman:

Nancy L. Grossman:
Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.



AIr Shafts_Data

		NuMI Ventillation Shafts (NuMI Outfitting, 7/27/00 6-7-6 M-4)

				Outter Diameter		Wall thickness		Beam-On Airflow		Beam-Off Airflow

		Shaft		(inches)		inches		cfm		cfm

		EAV-1 (PT)		12.75		0.406		260		430

		EAV-2 (TGT)		20		0.5		1000		2000

		EAV-3 (AB)		16		0.375		2300		2750

		EAV-4 (MINOS)		18		0.438		3275		5275

		Make the 1000 cfm for EAV-2 800 cfm.

		356 cfm from PS room through stripline penetration, into target hall then into chase and

		out of chase

		need 15-20 cfm per person





Regions_Flux

		

		HA Internal Air Activity								Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41

		Nitrogen14								8.414E+02		3.927E+02		5.609E+02		1.122E+02		0.000E+00		1.515E+03		1.683E+01

		Oxygen16								2.153E+02		5.742E+01		7.177E+01		3.588E+01		2.512E+02		5.742E+02		2.691E+00

		Nitrogen15								3.122E+00		1.457E+00		2.081E+00		4.163E-01		0.000E+00		5.619E+00		6.244E-02

		Oxygen18								4.306E-01		1.148E-01		1.435E-01		7.177E-02		5.024E-01		1.148E+00		5.383E-03

		Argon40								8.379E-01		8.379E-01		8.379E-02		8.379E-02		8.379E-02		1.089E+00		4.190E-03

		ConcTgtReg				Bq/cm3				1.061E+03		4.525E+02		6.350E+02		1.486E+02		2.518E+02		2.097E+03		2.096E-03

						Ci/cm3				2.868E-08		1.223E-08		1.716E-08		4.017E-09		6.805E-09		5.666E-08		5.666E-14

		TotActTgtReg				Bq				6.759E+09		2.882E+09		4.045E+09		9.469E+08		1.604E+09		1.336E+10		1.335E+04

						Ci				1.827E-01		7.790E-02		1.093E-01		2.559E-02		4.335E-02		3.609E-01		3.609E-07

		HA External Air Activity								Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41

		Nitrogen14								1.397E+00		6.520E-01		9.314E-01		1.863E-01		0.000E+00				2.794E-02

		Oxygen16								3.575E-01		9.533E-02		1.192E-01		5.958E-02		4.171E-01				4.469E-03

		Nitrogen15								5.184E-03		2.419E-03		3.456E-03		6.911E-04		0.000E+00				1.037E-04

		Oxygen18								7.150E-04		1.907E-04		2.383E-04		1.192E-04		8.341E-04				8.937E-06

		Argon40								1.391E-03		1.391E-03		1.391E-04		1.391E-04		1.391E-04				6.956E-06

		ConcTgtReg				Bq/cm3				1.762E+00		7.513E-01		1.054E+00		2.468E-01		4.180E-01				3.481E-06

						Ci/cm3				4.762E-11		2.031E-11		2.850E-11		6.670E-12		1.130E-11				9.407E-17

		TotActTgtReg				Bq				7.329E+08		3.125E+08		4.386E+08		1.027E+08		1.739E+08		1.448E+09		2.217E+01

						Ci				1.981E-02		8.447E-03		1.185E-02		2.775E-03		4.700E-03		3.914E-02		5.992E-10





C-James 031799

		location		Region		volume (cc)		flux=parts*cm/p		flux (parts/cm**2/p)		Comment		Regions		Volumes		<flux>				Volumes to Chase Calc Spreadsheet (2/01)		<flux> to chase calc spreadsheet (2/01)		Region in MARS (2/01)		Region		Charged Hadronic Flux (parts/cm**2/p)		Neutral Hadronic Flux (parts/cm**2/p)		Volume (cm3)		Total Hadronic Flux (parts/cm**2/p)

		inside baffle		1		1.44E+02		1.99E+02		1.38E+00				1		1.44E+02		1.38E+00				3.14E+06		6.82E-04		50		central US of horn1		2.06E-04		4.76E-04		3.14E+06		6.82E-04

		air around baffle		2		5.29E+07		2.08E+00		3.94E-08		filled w/some shielding?		2		5.29E+07		3.94E-08				7.11E+06		4.73E-04		60		Outer US of horn 1		2.20E-06		4.71E-04		7.11E+06		4.73E-04

		air inside horn1 inner conductor		30		4.23E+04		6.76E+02		1.60E-02				3		4.23E+04		1.60E-02				4.23E+04		3.18E-02		30		inside horn 1		2.39E-02		7.92E-03		4.23E+04		3.18E-02

		between horn 1 conductors		33		1.82E+05		7.18E+02		3.94E-03		enclosed air														61		around horn 1		5.11E-04		4.74E-03		1.65E+06		5.25E-03

		air inside horn 2 inner conductor		40		4.48E+05		3.93E+02		8.77E-04				4		1.95E+07		2.61E-04		85% of activation here		7.43E+07		1.69E-03		51		outer of horn 1		1.35E-04		4.41E-03		4.47E+06		4.55E-03

		between horn 1 conductors		43		1.04E+06		3.11E+02		3.00E-04		enclosed air								Region 5, 9/01		8.14E+07		6.28E-10		62		central DS of horn1		7.65E-04		3.18E-03		3.18E+06		3.95E-03

		before horn 1		70		5.17E+06		3.14E+02		6.07E-05		He														52		Outer DS of horn 1		1.02E-04		3.11E-03		7.22E+06		3.21E-03

		before horn 1		71		2.49E+06		1.10E+03		4.41E-04		He														40		inside horn 2		1.46E-03		1.66E-03		4.49E+05		3.12E-03

		around horn 1		72		1.02E+07		3.74E+03		3.67E-04				4												63		around horn 2		3.80E-04		1.56E-03		3.00E+05		1.94E-03

		between horn1 & horn 2		73		1.05E+07		2.61E+03		2.49E-04		He														53		outer of horn 2		6.60E-05		1.52E-03		4.35E+06		1.59E-03

		between horn1 & horn 2		74		2.10E+07		3.34E+03		1.59E-04		He				Use blue numbers in spreadsheet										64		Central DS1 of horn2		5.26E-04		1.15E-03		3.02E+06		1.68E-03

		around horn 2		75		8.88E+06		9.59E+02		1.08E-04				4												54		Outer DS1 of horn 2		6.10E-05		1.10E-03		6.84E+06		1.16E-03

		after horn 2		76		1.05E+07		1.62E+03		1.54E-04		He														65		Central DS2 of horn2		6.23E-04		8.02E-04		4.02E+06		1.43E-03

		after horn 2		77		1.05E+07		1.45E+03		1.38E-04		He														55		Outer DS2 of horn 2		5.40E-05		7.59E-04		9.12E+06		8.13E-04

		after horn 2		78		1.84E+07		2.39E+03		1.30E-04		He														66		Central DS3 of horn2		3.54E-04		7.57E-04		4.02E+06		1.11E-03

		air above tcaps		140		4.39E+06		4.08E-04		9.29E-11				5		7.22E+07		6.28E-10		6.28E-10						56		Outer DS3 of horn 2		6.00E-05		7.26E-04		9.12E+06		7.86E-04

		air above tcaps		141		1.42E+06		1.06E-05		7.47E-12				5				9/01Jim Hylen Tcaps Volume:		9/01Jim Hylen Side passage Volume:		9/01Jim Hylen Chase Volume:				67		Central DS4 of horn2		2.98E-04		7.41E-04		5.07E+06		1.04E-03

		air above tcaps		142		5.99E+06		2.22E-03		3.71E-10				5		average height ("):		36		183		52				57		Outer DS4 of horn 2		6.80E-05		7.12E-04		1.15E+07		7.80E-04

		air above tcaps		143		5.99E+06		6.20E-03		1.04E-09				5		Width ("):		205.25		6		46

		air above tcaps		144		1.79E+07		6.95E-03		3.89E-10				5		Length (feet):		173		173		173

		air above tcaps		145		5.99E+06		7.24E-07		1.21E-13				5		Volume (cf):		8877		1319		2874

		air above tcaps		146		5.99E+06		2.40E-05		4.01E-12				5		Volume (cc)		2.51E+08		3.74E+07		8.14E+07

		air above tcaps		147		8.93E+06		6.22E-03		6.97E-10				5		total internal volume (cc):				3.70E+08

		air above tcaps		148		1.56E+07		2.33E-02		1.49E-09				5

		air in walkways		170		1.35E+07		1.96E-06		1.45E-13				6		2.61E+08		4.15E-14		4.15E-14

		air in walkways		171		6.52E+06		4.60E-08		7.05E-15				6

		air in walkways		172		2.75E+07		1.45E-06		5.27E-14				6

		air in walkways		173		2.75E+07		4.14E-08		1.50E-15				6

		air in walkways		174		5.50E+07		3.22E-07		5.85E-15				6

		air in walkways		175		2.75E+07		6.85E-09		2.49E-16				6

		air in walkways		176		2.75E+07		2.11E-08		7.67E-16				6						5.50E-12

		air in walkways		177		2.75E+07		2.87E-09		1.04E-16				6

		air in walkways		178		4.81E+07		6.97E-06		1.45E-13				6		Average fluxes for walkway and workspace:

		air in workspace		180		2.22E+07		1.22E-05		5.49E-13				7		2.31E+09		6.11E-12		3.81E-12

		air in workspace		181		1.07E+07		7.99E-07		7.47E-14				7		Weighted avg should agree with 5.5e-12, but doesn't, why?

		air in workspace		182		4.52E+07		2.54E-04		5.63E-12				7		Shouldn't make much of a difference anyway…

		air in workspace		183		4.52E+07		1.28E-03		2.83E-11		assume this flux for decay region (CJ)		7		5.00E-13		decay reg.

		air in workspace		184		9.03E+07		5.08E-04		5.63E-12				7		12/19/00 Glen Waver Workspace Volume:

		air in workspace		185		4.52E+07		7.77E-08		1.72E-15				7		Volume (cf):		175925

		air in workspace		186		4.52E+07		1.39E-04		3.08E-12				7		Volume (cc)		4.98E+09

		air in workspace		187		4.52E+07		4.93E-06		1.09E-13				7

		air in workspace		188		7.90E+07		4.17E-04		5.28E-12				7

		Total air Volume:				9.13E+08		4.86E+09		air outside chase

		additional air volume:				2.29E+09		1.45E+08		air inside chase

		(22'-100cm)*27'*160'		total:		3.20E+09

		He Vol:				7.85E+07

		Air vol-inner horn air vol:				3.20E+09		1.22E+06

		Air vol above-He volume:				3.12E+09		available air

		Changes/hr @ 2250cfm:

		(6.37e7cc/m=3.82e9cc/hr)

		get total activity in several regions w/ similar flux density				TH- DK vent vol		2.56E+09

		to get total  conc.

		Use 1.42E8 cc for abosrober air volume, 2.42e4 part/cm2/sec flux (2e13 already in there)

				Reg		Vol (cc)		Vol (cf)		Length if diamter 3' (feet)		flux (parts/cm**2/p)

		air inside and around baffle		1,2		5.29E+07		1.87E+03		66.0		3.80E-06

		air inside baffle		1		1.44E+02		5.09E-03

		air around baffle		2		5.29E+07		1.87E+03

		He before horn 1		70,71		7.66E+06		2.70E+02		9.6		1.84E-04

		air inside horn 1 and 2		30,40		4.91E+05		1.73E+01		0.6		8.69E-02

		He between horn 1 & horn 2		73,74		3.15E+07		1.11E+03		39.4		1.89E-04

		air around horn 1 and horn 2		72,75		1.91E+07		6.73E+02		23.8		2.46E-04

		He after horn 2		76-78		3.94E+07		1.39E+03		49.2		1.39E-04				cf air

		Total Air						2558		Total air wihout baffle air		691		Kris's #		1548

		Total He						2773		DO calc with horn vol. *3 to get idea of problem.

				distance (feet)						98.1

		Before tgt		8

		target		8

		horn1-LE horn 2		20

		horn1-ME horn 2		61.5

		horn1-HE horn2		117

		LE horn2 to end		97

		ME horn2 to end		55.5

		HE horn2 to end		0
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Results

		Target Hall										Blue is output.

		Protons				2.10E+13		per sec				Black is input.						Vent Rate		Ci/yr (200 cfm leakage)		Ci/yr (400 cfm leakage)		Ci/yr (750 cfm leakage)

		Operational sec/year				1.89E+07		seconds		60%		uptime % assumed						400		0		0		0

		Irradiation Time				2.00E+03		hours				Target Hall						600		0.1		0.1		0.2

		Cooldown Time				0.00E+00		hours				leak rate		vent rate		ci/yr		800		1.1		1.7		2.23

		Flux Density TH Interior				9.52E-06		per proton per cm2				200		400		0		1000		5		8		10.35

		Volume TH Interior				4.53E+08		cm3				200		600		0.18		1200		14.2		22		29.5

		Flux Denstiy TH Exterior				1.54E-08		per proton per cm2				200		800		1.79

		Volume TH Exterior				4.98E+09		cm3				200		1000		7.5

		Vol TH to Vent				1.65E+09		cm3				200		1200		20

		Leakage Rate				750		cfm				400		400		0

		Fraction of Outer Vol. Used in Calculating Transit Time for confined air		F		5.00E-01						400		600		0.27

		Vent Rate		D		1125		cfm				400		800		2.76

		Ar41				0.025		*Fract of C+N Activity				400		1000		11.55

		Transit Time				2.1643		hrs				400		1200		30.75

		Air Changes				0.3837		per hour				750		400		0

		Release Rate				29.92		Ci/yr				750		600		0.37

		Release Rate (internal vol)				29.0		Ci/yr				750		800		3.74

		Release Rate (external vol)				0.9		Ci/yr				750		1000		15.62

		11C				2.914E+01		Ci/yr				750		1200		41.59

		13N				5.018E-02		Ci/yr

		15O				1.525E-17		Ci/yr

		41Ar				7.298E-01		Ci/yr

		3H				1.339E-01		Ci/yr

		7Be				4.772E+00		Ci/yr

						29.9		Ci/yr

		5 Internal Regions, 1 external (from Cat MARS)

				vol (cm3)		byron vol (cm3)		byron cm2/p		total/cm2/p				175556		4.97E+09

		internal air		1.660E+08		4.53E+08		9.52E-06		7.98E-04

		external air		4.98E+09		3.23E+09		1.54E-08		3.81E-12

		volume to vent		1.82E+09		1.65E+09

				vol (cm3)		n/cm2/p		h/cm2/p		total/cm2/p

		Total		1.660E+08						7.98E-04

		internal air 1		3.140E+06						6.82E-04

		internal air 2		7.110E+06						4.73E-04

		internal air 3		4.230E+04						3.18E-02

		internal air 4		7.433E+07						1.69E-03

		internal air 5		8.137E+07						6.28E-10

		Jim Hylen Internal Air 7/3/03		5.800E+08		Tunnels & Halls Project 6-7-4 C-46 to C-51

		Jim Hylen External Air 7/3/03		5.00E+09		Tunnels & Halls Project 6-7-4 C-46 to C-51

		Jim Hylen TH to Vent 7/3/03		1.70E+09		Tunnels & Halls Project 6-7-4 C-46 to C-51, minimum volume

		Hadron Absorber:

		Flow to Vent (cfm)		Leakage (cfm)								Total (Ci/yr)

		1500		0		1.61		0.14		0.04

		1500		200		6.35		0.97		0.16

		1500		1500		6.63		1.06		0.17		1.79		to compare with alan

		2250		0		2.78		0.43		0.04		7.48

		2250		200		25.16		5.28		0.40		7.87

		2250		200		8.26		2.04		0.14		3.25

		2250		2250		8.60		2.24		0.14		30.84

												10.43

												10.99



Nancy L. Grossman:
percentage of time beam is up (usually assume 60% running efficiency)

Nancy L. Grossman:
uses old fluxes



graphs

		leak rate		vent rate		ci/yr				Vent Rate		Ci/yr (200 cfm leakage)		Ci/yr (400 cfm leakage)		Ci/yr (750 cfm leakage)						200		2000		308

		200		400		0.09				400		0		0		0						200		2500		537

		200		600		1.46				600		0.18		0.27		0.37						400		2000		463

		200		800		8.01				800		1.79		2.76		3.74						400		2500		816

		200		1000		24.74				1000		7.5		11.55		15.62						700		2000		603

		200		1200		54.95				1200		20		30.75		41.59						700		2500		1068

		400		400		0.09

		400		600		1.86

		400		800		11.11

		400		1000		35.69

		400		1200		80.88

		750		400		0.1

		750		600		2.27

		750		800		14.24

		750		1000		46.69

		750		1200		106.96





graphs

		



Ci/yr (200 cfm leakage)

Ci/yr (400 cfm leakage)

Ci/yr (750 cfm leakage)

Ventilation Rate (cfm)

Release Rate (Ci/yr)



Air_Calc

		General Air Activation Spreadsheet

		(setup 3/00 by N. Grossman, based on D. Cossairt original spreadsheet)

		1.  This spreadsheet calculates air activation and release rates based on fluxdensities (usually from a Monte Carlo program), volumes, ventillation rates and standard cross sections and decay rates.  The Ar41 production by thermal nuetrons is added in adH

														The reader is referred to Fermilab TM 2089 for a complete description of this equation.

		2. The worksheet titled "regions" calculates the first term in the brackets in the equation above for each of the seven regions* the number of protons per second. The Table (on this page) titiled "Sum of Activation for Regions" sums the activation for the

		3. The table titled "Mixing Conditions" adds in the term in the second set of brackets (activity in the enclosure), calculating the activity in the enclosure volume (Bq/cm3). The table titled "Continuous Release" adds in the third term in brackets in the

		4.  Inputs are highlighted in yellow,

		outputs are highlighted in green.

		5.  This spreadsheet allows 7 separate regions/volumes for flux densities.

		6.  If you do not need all regions, then you must zero the fluxdensity and volume for the unused regions.

		7.  The region spreadsheet calculates an activity for each region for each radionuclide.

		8.  The region activities are then summed and divided by the total volume of the 7 regions to obtain an overall concentration in the whole region.  (This could be changed if you wish to include different mix/flow rates for each of the volumes.)

		For NuMI regions 1 thru 5 are a closed loop.  Need to setup a "leakage" term to multiply the volume by in these regions.

		Beamline Specific Inputs:

		Timeirrad		2.00E+03		hours		7200000		sec		95		Results Summary:

		Timecool		0.00E+00		hours		0		sec						Ci/cm3		Ci

		Protons		2.10E+13		per sec								saturation activation				0.05

														cooldown/no mixing		1.051E-11		0.05

														mixing saturation		8.992E-12		0.04

														transit & release		4.708E-08		0.89		Ci/yaer

														w/ discrete releases				0.15		Ci/yaer

																# of releases/year

		Fluxdens Reg 6		1.54E-08		per proton per cm3		Vol Reg 6		4.98E+09		cm3		use G. Waver Tcap volume 12/00

																						Latest Table 6/12/02 (2.5% Ar-41)														At 800 cfm												At 900 cfm

		Enclosure vol		4.98E+09		cm3		1.76E+05		cubic feet		sum of volumes for regions 6&7										Vent Rate		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (1000 cfm)		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (800 cfm)		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (900 cfm)

		Leakage term		7.50E+02		cfm				% by volume of chase												1000		250		151		67		22		7		61.8		250		60		18		4		0.88		20.7		250		97		36		10		2.6		36.4

		Volume of air from enclosure to vent		1.65E+09		cm3		5.81E+04		cubic feet				Constants Used:								1000		500		223		98		33		10		91.0		500		88		27		6		1.29		30.6		500		143		53		15		3.9		53.7

		Ar41		0.025		*Fract of C+N Activity								cm2mb		1.00E-27						1000		750		265		116		39		11.78		107.9		750		105		32		7.4		1.5		36.5		750		170		63		18		4.6		63.9

		lambdaair, r		0.3836862299		per hour		1.06580E-04		per sec				Molevol		22414.1						1000		1000		293		128		43		13		119.3		1000		116		35		8		1.7		40.2		1000		188		70		20		5.1		70.8

		Transit time		2.1643		hr		7.79E+03		sec				Avogadro		6.0221E+23						1000		1500		327		143		48		14		133.0		1500		130		39		9		1.88		45.0		1500		210		78		22		5.7		78.9

		Air Release rate		1.13E+03		cu ft/min		5.309E+05		cm3/sec												1000		2000		348		152		51		15		141.5		2000		138		41		9.6		2		47.7		2000		224		83		24		6		84.3

		Fraction of Enclosure Volume included in transit time to vent calculation:										5.000E-01										1000		2500		361		158		53		16		147.0		2500		143		43		10		2.07		49.5		2500		232		86		24.5		6.2		87.2

		No of Releases		12		per year																1000		3000		371		162		54		16		150.8		3000		147		44		10.2		2		50.8		3000		239		88		25.1		6.4		89.6

		OpsSec/year		1.890E+07		sec																800		1000		81		24		5.7		1.1		28.0		1.4373881932		4e13/2.5E13		0.89														0.89

		Beam "up" time		0.000E+00		percentage of time beam is up (usually assume 60% running efficiency)																1000		1000		203		90		30		9.00		83.0		1.436746988

		*Typically Ar41 activity is 1% of the sum of the C and N activities.  Conservatively one can use 2.5% (lots of cracks and themral neutrons)																														0.89

								8.899E-01																		1000 cfm vent, 500 cfm leak, 2E13

		Standard Cross Sections and Decay Constants																								1000 cfm vent, 500 cfm leak, 2E13

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		Argon41

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03		1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Table 1:  Sum of Activation for Regions (total enclosure activation, saturation, no ventillaion)=										Bq (outside, from regions_flux)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Bq		above pile		2.560E+09		1.092E+09		1.532E+09		3.586E+08		6.074E+08		5.058E+09		4.726E+07		5.105E+09		1.938E+09

		Ci				6.919E-02		2.950E-02		4.141E-02		9.692E-03		1.642E-02		1.367E-01		1.277E-03		1.380E-01		5.237E-02

		Table 2: Enclosure Concentration with Cooldown ( no ventillation)=								(Bq from table 1)/(enclosure volume)*exp(-lambda_isotope*tcool)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		ConcEncl		Bq/cm3		5.139E-01		2.191E-01		3.075E-01		7.199E-02		1.219E-01		1.015E+00		9.488E-03		1.025E+00		3.890E-01

				Ci/cm3		1.389E-11		5.922E-12		8.312E-12		1.946E-12		3.295E-12		2.744E-11		2.564E-13		2.770E-11		1.051E-11

		TotActEncl		Bq		2.560E+09		1.092E+09		1.532E+09		3.586E+08		6.074E+08		5.058E+09		4.726E+07		5.105E+09		1.938E+09

				Ci		6.919E-02		2.950E-02		4.141E-02		9.692E-03		1.642E-02		1.367E-01		1.277E-03		1.380E-01		5.237E-02

				%		50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Table 3:  Enclosure Concentration with Mixing Conditions=						(1-EXP(-(lambdaH3+lambdaair)*Timeirrad))*C58*lambdaH3/(lambdaH3+lambdaair)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		EnclConc (mixed)		Bq/cm3		8.630E-06		3.080E-04		2.586E-01		6.593E-02		1.197E-01		4.443E-01		8.114E-03		4.524E-01		3.327E-01

				Ci/cm3		2.3325239024379E-16		0		6.991E-12		0		3.235E-12		1.201E-11		2.193E-13		1.223E-11		8.992E-12

		TotActEncl		Bq		4.299E+04		1.534E+06		1.288E+09		3.284E+08		5.962E+08		2.213E+09		4.042E+07		2.254E+09		1.657E+09		0.3326918756

				Ci		1.162E-06		4.146E-05		3.482E-02		8.876E-03		1.611E-02		5.982E-02		1.093E-03		6.091E-02		4.479E-02		0

				%		0.002%		0.068%		57.175%		14.573%		26.456%		98.206%		1.794%		100.000%		73.542%

										1.189E+00		1.092E+00		1.019E+00		2.285E+00

		Table 4: Continuous Release Including Decay in Transit=						C66*EXP(-lambdaH3*TransitTime)*airrelesae=Bq

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Activity Released		Bq/sec		4.582E+00		1.633E+02		1.695E+03		4.158E+00		3.829E-15		1.704E+03		4.249E+01		1.747E+03		1.742E+03

				Ci/sec		1.238E-10		4.414E-09		4.582E-08		1.124E-10		1.035E-25		4.606E-08		1.148E-09		4.721E-08		4.708E-08

		Annual Release		Bq		8.660E+07		3.087E+09		3.204E+10		7.859E+07		7.237E-08		3.221E+10		8.031E+08		3.301E+10		3.293E+10

				Ci		2.341E-03		8.343E-02		8.661E-01		2.124E-03		1.956E-18		8.705E-01		2.170E-02		8.922E-01		8.899E-01

		Bq/cm3 regions (C+N)		%		0.262%		9.350%		97.067%		0.238%		0.000%		97.567%		2.433%		100.000%		99.738%

		Region		Saturation Activity Regions (Bq/cm3, C+N)		Transit Times (sec)		Target Hall Air		Total C+N (Bq/cm3)		Bq/cm3

		Target Hall		7.614E+00		0.000E+00		Target Hall average

		Decay Region 1		2.426E-01		7.504E+02		Bq/cm3 with decay to region 1:		8.40E-03		8.243E-03		1.587E-04		Transit time  to 1		4.886E+03		sec

		Decay Region 2		8.157E-02		7.504E+02		Bq/cm3 with decay to region 2:		5.47E-03		5.399E-03		6.647E-05		Transit time  to 2		7.504E+02		sec

		Decay Region 3		1.647E-01		1.054E+03		Bq/cm3 with decay to region 3:		3.00E-03		2.980E-03		1.958E-05		Transit time  to 3		1.054E+03		sec

		Decay Region 4								Region 1 decay to region 2:		1.424E-01						Target Hall has decayed away below decay region saturation by region 1 , first region has decayed below saturation by region 3, second region has decayed below region 3 saturation by the time it reaches region 3.  Thus use only region 3 for calculation.

		Decay Region 5								Region 1 decay to region 3:		7.105E-02

										Region 2 decay to region 3:		3.967E-02

						Hydrogen3		Be7		Carbon11		Nitrogen13

		Activity Released		Bq/sec		2.62E+02		9.34E+03		5.70E+04		9.82E+01		Oxygen15				Argon41		5.88E+04		5.86E+04

				Ci/sec		7.085E-09		2.525E-07		1.542E-06		2.655E-09		2.99E-14		5.74E+04		1.429E+03		1.590E-06		1.583E-06

		Annual Release		Bq		4.955E+09		1.766E+11		1.078E+12		1.857E+09		8.070E-25		1.552E-06		3.861E-08		1.112E+12		1.107E+12		With Be&

				Ci		1.339E-01		4.772E+00		2.914E+01		5.018E-02		5.643E-07		1.085E+12		2.700E+10		3.006E+01		2.992E+01		3.469E+01

				%		0.446%		15.878%		96.959%		0.167%		1.525E-17		2.933E+01		7.298E-01		100.000%		99.554%

														0.000%		97.572%		2.428%

		Do this with different irradiation time. (30 days)

		Table 6: Discrete Releases Per Year (Assume Static Conditions During Operations)

						Hydrogen3		Be7		Carbon11		Nitrogen13

		Activity/Release		Bq		2.560E+09		1.102E+09		4.646E+08		1.473E+06		Oxygen15				Argon41		3.038E+09		4.778E+08

				Ci		6.920E-02		2.979E-02		1.256E-02		3.982E-05		1.845E-09		3.026E+09		1.165E+07		8.211E-02		1.291E-02

		Total per year												4.987E-20		8.179E-02		3.149E-04

				Bq		3.072E+10		1.323E+10		5.576E+09		1.768E+07								3.646E+10		5.733E+09

				Ci		8.303E-01		3.574E-01		1.507E-01		4.779E-04		2.214E-08		3.632E+10		1.398E+08		9.853E-01		1.550E-01

				%		84.274%		36.278%		15.294%		0.049%		5.985E-19		9.815E-01		3.779E-03		100.000%		15.726%

														0.000%		99.616%		0.384%



air in walksways and in workspace, by G. Waver 12/00
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InnerVolume_Calc

		Inner Chase Volume Released Activity

		(setup 1/01 by N. Grossman, based on D. Cossairt original spreadsheet)

		1. For NuMI the inner chase volume contains most of the activated air.  This volume will be enclosed and have a leakage rate (cfm). Flux densities and volumes are in pink and copied from C-James 031799 items in pink.

		2. We calculate the activity from the inner chase volume (regions 1-4) and the "outer" chase volume (reg. 5, plus area outside steel, about 3200cf), then take a weighted average of these two activities to determine the recirculated air activity.  On works

		3. Items in light yellow are copied automatically from page 1.  Items in bright yellow are input on this sheet.

		Beamline Specific Inputs:

		Timeirrad		2000		hours		7200000		sec

		Timecool		0		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens Reg 1		9.52E-06		per proton per cm2		Vol Reg 1		4.53E+08		cm3		1.60E+04		1.089E+02

		enclosure vol 1		4.53E+08		cm3		1.60E+04		cubic feet		1.60E+04		Total recirculated volume

		Leakage term (cfm)		7.50E+02

		Volume of air from enclosure to vent		0.00E+00		cm3		0.00E+00		cubic feet				Constants Used:

		Ar41		0.025		*Fract of C+N Activity								cm2mb		1.00E-27

		lambdaair, r		2.8129317807		per hour		7.81370E-04		per sec				Molevol		22414.1

		Transit time		2.1643		hr		7791.4902092571		sec				Avogadro		6.0221E+23

		Air Release rate		7.50E+02		cu ft/min		3.540E+05		cm3/sec

		Fraction of Enclosure Volume included in transit time to vent calculation:										5.000E-01

		No of Releases		12.12		per year

		OpsSec/year		1.890E+07		sec

		*Typically Ar41 activity is 1% of the sum of the C and N activities.  Conservatively one can use 2.5% (lots of cracks and themral neutrons)

		Standard Cross Sections and Decay Constants

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		Argon41

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03		1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Table 1: Total Enclosure Activation (saturation, no ventillaion)								From Regions_Flux sheet, Regions_Flux!c15*Lambdai (to get activity)=N*sigma*phi*Np*vconf*lambdai

										(1-e-(lambda+r)tir)* flux dens

		sum inner chase regions (1-4)				Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Bq				1.439E+11		6.136E+10		8.612E+10		2.016E+10		3.414E+10		2.843E+11		2.657E+09		2.870E+11		1.089E+11

		Ci				3.889E+00		1.658E+00		2.328E+00		5.448E-01		9.228E-01		7.684E+00		7.181E-02		7.756E+00		2.944E+00

		ConcEncl		Bq/cm3		3.177E+02		1.355E+02		1.901E+02		4.450E+01		7.537E+01		6.276E+02		5.865E+00		6.335E+02		2.405E+02

				Ci/cm3		8.586E-09		3.661E-09		5.138E-09		1.203E-09		2.037E-09		1.696E-08		1.585E-10		1.712E-08		6.499E-09

				%		50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		Table 2: Enclosure Concentration with Internal Mixing Conditions								C38*lambdaH3/(lambdaH3+lambdaairint)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		EnclConc (mixed)		Bq/cm3		7.277E-04		2.600E-02		7.970E+01		2.659E+01		6.626E+01		1.725E+02		2.657E+00		1.752E+02		1.089E+02

				Ci/cm3		1.967E-14		0		0.0000000022		0.0000000007		1.791E-09		4.663E-09		7.181E-11		4.735E-09		2.944E-09

		TotActEncl		Bq		3.297E+05		1.178E+07		3.610E+10		1.205E+10		3.002E+10		7.816E+10		1.204E+09		7.937E+10		4.935E+10

				Ci		8.910E-06		3.183E-04		9.757E-01		3.255E-01		8.112E-01		2.113E+00		3.253E-02		2.145E+00		1.334E+00

				%		0.000%		0.015%		45.488%		15.176%		37.819%		98.483%		1.517%		100.000%		62.181%

										0.581		0.402

		Table 3: Enclosure Concentration with ExteranlMixing Conditions								C45*lambdaairext/(lambdaH3+lambdaairext)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		EnclConc (mixed)		Bq/cm3		7.277E-04		2.596E-02		1.267E+01		2.237E+00		1.220E+00		1.613E+01		3.726E-01		1.650E+01		1.528E+01

				Ci/cm3		0		0		0.0000000003		0.0000000001		3.298E-11		4.358E-10		1.007E-11		4.459E-10		4.129E-10

		TotActEncl		Bq		3.297E+05		1.176E+07		5.738E+09		1.014E+09		5.528E+08		7.305E+09		4.516E+00		7.305E+09		6.752E+09				1.49E+01

				Ci		8.910E-06		3.179E-04		1.551E-01		2.739E-02		1.494E-02		1.974E-01		1.221E-10		1.974E-01		1.825E-01

				%		0.005%		0.161%		78.552%		13.875%		7.568%		100.000%		0.000%		100.000%		92.427%

						1.000				0.159		0.084

		Table 4: Add decay in transit to vent and cooldown								C45*EXP(-lambdaH3*TransitTime)*EXP(-lambdaH3*Timecool)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Activity Released		Bq/sec		2.576E+02		9.179E+03		5.535E+04		9.408E+01		2.603E-14		5.571E+04		1.386E+03		5.709E+04		5.683E+04

				Ci/sec		0.000000007		0.0000002481		0.0000014961		0.0000000025		7.035E-25		1.506E-06		3.747E-08		1.543E-06		1.536E-06

		Annual Release		Bq		4.868E+09		1.735E+11		1.046E+12		1.778E+09		4.920E-07		1.053E+12		2.620E+10		1.079E+12		1.074E+12

				Ci		1.316E-01		4.689E+00		2.828E+01		4.806E-02		1.330E-17		2.846E+01		7.081E-01		2.916E+01		2.903E+01

				%		0.451%		16.078%		96.956%		0.165%		0.000%		97.572%		2.428%		100.000%		99.549%

																								0.000E+00



Nancy L. Grossman:

Nancy L. Grossman:
Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.



AIr Shafts_Data

		NuMI Ventillation Shafts (NuMI Outfitting, 7/27/00 6-7-6 M-4)

				Outter Diameter		Wall thickness		Beam-On Airflow		Beam-Off Airflow

		Shaft		(inches)		inches		cfm		cfm

		EAV-1 (PT)		12.75		0.406		260		430

		EAV-2 (TGT)		20		0.5		1000		2000

		EAV-3 (AB)		16		0.375		2300		2750

		EAV-4 (MINOS)		18		0.438		3275		5275

		Make the 1000 cfm for EAV-2 800 cfm.

		356 cfm from PS room through stripline penetration, into target hall then into chase and

		out of chase

		need 15-20 cfm per person





Regions_Flux

		

		HA Internal Air Activity								Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Nitrogen14								2.519E+02		1.176E+02		1.679E+02		3.359E+01		0.000E+00		4.534E+02		5.038E+00

		Oxygen16								6.446E+01		1.719E+01		2.149E+01		1.074E+01		7.520E+01		1.719E+02		8.057E-01

		Nitrogen15								9.346E-01		4.362E-01		6.231E-01		1.246E-01		0.000E+00		1.682E+00		1.869E-02

		Oxygen18								1.289E-01		3.438E-02		4.297E-02		2.149E-02		1.504E-01		3.438E-01		1.611E-03

		Argon40								2.508E-01		2.508E-01		2.508E-02		2.508E-02		2.508E-02		3.261E-01		1.254E-03

		ConcTgtReg				Bq/cm3				3.177E+02		1.355E+02		1.901E+02		4.450E+01		7.537E+01		6.276E+02		6.276E-04

						Ci/cm3				8.586E-09		3.661E-09		5.138E-09		1.203E-09		2.037E-09		1.696E-08		1.696E-14

		TotActTgtReg				Bq				1.439E+11		6.136E+10		8.612E+10		2.016E+10		3.414E+10		2.843E+11		2.843E+05

						Ci				3.889E+00		1.658E+00		2.328E+00		5.448E-01		9.228E-01		7.684E+00		7.684E-06

		HA External Air Activity								Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Nitrogen14								4.075E-01		1.902E-01		2.717E-01		5.433E-02		0.000E+00				8.150E-03

		Oxygen16								1.043E-01		2.780E-02		3.476E-02		1.738E-02		1.216E-01				1.303E-03

		Nitrogen15								1.512E-03		7.055E-04		1.008E-03		2.016E-04		0.000E+00				3.024E-05

		Oxygen18								2.085E-04		5.561E-05		6.951E-05		3.476E-05		2.433E-04				2.607E-06

		Argon40								4.058E-04		4.058E-04		4.058E-05		4.058E-05		4.058E-05				2.029E-06

		ConcTgtReg				Bq/cm3				5.139E-01		2.191E-01		3.075E-01		7.199E-02		1.219E-01				1.015E-06

						Ci/cm3				1.389E-11		5.922E-12		8.312E-12		1.946E-12		3.295E-12				2.744E-17

		TotActTgtReg				Bq				2.560E+09		1.092E+09		1.532E+09		3.586E+08		6.074E+08		5.058E+09		4.599E+02

						Ci				6.919E-02		2.950E-02		4.141E-02		9.692E-03		1.642E-02		1.367E-01		1.243E-08





C-James 031799

		location		Region		volume (cc)		flux=parts*cm/p		flux (parts/cm**2/p)		Comment		Regions		Volumes		<flux>				Volumes to Chase Calc Spreadsheet (2/01)		<flux> to chase calc spreadsheet (2/01)		Region in MARS (2/01)		Region		Charged Hadronic Flux (parts/cm**2/p)		Neutral Hadronic Flux (parts/cm**2/p)		Volume (cm3)		Total Hadronic Flux (parts/cm**2/p)

		inside baffle		1		1.44E+02		1.99E+02		1.38E+00				1		1.44E+02		1.38E+00				3.14E+06		6.82E-04		50		central US of horn1		2.06E-04		4.76E-04		3.14E+06		6.82E-04

		air around baffle		2		5.29E+07		2.08E+00		3.94E-08		filled w/some shielding?		2		5.29E+07		3.94E-08				7.11E+06		4.73E-04		60		Outer US of horn 1		2.20E-06		4.71E-04		7.11E+06		4.73E-04

		air inside horn1 inner conductor		30		4.23E+04		6.76E+02		1.60E-02				3		4.23E+04		1.60E-02				4.23E+04		3.18E-02		30		inside horn 1		2.39E-02		7.92E-03		4.23E+04		3.18E-02

		between horn 1 conductors		33		1.82E+05		7.18E+02		3.94E-03		enclosed air														61		around horn 1		5.11E-04		4.74E-03		1.65E+06		5.25E-03

		air inside horn 2 inner conductor		40		4.48E+05		3.93E+02		8.77E-04				4		1.95E+07		2.61E-04		85% of activation here		7.43E+07		1.69E-03		51		outer of horn 1		1.35E-04		4.41E-03		4.47E+06		4.55E-03

		between horn 1 conductors		43		1.04E+06		3.11E+02		3.00E-04		enclosed air								Region 5, 9/01		8.14E+07		6.28E-10		62		central DS of horn1		7.65E-04		3.18E-03		3.18E+06		3.95E-03

		before horn 1		70		5.17E+06		3.14E+02		6.07E-05		He														52		Outer DS of horn 1		1.02E-04		3.11E-03		7.22E+06		3.21E-03

		before horn 1		71		2.49E+06		1.10E+03		4.41E-04		He														40		inside horn 2		1.46E-03		1.66E-03		4.49E+05		3.12E-03

		around horn 1		72		1.02E+07		3.74E+03		3.67E-04				4												63		around horn 2		3.80E-04		1.56E-03		3.00E+05		1.94E-03

		between horn1 & horn 2		73		1.05E+07		2.61E+03		2.49E-04		He														53		outer of horn 2		6.60E-05		1.52E-03		4.35E+06		1.59E-03

		between horn1 & horn 2		74		2.10E+07		3.34E+03		1.59E-04		He				Use blue numbers in spreadsheet										64		Central DS1 of horn2		5.26E-04		1.15E-03		3.02E+06		1.68E-03

		around horn 2		75		8.88E+06		9.59E+02		1.08E-04				4												54		Outer DS1 of horn 2		6.10E-05		1.10E-03		6.84E+06		1.16E-03

		after horn 2		76		1.05E+07		1.62E+03		1.54E-04		He														65		Central DS2 of horn2		6.23E-04		8.02E-04		4.02E+06		1.43E-03

		after horn 2		77		1.05E+07		1.45E+03		1.38E-04		He														55		Outer DS2 of horn 2		5.40E-05		7.59E-04		9.12E+06		8.13E-04

		after horn 2		78		1.84E+07		2.39E+03		1.30E-04		He														66		Central DS3 of horn2		3.54E-04		7.57E-04		4.02E+06		1.11E-03

		air above tcaps		140		4.39E+06		4.08E-04		9.29E-11				5		7.22E+07		6.28E-10		6.28E-10						56		Outer DS3 of horn 2		6.00E-05		7.26E-04		9.12E+06		7.86E-04

		air above tcaps		141		1.42E+06		1.06E-05		7.47E-12				5				9/01Jim Hylen Tcaps Volume:		9/01Jim Hylen Side passage Volume:		9/01Jim Hylen Chase Volume:				67		Central DS4 of horn2		2.98E-04		7.41E-04		5.07E+06		1.04E-03

		air above tcaps		142		5.99E+06		2.22E-03		3.71E-10				5		average height ("):		36		183		52				57		Outer DS4 of horn 2		6.80E-05		7.12E-04		1.15E+07		7.80E-04

		air above tcaps		143		5.99E+06		6.20E-03		1.04E-09				5		Width ("):		205.25		6		46

		air above tcaps		144		1.79E+07		6.95E-03		3.89E-10				5		Length (feet):		173		173		173

		air above tcaps		145		5.99E+06		7.24E-07		1.21E-13				5		Volume (cf):		8877		1319		2874

		air above tcaps		146		5.99E+06		2.40E-05		4.01E-12				5		Volume (cc)		2.51E+08		3.74E+07		8.14E+07

		air above tcaps		147		8.93E+06		6.22E-03		6.97E-10				5		total internal volume (cc):				3.70E+08

		air above tcaps		148		1.56E+07		2.33E-02		1.49E-09				5

		air in walkways		170		1.35E+07		1.96E-06		1.45E-13				6		2.61E+08		4.15E-14		4.15E-14

		air in walkways		171		6.52E+06		4.60E-08		7.05E-15				6

		air in walkways		172		2.75E+07		1.45E-06		5.27E-14				6

		air in walkways		173		2.75E+07		4.14E-08		1.50E-15				6

		air in walkways		174		5.50E+07		3.22E-07		5.85E-15				6

		air in walkways		175		2.75E+07		6.85E-09		2.49E-16				6

		air in walkways		176		2.75E+07		2.11E-08		7.67E-16				6						5.50E-12

		air in walkways		177		2.75E+07		2.87E-09		1.04E-16				6

		air in walkways		178		4.81E+07		6.97E-06		1.45E-13				6		Average fluxes for walkway and workspace:

		air in workspace		180		2.22E+07		1.22E-05		5.49E-13				7		2.31E+09		6.11E-12		3.81E-12

		air in workspace		181		1.07E+07		7.99E-07		7.47E-14				7		Weighted avg should agree with 5.5e-12, but doesn't, why?

		air in workspace		182		4.52E+07		2.54E-04		5.63E-12				7		Shouldn't make much of a difference anyway…

		air in workspace		183		4.52E+07		1.28E-03		2.83E-11		assume this flux for decay region (CJ)		7		5.00E-13		decay reg.

		air in workspace		184		9.03E+07		5.08E-04		5.63E-12				7		12/19/00 Glen Waver Workspace Volume:

		air in workspace		185		4.52E+07		7.77E-08		1.72E-15				7		Volume (cf):		175925

		air in workspace		186		4.52E+07		1.39E-04		3.08E-12				7		Volume (cc)		4.98E+09

		air in workspace		187		4.52E+07		4.93E-06		1.09E-13				7

		air in workspace		188		7.90E+07		4.17E-04		5.28E-12				7

		Total air Volume:				9.13E+08		4.86E+09		air outside chase

		additional air volume:				2.29E+09		1.45E+08		air inside chase

		(22'-100cm)*27'*160'		total:		3.20E+09

		He Vol:				7.85E+07

		Air vol-inner horn air vol:				3.20E+09		1.22E+06

		Air vol above-He volume:				3.12E+09		available air

		Changes/hr @ 2250cfm:

		(6.37e7cc/m=3.82e9cc/hr)

		get total activity in several regions w/ similar flux density				TH- DK vent vol		2.56E+09

		to get total  conc.

		Use 1.42E8 cc for abosrober air volume, 2.42e4 part/cm2/sec flux (2e13 already in there)

				Reg		Vol (cc)		Vol (cf)		Length if diamter 3' (feet)		flux (parts/cm**2/p)

		air inside and around baffle		1,2		5.29E+07		1.87E+03		66.0		3.80E-06

		air inside baffle		1		1.44E+02		5.09E-03

		air around baffle		2		5.29E+07		1.87E+03

		He before horn 1		70,71		7.66E+06		2.70E+02		9.6		1.84E-04

		air inside horn 1 and 2		30,40		4.91E+05		1.73E+01		0.6		8.69E-02

		He between horn 1 & horn 2		73,74		3.15E+07		1.11E+03		39.4		1.89E-04

		air around horn 1 and horn 2		72,75		1.91E+07		6.73E+02		23.8		2.46E-04

		He after horn 2		76-78		3.94E+07		1.39E+03		49.2		1.39E-04				cf air

		Total Air						2558		Total air wihout baffle air		691		Kris's #		1548

		Total He						2773		DO calc with horn vol. *3 to get idea of problem.

				distance (feet)						98.1

		Before tgt		8

		target		8

		horn1-LE horn 2		20

		horn1-ME horn 2		61.5

		horn1-HE horn2		117

		LE horn2 to end		97

		ME horn2 to end		55.5

		HE horn2 to end		0
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T(cool) in Hours
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0.0038570681

0.0035974952

2.4459948903

0.8209768828

0.3884196582

4.7068590978

0.000646301

0.0004920547

0.5071069154

0.1053756322

0.0586376291

0.3247610474

0.0002212022

0.0001422531

0.1543230175

0.0289401003

0.018372585

0.0409572578

0.0000910543

0.0000487345

0.0538726161

0.0094037164

0.0068520237

0.0057578188

0.0000460646

0.0000201953

0.0228135958

0.0036874163

0.0031081341

0.0009219981

0.0000282604

0.0000101005

0.0122291397

0.0017429554

0.0017055959

0.0001769981

0.0000198591

0.0000058221

0.0079983526

0.0009497909

0.0010771955

0.0000415937

0.0000150772

0.0000036554

0.0058887268

0.0005642273

0.0007392841

0.0000114974

0.0000119215

0.0000024039

0.004588001

0.0003512866

0.0005305289

0.0000035096

0.00000964

0.0000016221

0.0036649433

0.0002244847

0.0003902807

0.000001129

0.0000079062

0.0000011126

0.002960929

0.000145834

0.0002916632

0.0000003734



cool

		Equation for cooldown:

						MI/CT		Pretarget		Target Hall		Decay (US)		Decay (DS)		Hadron Absorber

		vent rate (cfm)				f		NA		1125		NA		0		500

		lambdair (/sec)				0.0000699181		1.513E-04		1.066E-04		1.779E-04		1.108E-04		5.672E-04

		tcool (hrs)		tcool (sec)		MI/CT		Pretarget		Target Hall		Decay (US)		Decay (DS)		Hadron Absorber

		0		0		0.0038570681		3.597E-03		2.446E+00		8.210E-01		3.884E-01		4.707E+00

		0.5		1800		0.000646301		4.921E-04		5.071E-01		0.1053756322		0.0586376291		3.248E-01

		1		3600		0.0002212022		1.423E-04		0.1543230175		0.0289401003		0.018372585		0.0409572578

		1.5		5400		0.0000910543		4.873E-05		0.0538726161		0.0094037164		0.0068520237		0.0057578188

		2		7200		0.0000460646		2.020E-05		2.281E-02		0.0036874163		0.0031081341		0.0009219981

		2.5		9000		0.0000282604		1.010E-05		0.0122291397		1.743E-03		0.0017055959		0.0001769981

		3		10800		0.0000198591		5.822E-06		0.0079983526		0.0009497909		0.0010771955		0.0000415937

		3.5		12600		0.0000150772		3.655E-06		0.0058887268		0.0005642273		0.0007392841		0.0000114974

		4		14400		0.0000119215		2.404E-06		0.004588001		0.0003512866		0.0005305289		0.0000035096

		4.5		16200		0.00000964		1.622E-06		0.0036649433		0.0002244847		0.0003902807		0.000001129

		5		18000		0.0000079062		1.113E-06		0.002960929		0.000145834		0.0002916632		3.734E-07

		DAC				H3		Be7		C11		N15		O15		Ar41

				(muCi/m3)		20		9		59		41		27		47

				(Ci/cm3)		0		0		0.0000000001		0		0		0

		Release MI		Ci/cm3		1.84704E-18		6.58623E-17		3.84146E-14		9.53222E-15		1.69108E-14		0

		Release PT		Ci/cm3		8.53752901151089E-19		3.047812418644E-17		0		0		0		0

		Release TH		Ci/cm3		1.85E-15		6.61E-14		3.49E-11		6.67E-12		5.71E-12		2.01E-13

		Release DK US		Ci/cm3		1.69E-16		6.04E-15		7.65E-12		2.04E-12		3.87E-12		2.42E-13

		Release DK DS		Ci/cm3		1.21766665136713E-16		0		0		0		0		0

		Release HA		Ci/cm3		6.49E-16		2.32E-14		5.03E-11		1.36E-11		1.85E-11		4.60E-13





cool
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Results

		Hardon Absorber								Blue is output.

		Protons				2.10E+13		per sec				Black is input.

		Irradiation Time				2.00E+03		hours				Vent Rate		Leakage Rate (5 cfm)		Leakage Rate (10 cfm)		Leakage Rate (25 cfm)

		Cooldown Time				0.00E+00		hours				200		0		0		0

		Operational Seconds/year				1.89E+07		seconds				400		0.29		0.39		0.51		all external?

		Flux Density HA Interior				3.81E-05		per proton per cm2				600		3.63		4.9		6.38

		Volume HA Interior				6.37E+06		cm3				800		13.15		17.79		23.18

		Flux Denstiy HA Exterior				5.28E-08		per proton per cm2

		Volume HA Exterior				4.16E+08		cm3

		Vol HA to Vent				2.12E+09		cm3

		Leakage Rate				25		cfm

		Fraction of Outer Vol. Used in Calculating Transit Time		F		5.00E-01

		Vent Rate		D		500		cfm

		Ar41				0.025		*Fract of C+N Activity

		Transit Time				2.7404		hrs

		Air Changes				2.0421		per hour

		Release Rate				2.36		Ci/yr

		Release Rate (internal vol)				2.11		Ci/yr

		Release Rate (external vol)				0.25		Ci/yr

		11C				2.300E+00		Ci/yr

		13N				1.668E-03		Ci/yr

		15O				7.853E-23		Ci/yr

		41Ar				5.754E-02		Ci/yr

		3H				8.075E-03		Ci/yr

		7Be				2.880E-01		Ci/yr

						2.359E+00		Ci/yr

		old, 7/02 from Alan

				vol (cm3)		n/cm2/p		h/cm2/p		total/cm2/p

		internal air		1.150E+07		4.13E-05		4.30E-05		8.43E-05

		external air		5.65E+08		1.38E-08		6.52E-10		1.45E-08

		update, 8/02 from Alan

				vol (cm3)		n/cm2/p		h/cm2/p		total/cm2/p

		internal air		2.040E+06		2.70E-05		1.84E-05		1.20E-05		cut in 1/2		Al box

		Internal (US)		1.020E+07		5.67E-06		6.37E-06		1.20E-05		remove

		Internal (DS)		0.000E+00		1.91E-04		1.11E-04		3.02E-04

		external air		5.65E+08		2.50E-09		1.83E-10		2.68E-09

		external air from US internal unconfined		8.00E-01

		DS inside air factor		0.00E+00

		US inside air factor		0.2

		Hadron Absorber:										Total (Ci/yr)

		Flow to Vent (cfm)		Leakage (cfm)								1.79

		1500		0		1.61		0.14		0.04		7.48

		1500		200		6.35		0.97		0.16		7.87

		1500		1500		6.63		1.06		0.17		3.25

		2250		0		2.78		0.43		0.04		30.84		to compare with alan

		2250		200		25.16		5.28		0.40		10.43

		2250		200		8.26		2.04		0.14		10.99

		2250		2250		8.60		2.24		0.14



Nancy L. Grossman:
percentage of time beam is up (usually assume 60% running efficiency)

Nancy L. Grossman:
uses old fluxes
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Air_Calc

		General Air Activation Spreadsheet

		(setup 3/00 by N. Grossman, based on D. Cossairt original spreadsheet)

		1.  This spreadsheet calculates air activation and release rates based on fluxdensities (usually from a Monte Carlo program), volumes, ventillation rates and standard cross sections and decay rates.  The Ar41 production by thermal nuetrons is added in adH

														The reader is referred to Fermilab TM 2089 for a complete description of this equation.

		2. The worksheet titled "regions" calculates the first term in the brackets in the equation above for each of the seven regions. The Table (on this page) titiled "Sum of Activation for Regions" sums the activation for the 7 regions.

		3. The table titled "Mixing Conditions" adds in the term in the second set of brackets (activity in the enclosure), calculating the activity in the enclosure volume (Bq/cm3). The table titled "Continuous Release" adds in the third term in brackets in the

		4.  Inputs are highlighted in yellow,

		outputs are highlighted in green.

		5.  This spreadsheet allows 7 separate regions/volumes for flux densities.

		6.  If you do not need all regions, then you must zero the fluxdensity and volume for the unused regions.

		7.  The region spreadsheet calculates an activity for each region for each radionuclide.

		8.  The region activities are then summed and divided by the total volume of the 7 regions to obtain an overall concentration in the whole region.  (This could be changed if you wish to include different mix/flow rates for each of the volumes.)

		For NuMI regions 1 thru 5 are a closed loop.  Need to setup a "leakage" term to multiply the volume by in these regions.

		Beamline Specific Inputs:

		Timeirrad		2.00E+03		hours		7200000		sec		95		Results Summary:

		Timecool		0.00E+00		hours		0		sec						Ci/cm3		Ci

		Protons		2.10E+13		per sec								saturation activation				0.01

														cooldown/no mixing		3.604E-11		0.01

														mixing saturation		1.915E-11		0.01

														transit & release		1.318E-08		0.25		Ci/yaer

														w/ discrete releases				0.00		Ci/yaer

																# of releases/year

		Fluxdens Reg 6		5.28E-08		per proton per cm3		Vol Reg 6		4.16E+08		cm3		use G. Waver Tcap volume 12/00

																						Latest Table 6/12/02 (2.5% Ar-41)														At 800 cfm												At 900 cfm

		Enclosure vol		4.16E+08		cm3		1.47E+04		cubic feet		sum of volumes for regions 6&7										Vent Rate		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (1000 cfm)		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (800 cfm)		Leakage Rate (cfm)		Ci/yr Hold/decay fraction 0.25		Ci/yr Hold/decay fraction 0.5		Ci/yr Hold/decay fraction 0.75		Ci/yr Hold/decay fraction 1		Ci/yr (900 cfm)

		Leakage term		2.50E+01		cfm				% by volume of chase												1000		250		151		67		22		7		61.8		250		60		18		4		0.88		20.7		250		97		36		10		2.6		36.4

		Volume of air from enclosure to vent		2.12E+09		cm3		7.49E+04		cubic feet				Constants Used:								1000		500		223		98		33		10		91.0		500		88		27		6		1.29		30.6		500		143		53		15		3.9		53.7

		Ar41		0.025		*Fract of C+N Activity								cm2mb		1.00E-27						1000		750		265		116		39		11.78		107.9		750		105		32		7.4		1.5		36.5		750		170		63		18		4.6		63.9

		lambdaair, r		2.0420802831		per hour		5.67245E-04		per sec				Molevol		22414.1						1000		1000		293		128		43		13		119.3		1000		116		35		8		1.7		40.2		1000		188		70		20		5.1		70.8

		Transit time		2.7404		hr		9865.505295315		sec				Avogadro		6.0221E+23						1000		1500		327		143		48		14		133.0		1500		130		39		9		1.88		45.0		1500		210		78		22		5.7		78.9

		Air Release rate		5.00E+02		cu ft/min		2.360E+05		cm3/sec												1000		2000		348		152		51		15		141.5		2000		138		41		9.6		2		47.7		2000		224		83		24		6		84.3

		Fraction of Enclosure Volume included in transit time to vent calculation:										5.000E-01										1000		2500		361		158		53		16		147.0		2500		143		43		10		2.07		49.5		2500		232		86		24.5		6.2		87.2

		No of Releases		12		per year																1000		3000		371		162		54		16		150.8		3000		147		44		10.2		2		50.8		3000		239		88		25.1		6.4		89.6

		OpsSec/year		1.890E+07		sec																800		1000		81		24		5.7		1.1		28.0		1.4373881932		4e13/2.5E13		0.25														0.25

		Beam "up" time		0.000E+00		percentage of time beam is up (usually assume 60% running efficiency)																1000		1000		203		90		30		9.00		83.0		1.436746988

		*Typically Ar41 activity is 1% of the sum of the C and N activities.  Conservatively one can use 2.5% (lots of cracks and themral neutrons)																														0.25

								2.491E-01																		1000 cfm vent, 500 cfm leak, 2E13

		Standard Cross Sections and Decay Constants																								1000 cfm vent, 500 cfm leak, 2E13

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		Argon41

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03		1.07E-04		0.3852

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Table 1:  Sum of Activation for Regions (total enclosure activation, saturation, no ventillaion)=										Bq (outside, from regions_flux)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Bq		above pile		7.328E+08		3.125E+08		4.385E+08		1.027E+08		1.739E+08		1.448E+09		1.353E+07		1.461E+09		5.547E+08

		Ci				1.981E-02		8.445E-03		1.185E-02		2.774E-03		4.699E-03		3.913E-02		3.657E-04		3.950E-02		1.499E-02

		Table 2: Enclosure Concentration with Cooldown ( no ventillation)=								(Bq from table 1)/(enclosure volume)*exp(-lambda_isotope*tcool)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		ConcEncl		Bq/cm3		1.762E+00		7.512E-01		1.054E+00		2.468E-01		4.180E-01		3.480E+00		3.252E-02		3.513E+00		1.333E+00

				Ci/cm3		4.761E-11		2.030E-11		2.849E-11		6.669E-12		1.130E-11		9.407E-11		8.790E-13		9.494E-11		3.604E-11

		TotActEncl		Bq		7.328E+08		3.125E+08		4.385E+08		1.027E+08		1.739E+08		1.448E+09		1.353E+07		1.461E+09		5.547E+08

				Ci		1.981E-02		8.445E-03		1.185E-02		2.774E-03		4.699E-03		3.913E-02		3.657E-04		3.950E-02		1.499E-02

				%		50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Table 3:  Enclosure Concentration with Mixing Conditions=						(1-EXP(-(lambdaH3+lambdaair)*Timeirrad))*C58*1/lambdaH3/(1/lambdaH3+1/lambdaair)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		EnclConc (mixed)		Bq/cm3		5.559E-06		1.986E-04		5.256E-01		1.657E-01		3.800E-01		1.071E+00		1.728E-02		1.089E+00		7.086E-01

				Ci/cm3		1.50233355869483E-16		0		1.420E-11		0		1.027E-11		2.895E-11		4.671E-13		2.942E-11		1.915E-11

		TotActEncl		Bq		2.312E+03		8.261E+04		2.186E+08		6.894E+07		1.581E+08		4.457E+08		7.190E+06		4.529E+08		2.948E+08

				Ci		6.250E-08		2.233E-06		5.909E-03		1.863E-03		4.273E-03		1.205E-02		1.943E-04		1.224E-02		7.967E-03

				%		0.001%		0.018%		48.280%		15.223%		34.909%		98.412%		1.588%		100.000%		65.091%

										2.006E+00		1.489E+00		1.100E+00		3.249E+00

		Table 4: Continuous Release Including Decay in Transit=						C66*EXP(-lambdaH3*TransitTime)*Opsec=Bq

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Activity Released		Bq/sec		1.312E+00		4.679E+01		4.754E+02		4.190E-01		4.135E-20		4.771E+02		1.189E+01		4.890E+02		4.877E+02

				Ci/sec		3.545E-11		1.265E-09		1.285E-08		1.132E-11		1.118E-30		1.289E-08		3.215E-10		1.322E-08		1.318E-08

		Annual Release		Bq		2.479E+07		8.843E+08		8.984E+09		7.919E+06		7.816E-13		9.017E+09		2.248E+08		9.242E+09		9.217E+09

				Ci		6.700E-04		2.390E-02		2.428E-01		2.140E-04		2.112E-23		2.437E-01		6.076E-03		2.498E-01		2.491E-01

				%		0.268%		9.569%		97.214%		0.086%		0.000%		97.568%		2.432%		100.000%		99.732%

		Table 4: Add internal and External volume releases

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Activity Released		Bq/sec		1.58E+01		5.64E+02		4.50E+03		3.27E+00		1.54E-19		4.52E+03		1.126E+02		4.63E+03		4.62E+03

				Ci/sec		4.272E-10		1.524E-08		1.217E-07		8.827E-11		4.155E-30		1.222E-07		3.044E-09		1.252E-07		1.248E-07

		Annual Release		Bq		2.988E+08		1.066E+10		8.510E+10		6.173E+07		2.906E-12		8.546E+10		2.129E+09		8.759E+10		8.729E+10

				Ci		8.075E-03		2.880E-01		2.300E+00		1.668E-03		7.853E-23		2.310E+00		5.754E-02		2.367E+00		2.359E+00

				%		0.341%		12.167%		97.158%		0.070%		0.000%		97.569%		2.431%		100.000%		99.659%

		Do this with different irradiation time. (30 days)

		Table 5: Discrete Releases Per Year (Assume Static Conditions During Operations)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Activity/Release		Bq		7.328E+08		3.120E+08		1.681E+06		1.100E+03		8.018E-17		7.345E+08		4.205E+04		7.345E+08		1.724E+06

				Ci		1.980E-02		8.433E-03		4.543E-05		2.972E-08		2.167E-27		1.985E-02		1.136E-06		1.985E-02		4.659E-05

		Total per year

				Bq		8.793E+09		3.744E+09		2.017E+07		1.320E+04		9.622E-16		8.814E+09		5.046E+05		8.814E+09		2.069E+07

				Ci		2.377E-01		1.012E-01		5.451E-04		3.567E-07		2.601E-26		2.382E-01		1.364E-05		2.382E-01		5.591E-04

				%		99.765%		42.480%		0.229%		0.000%		0.000%		99.994%		0.006%		100.000%		0.235%



air in walksways and in workspace, by G. Waver 12/00

Nancy L. Grossman:
2.5%-  1% 41Ar is ~0.7 of release at 2.5%
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we get 23 Ci/yr at 750 cfm and 1% 41Ar.
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we get 23 Ci/yr at 900 cfm and 1% 41Ar.
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at 800 cfm, 1% Ar41, then 63 Ci/year
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Nancy L. Grossman:
at 800 cfm, 1% Ar41, then 63 Ci/year
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2.5E13



Air_Calc

		



40 Ci/yr goal for NuMI

750 cfm goal for Target Hall Leakage

Ci/yr (800 cfm)

Ci/yr (1000 cfm)

Ci/yr (900 cfm)

Leakage Rate (CFM)

Total Ci/year Released

Total Ci/year Released from the Target Hall Vent out the Decay Region Stack @ 4E13 ppp (*0.625 for 2.5E13 ppp)



InnerVolume_Calc

		Inner Chase Volume Released Activity

		(setup 1/01 by N. Grossman, based on D. Cossairt original spreadsheet)

		1. For NuMI the inner chase volume contains most of the activated air.  This volume will be enclosed and have a leakage rate (cfm). Flux densities and volumes are in pink and copied from C-James 031799 items in pink.

		2. We calculate the activity from the inner chase volume (regions 1-4) and the "outer" chase volume (reg. 5, plus area outside steel, about 3200cf), then take a weighted average of these two activities to determine the recirculated air activity.  On works

		3. Items in light yellow are copied automatically from page 1.  Items in bright yellow are input on this sheet.

		Beamline Specific Inputs:

		Timeirrad		2000		hours		7200000		sec

		Timecool		0		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens Reg 1		3.81E-05		per proton per cm2		Vol Reg 1		6.37E+06		cm3		2.25E+02		2.523E+02

		enclosure vol 1		6.37E+06		cm3		2.25E+02		cubic feet		2.25E+02		Total recirculated volume

		Leakage term (cfm)		2.50E+01

		Volume of air from enclosure to vent		0.00E+00		cm3		0.00E+00		cubic feet				Constants Used:

		Ar41		0.025		*Fract of C+N Activity								cm2mb		1.00E-27

		lambdaair, r		6.6680172509		per hour		1.85223E-03		per sec				Molevol		22414.1

		Transit time		2.7404		hr		9865.505295315		sec				Avogadro		6.0221E+23

		Air Release rate		2.50E+01		cu ft/min		1.180E+04		cm3/sec

		Fraction of Enclosure Volume included in transit time to vent calculation:										0.000E+00

		No of Releases		12.12		per year

		OpsSec/year		1.890E+07		sec

		*Typically Ar41 activity is 1% of the sum of the C and N activities.  Conservatively one can use 2.5% (lots of cracks and themral neutrons)

		Standard Cross Sections and Decay Constants

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		Argon41

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03		1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Table 1: Total Enclosure Activation (saturation, no ventillaion)								From Regions_Flux sheet, Regions_Flux!c15*Lambdai (to get activity)=N*sigma*phi*Np*vconf*lambdai(1-EXP(-(lambdaH3+lambdaair)*Timeirrad))

		sum inner chase regions (1-4)				Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Bq				8.098E+09		3.453E+09		4.846E+09		1.134E+09		1.922E+09		1.600E+10		1.495E+08		1.615E+10		6.130E+09

		Ci				2.189E-01		9.333E-02		1.310E-01		3.066E-02		5.193E-02		4.325E-01		4.041E-03		4.365E-01		1.657E-01

		ConcEncl		Bq/cm3		1.271E+03		5.421E+02		7.608E+02		1.781E+02		3.017E+02		2.512E+03		2.347E+01		2.535E+03		9.624E+02

				Ci/cm3		3.436E-08		1.465E-08		2.056E-08		4.813E-09		8.153E-09		6.789E-08		6.344E-10		6.852E-08		2.601E-08

				%		50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		Table 2: Enclosure Concentration with Internal Mixing Conditions								C38*lambdaH3/(lambdaH3+lambdaairint)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		EnclConc (mixed)		Bq/cm3		1.229E-03		4.390E-02		1.776E+02		6.858E+01		2.275E+02		4.737E+02		6.154E+00		4.798E+02		2.523E+02

				Ci/cm3		3.321E-14		0		0.0000000048		0.0000000019		6.148E-09		1.280E-08		1.663E-10		1.297E-08		6.820E-09

		TotActEncl		Bq		7.826E+03		2.796E+05		1.131E+09		4.369E+08		1.449E+09		3.017E+09		3.920E+07		3.056E+09		1.607E+09

				Ci		2.115E-07		7.558E-06		3.057E-02		1.181E-02		3.916E-02		8.155E-02		1.060E-03		8.261E-02		4.344E-02

				%		0.000%		0.009%		37.013%		14.294%		47.410%		98.717%		1.283%		100.000%		52.590%

										0.767		0.615

		Table 3: Enclosure Concentration with ExteranlMixing Conditions								C45*lambdaH3/(lambdaH3+lambdaairext)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		EnclConc (mixed)		Bq/cm3		1.229E-03		4.389E-02		8.905E+01		2.252E+01		2.065E+01		1.322E+02		2.789E+00		1.350E+02		1.144E+02

				Ci/cm3		0		0		0.0000000024		0.0000000006		5.582E-10		3.574E-09		7.539E-11		3.649E-09		3.091E-09

		TotActEncl		Bq		7.826E+03		2.796E+05		5.673E+08		1.435E+08		1.316E+08		8.423E+08		3.381E+01		8.423E+08		7.107E+08

				Ci		2.115E-07		7.556E-06		1.533E-02		3.878E-03		3.556E-03		2.277E-02		9.137E-10		2.277E-02		1.921E-02

				%		0.001%		0.033%		67.345%		17.033%		15.620%		100.000%		0.000%		100.000%		84.379%

						1.000				0.501		0.328

		Table 4: Add decay in transit to vent & Cooldown								C45*1/lambdaH3/(1/lambdaH3+1/lambdaairext)*EXP(-lambdaH3*Timecool)

						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Activity Released		Bq/sec		1.450E+01		5.171E+02		4.027E+03		2.847E+00		1.124E-19		4.044E+03		1.008E+02		4.145E+03		4.131E+03

				Ci/sec		0.0000000004		0.000000014		0.0000001088		0.0000000001		3.037E-30		1.093E-07		2.723E-09		1.120E-07		1.116E-07

		Annual Release		Bq		2.740E+08		9.772E+09		7.611E+10		5.381E+07		2.124E-12		7.644E+10		1.904E+09		7.835E+10		7.807E+10

				Ci		7.405E-03		2.641E-01		2.057E+00		1.454E-03		5.741E-23		2.066E+00		5.146E-02		2.117E+00		2.110E+00

				%		0.350%		12.474%		97.151%		0.069%		0.000%		97.570%		2.430%		100.000%		99.650%

																								0.000E+00



Nancy L. Grossman:

Nancy L. Grossman:
Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.



AIr Shafts_Data

		NuMI Ventillation Shafts (NuMI Outfitting, 7/27/00 6-7-6 M-4)

				Outter Diameter		Wall thickness		Beam-On Airflow		Beam-Off Airflow

		Shaft		(inches)		inches		cfm		cfm

		EAV-1 (PT)		12.75		0.406		260		430

		EAV-2 (TGT)		20		0.5		1000		2000

		EAV-3 (AB)		16		0.375		2300		2750

		EAV-4 (MINOS)		18		0.438		3275		5275

		Make the 1000 cfm for EAV-2 800 cfm.

		356 cfm from PS room through stripline penetration, into target hall then into chase and

		out of chase

		need 15-20 cfm per person





Regions_Flux

		

		HA Internal Air Activity								Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Nitrogen14								1.008E+03		4.705E+02		6.721E+02		1.344E+02		0.000E+00		1.815E+03		2.016E+01

		Oxygen16								2.580E+02		6.879E+01		8.599E+01		4.299E+01		3.010E+02		6.879E+02		3.225E+00

		Nitrogen15								3.740E+00		1.746E+00		2.494E+00		4.987E-01		0.000E+00		6.733E+00		7.481E-02

		Oxygen18								5.159E-01		1.376E-01		1.720E-01		8.599E-02		6.019E-01		1.376E+00		6.449E-03

		Argon40								1.004E+00		1.004E+00		1.004E-01		1.004E-01		1.004E-01		1.305E+00		5.020E-03

		ConcTgtReg				Bq/cm3				1.271E+03		5.421E+02		7.608E+02		1.781E+02		3.017E+02		2.512E+03		2.512E-03

						Ci/cm3				3.436E-08		1.465E-08		2.056E-08		4.813E-09		8.153E-09		6.789E-08		6.788E-14

		TotActTgtReg				Bq				8.098E+09		3.453E+09		4.846E+09		1.134E+09		1.922E+09		1.600E+10		1.600E+04

						Ci				2.189E-01		9.333E-02		1.310E-01		3.066E-02		5.193E-02		4.325E-01		4.324E-07

		HA External Air Activity								Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15				Argon41

		Nitrogen14								1.397E+00		6.518E-01		9.312E-01		1.862E-01		0.000E+00		2.514E+00		2.794E-02

		Oxygen16								3.574E-01		9.531E-02		1.191E-01		5.957E-02		4.170E-01		9.531E-01		4.468E-03

		Nitrogen15								5.183E-03		2.419E-03		3.455E-03		6.910E-04		0.000E+00		9.329E-03		1.037E-04

		Oxygen18								7.148E-04		1.906E-04		2.383E-04		1.191E-04		8.340E-04		1.906E-03		8.936E-06

		Argon40								1.391E-03		1.391E-03		1.391E-04		1.391E-04		1.391E-04		1.808E-03		6.955E-06

		ConcTgtReg				Bq/cm3				1.762E+00		7.512E-01		1.054E+00		2.468E-01		4.180E-01		3.480E+00		3.480E-06

						Ci/cm3				4.761E-11		2.030E-11		2.849E-11		6.669E-12		1.130E-11		9.407E-11		9.405E-17

		TotActTgtReg				Bq				7.328E+08		3.125E+08		4.385E+08		1.027E+08		1.739E+08		1.448E+09		2.217E+01

						Ci				1.981E-02		8.445E-03		1.185E-02		2.774E-03		4.699E-03		3.913E-02		5.991E-10
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Summary Decay

		Blue is output.

						Primary Beam MI to Carrier Tunnel		Primary Beam PreTarget to Carrier Tunnel		Upstream Decay Region		Downstream Decay Region		Units				Vent Rate		Primary Beam MI to Carrier Tunnel		Primary Beam PreTarget to Carrier Tunnel		Upstream Decay Region		Downstream Decay Region

		Protons		Np		2.10E+13		2.10E+13		2.10E+13		2.10E+13		per sec				100		0.06		0.24		0.17		0.11

		Operational sec/year		Os		1.89E+07		1.89E+07		1.89E+07		1.89E+07		seconds				200		0.42		1.05		0.81		0.53

		Irradiation Time		tirrad		2.00E+03		2.00E+03		2.00E+03		2.00E+03		hours				300		1.06		2.33		1.85		1.23

		Cooldown Time		tcool		0.00E+00		0.00E+00		0.00E+00		0.00E+00		hours				400		1.94		3.99		3.23		2.15

		Flux Density		f		8.00E-11		8.00E-11		4.80E-08		0.00E+00		per proton per cm2				500		3.04		5.94		4.90		3.28												Leakage Rate (cfm)				Release Rate (Ci/yr)

		Flux Density 2		f		NA		NA		7.90E-09		1.00E-08						600		4.34		8.09		6.80		4.57								Vent		Flow (cfm)		Worst		Realistic		Worst		Realistic

		Flux Density 3		f		NA		NA		5.10E-09		7.70E-09						700		5.82		10.37		8.88		5.99						Primary Beam		EAV1		1000		-		-				1000

		Volume		Vext		3.38E+09		1.56E+09		1.99E+09		2.13E+09		cm3				800		7.47		12.74		11.09		7.52						Target Hall		EAV2		700		700		200				1600

		Vent Rate		D		500		500		750		500		cfm				900		9.27		15.14		13.40		9.11						Upstream Decay		EAV2		700		-		-				700

		Fraction F		F		0

		Vvent		Vvent		0		0		0		0		cm3				1.04E-08		0.0000000074

		Ar40		Ar41		0.025		0.025		0.025		0.025		Fract of C+N Activity				1.99E+09		2.13E+09		cf										Downstream Decay		EAV3		1000		-		-				1000

		Release Rate		ayr		0.2		0.2		15.9		15.3		Ci/yr		v1		2.07E+08		9.00E+06		7.31E+03		3.18E+02								Hadron Absorber		EAV3		1000		200		10				1210

		Transit time		ttransit		0.0		0.0						hrs		v2		5.90E+08		1.04E+09		2.08E+04		3.68E+04

		Air Changes				0.25		0.54		0.64		0.40		per hour		v3		1.19E+09		1.08E+09		4.21E+04		3.81E+04																Total		0		5510

		11C				1.71E-01		1.52E-01		1.21E+01		1.19E+01		Ci/yr		avg. fd		1.04E-08		8.79E-09

		13N				4.25E-02		3.99E-02		3.43E+00		3.03E+00		Ci/yr		vol		1.99E+09		2.13E+09

		41Ar				5.35E-03		4.79E-03		3.87E-01		3.73E-01		Ci/yr

		3H				8.24E-06		3.81E-06		1.86E-04		1.42E+07		Ci/yr

		7Be				2.94E-04		1.36E-04		6.63E-03		5.06E+08		Ci/yr

		Sum(11C+13N+41Ar)				2.19E-01		1.97E-01		1.59E+01		1.53E+01		Ci/yr

														0.009456

						Cross section area (sq. ft)		length (cm)		Volume of vent (cm3)		flow rate (cm3/hr)		0.009144

		Transit time US:				1.97		6583.68		1.20E+07		1274258096.64

		Transit time DS:				1.27		6583.68		7.77E+06		849505397.76

		Length (feet)				216

		0.00E+00

		NA

		NA

		1.56E+09

		500



Nancy L. Grossman:
percentage of time beam is up (usually assume 60% running efficiency)



Summary Decay

		



Primary Beam MI to Carrier Tunnel

Upstream Decay Region

Downstream Decay Region

Primary Beam PreTarget to Carrier Tunnel

Ventillation Rate (cfm)

Release Rate (Ci/yr)



Decay Region US

		Atmosphere Nuclides				12/1/99		Decay Region		Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23						US Decay Region:

		Timeirrad		2.00E+03		hours		7200000		sec		Flux Density		0.000000048		per proton per cm3

		Timecool		0.00E+00		hours		0		sec		Volume		1.99E+09		cm3

		Protons		2.10E+13		per sec						Vent Rate		750		cfm		353960.5824		cm3/sec

		Fluxdens		4.80E-08		per proton per cm3						Transit Time		0.1735		hrs

		TgtVol		1.99E+09		cm3(same as Enclvol for 1/2 decay sect.)						Release Rate		1.589E+01		Ci/yr

		Enclvol		1.99E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		N regions decay		9

		Transit time		6.25E+02		sec		0.174		hours

		for 1/10 vol.

		N fluxes		1

		lambdaair		0.6403307018		per hour		1.78E-04		per sec

		Average concentration in enclosure:

						Bq/cm3				3.49E-06		1.25E-04		3.81E-01		1.34E-01		3.87E-01		9.018E-01		1.287E-02		9.147E-01		5.277E-01

						Ci/cm3				9.426E-17		3.369E-15		1.029E-11		3.621E-12		1.046E-11		2.437E-11		3.478E-13		2.472E-11		1.426E-11

		Continuous Release (Decay in transit for each of N regions)

		Transit time		0.1735		hr		0		sec

		Air Release		750		cu ft/min		3.540E+05		cm3/sec

		Activity Released				Bq/sec				3.633E-01		1.298E+01		2.362E+04		6.720E+03		1.358E+04		4.393E+04		7.586E+02		4.469E+04		3.110E+04

						Ci/sec				9.820E-12		3.509E-10		6.385E-07		1.816E-07		3.671E-07		1.187E-06		2.050E-08		1.208E-06		8.406E-07

		OpsSec/year				1.890E+07		sec

		Annual Release				Bq				6.867E+06		2.454E+08		4.465E+11		1.270E+11		2.567E+11		8.302E+11		1.434E+10		8.446E+11		5.878E+11

						Ci				1.856E-04		6.631E-03		1.207E+01		3.433E+00		6.938E+00		2.244E+01		3.875E-01		2.283E+01		1.589E+01

		Discrete Releases Per Year (Assume Static Conditions During Operations)

		No of Releases				12.12		per year

		Activity/Release				Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Total per year

						Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Upstream ~0.6 of decay region acitvation release, add in downstream portin at its flow rate.  Amount should be same as table as flux density is uniform and no decay in traqnsit.

		cfm		Ci/year (2.5% Ar)		Ci/yr (5% Ar)		1.589E+01

		3500		0.01		0.01

		3000		0.009		0.009

		2250		0.006		0.007

		2000		0.006		0.006

		1500		0.004		0.004

		1000		-		-

		500		-		-





calc  US

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		4.80E-08		per proton per cm3

		DKVol		2.07E+08		cm3

		Enclvol		2.07E+08		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								1.270E+00		5.927E-01		8.467E-01		1.693E-01		0.000E+00

		Oxygen16								3.250E-01		8.666E-02		1.083E-01		5.417E-02		3.792E-01

		Nitrogen15								4.712E-03		2.199E-03		3.142E-03		6.283E-04		0.000E+00

		Oxygen18								8.323E-06		1.733E-04		2.167E-04		1.083E-04		7.583E-04

		Argon40								1.265E-03		1.265E-03		1.265E-04		1.265E-04		1.265E-04

		ConcTgtReg				Bq/cm3				1.601E+00		6.830E-01		9.585E-01		2.244E-01		3.800E-01

						Ci/cm3				4.327E-11		1.846E-11		2.591E-11		6.064E-12		1.027E-11

		TotActTgtReg				Bq				3.313E+08		1.413E+08		1.983E+08		4.642E+07		7.863E+07		7.959E+08

						Ci				8.953E-03		3.819E-03		5.360E-03		1.255E-03		2.125E-03		2.151E-02

		TotActTgtReg (in one of 3 regions)				Bq				3.313E+08		1.413E+08		1.983E+08		4.642E+07		7.863E+07		7.959E+08

						Ci				8.953E-03		3.819E-03		5.360E-03		1.255E-03		2.125E-03		2.151E-02

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				1.601E+00		6.830E-01		9.585E-01		2.244E-01		3.800E-01		3.164E+00		2.957E-02		3.194E+00		1.212E+00

						Ci/cm3				4.327E-11		1.846E-11		2.591E-11		6.064E-12		1.027E-11		8.551E-11		7.993E-13		8.631E-11		3.277E-11

		TotActEncl				Bq				3.313E+08		1.413E+08		1.983E+08		4.642E+07		7.863E+07		6.546E+08		6.119E+06		6.607E+08		2.509E+08

						Ci				8.953E-03		3.819E-03		5.360E-03		1.255E-03		2.125E-03		1.769E-02		1.654E-04		1.786E-02		6.780E-03

						%				0.5013359338		21.387%		30.014%		7.026%		11.900%		99.074%		0.926%		100.000%		37.966%

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		6.1588114869		per hour		1.71E-03		per sec

		EnclConc (mixed)				Bq/cm3				1.675E-06		5.988E-05		2.377E-01		9.066E-02		2.921E-01		6.204E-01		8.208E-03		6.286E-01		3.365E-01

						Ci/cm3				4.528E-17		0		0		0		0		1.677E-11		2.218E-13		1.699E-11		9.095E-12

		TotActEncl				Bq				3.466E+02		1.239E+04		4.917E+07		1.876E+07		6.043E+07		1.284E+08		1.698E+06		1.301E+08		6.963E+07		3.365E-01

						Ci				9.367E-09		3.348E-07		1.329E-03		5.070E-04		1.633E-03		3.469E-03		4.590E-05		3.515E-03		1.882E-03		9.095E-12





calc  US 2

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		7.90E-09		per proton per cm3

		DKVol		5.90E+08		cm3

		Enclvol		5.90E+08		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								2.090E-01		9.755E-02		1.394E-01		2.787E-02		0.000E+00

		Oxygen16								5.349E-02		1.426E-02		1.783E-02		8.915E-03		6.240E-02

		Nitrogen15								7.756E-04		3.619E-04		5.171E-04		1.034E-04		0.000E+00

		Oxygen18								1.370E-06		2.853E-05		3.566E-05		1.783E-05		1.248E-04

		Argon40								2.082E-04		2.082E-04		2.082E-05		2.082E-05		2.082E-05

		ConcTgtReg				Bq/cm3				2.635E-01		1.124E-01		1.578E-01		3.693E-02		6.255E-02

						Ci/cm3				7.122E-12		3.038E-12		4.264E-12		9.980E-13		1.690E-12

		TotActTgtReg				Bq				1.554E+08		6.631E+07		9.306E+07		2.178E+07		3.690E+07		3.735E+08

						Ci				4.201E-03		1.792E-03		2.515E-03		5.887E-04		9.972E-04		1.009E-02

		TotActTgtReg (in one of 3 regions)				Bq				1.554E+08		6.631E+07		9.306E+07		2.178E+07		3.690E+07		3.735E+08

						Ci				4.201E-03		1.792E-03		2.515E-03		5.887E-04		9.972E-04		1.009E-02

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				2.635E-01		1.124E-01		1.578E-01		3.693E-02		6.255E-02		5.207E-01		4.867E-03		5.256E-01		1.996E-01

						Ci/cm3				7.122E-12		3.038E-12		4.264E-12		9.980E-13		1.690E-12		1.407E-11		1.315E-13		1.421E-11		5.393E-12

		TotActEncl				Bq				1.554E+08		6.631E+07		9.306E+07		2.178E+07		3.690E+07		3.072E+08		2.871E+06		3.101E+08		1.177E+08

						Ci				4.201E-03		1.792E-03		2.515E-03		5.887E-04		9.972E-04		8.302E-03		7.760E-05		8.380E-03		3.182E-03

						%				50.134%		21.387%		30.014%		7.026%		11.900%		99.074%		0.926%		100.000%		37.966%

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		2.1601256088		per hour		6.00E-04		per sec

		EnclConc (mixed)				Bq/cm3				7.861E-07		2.809E-05		7.644E-02		2.434E-02		5.657E-02		1.573E-01		2.519E-03		1.599E-01		1.033E-01

						Ci/cm3				2.125E-17		7.59293657577045E-16		0		0		0		4.253E-12		6.809E-14		4.321E-12		2.792E-12

		TotActEncl				Bq				4.637E+02		1.657E+04		4.509E+07		1.436E+07		3.337E+07		9.282E+07		1.486E+06		9.431E+07		6.093E+07		0.1032942644

						Ci				1.253E-08		4.479E-07		1.219E-03		3.880E-04		9.019E-04		2.509E-03		4.017E-05		2.549E-03		1.647E-03		0





calc  US 3

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		5.10E-09		per proton per cm3

		DKVol		1.19E+09		cm3

		Enclvol		1.19E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								1.349E-01		6.297E-02		8.996E-02		1.799E-02		0.000E+00

		Oxygen16								3.453E-02		9.208E-03		1.151E-02		5.755E-03		4.029E-02

		Nitrogen15								5.007E-04		2.337E-04		3.338E-04		6.676E-05		0.000E+00

		Oxygen18								8.843E-07		1.842E-05		2.302E-05		1.151E-05		8.057E-05

		Argon40								1.344E-04		1.344E-04		1.344E-05		1.344E-05		1.344E-05

		ConcTgtReg				Bq/cm3				1.701E-01		7.257E-02		1.018E-01		2.384E-02		4.038E-02

						Ci/cm3				4.598E-12		1.961E-12		2.753E-12		6.443E-13		1.091E-12

		TotActTgtReg				Bq				2.030E+08		8.659E+07		1.215E+08		2.845E+07		4.818E+07		4.877E+08

						Ci				5.486E-03		2.340E-03		3.284E-03		7.688E-04		1.302E-03		1.318E-02

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				1.701E-01		7.257E-02		1.018E-01		2.384E-02		4.038E-02		3.362E-01		3.142E-03		3.393E-01		1.288E-01

						Ci/cm3				4.598E-12		1.961E-12		2.753E-12		6.443E-13		1.091E-12		9.086E-12		8.492E-14		9.171E-12		3.482E-12

		TotActEncl				Bq				2.030E+08		8.659E+07		1.215E+08		2.845E+07		4.818E+07		4.011E+08		3.749E+06		4.049E+08		1.537E+08

						Ci				5.486E-03		2.340E-03		3.284E-03		7.688E-04		1.302E-03		1.084E-02		1.013E-04		1.094E-02		4.154E-03

						%				0.5013359338		21.387%		30.014%		7.026%		11.900%		99.074%		0.926%		100.000%		37.966%

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		1.0679333696		per hour		2.97E-04		per sec

		EnclConc (mixed)				Bq/cm3				1.026E-06		3.668E-05		6.674E-02		1.898E-02		3.838E-02		1.241E-01		2.143E-03		1.262E-01		8.787E-02

						Ci/cm3				2.774E-17		9.91235195427517E-16		0		0		0		3.354E-12		5.792E-14		3.412E-12		2.375E-12

		TotActEncl				Bq				1.225E+03		4.376E+04		7.963E+07		2.265E+07		4.579E+07		1.481E+08		2.557E+06		1.506E+08		1.048E+08		0.0878674332

						Ci				3.310E-08		1.183E-06		2.152E-03		6.122E-04		1.238E-03		4.002E-03		6.911E-05		4.071E-03		2.834E-03		0





Decay Region DS

		Atmosphere Nuclides				12/1/99		Decay Region		Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23						DS Decay Region:

		Timeirrad		2.00E+03		hours		7200000		sec		Flux Density		0		per proton per cm3

		Timecool		0.00E+00		hours		0		sec		Volume		2.13E+09		cm3

		Protons		2.10E+13		per sec						Vent Rate		500		cfm		235973.7216		cm3/sec

		Fluxdens		0.00E+00		per proton per cm3						Transit Time		0.2786		hrs

		TgtVol		2.13E+09		cm3(same as Enclvol for 1/2 decay sect.)						Release Rate		1.528E+01		Ci/yr

		Enclvol		2.13E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		N regions decay		9

		Transit time		1.00E+03		sec		0.279		hours

		for 1/10 vol.

		N fluxes		3

		Average concentration in enclosure:

						Bq/cm3				3.18E-06		1.14E-04		9.85E-02		2.52E-02		4.58E-02		1.695E-01		3.091E-03		1.726E-01		1.267E-01

						Ci/cm3				8.597E-17		3.068E-15		2.661E-12		6.804E-13		1.238E-12		4.580E-12		8.355E-14		4.664E-12		3.425E-12

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.3988288252		per hour		1.11E-04		per sec

		Continuous Release (Decay in transit for N regions)

		Transit time		0.2786		hr		0		sec

		Air Release		500		cu ft/min		2.360E+05		cm3/sec

		Activity Released				Bq/sec				0.7506071732		2.679E+01		2.324E+04		5.941E+03		1.081E+04		3.999E+04		7.295E+02		4.072E+04		2.991E+04

						Ci/sec				2.029E-11		7.240E-10		6.280E-07		1.606E-07		2.922E-07		1.081E-06		1.971E-08		1.101E-06		8.083E-07

		OpsSec/year				1.890E+07		sec

		Annual Release				Bq				1.419E+07		5.063E+08		4.392E+11		1.123E+11		2.044E+11		7.558E+11		1.379E+10		7.696E+11		5.653E+11

						Ci				3.834E-04		1.368E-02		1.187E+01		3.034E+00		5.523E+00		2.043E+01		3.726E-01		2.080E+01		1.528E+01





calc  DS

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		0.00E+00		per proton per cm3

		DKVol		2.13E+09		cm3

		Enclvol		2.13E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Oxygen16								0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Nitrogen15								0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Oxygen18								0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Argon40								0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		ConcTgtReg				Bq/cm3				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci/cm3				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		TotActTgtReg				Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		TotActTgtReg (in one of 3 regions)				Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci/cm3				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		TotActEncl				Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						%				0		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%

								1.11E-04

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.3988288252		per hour		1.11E-04		per sec

		EnclConc (mixed)				Bq/cm3				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci/cm3				0.000E+00		0		0		0		0		0.000E+00		0.000E+00		0.000E+00		0.000E+00

		TotActEncl				Bq				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00

						Ci				0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00		0.000E+00





calc  DS 2

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		1.00E-08		per proton per cm3

		DKVol		2.13E+09		cm3

		Enclvol		2.13E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								2.646E-01		1.235E-01		1.764E-01		3.528E-02		0.000E+00

		Oxygen16								6.771E-02		1.806E-02		2.257E-02		1.128E-02		7.899E-02

		Nitrogen15								9.817E-04		4.581E-04		6.545E-04		1.309E-04		0.000E+00

		Oxygen18								1.354E-04		3.611E-05		4.514E-05		2.257E-05		1.580E-04

		Argon40								2.635E-04		2.635E-04		2.635E-05		2.635E-05		2.635E-05

		ConcTgtReg				Bq/cm3				3.337E-01		1.423E-01		1.997E-01		4.674E-02		7.918E-02

						Ci/cm3				9.018E-12		3.846E-12		5.397E-12		1.263E-12		2.140E-12

		TotActTgtReg				Bq				7.107E+08		3.031E+08		4.253E+08		9.956E+07		1.686E+08		1.707E+09

						Ci				1.921E-02		8.191E-03		1.150E-02		2.691E-03		4.558E-03		4.615E-02

		TotActTgtReg (in one of 3 regions)				Bq				2.369E+08		1.010E+08		1.418E+08		3.319E+07		5.621E+07		5.691E+08

						Ci				6.403E-03		2.730E-03		3.832E-03		8.970E-04		1.519E-03		1.538E-02

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				3.337E-01		1.423E-01		1.997E-01		4.674E-02		7.918E-02		6.593E-01		6.161E-03		6.655E-01		2.526E-01

						Ci/cm3				9.018E-12		3.846E-12		5.397E-12		1.263E-12		2.140E-12		1.782E-11		1.665E-13		1.799E-11		6.827E-12

		TotActEncl				Bq				2.369E+08		1.010E+08		1.418E+08		3.319E+07		5.621E+07		4.681E+08		4.374E+06		4.725E+08		1.793E+08

						Ci				6.403E-03		2.730E-03		3.832E-03		8.970E-04		1.519E-03		1.265E-02		1.182E-04		1.277E-02		4.847E-03

						%				0.5014361069		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

								1.11E-04

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.3988288252		per hour		1.11E-04		per sec

		EnclConc (mixed)				Bq/cm3				5.391E-06		1.924E-04		1.669E-01		4.267E-02		7.766E-02		2.872E-01		5.239E-03		2.925E-01		2.148E-01

						Ci/cm3				1.457E-16		0		0		0		0		7.763E-12		1.416E-13		7.905E-12		5.806E-12

		TotActEncl				Bq				3.828E+03		1.366E+05		1.185E+08		3.029E+07		5.514E+07		2.039E+08		3.720E+06		2.077E+08		1.525E+08

						Ci				1.035E-07		3.692E-06		3.203E-03		8.188E-04		1.490E-03		5.512E-03		1.005E-04		5.612E-03		4.122E-03





calc  DS 3

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		7.70E-09		per proton per cm3

		DKVol		2.13E+09		cm3

		Enclvol		2.13E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								2.037E-01		9.508E-02		1.358E-01		2.717E-02		0.000E+00

		Oxygen16								5.213E-02		1.390E-02		1.738E-02		8.689E-03		6.082E-02

		Nitrogen15								7.559E-04		3.528E-04		5.040E-04		1.008E-04		0.000E+00

		Oxygen18								1.043E-04		2.780E-05		3.476E-05		1.738E-05		1.216E-04

		Argon40								2.029E-04		2.029E-04		2.029E-05		2.029E-05		2.029E-05

		ConcTgtReg				Bq/cm3				2.569E-01		1.096E-01		1.538E-01		3.599E-02		6.096E-02

						Ci/cm3				6.944E-12		2.961E-12		4.156E-12		9.728E-13		1.648E-12

		TotActTgtReg				Bq				5.473E+08		2.334E+08		3.275E+08		7.666E+07		1.299E+08		1.315E+09

						Ci				1.479E-02		6.307E-03		8.852E-03		2.072E-03		3.510E-03		3.553E-02

		TotActTgtReg (in one of 3 regions)				Bq				1.824E+08		7.779E+07		1.092E+08		2.555E+07		4.329E+07		4.382E+08

						Ci				4.930E-03		2.102E-03		2.951E-03		6.907E-04		1.170E-03		1.184E-02

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				2.569E-01		1.096E-01		1.538E-01		3.599E-02		6.096E-02		5.077E-01		4.744E-03		5.124E-01		1.945E-01

						Ci/cm3				6.944E-12		2.961E-12		4.156E-12		9.728E-13		1.648E-12		1.372E-11		1.282E-13		1.385E-11		5.257E-12

		TotActEncl				Bq				1.824E+08		7.779E+07		1.092E+08		2.555E+07		4.329E+07		3.604E+08		3.368E+06		3.638E+08		1.381E+08

						Ci				4.930E-03		2.102E-03		2.951E-03		6.907E-04		1.170E-03		9.742E-03		9.103E-05		9.833E-03		3.732E-03

						%				0.5014361069		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

								1.11E-04

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.3988288252		per hour		1.11E-04		per sec

		EnclConc (mixed)				Bq/cm3				4.151E-06		1.481E-04		1.285E-01		3.285E-02		5.980E-02		2.212E-01		4.034E-03		2.252E-01		1.654E-01

						Ci/cm3				1.122E-16		0		0		0		0		5.978E-12		1.090E-13		6.087E-12		4.470E-12

		TotActEncl				Bq				2.947E+03		1.052E+05		9.125E+07		2.333E+07		4.246E+07		1.570E+08		2.864E+06		1.599E+08		1.174E+08

						Ci				7.966E-08		2.843E-06		2.466E-03		6.305E-04		1.147E-03		4.244E-03		7.742E-05		4.322E-03		3.174E-03





Primary Beam PT

		Atmosphere Nuclides				12/1/99		Decay Region		Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23						US Decay Region:

		Timeirrad		2.00E+03		hours		7200000		sec		Flux Density		0.0000000001		per proton per cm3

		Timecool		0.00E+00		hours		0		sec		Volume		1.56E+09		cm3

		Protons		2.10E+13		per sec						Vent Rate		500		cfm		235973.7216		cm3/sec

		Fluxdens		8.00E-11		per proton per cm3						Transit Time		0.2040		hrs

		TgtVol		1.56E+09		cm3(same as Enclvol for 1/2 decay sect.)						Release Rate		1.965E-01		Ci/yr

		Enclvol		1.56E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		N regions decay		9

		Transit time		7.35E+02		sec		0.204		hours

		for 1/10 vol.

		N fluxes		1

		TotActTgtReg				Bq		data trans.		4.164E+06		1.776E+06		2.492E+06		5.834E+05		9.881E+05		8.228E+06

						Ci				1.126E-04		4.799E-05		6.736E-05		1.577E-05		2.671E-05		2.224E-04

		Enclosure Concentration with Cooldown

		EnclConc (static)																				(Ar fract x C+N)

		ConcEncl				Bq/cm3				2.669E-03		1.138E-03		1.598E-03		3.740E-04		6.334E-04		5.274E-03		4.929E-05		5.324E-03		2.021E-03

						Ci/cm3				7.215E-14		3.077E-14		4.318E-14		1.011E-14		1.712E-14		1.426E-13		1.332E-15		1.439E-13		5.462E-14

		TotActEncl				Bq				4.164E+06		1.776E+06		2.492E+06		5.834E+05		9.881E+05		8.228E+06		7.689E+04		8.305E+06		3.152E+06

						Ci				1.126E-04		4.799E-05		6.736E-05		1.577E-05		2.671E-05		2.224E-04		2.078E-06		2.245E-04		8.520E-05

						%				50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.5445547422		per hour		1.51E-04		per sec

		EnclConc (mixed)				Bq/cm3				3.159E-08		1.128E-06		1.260E-03		3.308E-04		6.170E-04		2.208E-03		3.976E-05		2.247E-03		1.630E-03

						Ci/cm3				8.538E-19		3.047812418644E-17		0		0		0		5.966E-14		1.075E-15		6.074E-14		4.406E-14

		TotActEncl				Bq				4.928E+01		1.759E+03		1.965E+06		5.161E+05		9.625E+05		3.444E+06		6.203E+04		3.506E+06		2.543E+06

						Ci				1.332E-09		4.755E-08		5.311E-05		1.395E-05		2.601E-05		9.307E-05		1.676E-06		9.475E-05		6.874E-05

		Continuous Release (Decay in transit for N regions)

		Transit time		0.2040		hr		0		sec

		Air Release		500		cu ft/min		2.360E+05		cm3/sec

		Activity Released				Bq/sec				0.0074541402		2.661E-01		2.973E+02		7.806E+01		1.294E+02		5.047E+02		9.383E+00		5.141E+02		3.847E+02

						Ci/sec				2.015E-13		7.192E-12		8.034E-09		2.110E-09		3.498E-09		1.364E-08		2.536E-10		1.390E-08		1.040E-08

		OpsSec/year				1.890E+07		sec

		Annual Release				Bq				1.409E+05		5.029E+06		5.618E+09		1.475E+09		2.446E+09		9.540E+09		1.773E+08		9.717E+09		7.271E+09

						Ci				3.808E-06		1.359E-04		1.518E-01		3.988E-02		6.611E-02		2.578E-01		4.793E-03		2.626E-01		1.965E-01

		Discrete Releases Per Year (Assume Static Conditions During Operations)

		No of Releases				12.12		per year

		Activity/Release				Bq				4.164E+06		1.776E+06		2.492E+06		5.834E+05		9.881E+05		8.228E+06		7.689E+04		8.305E+06		3.152E+06

						Ci				1.126E-04		4.799E-05		6.736E-05		1.577E-05		2.671E-05		2.224E-04		2.078E-06		2.245E-04		8.520E-05

		Total per year

						Bq				5.047E+07		2.152E+07		3.021E+07		7.070E+06		1.198E+07		9.972E+07		9.319E+05		1.007E+08		3.821E+07

						Ci				1.364E-03		5.817E-04		8.164E-04		1.911E-04		3.237E-04		2.695E-03		2.519E-05		2.720E-03		1.033E-03

		Upstream ~0.6 of decay region acitvation release, add in downstream portin at its flow rate.  Amount should be same as table as flux density is uniform and no decay in traqnsit.

		cfm		Ci/year (2.5% Ar)		Ci/yr (5% Ar)		1.965E-01

		3500		0.01		0.01

		3000		0.009		0.009

		2250		0.006		0.007

		2000		0.006		0.006

		1500		0.004		0.004

		1000		-		-

		500		-		-





calc  primary PT

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		8.00E-11		per proton per cm3

		DKVol		1.56E+09		cm3

		Enclvol		1.56E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		TgtRegConc

		Nitrogen14								2.117E-03		9.878E-04		1.411E-03		2.822E-04		0.000E+00

		Oxygen16								5.417E-04		1.444E-04		1.806E-04		9.028E-05		6.319E-04

		Nitrogen15								7.854E-06		3.665E-06		5.236E-06		1.047E-06		0.000E+00

		Oxygen18								1.083E-06		2.889E-07		3.611E-07		1.806E-07		1.264E-06

		Argon40								2.108E-06		2.108E-06		2.108E-07		2.108E-07		2.108E-07

		ConcTgtReg				Bq/cm3				2.669E-03		1.138E-03		1.598E-03		3.740E-04		6.334E-04

						Ci/cm3				7.215E-14		3.077E-14		4.318E-14		1.011E-14		1.712E-14

		TotActTgtReg				Bq				4.164E+06		1.776E+06		2.492E+06		5.834E+05		9.881E+05		1.000E+07

						Ci				1.126E-04		4.799E-05		6.736E-05		1.577E-05		2.671E-05		2.704E-04





Primary Beam CT

		Atmosphere Nuclides				12/1/99		Decay Region		Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)		S(C,N,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23						US Decay Region:

		Timeirrad		2.00E+03		hours		7200000		sec		Flux Density		0.0000000001		per proton per cm3

		Timecool		0.00E+00		hours		0		sec		Volume		3.38E+09		cm3

		Protons		2.10E+13		per sec						Vent Rate		500		cfm		235973.7216		cm3/sec

		Fluxdens		8.00E-11		per proton per cm3						Transit Time		0.4414		hrs

		TgtVol		3.38E+09		cm3						Release Rate		2.192E-01		Ci/yr

		Enclvol		3.38E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

		N regions decay		9

		Transit time		1.59E+03		sec		0.441		hours

		for 1/10 vol.

		N fluxes		1										4.76E+06

		TotActTgtReg				Bq		data trans.		9.009E+06		3.842E+06		5.392E+06		1.262E+06		2.138E+06		1.780E+07

						Ci				2.435E-04		1.038E-04		1.457E-04		3.411E-05		5.778E-05		4.811E-04

		Enclosure Concentration with Cooldown

		EnclConc (static)												1.411E-03								(Ar fract x C+N)

		ConcEncl				Bq/cm3				2.669E-03		1.138E-03		1.598E-03		3.740E-04		6.334E-04		5.274E-03		4.929E-05		5.324E-03		2.021E-03

						Ci/cm3				7.215E-14		3.077E-14		4.318E-14		1.011E-14		1.712E-14		1.426E-13		1.332E-15		1.439E-13		5.462E-14

		TotActEncl				Bq				9.009E+06		3.842E+06		5.392E+06		1.262E+06		2.138E+06		1.780E+07		1.663E+05		1.797E+07		6.820E+06

						Ci				2.435E-04		1.038E-04		1.457E-04		3.411E-05		5.778E-05		4.811E-04		4.496E-06		4.856E-04		1.843E-04

						%				50.144%		21.383%		30.008%		7.024%		11.898%		99.074%		0.926%		100.000%		37.959%

		Mixing Conditions				Only see C,N,Ar when measure, so only consider those.  Be plates out on things, H is too small, O dies away.

		lambdaair		0.251705303		per hour		6.99E-05		per sec				1.256E-03		1.103E-01

		EnclConc (mixed)				Bq/cm3				6.834E-08		2.437E-06		1.421E-03		3.527E-04		6.257E-04		2.400E-03		4.435E-05		2.444E-03		1.818E-03

						Ci/cm3				1.847E-18		6.58623373538333E-17		0		0		0		6.486E-14		1.199E-15		6.606E-14		4.915E-14

		TotActEncl				Bq				2.306E+02		8.225E+03		4.797E+06		1.190E+06		2.112E+06		8.099E+06		1.497E+05		8.249E+06		6.137E+06

						Ci				6.234E-09		2.223E-07		1.296E-04		3.217E-05		5.707E-05		2.189E-04		4.046E-06		2.229E-04		1.659E-04

		Continuous Release (Decay in transit is irrelevant)

		Transit time		0.4414		hr		0		sec

		Air Release		500		cu ft/min		2.360E+05		cm3/sec				2.963E+02		8.007E-09

		Activity Released				Bq/sec				0.0161265237		5.750E-01		3.354E+02		8.323E+01		1.312E+02		5.499E+02		1.047E+01		5.603E+02		4.291E+02

						Ci/sec				4.359E-13		1.554E-11		9.065E-09		2.249E-09		3.547E-09		1.486E-08		2.829E-10		1.514E-08		1.160E-08

		OpsSec/year				1.890E+07		sec

		Annual Release				Bq				3.048E+05		1.087E+07		6.339E+09		1.573E+09		2.480E+09		1.039E+10		1.978E+08		1.059E+10		8.110E+09

						Ci				8.238E-06		2.937E-04		1.713E-01		4.251E-02		6.704E-02		2.809E-01		5.346E-03		2.862E-01		2.192E-01

														1.513E-01

		Discrete Releases Per Year (Assume Static Conditions During Operations)

		No of Releases				12.12		per year

		Activity/Release				Bq				9.009E+06		3.842E+06		5.392E+06		1.262E+06		2.138E+06		1.780E+07		1.663E+05		1.797E+07		6.820E+06

						Ci				2.435E-04		1.038E-04		1.457E-04		3.411E-05		5.778E-05		4.811E-04		4.496E-06		4.856E-04		1.843E-04

		Total per year

						Bq				1.092E+08		4.656E+07		6.535E+07		1.530E+07		2.591E+07		2.157E+08		2.016E+06		2.178E+08		8.266E+07

						Ci				2.951E-03		1.258E-03		1.766E-03		4.134E-04		7.003E-04		5.831E-03		5.449E-05		5.886E-03		2.234E-03

		Upstream ~0.6 of decay region acitvation release, add in downstream portin at its flow rate.  Amount should be same as table as flux density is uniform and no decay in traqnsit.

		cfm		Ci/year (2.5% Ar)		Ci/yr (5% Ar)		2.192E-01

		3500		0.01		0.01

		3000		0.009		0.009

		2250		0.006		0.007

		2000		0.006		0.006

		1500		0.004		0.004

		1000		-		-

		500		-		-





calc  primary CT

		Atmosphere Nuclides								Cross Sections for Various Target Atoms (mb)

				At. Wt						Hydrogen3		Be7		Carbon11		Nitrogen13		Oxygen15		S(H,C,N,O)		Argon41		S(H,C,N,O,Ar)

						Decay consts.		per sec=>		1.79E-09		1.50E-07		5.64E-04		1.16E-03		5.68E-03				1.07E-04

						Fract. vol		Atoms/cm3

		Nitrogen14		14		0.78160		4.19994760369589E+19		30		14		20		4		0

		Oxygen16		16		0.20000		1.07470511865299E+19		30		8		10		5		35

		Nitrogen15		15		0.00290		1.55832242204684E+17		30		14		20		4		0

		Oxygen18		18		0.00040		2.14941023730598E+16		30		8		10		5		35

		Argon40		40		0.00467		1.25471822602737E+17		10		10		1		1		1

		Molevol				22414.1

		Avogadro				6.0221E+23

		Timeirrad		2.00E+03		hours		7200000		sec		30 days

		Timecool		0.00E+00		hours		0		sec

		Protons		2.10E+13		per sec

		Fluxdens		8.00E-11		per proton per cm3

		DKVol		3.38E+09		cm3

		Enclvol		3.38E+09		cm3

		Ar41		0.025		Fract of Total Activity

		cm2mb		1.00E-27

														4.763E+06		0.0001287227

		TgtRegConc

		Nitrogen14								2.117E-03		9.878E-04		1.411E-03		2.822E-04		0.000E+00

		Oxygen16								5.417E-04		1.444E-04		1.806E-04		9.028E-05		6.319E-04

		Nitrogen15								7.854E-06		3.665E-06		5.236E-06		1.047E-06		0.000E+00

		Oxygen18								1.083E-06		2.889E-07		3.611E-07		1.806E-07		1.264E-06

		Argon40								2.108E-06		2.108E-06		2.108E-07		2.108E-07		2.108E-07

		ConcTgtReg				Bq/cm3				2.669E-03		1.138E-03		1.598E-03		3.740E-04		6.334E-04

						Ci/cm3				7.215E-14		3.077E-14		4.318E-14		1.011E-14		1.712E-14

		TotActTgtReg				Bq				9.009E+06		3.842E+06		5.392E+06		1.262E+06		2.138E+06		2.164E+07

						Ci				2.435E-04		1.038E-04		1.457E-04		3.411E-05		5.778E-05		5.849E-04
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