MSR – Shielding


1 Shielding

1.1 Mission Statement

The objective of the shielding group is to design a shielding system that will reduce the nominal radiation dose received from the reactor core to crew and radiation-sensitive instrumentation to as reasonably low a level as possible.

1.1.1 Background


The objective of the shielding group is to design a shielding system that will reduce the nominal radiation dose received from the reactor core to crew and radiation-sensitive instrumentation to as reasonably low a level as possible.

While the question of how much radiation is too much is contentious, the occupational guidelines of the United States Department of Energy offer a suitable limit. These rules stipulate that a radiation worker cannot receive greater than 5000 mrem in a year (or an average dose rate of 0.57 mrem/hr) [1]. This value very nearly approaches the estimated 0.6 mrem/hr for naturally occurring radiation on the lunar surface due to galactic cosmic radiation [2]. NASA stipulates a maximum occupational dose of 50 rem/yr (5.9 mrem/hr). Thus, if the core radiation output is reduced to a compromise magnitude of 2.0 mrem/hr, the same system that protects crew from natural ionizing radiation can be used to protect them from the remaining core radiation.

1.1.2 Goals

It is true that if the crew is receiving 0.6 mrem/hr from GCR and 2.0 mrem/hr from the reactor core, they will in fact be receiving 2.6 mrem/hr. The reason that 2.0 mrem/hr will be our target rather than 1.4 mrem/hr or less is that to attenuate radiation by a multiplicative requires adding a particular thickness whereas attenuating radiation by multiple orders of magnitude requires multiplying the available shielding thickness. For both the above reasons, 2.0 mrem/hr will be the chosen target for maximum radiation output of the combined core/shielding system.

1.1.3 Criteria

To achieve the declared limit, the shielding group will have to make several key design decisions. These include: whether to construct the shield on Earth and launch it into space, whether to shield gamma rays with the same unit used to shield neutrons, what materials to use, and what geometry to implement. 

To reach these decisions, the shielding group will have to focus on several design constraints, which include module weight tolerance, radiation emitted from fissioning nuclei in core (both neutrons and gammas), radiation output from daughter nuclei, and effects of neutron reflection on core reactivity.

By paying due attention to these elements and the shield’s impact on other systems, the shielding group will develop a design that accomplishes the stated goal while still permitting plausible integration with the other surface reactor systems.

1.2 Shielding Options

There are several types of shielding for space systems, however in this context, shielding is primarily to protect against biologically damaging ionizing radiation resulting from fissions and fission product decay. Ionizing radiation includes charged particles (protons, alpha and beta particles), neutrons and gamma rays. Each type of radiation reacts uniquely with different types of materials, and the attenuation of each must be considered separately.  

The secondary function of shielding is to protect the reactor against transients from incoming radiation, from natural forces (i.e. temperature swings and dust storms), and from corrosion due to energetic particle bombardment. While the secondary functions are important, detailed analyses in these areas are out of the immediate scope of this shielding design and will be an area for further work.

1.2.1 Radiation Interactions

In this section we will examine the interaction of various types of radiation with matter in order to lay the groundwork for choosing appropriate shielding materials.  Charged particles are easily attenuated, or absorbed, and are thus inconsequential in shielding analysis. Gamma rays, on the other hand, are the most challenging to attenuate, as photons penetrate matter more effectively than particulate radiation at a given energy. Neutrons, while slightly easier to shield than gammas, make up the most potentially damaging radiation component due to high and varying LET and due to neutron activation of nuclei.

Materials composed of low Z elements slow neutrons primarily via elastic scattering.  Collisions of neutrons with nuclei similar in mass to that of a neutron transfer more energy per scatter than collisions with heavy nuclei, and so require fewer scattering events for the same energy loss. Thus, hydrogenous materials, such as concrete and water, are often utilized to shield neutrons.  

Materials comprising high Z elements contain a high electron density, which is needed for gamma attenuation. Gamma rays interact primarily via photoelectric absorption, Compton scattering and electron-positron pair production. In this type of reactor, with high Z fuel elements, a fast neutron spectrum and a fission spectrum, pair production will dominate the modes of energy transfer of photons [3]. By offering more loci for photon-electron interactions, high Z materials generally attenuate gammas most effectively. Neutron attenuation produces secondary photons through inelastic scattering events with nuclei. These secondary gammas must also be stopped, so it is imperative that the gamma-shielding layer be the outermost layer of any design. 

Since neutrons and gamma rays make up the primary sources of ionizing radiation from a reactor, both low and high Z materials must be used in a shielding system.  Two separate systems or a single two-component system will likely have to be used in developing a shield for both types of radiation.

1.2.2 Artificial Shielding

One possible shielding approach is to develop and launch shielding constructed on Earth. The advantage of this approach is that any viable material and fabrication technique demonstrated in the past is available for use in the shield. The disadvantage is that this material will have to be launched and will take up weight in the module where weight capacity is at a premium. 

Table 1.2‑1 gives a summary of gamma and neutron attenuation properties for potential shielding materials.

Table 1.2‑1: Material Properties for Gamma and Neutron Interactions

	Material
	Density at 293K and 1 atm (g/cm3)
	Attenuation coefficient for 2MeV gammas  (cm2/g) [4]
	Pros
	Cons

	Lead
	11.350
	0.070
	High gamma attenuation
	Poor neutron absorption

	Concrete
	2.320
	0.0203
	Inexpensive, high neutron moderation
	High volume

	Water
	1.0
	0.018
	Inexpensive, high neutron moderation
	Vapor unless pressurized

	Lithium
	0.533
	0.016
	High neutron absorption, low mass
	Poor gamma absorption

	Boron
	2.31
	0.01368
	Good neutron absorption
	Poor gamma absorption

	Cadmium
	8.642
	0.04587
	Good neutron absorption
	High mass

	Carbon
	2.250
	0.01575
	Low mass, good neutron moderation
	Poor gamma attenuation


Earth-based Reactor Shields

Standard power reactors provide an appropriate first look in designing extraterrestrial-viable shielding. Most terrestrial reactors employ a standard design of steel thermal plates that act both as shielding and as radiator. Walls of steel alternated with water-filled gaps surround the entire reactor vessel. The steel reduces neutron energy, transferring the neutron’s kinetic energy as heat to nearby cooling water in the adjacent gaps [5]. Lead shielding further attenuates gamma ray intensity, and in many cases, large concrete shields are built around the reactor to enclose and contain it. 

Space travel and extraterrestrial environments impose limitations on traditional shielding design feasibility. Land-based reactor shielding designs are not practical for a space mission due to their large mass and volume. Due to strict launching constraints, a limited mass and volume must be balanced with effective shielding capability.

Gamma Shield
Clearly, from Table 1.2‑1, the obvious choice for gamma shielding in Earth-based reactors is lead; but the choice becomes more complex as we consider launchable mass limits. Lead would not only protect the reactor from the Martian environment but it would also provide protection to the crew from radiation. Lead has the highest linear attenuation coefficient, thus minimizing the volume of material required to reduce the dose due to gammas. Five centimeters of lead can attenuate a flux of 2 MeV gammas by over ninety-eight percent. Despite its many favorable properties, lead is so heavy that launching a sufficient amount for effective shielding is anticipated to be impractical: a hollow half sphere of lead with thickness of 5 cm and outer radius of 175cm will have a mass of 10,611 kg. When taken in conjunction with the rest of the reactor system, this mass exceeds launching and landing capabilities.

Concrete attenuates gammas and is not nearly as heavy as lead is, but neither is it as effective. For properly attenuating gammas, one would need to use more mass with concrete than with lead for the same attenuation. Other, lighter, but less absorbing, materials that could be used in gamma shielding are cadmium and tantalum; though this type of shielding is unproven, it would have the added benefit of high neutron scattering and absorption cross sections.

Neutron Shield

For neutron shielding, compounds are needed that slow neutrons to thermal energies so that they can be absorbed by a variety of other materials. As seen in table 1, materials with relatively high fast neutron scattering cross sections include: lithium-6, lithium-7, boron-10 and cadmium-114 [6], which have cross sections near 1 barn for 1MeV neutrons. Fast neutron capture cross sections tend to be lower than thermal cross sections, thus thermalizing the neutrons will increase absorption rates, and if this proves desirable given other engineering considerations, water, boron, and carbide compounds are excellent candidates for slowing down and absorbing neutrons. 

Water, an excellent moderator of neutrons, requires pressure or heat to be effective as it may be prone to freezing in the Martian environment or vaporizing in the lunar environment. Solid materials such as concrete have the advantage over fluids of material stability. Boron, lithium and cadmium are attractive candidates given that these materials are solid and have high absorption cross-sections and/or attenuation ability. 

For neutrons of a given energy, Table 1.2‑2 and Table 1.2‑3 summarize the relative probabilities for interaction in various materials.

Table 1.2‑2: Fast Neutron (2 MeV) Capture Cross Sections

	Material
	Nuclide density (nuclei/cm3)
	Microscopic capture cross section (cm2) [6]
	Macroscopic capture cross section (cm-1)
	Microscopic scatter cross section (cm2) [6]
	Macroscopic scatter cross section (cm-1) 

	Water
	3.346*1022
	2.5*10-29
	8.36*10-7
	5.0*10-24
	0.1673

	Lithium-6
	5.33*1022
	1.0*10-29
	5.33*10-7
	2.0*10-24
	0.1066

	Boron-10
	1.391*1023
	8.0*10-29
	1.11*10-5
	1.0*10-24
	0.01391


Table 1.2‑3: Thermal Neutron (0.025 eV) Capture Cross Sections

	Material
	Nuclide density (nuclei/cm3)
	Microscopic absorption cross section (cm2) [6]
	Macroscopic absorption cross section (cm-1) 
	Fractional attenuation through 10 cm material

	Water
	3.346*1022
	3.32*10-25
	0.1111
	0.6708

	Lithium-6
	5.33*1022
	3.85*10-26
	2.052*10-3
	0.0203

	Boron-10
	1.391*1023
	5.0*10-25
	6.955*10-2
	0.05012


1.2.3 Natural Shields

A second possible shielding approach is to utilize the materials available on the extraterrestrial surfaces on which the reactor will land. This method will free up substantial weight on the landing module, however it will limit available materials to the surface composition and require bringing machines capable of digging and transporting hundreds of metric tons of Lunar or Martian rock.

The limiting factor for deploying any shielding technology is launch mass. Therein lies the problem of cost: launching cost is estimated at several thousands of dollars per kilogram [7].  To launch a shield massive enough to sufficiently attenuate ionizing radiation from the reactor core, the price tag could easily be in the millions. In light of the cost-prohibitive nature of heavy and bulky shielding systems, the use of a “natural” shielding system becomes attractive. The possibility remains of the use of a “mixed” system of artificial shielding to stop most of the radiation and surrounding it with a natural barrier for bringing the dose down to our specified limit of 2.0 mrem/hr.

Natural Shielding on the Moon

By utilizing material already existing on the moon’s surface, the staggering cost and encumbering weight requirement will fall substantially. Given its barren landscape, interspersed with mountains and valleys, and a surface comprising a powdery soil, the moon offers little for a make-shift shielding system other than the bare ground itself. With basalt rock of an average density of 3.4 g/cc [8], a shield of arbitrary thickness can, in principle, be constructed without the need for launching any extra weight, other than the tools used for digging or blasting into the surface.

Lunar rocks of various oxides are not unlike the composition of rock on Earth (see Section X for a detailed description of Lunar soil composition). These include many oxides mostly based on silicon, but also including refractory elements including calcium, aluminum, and titanium, all of which are difficult for working and digging [8]. Approximating the moon’s surface to be SiO2 at a density of 3.4 g/cc and emitted gamma radiation of 2 MeV and higher, any dug up material will exhibit a macroscopic removal cross section for gamma rays of 0.152 cm-1. Thus, a thickness of half a meter can reduce the intensity of the flux from the reactor by 99.9% [9]. To construct a hemispheric shield of Lunar surface material at the above thickness large enough to cover the core, neutron shield, and other relevant systems (approx. radius of  ~10 m) would require moving 1,000 MT of lunar dirt.

One method for generating the raw dirt is to detonate some form of an explosive on the surface, construct the base inside the resulting hole and then replace the displaced dirt on top of the reactor. While a possibility for the Mars base, this technique will be more difficult to implement on the Moon. First, any activity on the lunar surface, will stir up dust that will later fall and deposit on any equipment present. A layer of moon surface powder on a structure will raise its thermal absorptivity. On the daytime side of the moon, where the surface is sufficiently hot to thermally radiate in the infrared spectrum, the structure will absorb this thermal energy and heat up, leading to deleterious performance issues. For example, during lunar surface expeditions for Apollo 17, astronauts were required to regularly brush off their Lunar Rover to prevent equipment overheating [10].

Also, the moon’s small surface gravity, 1.62 m/s^2 [11], will limit the amount of dirt available for refilling over the base. The detonation of an explosion on the surface will spread material over a much wider range than a similar explosion on Earth, and with an escape velocity of 2.38 km/s, there is no guarantee that any of the dirt will return to the moon’s surface. This dispersion will leave the base with a hole but a limited amount of dirt with which to refill it. It may even bear a resemblance to many common lunar surface features, namely craters, of which there is clearly no short supply on the Moon. Instead, a more feasible solution may be to use the topology of the moon as a shield. Mountains, craters and cliffs present numerous potential locations where the reactor can be placed with emitted radiation obstructed by a geographical landmark.  For example, the reactor can rest at the bottom of a crater with the human habitat behind the crater edge with tens of meters of Lunar surface material between radiation-sensitive equipment (including people) and the reactor. Issues with this solution include rejecting the energy that may be absorbed from emitted infrared radiation emanating from the face of the elevated surface. During Apollo 15 and 17, thermal radiation from nearby mountains measurably raised temperatures of equipment at least ten degrees Celsius [10].

Natural Shielding on Mars

One problem with using material available on the Moon is that this same material will largely not be available on Mars, thus negating the advantage of demonstrating this portion of the technology on the Moon in the first place. However, the most abundant Martian surface material, ferrous oxide, has a slightly higher density but somewhat lower mass attenuation coefficient than silicon oxide. Total net attenuation, then, for gamma rays is comparable on the Moon and Mars though the materials differ. The option of blasting a hole in the Lunar surface was eliminated for reasons delineated above.  With twice the gravity, an appreciable though modest atmosphere and limited surface features including few craters on most parts of the Martian surface, the detonation of an explosive on Mars remains a reasonable option for use as a reactor shield.

Reducing radiation dose is the primary goal for the shielding system. If ionizing radiation output from the reactor can be reduced to the natural background dose, the remaining radiation can be attenuated by the necessary systems that shield habitat occupants from naturally occurring radiation.  From the above options, the chosen shielding system will best meet this goal, as presented in the mission statement, of reducing radiation from the reactor to 2.0 mrem/hr. 

1.3 Neutron Shielding

Future long term manned missions to the Moon and Mars will require the use of a nuclear reactor to sustain a habitat. Unfortunately in order for the power to conveniently be supplied to the habitat, the nuclear reactor must be relatively close to the habitat. Unfortunately with the use of nuclear power comes the production of radiation in the forms of high-energy photons, neutrons and charged particles. Neutrons in particular are a difficult problem to deal with because they require a large amount of shielding to stop since they may travel with a very high energy and exhibit no electromagnetic charge (though they do have an electric dipole moment and thus may interact with matter but not as strongly as charged particles). 

1.3.1 Design Summary and Neutron Shielding Goals

As explained in Section 1.2.1, neutrons also have the ability to produce high-energy photons and charged particles when interacting with various media. It is necessary to develop a shielding model that will protect Martian and Lunar environments as well as keep the inhabitants of the habitat safe from the neutrons and associated radiation produced by the reactor. Furthermore, it will also be necessary to map exclusion zones around the reactor where the neutron shielding is unable to reduce the dose to safe levels. Another consideration that one must contend with is keeping the shield as light as reasonably achievable in order to meet Lunar module mass requirements. It is the goal of the shielding group to keep the mass of the neutron shield under one metric ton. 

The following sections outline the project team’s shield design and choice for protection from fission-borne neutrons. The shielding team chose a cylindrical shell of boron carbide (B4C) of thickness 21.1 cm to serve as the primary neutron shield.

1.3.2 Dose Rates without Shielding

At a thermal power of one megawatt, a bare core and reflector with no shielding radiates a neutron current J0 of 3.23*1011 neutrons ranging in energy from slightly epithermal ~100 keV to very fast neutrons upwards of 10 MeV. Thermal neutrons are not observed in the core due to specifications of the reactor. Any sporadic thermal neutrons that are in the core are unlikely to penetrate far into the shield.

Core design studies delivered a neutron output spectrum divided into thirty-two energy groups. The design team approximated the output current as the output spectrum equally distributed over a reflector surface area of 11.7*103 cm2. Estimates of the dose rate relied on modeling the energy-absorbing material by the ICRU-44 convention of a four-component tissue model [12]. 
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(1.3-1)
The dose rate Rfn for each energy group results from Equation, where Jn is the current rate, En is the group energy, s/( is the scattering cross section of tissue. Quality factors Q are included because neutrons of high energies exhibit Q=10 [5]. Additionally, at high energies the neutron scattering imparts the vast majority of the dose. Absorption cross-sections for fast neutrons in tissue are very small. Tissue energy absorption is largely dependent on the concentration of 14N in the tissue. This is because the major contributor to dose is from the reaction shown in Equation
14N + 1n ( 14C + 1p





(1.3-2)

Summing the dose component of each group at the reflector boundary, results in a dose equivalent of 2.4*107 mrem/hr. At distances much greater than the radius of the reactor core (51 cm), this dose decays with the inverse square of the distance from the center of the reactor. This fact is significant in that it will allow the shielding mass parameters to be reasonable. It will not be necessary to completely shield the reactor considering that after several meters, the dose will decay to safe levels. As is visible in Figure 1.3‑1, the dose falls to 2.0 mrem/hr at a distance of about 14 m from the edge of the reflector and to the equivalent of lunar surface galactic cosmic ray background (0.6 mrem/hr) after about 44 m.

Surrounding the reactor with a neutron shield of a low Z material that has a high fast neutron scattering cross section would be beneficial to the mission by allowing the crew to safely work within a few meters of the reactor.
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Figure 1.3‑1: Neutron Dose Equivalent without Shielding

1.3.3 Launched Material Selection

Neutron attenuation through media occurs via elastic scattering, inelastic scattering and absorption interactions with nuclei. In general, the lighter the nuclei, the greater the probability a neutron will impart a greater portion of its energy on the target nuclei and thus losing energy itself. Thus, lower Z materials attenuate neutrons more effectively than higher Z elements since atoms of those materials have a mass closer to that of a neutron. 

Subsequently the neutron cross section also plays a role in neutron attenuation. The energy dependent neutron cross section is defined as the interaction probability per unit atom density and distance. Consequently, when considering materials for a neutron shield, one must look at materials that are not only light, but also have a high cross section at fast energies.

Obvious choices for neutrons shielding lie at the top of the periodic table where masses are lowest. It is easy to reject all transition metals; the density is far too high and the masses too great. One would need a large amount of this large material to attenuate the neutrons and a large amount of this material would be impractical due to weigh restrictions of the landing module. It is easy to also reject elemental gases, hydrogen, which is the best material for attenuating neutrons in non-gaseous form, has a very low density like all gases. A very low-density material will do little to attenuate neutrons despite having a low mass. 

After removing heavy elements and gases from consideration one must look at other factors including cross sections, melting temperature, and stability. The first and most obvious neutron moderating material considered was water. Water is widely used in land based thermal reactors however is not practical for fast reactors due to the risk of reflecting thermal neutrons back into the fast core. Furthermore, water would not work on the extreme Lunar and Martian environments; the water would need to be kept pressurized to keep from evaporating at the reactor operating temperature of 1500K.

The next group of materials considered was lithium-based materials. Lithium (Z=3) has a very low atomic density making it very lightweight. Lithium also has a high neutron scattering cross section at fast energies (~1 barn at 10 MeV). However, elemental lithium is an alkali metal and subsequently extremely reactive, therefore one must look at lithium compounds for shielding purposes. Furthermore, elemental lithium melts at 453K [13], again far too low for reactor shielding purposes The salt lithium hydride (LiH) is an obvious choice, however, much like elemental lithium, the melting point is still too low at 953K [14]. This problem was recurrent with most lithium compounds examined; furthermore, the only lithium compounds with high melting points had undesirable masses or cross sections. 

The final group of materials considered was boron-based compounds. Elemental boron has a very high thermal and fast cross section, a melting temperature of 2348K [13], and a high resistance to thermal expansion. Elemental boron however is a very brittle material and would not make a good shield alone. However, boron-based compounds appeared very attractive and they are widely used in fast reactors around the world. 

The first boron-based compound examined was borane (BH3). Unfortunately, borane is an extremely reactive substance widely used in organic chemistry [15]. The next compound examined was boral (B4CAl). Boral is widely used for terrestrial fast reactor shielding. Boral has a high scatter and absorption cross-section because it is approximately 40% boron by weight. Boral also has a much higher melting point than lithium based compounds. The downside to boral is that the aluminum matrix gives excess weight without much moderation ability. 

Logically the next compounds that were considered were borated graphite and boron car-bide (B4C). Borated graphite was removed from consideration because it is essentially a graphite matrix with 4% boron [16]. Although borated graphite is very strong, chemically inert and has a high melting point, its neutron moderating ability is mitigated by the fact it does not have a large amount of boron. Boron carbide (B4C) has all the neutron attenuation benefits of a boron rich material (78.5%) [17], but does not carry excess weight like boral. Boron carbide also is the third hardest material known to exist and extremely stable and chemically inert in the harshest conditions. The melting point of boron carbide is an astounding 2718K [17].

In order to evaluate effectiveness of each of the boron shielding candidates, the shielding group compared the moderation power of the maximum thickness (due to weight limits) of shielding of each material. The definition of the maximum thickness of each material is the maximum thickness of a cylindrical shell surrounding and flush with the reactor core reflector. By solving Equation for a mass of one metric ton, the maximum shield thickness results. Even if the ultimate geometry of the material does not conform to this model, the resulting choice of shield will be maximally flexible because the cylindrical model represents the heaviest possible configuration of the shield.

Mass = height**[(thickness + radius)2 – (radius)2]

(1.3-3)

The calculation of attenuation of neutron current utilizes an exponential function using the macroscopic removal cross section for each energy group from the Kaeri chart of the nuclides online database [18].

Table 1.3‑1: Neutron Attenuation of Materials at Neutron Shield Weight of 1 MT

	Material
	Maximum thickness (cm)
	Dose Rate at shielding edge (mrem/hr)
	Dose rate at 10 m (mrem/hr)

	Unshielded
	N/A
	2.40*107
	10.29

	Boral (B4CAl)
	20.3
	1.24*105
	0.1242

	Borated Graphite (BC)
	22.7
	4.28*104
	0.0427

	Boron Carbide (B4C)
	21
	3.57*104
	0.0357


Table 1.3‑1 outlines the thickness of the modeled materials that would result in a mass of 1 metric ton and the attenuation power of shields of that thickness. Also included for reference is the unshielded dose. At distances greater than ten times the radius of the reactor, the core can be approximated as a point source and the neutron dose decays as a factor of (r/r0)2. This does rate estimation neglects buildup factors as this quantity becomes less important with distance. 
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(1.3-4)

Because of its much greater boron density, boron carbide outperforms both boral and borated graphite for a cylindrical geometry. While the dose rates given in Table 1.3‑1 appear rather high, at the shielding edge, the rates drop off significantly as one moves away from the reactor. In the case of a boron carbide shield, the dose 1 meter from the reactor is only 1.53 mrem/hr, well below the allowance of 2.0 mrem/hr. At a distance of 2 meters, the dose falls to 0.38 mrem/hr, well below the galactic background dose of 0.6 mrem/hr. This rate remains the design team’s primary goal.

1.3.4 Boron Carbide Performance and Burn-Up Modeling

It is now possible to predict the final mass and configuration of the neutron plus gamma shields. The logical geometry would be to have the neutron shield of cylindrical geometry immediately surrounding the core. The boron carbide neutron shield would stop the majority of the neutrons by absorption or scattering before they even reached the tungsten gamma shield. The boron shield would also absorb thermal neutrons that would have been created due to the attenuation. Very few thermal neutrons would return to the core since the absorption cross section of boron at 0.025eV is 3840 barns [18]. The tungsten shield surrounding the boron carbide shield would then absorb the prompt low energy gammas produced from the neutron scattering. A thickness of 21.1cm of boron carbide will have a mass of 1000 kg. A subsequent 10.6 cm tungsten gamma shield surrounding the neutron shield will have a mass of approximately 5000 kg, bringing the total reactor shielding mass to 6000 kg. Certainly decreasing the thickness of the neutron shield will greatly decrease the gamma shield mass. Under appropriate mission parameters, this arrangement may be preferable because the dose rate from neutrons at any significant distance (10+ m) from the reactor will be very small.

The dose from scattered neutrons was not taken into consideration when calculating the dose and can ultimately be neglected from all dose calculations. Although the resulting current of thermal neutrons (<1 eV) produced will be sizable 2.62*1011 neutrons*cm-2 *sec-1 (81% of total current), this current can largely be neglected since the thermal capture cross section is 3840 barns. Virtually all of these neutrons will be absorbed by boron in the shield and will not penetrate the outer surface.  This assumes the neutrons lose energy by scattering but take a straight path (21 cm) through the shield. This is unlikely since the neutrons scatter nearly forward off of boron and carbon meaning the path a neutron takes through the shield will likely be considerable more than 21 cm. Furthermore, many of the neutrons will be scattered down to the planet’s surface or up into space where they will pose no threat. Thermal neutrons that do make it through the boron carbide shield will likely be absorbed by the tungsten shield, which has a thermal, capture cross section of 25.27 barns. All these factors make it conservative to ignore the thermal neutron current.

Throughout the rest of this section, dose calculations with distance result from compromises between the (r/r0)2 ​dose dependence at large distances when the core can be approximated as a point source and the r/r0 dose dependence at small distances when the core can be approximated as an infinite cylinder. Figure 1.3‑2 illustrates dose rate as a function of distance and shield thickness for a boron carbide shield. As is visible in the graph, dose rate decreases exponentially with increasing shield thickness, thus optimizing geometry is crucial in obtaining an effective shielding system.
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Figure 1.3‑2: Neutron Dose Rate with Distance for Boron Carbide

Boron Burn-up Analysis

It is intuitively obvious that boron carbide be selected as the neutron shielding material. Boron carbide outperforms all of its competitors in terms of melting point, neutron attenuation ability, strength and mass. However, known issues must be addressed when using the boron carbide option. The first known issue is the manufacturing of boron carbide. Boron carbide is easily synthesized by various boric acid reactions to form a fine black powder. It is then necessary to sinter the material into a sizable solid structure. Sintering will involve the addition of additives such as epoxy resins in order to hold a coherent structure. The additives will consist of less than 2% of the shield by mass. Furthermore, the reason why a large B4C shield is observed on conventional land based reactors is that the sintering process of B4C is very expensive. Price aside, it is possible to sinter B4C to a density of 97% of theoretical density. For calculation purposes the effective density of 2.45g/cm3 was used however the theoretical density for B4C is 2.52g/cm3 [19].

The other major issue with B4C that must be addressed is the burn-up rate of boron. Boron-10 undergoes the transformation given in Equation.
10B + 1n ( 7Li +4He





(1.3-5)

This reaction occurs greater than 99% of the time at energies less than 1eV [18]. The burn-up rate of boron in the shield is characterized by Equation.
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(1.3-6)

After 5 years of reactor operation conservatively assuming full power, the percentage of boron left will be approximately 82.2%, yielding a total burn-up of 17.8% over 5 years. This rate should not significantly affect the dose to the habitat over time. The burn-up of boron also produces helium that can lead to swelling in the shield. However, this will not be an issue because the shield is only constrained on two sides and still has four degrees of freedom to swell.


[image: image6.wmf]
Figure 1.3‑3: Neutron Dose Rate with Distance After 5 Years of Operation

Based on the data presented in Figure 1.3‑3, the dose rate due to neutrons emanating from the shield approximately doubles after 5 years of operation. This is a significant increase in dose as time increases; however, it should not impact the shielding design or compromise mission parameters. The dose is still small enough to not be of concern to the crew of the habitat. For example, the dose rate at distance of 50 meters at t=0 is 1.43*10-3 mrem/hr while after 5 years the dose rate is 2.95*10-3 mrem/hr, still well within operation and safety limits. It should be noted that this again is a worst-case scenario, considering this dose rate does not take into account the significant additional stopping power of lithium produced after neutron capture in boron.

1.4 Gamma Shielding

The following sections outline the design team’s selection for fission-borne gamma ray shielding. The shielding team chose a cylindrical shell of tungsten of thickness 12 cm to serve as the primary gamma shield. For regions where the tungsten shield is insufficient for reducing dose rates, the implementation of exclusion zones prevents people on the Lunar or Martian surface from accumulating unnecessarily risky amounts of dose.

1.4.1 Design Summary and Gamma Shielding Goals

As outlined in the mission statement in Section 1.1.2, the shielding design aims to reduce crew radiation dose to 2 mrem/hr as a compromise between NASA’s existing occupational dose limit for astronauts at 5.9 mrem/hr (50 rem/yr) and the naturally occurring galactic cosmic radiation dose of 0.6 mrem/hr. In the models below, the shielding team considered these limits in light of both extremes in choosing an appropriate shielding material.

In addition, landing vehicle mass constraints limits the shield mass to about three metric tons. Three metric tons of any material is insufficient for a complete gamma shield, given the core design, so the shielding constraints require a hybrid shield comprised of a high Z material coupled with material available on the lunar or Martian surface. The following sections describe the design of such a system.

Core design analyses with MCNP code determined the gamma output current at the reflector boundary. The reflector design comprises a series of rotating drums of poisoning material. To be conservative, the design team modeled shielding for a fully reflected core because this configuration is the state in which the core radiates gammas maximally. 

1.4.2 Gamma Dose Rates without Shielding

At a thermal power of one megawatt, a bare core with no shielding radiates a photon current (0 of 5.3*1013 photons ranging in energy from soft gammas ~10 keV to high energy photons upwards of 9 MeV. Photons below these energies do appear in the core but those photons are subject to substantial attenuation by fuel elements since core materials are mostly of high atomic number. 

Core design studies delivered a gamma output spectrum divided into thirty-two energy groups. The design team approximated the output flux as the output spectrum equally distributed over a reflector surface area of 11.7*103 cm2. Estimates of dose rate relied on modeling the energy-absorbing material by the ICRU-44 convention of a four-component tissue model [12].
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The dose rate D for each energy group results from Equation, where ( is the flux rate, E is the group energy and ((E)/( is the mass energy absorption coefficient of tissue. Quality factors, Q, are neglected because photons of all energies exhibit Q=1. Tissue energy absorption cross sections vary more or less linearly with energy over the relevant range. Summing the dose component of each group at the reflector boundary, results in a dose equivalent of 7.8*106 mrem/hr. At distances much greater than the radius of the re-actor core (51 cm), this dose decays as the inverse square of the distance from the center of the reactor. As is visible in Figure 1.4‑1, the dose does not fall to 2.0 mrem/hr until a distance of about a kilometer and to the equivalent of Lunar surface GCR background (0.6 mrem/hr) only after 1.8 km.
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Figure 1.4‑1: Dose Equivalent Rate for a Core without Shielding

It is clear that the chosen reactor core design requires additional shielding since power transmission to a distance of several kilometers would be unwieldy. Instead, surrounding the core and reflector with a high Z material is a preferable option.

1.4.3 Launched Material Selection 

Photon attenuation through media occurs through electromagnetic interactions with nuclei and electrons. Thus, higher Z materials attenuate photons more effectively than lower Z elements since atoms of those materials have more charged particles.

Obvious choices for gamma shielding lie at the bottom of the periodic table where mass density is highest. It is easy to reject materials with atomic number higher than that of bismuth for reasons of either nuclear instability or unacceptably high reactivity. For example, polonium is naturally radioactive and so is less effective as a radiation shield than materials of similar atomic number. The same is true of radon; an additional issue with radon is that is a gas and would have to stay under pressure to achieve densities high enough for useful shielding.

Similar considerations leave bismuth (Z=83) and lead (Z=82) as the highest Z elements with suitable material properties. However, both these elements melt at temperatures much less than the operating temperature of the reactor, 1800 K. Bismuth melts at 544 K and lead melts at 600 K. If the shield falls in contact with the reactor or near the reactor such that thermal radiation heats it, these materials will melt. If used, these materials will have to remain in containers that can tolerate these temperatures. The containers will also have to tolerate the expansion of the metals during phase changes. On melting, the volume of lead expands about 5.7 % and bismuth expands about 2.7 percent [21]. Vacuum-filled voids must exist in the containers for the melting of lead or bismuth if they are to be part of the gamma shield implementation. The expansion will also lower the density of the shield, requiring additional compensation in initial shield thickness.

A container must also be comprised of highly attenuating, high Z materials. These may include the several refractory metals in the same group as lead and bismuth on the periodic table (Z=72 through Z=77). Rhenium (Z=75), osmium (Z=76) and iridium (Z=77) exhibit the highest densities but they are very difficult to manufacture Earth. While it may be reasonable to construct fuel cladding from rhenium, obtaining enough rhenium for a shield within a reasonable cost is unfeasible. Similarly, both osmium and iridium are not easy to fabricate in high volumes: osmium because it forms very toxic airborne oxides and iridium because it is not abundant on Earth [22]. However, iridium does exist in much higher concentrations on extraterrestrial bodies. If an option for asteroid mining becomes available, iridium would become the most attractive choice for a shield material or shield container. The most dense and most attenuating refractory metal that remains of these is tungsten.

To determine the shielding effectiveness of each of the remaining material candidates, the shielding group compared the attenuation power of the maximum thickness (due to weight limits) of shielding of each material. The definition of the maximum thickness of each material is the maximum thickness of a cylindrical shell surrounding and flush with the reactor core. By solving Equation (weight eq. from neutron chapter) with a mass of three metric tons, the maximum shield thickness results. Even if the ultimate geometry of the material does not conform to this model, the resulting choice of shield will be maximally flexible as this model exhibits the highest weight penalty for a thicker shield. 

The calculation of attenuation of gamma flux utilizes an exponential function using attenuation cross sections for each energy group from NIST’s XCOM online database [9]. Table 1.4‑1 outlines the thickness of the modeled materials and their attenuation power. At the output of the shield, photon current is also lower due to an additional multiplicative factor of r/r0 because the same flux spreads out over a wider area proportional to the radius. At even further distances, this factor changes to (r/r0)2, since at large distances, the core appears to be a point source. Section 1.4.4 further explains the consequences of changes in distance. The dose rate results from Equation (dose equiv. rate from neutron chapter) with ( from Equation (below). This does rate estimation neglects buildup factors as this quantity becomes less important with distance.
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(1.4-2)

Because of its greater density, tungsten outperforms both lead and bismuth for a cylindrical geometry in spite of its lower mass attenuation coefficients. While the dose rates given in Table 1.4‑1 appear rather high, simple revisions of geometry can further reduce these rates. For example, only half the reactor surface or less needs shielding because the habitat will only be on one side of the reactor. A reduction in size of a half will permit roughly twice the prior thickness. In the case of a tungsten shield with a new thickness of 19.7 cm, the dose rate at 90 cm from the shield will fall to 0.36 mrem/hr, well below the goal of 2.0 mrem/hr. The full shell with dose rates of several hundred mrem/hr remains the design team’s first approximation.

Table 1.4‑1: Gamma Attenuation of Single Materials at Gamma Shield Weight of 3 MT

	Material
	Maximum thickness (cm)
	Dose rate at 90 cm (mrem/hr)

	Lead (Pb)
	17.1
	594.66

	Bismuth (Bi)
	19.4
	599.88

	Tungsten (W)
	10.6
	480.00


1.4.4 Gamma Shield Performance Modeling

Shield thickness and thus weight will vary depending on numerous mission parameters including required proximity of crew to reactor, limitations of Lunar or Martian surface area that may be excluded to entry by humans, and other similar issues related to mission goals. Thus, characterizing the shield performance at a range of thicknesses and distances is vital to the continued flexibility of the current models.

Throughout the rest of this section, dose calculations with distance result from compromises between the (r/r0)2-dose dependence at large distances when the core can be approximated as a point source and the r/r0 dose dependence at small distances when the core can be approximated as an infinite cylinder.  The representation of intermediate values is a hybrid of the two systems such that at all distances the dependence factor is a continuous function. This function f(r) appears in Figure 1.4‑2; this function is continuous but not differentiable at points where the dependence mode changes.
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Figure 1.4‑2: Distance dependence f(r) with distance

Figure 1.4‑3 illustrates dose rate as a function of distance and shield thickness for a tungsten shield. As is visible in the graph, dose rate decreases exponentially with increasing shield thickness, thus optimizing geometry is crucial in obtaining an effective shielding system.
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Figure 1.4‑3: Dose Rate with Distance and Shielding Thickness for Tungsten

In the case where dose rate is too high even with the existing shield, the implementation of an exclusion zone becomes necessary. In this region, the dose rate is too high for crew to occupy for extended periods without risking the deleterious effects of high, though not acute, radiation exposure. Figure 1.4‑4 displays a plot of which areas are noteworthy for radiation dose for a tungsten shield of various thicknesses at the given distances.
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Figure 1.4‑4: Excluded and Allowed Zones for Tungsten Shield

Appropriate boundaries for a location for a habitat fall within the gray zone of Figure 1.4‑4. The exclusion zone is still safe for crew to enter since radiation dose rates do not reach a few hundred mrem/hr except very near the core. However, this is still an environment where prudence requires radiation dosimetry for those entering.

1.5 Shielding Design

1.5.1 Summary

The following section details the full shielding system’s implementation and the justification for the relevant selected options.

As illustrated in Figure, the surface reactor shield is in the shape of a semi-cylindrical shell, covering eighty degrees of arc, effectively a shadow shield. The habitat must fall within the region protected by the shield. Crew must avoid entering areas near the reactor on the unshielded side to avoid high radiation exposure. Gamma dose greatly exceeds neutron dose from both the shielded and unshielded sides of the reactor. Thus, the dose equivalent rate from the unshielded side can be approximated as that given in Figure 1.4‑1. Similarly, one can approximate the dose equivalent rate from the shielded side with only the gamma dose after passing through 12 cm of tungsten as shown in Figure 1.5‑1. For example, the dose equivalent rate at 10 m is about 0.5 mrem/hr on the shielded side rather than several hundred mrem/hr on the unshielded side.
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Figure 1.5‑1: Dose rate with Distance for 12 cm Thick Tungsten Shield

The shield system consists of two separate but identical pieces, each covering the full height of the reactor. Each piece covers forty degrees of arc of the radial reflector surface. Depending on mission requirements, each piece can move around the reactor via a mechanical system. Shielding movements may be necessary to protect radiation-sensitive equipment and crew who may need to explore or enter otherwise unshielded regions.

Each of the forty degree segments of the shield comprises two layers: a 21 cm thick cylindrical shell of boron carbide (B4C) falling flush against the reflector, and a 12 cm thick cylindrical shell of metallic tungsten (W) placed immediately outside the boron carbide layer. 

This arrangement will bring total radiation dose due to core radiation below the magnitude of background radiation on the moon (0.6 mrem/hr) at a distance just under fifteen meters from the core.

1.5.2 Geometry

Layers
The boron carbide layers serves to reduce radiation dose due to neutrons emitted during fission events in the reactor. The purpose of the tungsten layer is to attenuate photons produced in the core. In absorbing and scattering the neutrons, the collision events in the boron carbide layer will result in the emission of secondary radiation, particularly ionizing photons. 

Several mechanisms for the generation of secondary radiation exist. When a nucleus absorbs a neutron, it may end up in an excited state. The nucleus relaxes through the emission of high-energy gamma photons. In addition, particularly at high energies, inelastic scattering of neutrons from nuclei will result in recoil photons.

[image: image14.wmf]
Figure 1.5‑2: Overhead Schematic of Shielding Implementation

Other particles can be produced in particle emission events such as (n,p) and (n, alpha) reactions in the shield. These heavy charged particles deposit their energy within a very short range, and so these species will not escape the neutron shield in any significant number; the only type of secondary radiation in need of mitigation are gamma rays [3]. 

The secondary photon flux will not exceed the core-produced gamma radiation flux, so the tungsten layer designed to absorb the core gamma radiation will be more than sufficient shielding for these secondary photons. Thus, the gamma shield must lie outside the neutron shield, notwithstanding further complications in design (see alternate design in Section 1.6.1).

It is true that by placing the denser tungsten shield outside the core the mass of tungsten will increase for any given protected range and gamma attenuation. However, it is a necessary penalty to bear because of the secondary gamma radiation produced in the neutron shield. Placing the tungsten shield inside the boron carbide layer would leave this radiation without attenuation.

Shielding Extent
This shield design, as outlined above, does not cover the entire core, owing to landing module mass constraints. Consequently, the unprotected side will be freely releasing radiation into the environment in the exposed direction as illustrated in Figure 1.4‑1. Given material constraints for radiation attenuation and weight constraints for extraterrestrial landing capabilities, no shielding system can surround the entire reactor without violating one of these two criteria. A system with the given thicknesses surround the core would have a mass of 8.47 metric tons, which when added to the mass of other system components would exceed the landing capability limit of 10-15 MT imposed by available technology.

[image: image15.wmf]
Figure 1.5‑3: Plot of Habitat and Potential Landing Zone

Instead, the design team chose a set of objectives for a region protecting the crew habitat given technology limitations. Available precision landing technology can land units to within less than a kilometer of a chosen target. Assume that a module will land within a radius of one kilometer of the habitat, and has an equal probability of landing at any given point within this range. Then, with the habitat at the origin of a Cartesian plane, the probability of landing the reactor at a given point is given by Equation.

P(x,y) = 1/(π*(1 km)2) for x2 + y2 < (1 km)2



(1.5-1)

Then, the probability of landing at a given distance r from the habitat is given by Equation.

P(r) = 2*r/(1 km)2






(1.5-2)

Thus, on average, the reactor would land at a distance of 666.7 meters from the habitat. To be conservative, suppose the reactor lands at one-fourth this distance, or 166.7 meters.

Even at this distance, the shield must still protect the habitat and crew. Assuming the longest edge of the habitat will be no more than 30 meters in length, the shield must protect a zone, again being conservative, ten times this length for astronauts to travel near the habitat without worrying about the radiation exposure from the MSR. As is visible in Figure 1.5‑4, to accomplish this, the shield will extend over an angle of eighty degrees around the core. 

[image: image16.wmf]
Figure 1.5‑4: Chart of Reactor and Habitat Edge

Even with a thirty-meter wide habitat, the reactor could still land to within as close as sixteen meters (the use of a mechanism for moving the shields around the core so they fall between the habitat and the reactor core is postulated later in this section) and still have sufficient shielding to protect crew and instrumentation. However, regions immediately outside and in front of the habitat would have doses high enough that crew should avoid prolonged exposure. Still, under the above assumptions, the probability of landing the reactor within 16 meters is just over one in four thousand. To be sure radiation scattered off the axial reflectors does not reach crew, the shield will extend 6.5 cm above and below the vertical bounds of the core. This size of a shield exhibits a mass of 1.72 metric tons, well within the bounds of available extraterrestrial landing technology even when coupled with the mass from the rest of the MSR system.

Shield Mobilization
One caveat of using a directional-based shielding system is that the reactor may not land with the shield facing the habitat. In such a case, some mechanism must exist to realign the shield with the habitat so it can protect the crew and radiation-sensitive equipment.

Additionally, there are many potential missions where shielding a triangular segment of space near the reactor will be insufficient to accomplish mission objectives. Crew may need to explore regions of the Lunar or Martian surface away from the habitat, and these may lie in regions that are unprotected in the initial alignment of the shield.

To address this issue, the shield comprises 2 identical pieces, each covering forty degrees of the reactor surface. These pieces can move around the reactor allowing mission planners to choose in which direction the shield will protect, when the reactor initially lands.

The precise nature of the mobilization and choice of a system with sufficient reliability will depend on mission parameters and remain as future work for mission planners according to their objectives. The movement to initially align the shield with the habitat needs only function once at the beginning of the mission. Afterwards, the shield can stay in one place. If the shield needs adjustment throughout the mission, the development and confirmation of a particular robust system will be necessary, as each segment will weigh at least 860 kg.
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Figure 1.5‑5: Shielding Mobility Demonstration (after)
1.5.3 Design Discussion

The design elucidated above satisfies all criteria. The neutron shield brings neutron dose down to a magnitude where it is negligible relative to gamma dose. This is ideal because complicating issues such as neutron activation and neutron buildup factors will not need to be considered in estimating dose.  All those factors will be smaller than gamma dose.

That being said, gamma dose several meters beyond the shield is at an innocuous level.  On the shielded side, humans can approach the core safely, for limited periods. This limitation can be easily overcome with the use of the mobilize shield units, which can accommodate virtually any mission parameters. 

In addition, since this design does not depend upon exact surface composition and the materials involved are not particularly reactive, this shielding system exhibits scalability from Lunar environment applications to Martian deployment with limited alterations to design (see Section 1.6.2 for comparison of attenuation ability of Lunar and Martian soil).

Furthermore, the redundancy of a two layer shield, both layers exhibit some ability of attenuating both types of penetrating radiation (gammas and neutrons) greatly improves the robustness of the above design.

1.6 Alternative Designs

Given the substantial variability of mission parameters and design, other approaches and designs may be preferred. For example, if there is insufficient load available on the landing module owing to another mission-critical payload, the constructed shield may have to be sacrificed for another system requiring transport of much less mass.  In addition, other geometries may further optimize the performance of the above design.

[image: image18.wmf]
Figure 1.6‑1: Three-Layer Shield Schematic

1.6.1 Three-Layer Shield

One such design involves a three-layer shield, two tungsten layers, one thick (inside) and one thin (outside) sandwiching a boron carbide layer of the same thickness as the above design (see Figure 1.6‑1). In the main design described above, the primary reason for keeping the gamma-attenuating tungsten layer on the outside was so that it could shield two gamma sources: photons emitted after fissions in the core and secondary photons emitted during neutron interactions in the boron carbide layer. As the secondary photon flux is much smaller than the core flux, only a thin layer of tungsten would be necessary to shield the secondary flux. 

If a thin layer of tungsten were kept outside the boron carbide layer, and a thicker layer were inside the boron carbide layer, the shield would stop the same radiation while reducing the mass.  The inside layer would have a 12 cm thickness but exhibit a mass of only 1.085 MT as opposed to the tungsten mass of 1.46 MT in the original design. The boron carbide layer would weigh slightly more at 306 kg for the three-layer design, instead of 259 kg as in the original design. Even so, as long as the thin tungsten layer does not need to be more than 2.47 cm thick, a three-layer design would be more effective per unit mass than the above two-layer design.

Because the analysis of secondary radiation in the neutron shield is rather complex and necessary approximations would place any result at too great an uncertainty, the design team still recommends the two-layer design and leaves the analysis of a three-layer shield as future work. Furthermore, the two-layer design fits within the mass constraints of the current objects and thus there is no present need to complicate the design and sacrifice its current simplicity and robustness.

1.6.2 Shielding with Lunar Surface Material

The proposed shielding method requires launching 1-2 metric tons of shielding to the Moon and to Mars. If launching this large amount of mass is not a feasible option, shielding material can be found in the extraterrestrial environments.

Previous volcanic activity covered the moon with igneous rock of density 3.3 g/cc. As the bulk density (the soil per unit volume) of the moon is 3.4 g/cc, research indicates the Moon must be made almost entirely composed of rock.  Earth, in contrast, has a larger bulk density of 5.5 g/cc due to the dense iron core [8]

 REF _Ref499574697 \r \h 
[23].
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Figure 1.6‑2: Relative Sizes of Earth's Core and the Moon's Core

The rock on the crust of the Moon is predominantly composed of alkaline and metal oxides, of which SiO2 is most abundant [24]. An outline of the most common materials on the Lunar surface appears in (See Appendix Table ___).

Gamma ray attenuation coefficients of the oxide mixture are calculated (See Appendix Table ___) and neutron removal cross sections are used to determine the effectiveness of Moon rock in absorbing radiation.  Biological dose from neutrons is neglected, as its contribution to the total dose is negligible compared to the gamma radiation dose (Appendix Table _____).

A dose of 2.0 mrem/hr was previously chosen to be conservatively below the occupational dose limit of 5.4 mrem/hr.  The thickness of the shield necessary to maintain this dose is plotted with the distance from the center of the reactor.


[image: image20.wmf]
Figure 1.6‑3: Distance from Reactor to Maintain 2.3 mrem/hr Dose as a Function of Shield Thickness

Even within a 10 m radius from the reactor, the design team prefers the dose to be under the 2.0-mrem/hr limit. As seen in the graph above, this requires 0.8-1 m of surface material shielding. The plot below of the radiation dose as a function of the distance from the reactor given a 1 m shield thickness illustrates the very small dose even at distances very close to the reactor (see Figure 1.6‑3).

The shield would be a hollow cylinder with an outer radius of 2m, an inner radius of 1m, and a height of 1m surrounding the core; the shield volume is 9.425 m3 (see Figure 1.6‑4​). A shield of this size requires transporting nearly 32,000 metric tons of rock to build walls of shielding around the reactor, a non-trivial endeavor. Dirt and rock excavation and transportation equipment will be needed.

The surface of the moon is marked with craters of varying sizes, which can be taken advantage of for their shielding advantages.  To shield moon explorers while maximizing the area range for which exploration is safe from high radiation exposure, the reactor can be placed in the side of a crater (see Figure 1.6‑5 (left)) or any geological feature that drops down below surface level (see Figure 1.6‑5 (right)). As the reactor is 42 cm in height, the minimum depth of the crater or cavity should be 49 cm to surround all parts of the lateral surface of the core. A foundation would be constructed into the surface upon which the reactor could be set up in the rock shield, and the radiation would then be confined to the chasm and beneath the moon’s surface.
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Figure 1.6‑4: Core Surround by Surface Material Shields (side view)
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Figure 1.6‑5: Reactor Built into Side of Crater (left), Reactor Below Surface (right)

1.6.3 Shielding Options on Mars

Mars has a crust with an oxide composition similar to that of the Moon according to soil analysis data (See Appendix Table ___) [25]. Radiation attenuation is nearly identical (attenuation data in Appendix), and the rock shield thickness of 1m keeps the dose below the 2.0 mrem/hr limit.

Mars is not dotted with craters as abundantly as is the Moon. Concave geological features can be sought out, craters can be dug, or, if complications arise in situating the reactor below ground level, the rock shield can be constructed around the reactor.

Though the surface shielding option appears appealing, the difference in surface geology between the Moon and Mars cause concern. Any implementation into the Moon crust cannot be scaled to Mars, as geological features on the Moon are not guaranteed to be present and convenient on Mars. Dug or above-surface shields would have similar material and attenuation characteristics on both planets, but as difficulties in constructing these shields on extraterrestrial ground have not yet been assessed, the research team is not considering shields of surface materials as a major option. Research in extraterrestrial excavation and construction might prove very useful in future work.

1.7 Limitations and Future Work

As is inherent with all scientific research and calculations, there is always a small degree of uncertainty. The research and calculations done on the shield were not an exception. As a result, it was necessary to be very conservative when doing many of the calculations. Worst-case scenarios were always assumed when calculating dose or neutron current emanating from the reactor. The conservative estimates and calculations used allowed for maximum consideration for safety. Furthermore, it also left the possibility of fully optimizing the shield during future work.

The first example of where conservative estimates were used would be when dose calculations from neutrons were done. When calculating dose for neutron interactions with tissue, a quality factor is assigned to account for the extra damage a fast neutron can do by additionally slowing down in tissue rather than being absorbed quickly like a thermal neutron. The quality factor is determined by the energy of the neutron and the type of tissue the neutron interacts with. To err on the side of caution, a quality factor of 10 was assigned to all of the 32 energy groups of neutrons. All of the neutrons were relatively fast (>0.1MeV) but may not have warranted a quality factor of 10. 

The next example of where our dose calculations were conservative was when dealing with attenuation in non-idealized material. Essentially, the neutron dose calculations did not account for additional neutron attenuation when passing through the tungsten shield and likewise the gamma dose calculations did not account for gamma attenuation through the boron carbide shield. 

The second major issue addressed that used the most conservative estimates was the boron burn-up calculation over the lifetime of the reactor. The highest flux for each energy group was used rather than using a time dependent flux that would ultimately decrease over the 5 year lifetime of the reactor. As a result, a maximal amount of burn-up was calculated. Furthermore, when calculating the dosage increase due to boron burn-up, the lithium-7 production that would take the place of boron-10 was not taken into account. Lithium-7 also has a reasonably high cross section at fast and thermal energies. The dosage increase due to boron burn-up will likely decrease when lithium production is taken into account.

All of these conservative estimates and calculation strategies were done purposefully to account for a worst-case scenario when dealing with dose from radiation. If the shield can effectively protect the inhabitants of a Lunar or Martian colony from the highest dose imaginable, then it can effectively protect the most likely scenario. It is important to utilize the methodology of preparing for the worst when dealing with safety from radiation environments. However, this methodology leaves open the possibility for optimization of the shield and the calculation of a likely operating dosage scenario.

1.8 Summary

	Component
	Number
	Material
	Height
	Coverage
	Thickness
	Weight
	Thermal tolerance

	Gamma Shield
	2
	W
	55 cm
	40 degrees of arc
	12 cm
	1.46 MT
	< 3790 K

	Neutron Shield
	2
	B4C
	55 cm
	40 degrees of arc
	21 cm
	259 kg
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Dose Rate vs. Distance

Distance from shield (m)

Dose Rate (mrem/hr)

Shielded 21.1cm Boron Carbide Dose Rate vs. Distance
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0.01588236
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Burn-up
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Dose  after 5 years of operation

Dose at 0 years of operation

meters

mrem/hr

Dose vs. Distance at t=0 and t=5 years

0.29541458

0.073853645

0.0328238422

0.0184634112

0.0118165832

0.0029541458

0.0013129537

0.0007385364
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0.0002411548

0.0001846341
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Boron Carbide

		Boron Carbide (B4C)																																																																		Totals

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		reflector edge flux		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.76E+09		4.89E+09		3.31E+09		2.27E+09		2.07E+09		4.89E+09		3.87E+09		1.35E+09		1.56E+09		2.01E+09		5.14E+08		1.73E+08		2.16E+08		0.00E+00		0.00E+00		1.22E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.29E+08		3.23E+11		1.13549E+10

		Density (g/cm^3) (2.52 ideal) (2.45 after sintering)		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45

		Boron removal cross section		4.7		4.8		4.9		4.8		4.6		4		3.3		3.1		3		2.7		2.55		2.45		2.3		2.1		2		2		2		2.5		1.6		1.6		1.7		1.5		1.5		1.6		1.7		1.8		1.9		1.8		1.7		1.7		1.6		1.6		2.534375

		Atomic Density (n) (atoms/cc)		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23

		Boron Macroscopic (cm-1)		6.05E-01		6.18E-01		6.30E-01		6.18E-01		5.92E-01		5.15E-01		4.25E-01		3.99E-01		3.86E-01		3.47E-01		3.28E-01		3.15E-01		2.96E-01		2.70E-01		2.57E-01		2.57E-01		2.57E-01		3.22E-01		2.06E-01		2.06E-01		2.19E-01		1.93E-01		1.93E-01		2.06E-01		2.19E-01		2.32E-01		2.44E-01		2.32E-01		2.19E-01		2.19E-01		2.06E-01		2.06E-01		3.26E-01

		Carbon removal cross section		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18

		Atomic Density (n) (atoms/cc)		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23

		Carbon Macroscopic (cm-1)		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01

		Boron Carbide Macroscopic Cross Section		5.72E-01		5.79E-01		5.87E-01		5.72E-01		5.49E-01		4.84E-01		4.06E-01		3.83E-01		3.71E-01		3.38E-01		3.21E-01		3.08E-01		2.91E-01		2.68E-01		2.55E-01		2.46E-01		2.43E-01		2.96E-01		2.10E-01		2.13E-01		2.11E-01		1.85E-01		1.88E-01		1.93E-01		2.01E-01		2.16E-01		2.23E-01		2.03E-01		1.98E-01		2.01E-01		1.83E-01		1.86E-01		3.09E-01

		Flux after 21cm of Boron Carbide		7.51E+05		2.98E+05		9.60E+04		1.32E+05		1.55E+05		3.38E+05		2.37E+06		2.22E+06		1.59E+06		3.94E+06		5.48E+06		7.34E+06		7.20E+06		7.94E+06		9.43E+06		2.74E+07		2.29E+07		2.62E+06		1.85E+07		2.26E+07		6.06E+06		3.46E+06		4.10E+06		0.00E+00		0.00E+00		1.28E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		2.55E+06		1.61E+08		1.74E+07

		Fractional Energy Loss per collision		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515

		Mean Free Path (cm)		1.7494356955		1.7264124008		1.7039872267		1.7486198866		1.820574017		2.0664461047		2.462807095		2.6079803755		2.6960624812		2.9565336042		3.12E+00		3.25E+00		3.44E+00		3.73E+00		3.9146932466		4.0710072107		4.1120558775		3.3782086572		4.7563935635		4.7015585681		4.7503679661		5.3921249624		5.3217604876		5.1792372024		4.982521109		4.6364793593		4.4782026489		4.9159280166		5.044148702		4.982521109		5.4564236906		5.3843822895		3.7666788902

		Average Fractional Energy Remaing after 21.1cm Boron Carbide		0.000000153		0.0000001241		0.0000001007		0.0000001519		0.0000002826		0.0000016995		0.0000144171		0.0000268138		0.0000378196		0.0000927515		0.0001502245		0.0002118845		0.0003431777		0.0006382639		0.000900241		0.0011784248		0.001260485		0.0002955891		0.0031140182		0.0029112894		0.0030913029		0.0061497651		0.005749403		0.0049885186		0.0040465478		0.0026821954		0.0021757224		0.0037555133		0.0043283309		0.0040465478		0.006530023		0.0061049053

		Energy of scattered neutrons after 21.1cm of Boron Carbide (MeV)		0.0000000153		0.0000000248		0.0000000302		0.0000000608		0.0000001413		0.0000010197		0.000010092		0.0000214511		0.0000340376		0.0000927515		0.000165247		0.0002542614		0.0004461311		0.0008935695		0.0013503615		0.0023568497		0.0031512124		0.0008867672		0.0108990639		0.0116451575		0.013910863		0.0307488255		0.0316217163		0.0299311119		0.0263025606		0.0187753677		0.016317918		0.0300441062		0.0367908123		0.03641893		0.0620352186		0.0610490533

		Boron Burnup		Thermal		Thermal		Thermal		Thermal		Thermal		Thermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal

		Flux of new energy group		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.75E+09		4.88E+09		3.30E+09		2.26E+09		2.06E+09		4.86E+09		3.85E+09		1.35E+09		1.54E+09		1.98E+09		5.08E+08		1.70E+08		2.12E+08		0.00E+00		0.00E+00		1.20E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.26E+08

		Microscopic absorption cross section at new energies		6000		3860		3200		2300		1800		600		210		175		105		52		36		30		26		20

		Concentration after 5 years n(t) (atoms/cc)		1.18E+23		1.28E+23		1.31E+23		1.32E+23		1.32E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23

		Percentage of concentration left after 5 years.		8.84E+01		96.3823746048		98.8510328401		99.1716493787		99.5265132324		99.9131843877		99.9588433255		99.9800146341		99.9934402583		99.995956475		99.9973148221		99.9977044031		99.9986587301		99.9993012346

				11.5617367277		3.6176253952		1.1489671599		0.8283506213		0.4734867676		0.0868156123		0.0411566745		0.0199853659		0.0065597417		0.004043525		0.0026851779		0.0022955969		0.0013412699		0.0006987654

		Total Percentage of Boron left after 5 years		82.2042515988

		Tissue Analysis for Dose after Boral layer

		Microscopic Scatter x-section-H		13		10		8		7		6.5		6		5.5		5		4.5		4.2		3.9		3.7		3.5		3.3		3.1		3		2.75		2.5		2.3		2		1.9		1.5		1.45		1.4		1.35		1.3		1.25		1.2		1.15		1.1		1.05		0.9		3.603125

		Macroscopic Scatter for H		0.7839		0.603		0.4824		0.4221		0.39195		0.3618		0.33165		0.3015		0.27135		0.25326		0.23517		0.22311		0.21105		0.19899		0.18693		0.1809		0.165825		0.15075		0.13869		0.1206		0.11457		0.09045		0.087435		0.08442		0.081405		0.07839		0.075375		0.07236		0.069345		0.06633		0.063315		0.05427		0.2172684375										Shielded						Shielded after 5 years

		Sigma/rho for H		7.7480380335		5.9600292565		4.7680234052		4.1720204796		3.8740190167		3.5760175539		3.2780160911		2.9800146283		2.6820131654		2.5032122877		2.32441141		2.2052108249		2.0860102398		1.9668096547		1.8476090695		1.788008777		1.6390080455		1.4900073141		1.370806729		1.1920058513		1.1324055587		0.8940043885		0.8642042422		0.8344040959		0.8046039496		0.7748038033		0.7450036571		0.7152035108		0.6854033645		0.6556032182		0.6258030719		0.5364026331		2.1474730415				Distance(m)		Dose				Distance(m)		Dose				Distance		Dose

																																																																								0		24002074.4928087				0		35735.31				0		73853.64499

		Microscopic Scatter x-section-C		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18				0.25		16458.5653664974				0.25		57.176496				0.25		118.165831984

		Macroscopic Scatter for C		5.02E-02		4.89E-02		4.77E-02		4.52E-02		4.39E-02		4.14E-02		3.76E-02		3.64E-02		3.51E-02		3.39E-02		3.26E-02		3.14E-02		3.01E-02		2.88E-02		2.76E-02		2.26E-02		2.13E-02		2.26E-02		2.51E-02		2.63E-02		2.01E-02		1.76E-02		1.88E-02		1.63E-02		1.51E-02		1.76E-02		1.63E-02		1.13E-02		1.38E-02		1.51E-02		1.13E-02		1.25E-02		2.73E-02				0.5		4114.6413416244				0.5		14.294124				0.5		29.541457996

		Sigma/rho for C		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01				0.75		1828.7294851664				0.75		6.352944				0.75		13.1295368871

																																																																								1		1028.6603354061				1		3.573531				1		7.385364499

		Microscopic Scatter x-section-N		4.2		4		3.4		2.9		2.8		1.5		2.2		1.7		1.3		2		2.2		4		3.3		1.9		2.9		1.5		1.4		1.3		1.3		1.5		0.7		1.1		1.3		1		0.8		1		0.8		1.1		0.85		0.85		0.9		0.87		1.8303125				2		257.1650838515				2		0.89338275				2		1.8463411247

		Macroscopic Scatter for N		0.0058674		0.005588		0.0047498		0.0040513		0.0039116		0.0020955		0.0030734		0.0023749		0.0018161		0.002794		0.0030734		0.005588		0.0046101		0.0026543		0.0040513		0.0020955		0.0019558		0.0018161		0.0018161		0.0020955		0.0009779		0.0015367		0.0018161		0.001397		0.0011176		0.001397		0.0011176		0.0015367		0.00118745		0.00118745		0.0012573		0.00121539		0.0025569466				3		114.2955928229				3		0.397059				3		0.8205960554

		Sigma/rho for N		0.2256692308		0.2149230769		0.1826846154		0.1558192308		0.1504461538		0.0805961538		0.1182076923		0.0913423077		0.06985		0.1074615385		0.1182076923		0.2149230769		0.1773115385		0.1020884615		0.1558192308		0.0805961538		0.0752230769		0.06985		0.06985		0.0805961538		0.0376115385		0.0591038462		0.06985		0.0537307692		0.0429846154		0.0537307692		0.0429846154		0.0591038462		0.0456711538		0.0456711538		0.0483576923		0.0467457692		0.0983440986				4		64.2912709629				4		0.2233456875				4		0.4615852812

																																																																								5		41.1464134162				5		0.14294124				5		0.29541458

		Microscopic Scatter x-section-O		3.7		3.6		3.5		10		12		2		1.9		1.7		1.9		8		3		7		2.9		2.7		2.3		1.7		1.2		1.3		6		1		2		1		1.1		1		0.9		1		0.95		0.9		0.85		0.8		0.7		0.6		2.7875				10		10.2866033541				10		0.03573531				10		0.073853645

		Macroscopic Scatter for O		0.151626		0.147528		0.14343		0.4098		0.49176		0.08196		0.077862		0.069666		0.077862		0.32784		0.12294		0.28686		0.118842		0.110646		0.094254		0.069666		0.049176		0.053274		0.24588		0.04098		0.08196		0.04098		0.045078		0.04098		0.036882		0.04098		0.038931		0.036882		0.034833		0.032784		0.028686		0.024588		0.11423175				15		4.5718237129				15		0.01588236				15		0.0328238422

		Sigma/rho for O		0.1990296997		0.1936505186		0.1882713375		0.5379181073		0.6455017287		0.1075836215		0.1022044404		0.0914460782		0.1022044404		0.4303344858		0.1613754322		0.3765426751		0.1559962511		0.145237889		0.1237211647		0.0914460782		0.0645501729		0.0699293539		0.3227508644		0.0537918107		0.1075836215		0.0537918107		0.0591709918		0.0537918107		0.0484126297		0.0537918107		0.0511022202		0.0484126297		0.0457230391		0.0430334486		0.0376542675		0.0322750864		0.1499446724				20		2.5716508385				20		0.0089338275				20		0.0184634112

																																																																								25		1.6458565366				25		0.0057176496				25		0.0118165832

		Tissue Sigma/rho composite		0.9915654		0.8050337		0.6782432		0.8811061		0.9315221		0.4872474		0.4502144		0.4099156		0.3861485		0.6177601		0.3937952		0.5469155		0.3646053		0.3411392		0.3128299		0.2752389		0.2382799		0.2284175		0.4114721		0.1900158		0.2175767		0.1505269		0.1531436		0.1431029		0.1344562		0.1383272		0.1317295		0.1220674		0.11916275		0.11535305		0.104547		0.09261639		0.3613773559				50		0.4114641342				50		0.0014294124				50		0.0029541458

		Fractional Energy Loss (f)		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548				75		0.1828729485				75		0.0006352944				75		0.0013129537

																																																																								100		0.1028660335				100		0.0003573531				100		0.0007385364

		Unshielded Dose		4055369.32480543		3069645.13433261		1467593.22690763		2545754.87282233		2452859.04012881		845370.523679196		1234470.49953298		748784.094637044		434715.386427992		963408.516080925		649310.431279373		1010450.38116455		494364.864479854		340918.026080959		305444.229392728		846974.049540038		726604.34757485		291512.026535532		706924.6039788		480090.102841009		158594.639319681		41043.4429373465		57278.1379106494		0		0		37102.9725275085		0		0		0		0		0		37491.6178908938		24002074.4928087		Totals:		125		0.0658342615				125		0.000228706				125		0.0004726633

		Dose at the edge of 21cm Boron Carbide Shield (mrem/hr)		23.4417885772		15.1075637581		6.1497561246		14.6329920997		22.7147297406		31.08617391		234.7904016341		229.4429204948		173.5071299159		766.2410047898		748.1068541359		1516.4235086089		1074.7549623782		1194.071288225		1393.4984109832		4752.5319444197		4293.6143071776		565.0548253269		8371.1381146424		5398.387636928		1867.480756144		819.9737349617		1086.6131360899		0		0		391.7349895888		0		0		0		0		0		744.811820661		7034.6708384053		35735.3107513159		150		0.0457182371				150		0.0001588236				150		0.0003282384

																																																																								175		0.0335889089				175		0.0001166867				175		0.0002411548

		Dose at habitat 2m from reactor (mrem/hr)		0.000251162		0.0001618668		0.0000658902		0.0001567821		0.0002433721		0.0003330661		0.0025156114		0.002458317		0.001859005		0.0082097251		0.0080154306		0.0162473947		0.0115152317		0.0127936209		0.0149303401		0.0509199851		0.0460030104		0.0060541588		0.0896907655		0.0578398675		0.0200087224		0.0087854329		0.0116422836		0		0		0.0041971606		0		0		0		0		0		0.0079801266		0.0000048238		0.3828783295		200		0.0257165084				200		0.0000893383				200		0.0001846341

																																																																								225		0.0203192165				225		0.0000705883				225		0.0001458837

		Tungsten (W)																																																																						250		0.0164585654				250		0.0000571765				250		0.0001181658

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		Flux after 21.1cm of Boron Carbide		7.51E+05		2.98E+05		9.60E+04		1.32E+05		1.55E+05		3.38E+05		2.37E+06		2.22E+06		1.59E+06		3.94E+06		5.48E+06		7.34E+06		7.20E+06		7.94E+06		9.43E+06		2.74E+07		2.29E+07		2.62E+06		1.85E+07		2.26E+07		6.06E+06		3.46E+06		4.10E+06		0.00E+00		0.00E+00		1.28E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		2.55E+06		1.74E+07

		Density (g/cc)		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35

		Tungsten removal cross section		9		8.5		8		7.5		7		6.5		6		5.5		5		4.5		4.5		4		3.5		3.5		3.5		3.6		3.7		3.5		3.2		3.2		3		2.75		2.75		2.4		2.5		2.5		2.5		2.5		2.5		2.5		2.5		2.5		4.20625

		Atomic Density (N) (atoms/cc)		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22

		Tungsten Macroscopic (cm-1)		5.70E-01		5.39E-01		5.07E-01		4.75E-01		4.44E-01		4.12E-01		3.80E-01		3.49E-01		3.17E-01		2.85E-01		2.85E-01		2.54E-01		2.22E-01		2.22E-01		2.22E-01		2.28E-01		2.35E-01		2.22E-01		2.03E-01		2.03E-01		1.90E-01		1.74E-01		1.74E-01		1.52E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		2.67E-01

		Flux after 19.7cm Tungsten shield		9.89E+00		7.33E+00		4.41E+00		1.13E+01		2.48E+01		1.01E+02		1.32E+03		2.31E+03		3.08E+03		1.43E+04		1.99E+04		4.97E+04		9.11E+04		1.00E+05		1.19E+05		3.06E+05		2.26E+05		3.31E+04		3.40E+05		4.15E+05		1.43E+05		1.12E+05		1.32E+05		0.00E+00		0.00E+00		5.66E+04		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.13E+05		9.09E+04

		Dose at the edge of 19.7cm Tungsten shield (mrem/hr)		0.0003599434		0.0004330767		0.0003291208		0.0014620343		0.0042370053		0.0108254437		0.1526461231		0.2784883979		0.3931667438		3.241543425		3.1648278271		11.9766116721		15.8471045724		17.6064063287		20.5469300569		61.8500576018		49.318821709		8.3316506734		179.5151784411		115.7659217499		51.4071591869		30.8411748637		40.8701209691		0		0		20.1319961648		0		0		0		0		0		38.2772770254		42.9454691254

		Dose at habitat 250m from reactor (mrem/hr)		0		0		0		0		0		0		0.0000000001		0.0000000002		0.0000000002		0.0000000019		0.0000000019		0.000000007		0.0000000093		0.0000000104		0.0000000121		0.0000000364		0.000000029		0.0000000049		0.0000001056		0.0000000681		0.0000000302		0.0000000181		0.000000024		0		0		0.0000000118		0		0		0		0		0		0.0000000225		0.0000000253

		Boron Burnup

		Macroscopic cross section of Boron after burnup		4.87E-01		4.93E-01		4.99E-01		4.86E-01		4.67E-01		4.12E-01		3.47E-01		3.28E-01		3.17E-01		2.90E-01		2.75E-01		2.64E-01		2.49E-01		2.30E-01		2.20E-01		2.10E-01		2.07E-01		2.51E-01		1.82E-01		1.84E-01		1.80E-01		1.59E-01		1.61E-01		1.64E-01		1.70E-01		1.83E-01		1.89E-01		1.71E-01		1.68E-01		1.70E-01		1.55E-01		1.57E-01

		Dose after 5 years of Boron depletion		138.7952859628		92.8992287715		39.2743736877		89.9809990841		129.496444294		141.2262193086		818.4506327645		741.5140921728		539.9187024725		2128.5082124721		1963.464359563		3832.1826094128		2566.1650980675		2643.2484584593		2970.1645352637		10129.758112938		9151.600635326		1455.2349814189		15336.4107520419		9890.1593863153		3553.2769694242		1446.456789118		1916.8162110894		0		0		774.1034296136		0		0		0		0		0		1364.5384723319		73853.6449913743





Borated Graphite

		Boron Carbide (B4C)																																																																		Averages

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		reflector edge flux		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.76E+09		4.89E+09		3.31E+09		2.27E+09		2.07E+09		4.89E+09		3.87E+09		1.35E+09		1.56E+09		2.01E+09		5.14E+08		1.73E+08		2.16E+08		0.00E+00		0.00E+00		1.22E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.29E+08		3.23E+11		1.13549E+10

		Density (g/cm^3) (2.52 ideal) (2.45 after sintering)		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26

		Boron removal cross section		4.7		4.8		4.9		4.8		4.6		4		3.3		3.1		3		2.7		2.55		2.45		2.3		2.1		2		2		2		2.5		1.6		1.6		1.7		1.5		1.5		1.6		1.7		1.8		1.9		1.8		1.7		1.7		1.6		1.6		2.534375

		Atomic Density (n) (atoms/cc)		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23

		Boron Macroscopic (cm-1)		6.05E-01		6.18E-01		6.30E-01		6.18E-01		5.92E-01		5.15E-01		4.25E-01		3.99E-01		3.86E-01		3.47E-01		3.28E-01		3.15E-01		2.96E-01		2.70E-01		2.57E-01		2.57E-01		2.57E-01		3.22E-01		2.06E-01		2.06E-01		2.19E-01		1.93E-01		1.93E-01		2.06E-01		2.19E-01		2.32E-01		2.44E-01		2.32E-01		2.19E-01		2.19E-01		2.06E-01		2.06E-01		3.26E-01

		Carbon removal cross section		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18

		Atomic Density (n) (atoms/cc)		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23

		Carbon Macroscopic (cm-1)		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01

		Boron Carbide Macroscopic Cross Section		4.58E-01		4.48E-01		4.37E-01		4.15E-01		4.03E-01		3.79E-01		3.42E-01		3.31E-01		3.19E-01		3.07E-01		2.95E-01		2.84E-01		2.72E-01		2.60E-01		2.49E-01		2.06E-01		1.95E-01		2.08E-01		2.25E-01		2.36E-01		1.82E-01		1.60E-01		1.70E-01		1.49E-01		1.39E-01		1.61E-01		1.51E-01		1.07E-01		1.28E-01		1.39E-01		1.06E-01		1.17E-01		2.49E-01

		Flux after 22.7cm of Borated Graphite		3.96E+06		2.33E+06		1.12E+06		1.85E+06		1.77E+06		1.70E+06		5.24E+06		4.00E+06		2.83E+06		4.68E+06		5.86E+06		7.79E+06		6.87E+06		6.15E+06		7.26E+06		4.60E+07		4.66E+07		1.20E+07		9.39E+06		9.45E+06		8.20E+06		4.63E+06		4.51E+06		0.00E+00		0.00E+00		3.14E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		9.09E+06		1.12E+09

		Fractional Energy Loss per collision		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515

		Mean Free Path (cm)		2.1828794932		2.2332535819		2.2860075462		2.4082853649		2.4792007373		2.6415078658		2.9203491078		3.025284438		3.1329818588		3.2595303306		3.39E+00		3.52E+00		3.67E+00		3.84E+00		4.0168736545		4.8648111155		5.1358476209		4.8046597515		4.4405947187		4.2365151273		5.4849293907		6.2659637177		5.8671545951		6.6997607456		7.1980894892		6.2059207416		6.6311618644		9.3548481376		7.8077572352		7.1980894892		9.4458086157		8.5678745197		4.8507098623

		Average Fractional Energy Remaing after 21cm Boron Carbide		0.0000034519		0.0000045842		0.0000060879		0.0000112015		0.0000155199		0.0000306467		0.0000826712		0.0001145421		0.0001564731		0.0002198808		0.0003025034		0.0004132423		0.0005685224		0.000787696		0.0010760518		0.0035414832		0.0047700529		0.0032999131		0.0020656433		0.0015336184		0.0067030245		0.0125089222		0.0092871377		0.0166119784		0.0220608796		0.0119897542		0.015922518		0.0531496368		0.0297139802		0.0220608796		0.0546730591		0.0405915252

		Energy of scattered neutrons after 21cm of Boron Carbide (MeV)		0.0000003452		0.0000009168		0.0000018264		0.0000044806		0.00000776		0.000018388		0.0000578698		0.0000916337		0.0001408258		0.0002198808		0.0003327537		0.0004958907		0.0007390791		0.0011027744		0.0016140777		0.0070829665		0.0119251322		0.0098997394		0.0072297515		0.0061344738		0.0301636103		0.0625446108		0.0510792575		0.0996718704		0.1433957177		0.0839282794		0.1194188848		0.4251970947		0.2525688316		0.1985479168		0.5193940618		0.4059152525

				Thermal		Thermal		Thermal		Thermal		Thermal		Epithermal/Thermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal

		Tissue Analysis for Dose after Boral layer

		Microscopic Scatter x-section-H		13		10		8		7		6.5		6		5.5		5		4.5		4.2		3.9		3.7		3.5		3.3		3.1		3		2.75		2.5		2.3		2		1.9		1.5		1.45		1.4		1.35		1.3		1.25		1.2		1.15		1.1		1.05		0.9		3.603125

		Macroscopic Scatter for H		0.7839		0.603		0.4824		0.4221		0.39195		0.3618		0.33165		0.3015		0.27135		0.25326		0.23517		0.22311		0.21105		0.19899		0.18693		0.1809		0.165825		0.15075		0.13869		0.1206		0.11457		0.09045		0.087435		0.08442		0.081405		0.07839		0.075375		0.07236		0.069345		0.06633		0.063315		0.05427		0.2172684375										Shielded

		Sigma/rho for H		7.7480380335		5.9600292565		4.7680234052		4.1720204796		3.8740190167		3.5760175539		3.2780160911		2.9800146283		2.6820131654		2.5032122877		2.32441141		2.2052108249		2.0860102398		1.9668096547		1.8476090695		1.788008777		1.6390080455		1.4900073141		1.370806729		1.1920058513		1.1324055587		0.8940043885		0.8642042422		0.8344040959		0.8046039496		0.7748038033		0.7450036571		0.7152035108		0.6854033645		0.6556032182		0.6258030719		0.5364026331		2.1474730415				Distance(m)		Dose				Distance(m)		Dose

																																																																								0		24002074.4928087				0		42766.95

		Microscopic Scatter x-section-C		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18				0.25		16458.5653664974				0.25		68.42712

		Macroscopic Scatter for C		5.02E-02		4.89E-02		4.77E-02		4.52E-02		4.39E-02		4.14E-02		3.76E-02		3.64E-02		3.51E-02		3.39E-02		3.26E-02		3.14E-02		3.01E-02		2.88E-02		2.76E-02		2.26E-02		2.13E-02		2.26E-02		2.51E-02		2.63E-02		2.01E-02		1.76E-02		1.88E-02		1.63E-02		1.51E-02		1.76E-02		1.63E-02		1.13E-02		1.38E-02		1.51E-02		1.13E-02		1.25E-02		2.73E-02				0.5		4114.6413416244				0.5		17.10678

		Sigma/rho for C		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01				0.75		1828.7294851664				0.75		7.6030133333

																																																																								1		1028.6603354061				1		4.276695

		Microscopic Scatter x-section-N		4.2		4		3.4		2.9		2.8		1.5		2.2		1.7		1.3		2		2.2		4		3.3		1.9		2.9		1.5		1.4		1.3		1.3		1.5		0.7		1.1		1.3		1		0.8		1		0.8		1.1		0.85		0.85		0.9		0.87		1.8303125				2		257.1650838515				2		1.06917375

		Macroscopic Scatter for N		0.0058674		0.005588		0.0047498		0.0040513		0.0039116		0.0020955		0.0030734		0.0023749		0.0018161		0.002794		0.0030734		0.005588		0.0046101		0.0026543		0.0040513		0.0020955		0.0019558		0.0018161		0.0018161		0.0020955		0.0009779		0.0015367		0.0018161		0.001397		0.0011176		0.001397		0.0011176		0.0015367		0.00118745		0.00118745		0.0012573		0.00121539		0.0025569466				3		114.2955928229				3		0.4751883333

		Sigma/rho for N		0.2256692308		0.2149230769		0.1826846154		0.1558192308		0.1504461538		0.0805961538		0.1182076923		0.0913423077		0.06985		0.1074615385		0.1182076923		0.2149230769		0.1773115385		0.1020884615		0.1558192308		0.0805961538		0.0752230769		0.06985		0.06985		0.0805961538		0.0376115385		0.0591038462		0.06985		0.0537307692		0.0429846154		0.0537307692		0.0429846154		0.0591038462		0.0456711538		0.0456711538		0.0483576923		0.0467457692		0.0983440986				4		64.2912709629				4		0.2672934375

																																																																								5		41.1464134162				5		0.1710678

		Microscopic Scatter x-section-O		3.7		3.6		3.5		10		12		2		1.9		1.7		1.9		8		3		7		2.9		2.7		2.3		1.7		1.2		1.3		6		1		2		1		1.1		1		0.9		1		0.95		0.9		0.85		0.8		0.7		0.6		2.7875				10		10.2866033541				10		0.04276695

		Macroscopic Scatter for O		0.151626		0.147528		0.14343		0.4098		0.49176		0.08196		0.077862		0.069666		0.077862		0.32784		0.12294		0.28686		0.118842		0.110646		0.094254		0.069666		0.049176		0.053274		0.24588		0.04098		0.08196		0.04098		0.045078		0.04098		0.036882		0.04098		0.038931		0.036882		0.034833		0.032784		0.028686		0.024588		0.11423175				15		4.5718237129				15		0.0190075333

		Sigma/rho for O		0.1990296997		0.1936505186		0.1882713375		0.5379181073		0.6455017287		0.1075836215		0.1022044404		0.0914460782		0.1022044404		0.4303344858		0.1613754322		0.3765426751		0.1559962511		0.145237889		0.1237211647		0.0914460782		0.0645501729		0.0699293539		0.3227508644		0.0537918107		0.1075836215		0.0537918107		0.0591709918		0.0537918107		0.0484126297		0.0537918107		0.0511022202		0.0484126297		0.0457230391		0.0430334486		0.0376542675		0.0322750864		0.1499446724				20		2.5716508385				20		0.0106917375

																																																																								25		1.6458565366				25		0.006842712

		Tissue Sigma/rho composite		0.9915654		0.8050337		0.6782432		0.8811061		0.9315221		0.4872474		0.4502144		0.4099156		0.3861485		0.6177601		0.3937952		0.5469155		0.3646053		0.3411392		0.3128299		0.2752389		0.2382799		0.2284175		0.4114721		0.1900158		0.2175767		0.1505269		0.1531436		0.1431029		0.1344562		0.1383272		0.1317295		0.1220674		0.11916275		0.11535305		0.104547		0.09261639		0.3613773559				50		0.4114641342				50		0.001710678

		Fractional Energy Loss (f)		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548				75		0.1828729485				75		0.0007603013

																																																																								100		0.1028660335				100		0.0004276695

		Unshielded Dose		4055369.32480543		3069645.13433261		1467593.22690763		2545754.87282233		2452859.04012881		845370.523679196		1234470.49953298		748784.094637044		434715.386427992		963408.516080925		649310.431279373		1010450.38116455		494364.864479854		340918.026080959		305444.229392728		846974.049540038		726604.34757485		291512.026535532		706924.6039788		480090.102841009		158594.639319681		41043.4429373465		57278.1379106494		0		0		37102.9725275085		0		0		0		0		0		37491.6178908938		24002074.4928087		Totals:		125		0.0658342615				125		0.0002737085

		Dose at the edge of 22.7cm Borated Graphite Shield (mrem/hr)		123.5250707115		118.2180079783		71.4614673883		205.2327083073		258.9378748535		156.6405624538		519.6260474298		412.7240755823		310.1181066622		910.5413336746		798.9093825386		1609.0852464076		1024.8672497046		925.4713508824		1073.1584701748		7968.5886232849		8744.8857001986		2587.0057631327		4258.8370323936		2260.9753894478		2528.7839202754		1096.2379698427		1195.9281933582		0		0		956.8580848823		0		0		0		0		0		2650.3335313683		456018.603695876		42766.9511629339		150		0.0457182371				150		0.0001900753

																																																																								175		0.0335889089				175		0.0001396472

		Dose at habitat 1m from reactor (mrem/hr)		0.0052939316		0.0050664861		0.0030626343		0.0087956875		0.0110973375		0.006713167		0.0222696877		0.0176881747		0.013290776		0.0390232		0.0342389735		0.0689607963		0.0439228821		0.0396630579		0.0459925059		0.341510941		0.3747808157		0.1108716756		0.1825215871		0.0968989453		0.1083764537		0.0469816273		0.0512540654		0		0		0.0410082036		0		0		0		0		0		0.1135857228		0.0003126985		1.8328693356		200		0.0257165084				200		0.0001069174

																																																																								225		0.0203192165				225		0.0000844779

		Tungsten (W)																																																																						250		0.0164585654				250		0.0000684271

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		Flux after 21cm of Boron Carbide		3.96E+06		2.33E+06		1.12E+06		1.85E+06		1.77E+06		1.70E+06		5.24E+06		4.00E+06		2.83E+06		4.68E+06		5.86E+06		7.79E+06		6.87E+06		6.15E+06		7.26E+06		4.60E+07		4.66E+07		1.20E+07		9.39E+06		9.45E+06		8.20E+06		4.63E+06		4.51E+06		0.00E+00		0.00E+00		3.14E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		9.09E+06		1.12E+09

		Density (g/cc)		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35

		Tungsten removal cross section		9		8.5		8		7.5		7		6.5		6		5.5		5		4.5		4.5		4		3.5		3.5		3.5		3.6		3.7		3.5		3.2		3.2		3		2.75		2.75		2.4		2.5		2.5		2.5		2.5		2.5		2.5		2.5		2.5		4.20625

		Atomic Density (N) (atoms/cc)		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22

		Tungsten Macroscopic (cm-1)		5.70E-01		5.39E-01		5.07E-01		4.75E-01		4.44E-01		4.12E-01		3.80E-01		3.49E-01		3.17E-01		2.85E-01		2.85E-01		2.54E-01		2.22E-01		2.22E-01		2.22E-01		2.28E-01		2.35E-01		2.22E-01		2.03E-01		2.03E-01		1.90E-01		1.74E-01		1.74E-01		1.52E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		2.67E-01

		Flux after 19.7cm Tungsten shield		5.21E+01		5.73E+01		5.12E+01		1.59E+02		2.83E+02		5.08E+02		2.92E+03		4.16E+03		5.51E+03		1.70E+04		2.13E+04		5.28E+04		8.69E+04		7.78E+04		9.19E+04		5.13E+05		4.59E+05		1.52E+05		1.73E+05		1.74E+05		1.94E+05		1.49E+05		1.45E+05		0.00E+00		0.00E+00		1.38E+05		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		4.01E+05		5.89E+06

		Dose at the edge of 19.7cm Tungsten shield (mrem/hr)		0.0018966995		0.0033888633		0.0038244532		0.0205055301		0.0482999865		0.0545484819		0.3378285528		0.50094754		0.7027268922		3.8519985944		3.3797453281		12.7084478934		15.1115175527		13.6459395765		15.8235645286		103.7042298966		100.4485796483		38.1450212307		91.3287870002		48.4855696955		69.6112113131		41.2321340045		44.9817219298		0		0		49.1747324264		0		0		0		0		0		136.2056132511		2783.9160232928

		Dose at habitat 250m from reactor (mrem/hr)		0		0		0		0		0		0		0.0000000002		0.0000000003		0.0000000004		0.0000000023		0.000000002		0.0000000075		0.0000000089		0.000000008		0.0000000093		0.000000061		0.0000000591		0.0000000224		0.0000000537		0.0000000285		0.000000041		0.0000000243		0.0000000265		0		0		0.0000000289		0		0		0		0		0		0.0000000801		0.0000016378





Boral

		Boral (B4C, Al)																																																																		Averages

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		reflector edge flux		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.76E+09		4.89E+09		3.31E+09		2.27E+09		2.07E+09		4.89E+09		3.87E+09		1.35E+09		1.56E+09		2.01E+09		5.14E+08		1.73E+08		2.16E+08		0.00E+00		0.00E+00		1.22E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.29E+08		1.13549E+10

		Density (g/cm^3)		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56

		Boron removal cross section		4.7		4.8		4.9		4.8		4.6		4		3.3		3.1		3		2.7		2.55		2.45		2.3		2.1		2		2		2		2.5		1.6		1.6		1.7		1.5		1.5		1.6		1.7		1.8		1.9		1.8		1.7		1.7		1.6		1.6		2.534375

		Atomic Density (N) (atoms/cc)		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23

		Boron Macroscopic (cm-1)		6.05E-01		6.18E-01		6.30E-01		6.18E-01		5.92E-01		5.15E-01		4.25E-01		3.99E-01		3.86E-01		3.47E-01		3.28E-01		3.15E-01		2.96E-01		2.70E-01		2.57E-01		2.57E-01		2.57E-01		3.22E-01		2.06E-01		2.06E-01		2.19E-01		1.93E-01		1.93E-01		2.06E-01		2.19E-01		2.32E-01		2.44E-01		2.32E-01		2.19E-01		2.19E-01		2.06E-01		2.06E-01		3.26E-01

		Carbon removal cross section		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18

		Atomic Density (N) (atoms/cc)		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23

		Carbon Macroscopic (cm-1)		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01

		Aluminum abs. cross section		5		3.6		4		2		1.2		3		7		2		8		1.2		1.4		2.3		1.7		4		3.2		2.2		4.2		2		1.7		1.7		1.5		2.1		2.3		2		1.7		1.9		1.6		2		1.8		1.9		1.7		1.7		2.6125

		Atomic Density (N) (atoms/cc)		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22

		Aluminum Macroscopic (cm-1)		3.02E-01		2.17E-01		2.41E-01		1.21E-01		7.24E-02		1.81E-01		4.22E-01		1.21E-01		4.82E-01		7.24E-02		8.44E-02		1.39E-01		1.03E-01		2.41E-01		1.93E-01		1.33E-01		2.53E-01		1.21E-01		1.03E-01		1.03E-01		9.05E-02		1.27E-01		1.39E-01		1.21E-01		1.03E-01		1.15E-01		9.65E-02		1.21E-01		1.09E-01		1.15E-01		1.03E-01		1.03E-01		1.58E-01

																																																																														Shielded

		Boral Macroscopic Cross Section		4.38E-01		4.00E-01		4.16E-01		3.48E-01		3.12E-01		3.34E-01		4.15E-01		2.53E-01		4.27E-01		2.06E-01		2.03E-01		2.24E-01		1.97E-01		2.55E-01		2.24E-01		1.90E-01		2.49E-01		2.09E-01		1.56E-01		1.57E-01		1.51E-01		1.56E-01		1.63E-01		1.57E-01		1.52E-01		1.66E-01		1.61E-01		1.63E-01		1.54E-01		1.58E-01		1.44E-01		1.45E-01		2.34E-01										Distance(m)		Dose

		Flux after 68cm of Boral		1.79E+07		1.81E+07		4.95E+06		1.96E+07		2.94E+07		1.05E+07		2.74E+06		4.30E+07		6.80E+05		7.62E+07		7.75E+07		5.21E+07		6.10E+07		1.29E+07		2.18E+07		1.04E+08		2.48E+07		1.93E+07		6.54E+07		8.23E+07		2.41E+07		7.25E+06		7.81E+06		0.00E+00		0.00E+00		4.21E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		6.78E+06		1.41E+03										0		124381.2

																																																																														0.25		199.00992

		Tissue Analysis for Dose after Boral layer																																																																												0.5		49.75248

		Microscopic Scatter x-section-H		13		10		8		7		6.5		6		5.5		5		4.5		4.2		3.9		3.7		3.5		3.3		3.1		3		2.75		2.5		2.3		2		1.9		1.5		1.45		1.4		1.35		1.3		1.25		1.2		1.15		1.1		1.05		0.9		3.603125										0.75		22.1122133333

		Macroscopic Scatter for H		0.7839		0.603		0.4824		0.4221		0.39195		0.3618		0.33165		0.3015		0.27135		0.25326		0.23517		0.22311		0.21105		0.19899		0.18693		0.1809		0.165825		0.15075		0.13869		0.1206		0.11457		0.09045		0.087435		0.08442		0.081405		0.07839		0.075375		0.07236		0.069345		0.06633		0.063315		0.05427		0.2172684375										1		12.43812

		Sigma/rho for H		8.7196885428		6.7074527253		5.3659621802		4.6952169077		4.3598442714		4.0244716352		3.6890989989		3.3537263626		3.0183537264		2.8171301446		2.6159065628		2.4817575083		2.3476084538		2.2134593993		2.0793103448		2.0122358176		1.8445494994		1.6768631813		1.5427141268		1.3414905451		1.2744160178		1.0061179088		0.9725806452		0.9390433815		0.9055061179		0.8719688543		0.8384315907		0.804894327		0.7713570634		0.7378197998		0.7042825362		0.6036707453		2.4167790601										2		3.10953

																																																																														3		1.3820133333

		Microscopic Scatter x-section-C		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18										4		0.7773825

		Macroscopic Scatter for C		5.02E-02		4.89E-02		4.77E-02		4.52E-02		4.39E-02		4.14E-02		3.76E-02		3.64E-02		3.51E-02		3.39E-02		3.26E-02		3.14E-02		3.01E-02		2.88E-02		2.76E-02		2.26E-02		2.13E-02		2.26E-02		2.51E-02		2.63E-02		2.01E-02		1.76E-02		1.88E-02		1.63E-02		1.51E-02		1.76E-02		1.63E-02		1.13E-02		1.38E-02		1.51E-02		1.13E-02		1.25E-02		2.73E-02										5		0.4975248

		Sigma/rho for C		2.17E-02		2.12E-02		2.06E-02		1.95E-02		1.90E-02		1.79E-02		1.63E-02		1.57E-02		1.52E-02		1.47E-02		1.41E-02		1.36E-02		1.30E-02		1.25E-02		1.19E-02		9.77E-03		9.23E-03		9.77E-03		1.09E-02		1.14E-02		8.69E-03		7.60E-03		8.14E-03		7.06E-03		6.52E-03		7.60E-03		7.06E-03		4.89E-03		5.97E-03		6.52E-03		4.89E-03		5.43E-03		1.18E-02										10		0.1243812

																																																																														15		0.0552805333

		Microscopic Scatter x-section-N		4.2		4		3.4		2.9		2.8		1.5		2.2		1.7		1.3		2		2.2		4		3.3		1.9		2.9		1.5		1.4		1.3		1.3		1.5		0.7		1.1		1.3		1		0.8		1		0.8		1.1		0.85		0.85		0.9		0.87		1.8303125										20		0.0310953

		Macroscopic Scatter for N		0.0058674		0.005588		0.0047498		0.0040513		0.0039116		0.0020955		0.0030734		0.0023749		0.0018161		0.002794		0.0030734		0.005588		0.0046101		0.0026543		0.0040513		0.0020955		0.0019558		0.0018161		0.0018161		0.0020955		0.0009779		0.0015367		0.0018161		0.001397		0.0011176		0.001397		0.0011176		0.0015367		0.00118745		0.00118745		0.0012573		0.00121539		0.0025569466										25		0.019900992

		Sigma/rho for N		0.0019300658		0.0018381579		0.0015624342		0.0013326645		0.0012867105		0.0006893092		0.0010109868		0.0007812171		0.0005974013		0.0009190789		0.0010109868		0.0018381579		0.0015164803		0.000873125		0.0013326645		0.0006893092		0.0006433553		0.0005974013		0.0005974013		0.0006893092		0.0003216776		0.0005054934		0.0005974013		0.0004595395		0.0003676316		0.0004595395		0.0003676316		0.0005054934		0.0003906086		0.0003906086		0.0004135855		0.0003997993		0.0008411008										50		0.004975248

																																																																														75		0.0022112213

		Microscopic Scatter x-section-O		3.7		3.6		3.5		10		12		2		1.9		1.7		1.9		8		3		7		2.9		2.7		2.3		1.7		1.2		1.3		6		1		2		1		1.1		1		0.9		1		0.95		0.9		0.85		0.8		0.7		0.6		2.7875										100		0.001243812

		Macroscopic Scatter for O		0.151626		0.147528		0.14343		0.4098		0.49176		0.08196		0.077862		0.069666		0.077862		0.32784		0.12294		0.28686		0.118842		0.110646		0.094254		0.069666		0.049176		0.053274		0.24588		0.04098		0.08196		0.04098		0.045078		0.04098		0.036882		0.04098		0.038931		0.036882		0.034833		0.032784		0.028686		0.024588		0.11423175										125		0.0007960397

		Sigma/rho for O		0.1061063681		0.1032386284		0.1003708887		0.2867739678		0.3441287614		0.0573547936		0.0544870539		0.0487515745		0.0544870539		0.2294191742		0.0860321903		0.2007417775		0.0831644507		0.0774289713		0.0659580126		0.0487515745		0.0344128761		0.0372806158		0.1720643807		0.0286773968		0.0573547936		0.0286773968		0.0315451365		0.0286773968		0.0258096571		0.0286773968		0.0272435269		0.0258096571		0.0243757873		0.0229419174		0.0200741777		0.0172064381		0.0799382435										150		0.0005528053

																																																																														175		0.0004061427

		Tissue Sigma/rho composite		0.9655014027		0.7596680762		0.6216919528		0.6957101656		0.7054120811		0.4528731496		0.4165849888		0.3782183149		0.3485917103		0.4614490452		0.3317966362		0.4055742206		0.3023597244		0.2843408919		0.2619812973		0.2418289737		0.2138784186		0.1991567184		0.2883866415		0.1588547757		0.1736048477		0.1244971044		0.1233513851		0.1176494398		0.1120089609		0.1109235132		0.1063753936		0.1016524333		0.097284531		0.0928593441		0.0871013091		0.0747972062		0.3067488954										200		0.000310953

		Fractional Energy Loss (f)		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548										225		0.0002456913

																																																																														250		0.0001990099

		Dose at the edge of 20.3cm Boral Shield (mrem/hr)		544.8224497067		867.7768790724		290.7827601413		1717.5369216573		3265.6706289339		899.6040640848		251.6695792157		4094.7162474528		67.155037367		11066.4585390841		8908.6748345053		7989.7955259577		7553.1866992939		1615.459021553		2695.3603868957		15850.6982475498		4179.305040947		3628.9657763279		20790.807394615		16460.1786511863		5925.65075529		1420.6238884481		1669.5538478899		0		0		1028.6039126381		0		0		0		0		0		1598.1518158698		124381.208905684

		Dose at habitat 1m from reactor (mrem/hr)		0.0233495336		0.0371904377		0.0124621183		0.0736087252		0.1399573127		0.0385544599		0.0107858391		0.1754878392		0.002878073		0.4742767945		0.3818003501		0.3424198083		0.3237080014		0.0692339581		0.1155154452		0.6793156392		0.1791130732		0.1555271047		0.8910346026		0.7054362279		0.2539564609		0.0608838809		0.0715523078		0		0		0.0440830248		0		0		0		0		0		0.0684922207				5.3306232388

		Tungsten (W)

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		Flux after 68cm of Boral		2.15E-06		2.28E-09		2.16E-12		2.05E-15		2.21E-18		1.32E-21		2.15E-24		1.85E-27		1.58E-30		2.70E-33		3.31E-36		6.70E-39		6.15E-42		3.95E-45		6.71E-48		5.95E-63		9.51E-78		1.51E-92		2.60E-107		5.13E-122		4.10E-137		1.11E-151		2.24E-166		2.95E-181		4.05E-196		8.67E-211		1.19E-225		2.80E-240		3.71E-255		6.36E-270		1.15E-284		1.91E-299		5.21E-109

		Density (g/cc)		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35

		Tungsten removal cross section		9		8.5		8		7.5		7		6.5		6		5.5		5		4.5		4.5		4		3.5		3.5		3.5		3.6		3.7		3.5		3.2		3.2		3		2.75		2.75		2.4		2.5		2.5		2.5		2.5		2.5		2.5		2.5		2.5		4.20625

		Atomic Density (N) (atoms/cc)		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21

		Tungsten Macroscopic (cm-1)		2.95E-02		2.78E-02		2.62E-02		2.46E-02		2.29E-02		2.13E-02		1.97E-02		1.80E-02		1.64E-02		1.47E-02		1.47E-02		1.31E-02		1.15E-02		1.15E-02		1.15E-02		1.18E-02		1.21E-02		1.15E-02		1.05E-02		1.05E-02		9.83E-03		9.01E-03		9.01E-03		7.86E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		1.38E-02

		Flux after 19.7cm Tungsten shield		1.00E+07		1.05E+07		2.95E+06		1.21E+07		1.87E+07		6.91E+06		1.86E+06		3.01E+07		4.92E+05		5.70E+07		5.80E+07		4.03E+07		4.87E+07		1.03E+07		1.74E+07		8.25E+07		1.95E+07		1.54E+07		5.32E+07		6.69E+07		1.98E+07		6.07E+06		6.54E+06		0.00E+00		0.00E+00		3.58E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		5.77E+06		1.08E+03

		Dose at the edge of 19.7cm Tungsten shield (mrem/hr)		355.2683802091		584.4162714944		202.25326554		1233.8024628216		2422.839215973		689.3127098099		199.1628185306		3346.6786697648		56.6867374519		9647.708915477		7766.5588609395		7193.8910918814		7023.7828561409		1502.2312875495		2506.4422250239		14644.9105245326		3836.5411652569		3374.6110906641		19711.5061593567		15605.6908569605		5691.0129225388		1386.560950592		1629.5222044475		0		0		1020.2682112221		0		0		0		0		0		1585.2005562148		0.4318590044

		Dose at habitat 250m from reactor (mrem/hr)		0.000000209		0.0000003438		0.000000119		0.0000007259		0.0000014254		0.0000004055		0.0000001172		0.0000019689		0.0000000333		0.0000056759		0.0000045692		0.0000042323		0.0000041322		0.0000008838		0.0000014746		0.0000086159		0.0000022571		0.0000019854		0.0000115967		0.0000091811		0.0000033481		0.0000008157		0.0000009587		0		0		0.0000006002		0		0		0		0		0		0.0000009326		0.0000000003
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Boron Carbide

		Boron Carbide (B4C)																																																																		Totals

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		reflector edge flux		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.76E+09		4.89E+09		3.31E+09		2.27E+09		2.07E+09		4.89E+09		3.87E+09		1.35E+09		1.56E+09		2.01E+09		5.14E+08		1.73E+08		2.16E+08		0.00E+00		0.00E+00		1.22E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.29E+08		3.23E+11		1.13549E+10

		Density (g/cm^3) (2.52 ideal) (2.45 after sintering)		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45

		Boron removal cross section		4.7		4.8		4.9		4.8		4.6		4		3.3		3.1		3		2.7		2.55		2.45		2.3		2.1		2		2		2		2.5		1.6		1.6		1.7		1.5		1.5		1.6		1.7		1.8		1.9		1.8		1.7		1.7		1.6		1.6		2.534375

		Atomic Density (n) (atoms/cc)		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23

		Boron Macroscopic (cm-1)		6.05E-01		6.18E-01		6.30E-01		6.18E-01		5.92E-01		5.15E-01		4.25E-01		3.99E-01		3.86E-01		3.47E-01		3.28E-01		3.15E-01		2.96E-01		2.70E-01		2.57E-01		2.57E-01		2.57E-01		3.22E-01		2.06E-01		2.06E-01		2.19E-01		1.93E-01		1.93E-01		2.06E-01		2.19E-01		2.32E-01		2.44E-01		2.32E-01		2.19E-01		2.19E-01		2.06E-01		2.06E-01		3.26E-01

		Carbon removal cross section		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18

		Atomic Density (n) (atoms/cc)		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23

		Carbon Macroscopic (cm-1)		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01

		Boron Carbide Macroscopic Cross Section		5.72E-01		5.79E-01		5.87E-01		5.72E-01		5.49E-01		4.84E-01		4.06E-01		3.83E-01		3.71E-01		3.38E-01		3.21E-01		3.08E-01		2.91E-01		2.68E-01		2.55E-01		2.46E-01		2.43E-01		2.96E-01		2.10E-01		2.13E-01		2.11E-01		1.85E-01		1.88E-01		1.93E-01		2.01E-01		2.16E-01		2.23E-01		2.03E-01		1.98E-01		2.01E-01		1.83E-01		1.86E-01		3.09E-01

		Flux after 21cm of Boron Carbide		7.51E+05		2.98E+05		9.60E+04		1.32E+05		1.55E+05		3.38E+05		2.37E+06		2.22E+06		1.59E+06		3.94E+06		5.48E+06		7.34E+06		7.20E+06		7.94E+06		9.43E+06		2.74E+07		2.29E+07		2.62E+06		1.85E+07		2.26E+07		6.06E+06		3.46E+06		4.10E+06		0.00E+00		0.00E+00		1.28E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		2.55E+06		1.61E+08		1.74E+07

		Fractional Energy Loss per collision		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515

		Mean Free Path (cm)		1.7494356955		1.7264124008		1.7039872267		1.7486198866		1.820574017		2.0664461047		2.462807095		2.6079803755		2.6960624812		2.9565336042		3.12E+00		3.25E+00		3.44E+00		3.73E+00		3.9146932466		4.0710072107		4.1120558775		3.3782086572		4.7563935635		4.7015585681		4.7503679661		5.3921249624		5.3217604876		5.1792372024		4.982521109		4.6364793593		4.4782026489		4.9159280166		5.044148702		4.982521109		5.4564236906		5.3843822895		3.7666788902

		Average Fractional Energy Remaing after 21.1cm Boron Carbide		0.000000153		0.0000001241		0.0000001007		0.0000001519		0.0000002826		0.0000016995		0.0000144171		0.0000268138		0.0000378196		0.0000927515		0.0001502245		0.0002118845		0.0003431777		0.0006382639		0.000900241		0.0011784248		0.001260485		0.0002955891		0.0031140182		0.0029112894		0.0030913029		0.0061497651		0.005749403		0.0049885186		0.0040465478		0.0026821954		0.0021757224		0.0037555133		0.0043283309		0.0040465478		0.006530023		0.0061049053

		Energy of scattered neutrons after 21.1cm of Boron Carbide (MeV)		0.0000000153		0.0000000248		0.0000000302		0.0000000608		0.0000001413		0.0000010197		0.000010092		0.0000214511		0.0000340376		0.0000927515		0.000165247		0.0002542614		0.0004461311		0.0008935695		0.0013503615		0.0023568497		0.0031512124		0.0008867672		0.0108990639		0.0116451575		0.013910863		0.0307488255		0.0316217163		0.0299311119		0.0263025606		0.0187753677		0.016317918		0.0300441062		0.0367908123		0.03641893		0.0620352186		0.0610490533

		Boron Burnup		Thermal		Thermal		Thermal		Thermal		Thermal		Thermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal

		Flux of new energy group		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.75E+09		4.88E+09		3.30E+09		2.26E+09		2.06E+09		4.86E+09		3.85E+09		1.35E+09		1.54E+09		1.98E+09		5.08E+08		1.70E+08		2.12E+08		0.00E+00		0.00E+00		1.20E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.26E+08

		Microscopic absorption cross section at new energies		6000		3860		3200		2300		1800		600		210		175		105		52		36		30		26		20

		Concentration after 5 years n(t) (atoms/cc)		1.18E+23		1.28E+23		1.31E+23		1.32E+23		1.32E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23

		Percentage of concentration left after 5 years.		8.84E+01		96.3823746048		98.8510328401		99.1716493787		99.5265132324		99.9131843877		99.9588433255		99.9800146341		99.9934402583		99.995956475		99.9973148221		99.9977044031		99.9986587301		99.9993012346

				11.5617367277		3.6176253952		1.1489671599		0.8283506213		0.4734867676		0.0868156123		0.0411566745		0.0199853659		0.0065597417		0.004043525		0.0026851779		0.0022955969		0.0013412699		0.0006987654

		Total Percentage of Boron left after 5 years		82.2042515988

		Tissue Analysis for Dose after Boral layer

		Microscopic Scatter x-section-H		13		10		8		7		6.5		6		5.5		5		4.5		4.2		3.9		3.7		3.5		3.3		3.1		3		2.75		2.5		2.3		2		1.9		1.5		1.45		1.4		1.35		1.3		1.25		1.2		1.15		1.1		1.05		0.9		3.603125

		Macroscopic Scatter for H		0.7839		0.603		0.4824		0.4221		0.39195		0.3618		0.33165		0.3015		0.27135		0.25326		0.23517		0.22311		0.21105		0.19899		0.18693		0.1809		0.165825		0.15075		0.13869		0.1206		0.11457		0.09045		0.087435		0.08442		0.081405		0.07839		0.075375		0.07236		0.069345		0.06633		0.063315		0.05427		0.2172684375										Shielded						Shielded after 5 years

		Sigma/rho for H		7.7480380335		5.9600292565		4.7680234052		4.1720204796		3.8740190167		3.5760175539		3.2780160911		2.9800146283		2.6820131654		2.5032122877		2.32441141		2.2052108249		2.0860102398		1.9668096547		1.8476090695		1.788008777		1.6390080455		1.4900073141		1.370806729		1.1920058513		1.1324055587		0.8940043885		0.8642042422		0.8344040959		0.8046039496		0.7748038033		0.7450036571		0.7152035108		0.6854033645		0.6556032182		0.6258030719		0.5364026331		2.1474730415				Distance(m)		Dose				Distance(m)		Dose				Distance		Dose

																																																																								0		24002074.4928087				0		35735.31				0		73853.64499

		Microscopic Scatter x-section-C		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18				0.25		16458.5653664974				0.25		57.176496				0.25		118.165831984

		Macroscopic Scatter for C		5.02E-02		4.89E-02		4.77E-02		4.52E-02		4.39E-02		4.14E-02		3.76E-02		3.64E-02		3.51E-02		3.39E-02		3.26E-02		3.14E-02		3.01E-02		2.88E-02		2.76E-02		2.26E-02		2.13E-02		2.26E-02		2.51E-02		2.63E-02		2.01E-02		1.76E-02		1.88E-02		1.63E-02		1.51E-02		1.76E-02		1.63E-02		1.13E-02		1.38E-02		1.51E-02		1.13E-02		1.25E-02		2.73E-02				0.5		4114.6413416244				0.5		14.294124				0.5		29.541457996

		Sigma/rho for C		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01				0.75		1828.7294851664				0.75		6.352944				0.75		13.1295368871

																																																																								1		1028.6603354061				1		3.573531				1		7.385364499

		Microscopic Scatter x-section-N		4.2		4		3.4		2.9		2.8		1.5		2.2		1.7		1.3		2		2.2		4		3.3		1.9		2.9		1.5		1.4		1.3		1.3		1.5		0.7		1.1		1.3		1		0.8		1		0.8		1.1		0.85		0.85		0.9		0.87		1.8303125				2		257.1650838515				2		0.89338275				2		1.8463411247

		Macroscopic Scatter for N		0.0058674		0.005588		0.0047498		0.0040513		0.0039116		0.0020955		0.0030734		0.0023749		0.0018161		0.002794		0.0030734		0.005588		0.0046101		0.0026543		0.0040513		0.0020955		0.0019558		0.0018161		0.0018161		0.0020955		0.0009779		0.0015367		0.0018161		0.001397		0.0011176		0.001397		0.0011176		0.0015367		0.00118745		0.00118745		0.0012573		0.00121539		0.0025569466				3		114.2955928229				3		0.397059				3		0.8205960554

		Sigma/rho for N		0.2256692308		0.2149230769		0.1826846154		0.1558192308		0.1504461538		0.0805961538		0.1182076923		0.0913423077		0.06985		0.1074615385		0.1182076923		0.2149230769		0.1773115385		0.1020884615		0.1558192308		0.0805961538		0.0752230769		0.06985		0.06985		0.0805961538		0.0376115385		0.0591038462		0.06985		0.0537307692		0.0429846154		0.0537307692		0.0429846154		0.0591038462		0.0456711538		0.0456711538		0.0483576923		0.0467457692		0.0983440986				4		64.2912709629				4		0.2233456875				4		0.4615852812

																																																																								5		41.1464134162				5		0.14294124				5		0.29541458

		Microscopic Scatter x-section-O		3.7		3.6		3.5		10		12		2		1.9		1.7		1.9		8		3		7		2.9		2.7		2.3		1.7		1.2		1.3		6		1		2		1		1.1		1		0.9		1		0.95		0.9		0.85		0.8		0.7		0.6		2.7875				10		10.2866033541				10		0.03573531				10		0.073853645

		Macroscopic Scatter for O		0.151626		0.147528		0.14343		0.4098		0.49176		0.08196		0.077862		0.069666		0.077862		0.32784		0.12294		0.28686		0.118842		0.110646		0.094254		0.069666		0.049176		0.053274		0.24588		0.04098		0.08196		0.04098		0.045078		0.04098		0.036882		0.04098		0.038931		0.036882		0.034833		0.032784		0.028686		0.024588		0.11423175				15		4.5718237129				15		0.01588236				15		0.0328238422

		Sigma/rho for O		0.1990296997		0.1936505186		0.1882713375		0.5379181073		0.6455017287		0.1075836215		0.1022044404		0.0914460782		0.1022044404		0.4303344858		0.1613754322		0.3765426751		0.1559962511		0.145237889		0.1237211647		0.0914460782		0.0645501729		0.0699293539		0.3227508644		0.0537918107		0.1075836215		0.0537918107		0.0591709918		0.0537918107		0.0484126297		0.0537918107		0.0511022202		0.0484126297		0.0457230391		0.0430334486		0.0376542675		0.0322750864		0.1499446724				20		2.5716508385				20		0.0089338275				20		0.0184634112

																																																																								25		1.6458565366				25		0.0057176496				25		0.0118165832

		Tissue Sigma/rho composite		0.9915654		0.8050337		0.6782432		0.8811061		0.9315221		0.4872474		0.4502144		0.4099156		0.3861485		0.6177601		0.3937952		0.5469155		0.3646053		0.3411392		0.3128299		0.2752389		0.2382799		0.2284175		0.4114721		0.1900158		0.2175767		0.1505269		0.1531436		0.1431029		0.1344562		0.1383272		0.1317295		0.1220674		0.11916275		0.11535305		0.104547		0.09261639		0.3613773559				50		0.4114641342				50		0.0014294124				50		0.0029541458

		Fractional Energy Loss (f)		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548				75		0.1828729485				75		0.0006352944				75		0.0013129537

																																																																								100		0.1028660335				100		0.0003573531				100		0.0007385364

		Unshielded Dose		4055369.32480543		3069645.13433261		1467593.22690763		2545754.87282233		2452859.04012881		845370.523679196		1234470.49953298		748784.094637044		434715.386427992		963408.516080925		649310.431279373		1010450.38116455		494364.864479854		340918.026080959		305444.229392728		846974.049540038		726604.34757485		291512.026535532		706924.6039788		480090.102841009		158594.639319681		41043.4429373465		57278.1379106494		0		0		37102.9725275085		0		0		0		0		0		37491.6178908938		24002074.4928087		Totals:		125		0.0658342615				125		0.000228706				125		0.0004726633

		Dose at the edge of 21cm Boron Carbide Shield (mrem/hr)		23.4417885772		15.1075637581		6.1497561246		14.6329920997		22.7147297406		31.08617391		234.7904016341		229.4429204948		173.5071299159		766.2410047898		748.1068541359		1516.4235086089		1074.7549623782		1194.071288225		1393.4984109832		4752.5319444197		4293.6143071776		565.0548253269		8371.1381146424		5398.387636928		1867.480756144		819.9737349617		1086.6131360899		0		0		391.7349895888		0		0		0		0		0		744.811820661		7034.6708384053		35735.3107513159		150		0.0457182371				150		0.0001588236				150		0.0003282384

																																																																								175		0.0335889089				175		0.0001166867				175		0.0002411548

		Dose at habitat 2m from reactor (mrem/hr)		0.000251162		0.0001618668		0.0000658902		0.0001567821		0.0002433721		0.0003330661		0.0025156114		0.002458317		0.001859005		0.0082097251		0.0080154306		0.0162473947		0.0115152317		0.0127936209		0.0149303401		0.0509199851		0.0460030104		0.0060541588		0.0896907655		0.0578398675		0.0200087224		0.0087854329		0.0116422836		0		0		0.0041971606		0		0		0		0		0		0.0079801266		0.0000048238		0.3828783295		200		0.0257165084				200		0.0000893383				200		0.0001846341

																																																																								225		0.0203192165				225		0.0000705883				225		0.0001458837

		Tungsten (W)																																																																						250		0.0164585654				250		0.0000571765				250		0.0001181658

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		Flux after 21.1cm of Boron Carbide		7.51E+05		2.98E+05		9.60E+04		1.32E+05		1.55E+05		3.38E+05		2.37E+06		2.22E+06		1.59E+06		3.94E+06		5.48E+06		7.34E+06		7.20E+06		7.94E+06		9.43E+06		2.74E+07		2.29E+07		2.62E+06		1.85E+07		2.26E+07		6.06E+06		3.46E+06		4.10E+06		0.00E+00		0.00E+00		1.28E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		2.55E+06		1.74E+07

		Density (g/cc)		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35

		Tungsten removal cross section		9		8.5		8		7.5		7		6.5		6		5.5		5		4.5		4.5		4		3.5		3.5		3.5		3.6		3.7		3.5		3.2		3.2		3		2.75		2.75		2.4		2.5		2.5		2.5		2.5		2.5		2.5		2.5		2.5		4.20625

		Atomic Density (N) (atoms/cc)		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22

		Tungsten Macroscopic (cm-1)		5.70E-01		5.39E-01		5.07E-01		4.75E-01		4.44E-01		4.12E-01		3.80E-01		3.49E-01		3.17E-01		2.85E-01		2.85E-01		2.54E-01		2.22E-01		2.22E-01		2.22E-01		2.28E-01		2.35E-01		2.22E-01		2.03E-01		2.03E-01		1.90E-01		1.74E-01		1.74E-01		1.52E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		2.67E-01

		Flux after 19.7cm Tungsten shield		9.89E+00		7.33E+00		4.41E+00		1.13E+01		2.48E+01		1.01E+02		1.32E+03		2.31E+03		3.08E+03		1.43E+04		1.99E+04		4.97E+04		9.11E+04		1.00E+05		1.19E+05		3.06E+05		2.26E+05		3.31E+04		3.40E+05		4.15E+05		1.43E+05		1.12E+05		1.32E+05		0.00E+00		0.00E+00		5.66E+04		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.13E+05		9.09E+04

		Dose at the edge of 19.7cm Tungsten shield (mrem/hr)		0.0003599434		0.0004330767		0.0003291208		0.0014620343		0.0042370053		0.0108254437		0.1526461231		0.2784883979		0.3931667438		3.241543425		3.1648278271		11.9766116721		15.8471045724		17.6064063287		20.5469300569		61.8500576018		49.318821709		8.3316506734		179.5151784411		115.7659217499		51.4071591869		30.8411748637		40.8701209691		0		0		20.1319961648		0		0		0		0		0		38.2772770254		42.9454691254

		Dose at habitat 250m from reactor (mrem/hr)		0		0		0		0		0		0		0.0000000001		0.0000000002		0.0000000002		0.0000000019		0.0000000019		0.000000007		0.0000000093		0.0000000104		0.0000000121		0.0000000364		0.000000029		0.0000000049		0.0000001056		0.0000000681		0.0000000302		0.0000000181		0.000000024		0		0		0.0000000118		0		0		0		0		0		0.0000000225		0.0000000253

		Boron Burnup

		Macroscopic cross section of Boron after burnup		4.87E-01		4.93E-01		4.99E-01		4.86E-01		4.67E-01		4.12E-01		3.47E-01		3.28E-01		3.17E-01		2.90E-01		2.75E-01		2.64E-01		2.49E-01		2.30E-01		2.20E-01		2.10E-01		2.07E-01		2.51E-01		1.82E-01		1.84E-01		1.80E-01		1.59E-01		1.61E-01		1.64E-01		1.70E-01		1.83E-01		1.89E-01		1.71E-01		1.68E-01		1.70E-01		1.55E-01		1.57E-01

		Dose after 5 years of Boron depletion		138.7952859628		92.8992287715		39.2743736877		89.9809990841		129.496444294		141.2262193086		818.4506327645		741.5140921728		539.9187024725		2128.5082124721		1963.464359563		3832.1826094128		2566.1650980675		2643.2484584593		2970.1645352637		10129.758112938		9151.600635326		1455.2349814189		15336.4107520419		9890.1593863153		3553.2769694242		1446.456789118		1916.8162110894		0		0		774.1034296136		0		0		0		0		0		1364.5384723319		73853.6449913743





Borated Graphite

		Boron Carbide (B4C)																																																																		Averages

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		reflector edge flux		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.76E+09		4.89E+09		3.31E+09		2.27E+09		2.07E+09		4.89E+09		3.87E+09		1.35E+09		1.56E+09		2.01E+09		5.14E+08		1.73E+08		2.16E+08		0.00E+00		0.00E+00		1.22E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.29E+08		3.23E+11		1.13549E+10

		Density (g/cm^3) (2.52 ideal) (2.45 after sintering)		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26

		Boron removal cross section		4.7		4.8		4.9		4.8		4.6		4		3.3		3.1		3		2.7		2.55		2.45		2.3		2.1		2		2		2		2.5		1.6		1.6		1.7		1.5		1.5		1.6		1.7		1.8		1.9		1.8		1.7		1.7		1.6		1.6		2.534375

		Atomic Density (n) (atoms/cc)		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23

		Boron Macroscopic (cm-1)		6.05E-01		6.18E-01		6.30E-01		6.18E-01		5.92E-01		5.15E-01		4.25E-01		3.99E-01		3.86E-01		3.47E-01		3.28E-01		3.15E-01		2.96E-01		2.70E-01		2.57E-01		2.57E-01		2.57E-01		3.22E-01		2.06E-01		2.06E-01		2.19E-01		1.93E-01		1.93E-01		2.06E-01		2.19E-01		2.32E-01		2.44E-01		2.32E-01		2.19E-01		2.19E-01		2.06E-01		2.06E-01		3.26E-01

		Carbon removal cross section		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18

		Atomic Density (n) (atoms/cc)		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23

		Carbon Macroscopic (cm-1)		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01

		Boron Carbide Macroscopic Cross Section		4.58E-01		4.48E-01		4.37E-01		4.15E-01		4.03E-01		3.79E-01		3.42E-01		3.31E-01		3.19E-01		3.07E-01		2.95E-01		2.84E-01		2.72E-01		2.60E-01		2.49E-01		2.06E-01		1.95E-01		2.08E-01		2.25E-01		2.36E-01		1.82E-01		1.60E-01		1.70E-01		1.49E-01		1.39E-01		1.61E-01		1.51E-01		1.07E-01		1.28E-01		1.39E-01		1.06E-01		1.17E-01		2.49E-01

		Flux after 22.7cm of Borated Graphite		3.96E+06		2.33E+06		1.12E+06		1.85E+06		1.77E+06		1.70E+06		5.24E+06		4.00E+06		2.83E+06		4.68E+06		5.86E+06		7.79E+06		6.87E+06		6.15E+06		7.26E+06		4.60E+07		4.66E+07		1.20E+07		9.39E+06		9.45E+06		8.20E+06		4.63E+06		4.51E+06		0.00E+00		0.00E+00		3.14E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		9.09E+06		1.12E+09

		Fractional Energy Loss per collision		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515

		Mean Free Path (cm)		2.1828794932		2.2332535819		2.2860075462		2.4082853649		2.4792007373		2.6415078658		2.9203491078		3.025284438		3.1329818588		3.2595303306		3.39E+00		3.52E+00		3.67E+00		3.84E+00		4.0168736545		4.8648111155		5.1358476209		4.8046597515		4.4405947187		4.2365151273		5.4849293907		6.2659637177		5.8671545951		6.6997607456		7.1980894892		6.2059207416		6.6311618644		9.3548481376		7.8077572352		7.1980894892		9.4458086157		8.5678745197		4.8507098623

		Average Fractional Energy Remaing after 21cm Boron Carbide		0.0000034519		0.0000045842		0.0000060879		0.0000112015		0.0000155199		0.0000306467		0.0000826712		0.0001145421		0.0001564731		0.0002198808		0.0003025034		0.0004132423		0.0005685224		0.000787696		0.0010760518		0.0035414832		0.0047700529		0.0032999131		0.0020656433		0.0015336184		0.0067030245		0.0125089222		0.0092871377		0.0166119784		0.0220608796		0.0119897542		0.015922518		0.0531496368		0.0297139802		0.0220608796		0.0546730591		0.0405915252

		Energy of scattered neutrons after 21cm of Boron Carbide (MeV)		0.0000003452		0.0000009168		0.0000018264		0.0000044806		0.00000776		0.000018388		0.0000578698		0.0000916337		0.0001408258		0.0002198808		0.0003327537		0.0004958907		0.0007390791		0.0011027744		0.0016140777		0.0070829665		0.0119251322		0.0098997394		0.0072297515		0.0061344738		0.0301636103		0.0625446108		0.0510792575		0.0996718704		0.1433957177		0.0839282794		0.1194188848		0.4251970947		0.2525688316		0.1985479168		0.5193940618		0.4059152525

				Thermal		Thermal		Thermal		Thermal		Thermal		Epithermal/Thermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal

		Tissue Analysis for Dose after Boral layer

		Microscopic Scatter x-section-H		13		10		8		7		6.5		6		5.5		5		4.5		4.2		3.9		3.7		3.5		3.3		3.1		3		2.75		2.5		2.3		2		1.9		1.5		1.45		1.4		1.35		1.3		1.25		1.2		1.15		1.1		1.05		0.9		3.603125

		Macroscopic Scatter for H		0.7839		0.603		0.4824		0.4221		0.39195		0.3618		0.33165		0.3015		0.27135		0.25326		0.23517		0.22311		0.21105		0.19899		0.18693		0.1809		0.165825		0.15075		0.13869		0.1206		0.11457		0.09045		0.087435		0.08442		0.081405		0.07839		0.075375		0.07236		0.069345		0.06633		0.063315		0.05427		0.2172684375										Shielded

		Sigma/rho for H		7.7480380335		5.9600292565		4.7680234052		4.1720204796		3.8740190167		3.5760175539		3.2780160911		2.9800146283		2.6820131654		2.5032122877		2.32441141		2.2052108249		2.0860102398		1.9668096547		1.8476090695		1.788008777		1.6390080455		1.4900073141		1.370806729		1.1920058513		1.1324055587		0.8940043885		0.8642042422		0.8344040959		0.8046039496		0.7748038033		0.7450036571		0.7152035108		0.6854033645		0.6556032182		0.6258030719		0.5364026331		2.1474730415				Distance(m)		Dose				Distance(m)		Dose

																																																																								0		24002074.4928087				0		42766.95

		Microscopic Scatter x-section-C		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18				0.25		16458.5653664974				0.25		68.42712

		Macroscopic Scatter for C		5.02E-02		4.89E-02		4.77E-02		4.52E-02		4.39E-02		4.14E-02		3.76E-02		3.64E-02		3.51E-02		3.39E-02		3.26E-02		3.14E-02		3.01E-02		2.88E-02		2.76E-02		2.26E-02		2.13E-02		2.26E-02		2.51E-02		2.63E-02		2.01E-02		1.76E-02		1.88E-02		1.63E-02		1.51E-02		1.76E-02		1.63E-02		1.13E-02		1.38E-02		1.51E-02		1.13E-02		1.25E-02		2.73E-02				0.5		4114.6413416244				0.5		17.10678

		Sigma/rho for C		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01				0.75		1828.7294851664				0.75		7.6030133333

																																																																								1		1028.6603354061				1		4.276695

		Microscopic Scatter x-section-N		4.2		4		3.4		2.9		2.8		1.5		2.2		1.7		1.3		2		2.2		4		3.3		1.9		2.9		1.5		1.4		1.3		1.3		1.5		0.7		1.1		1.3		1		0.8		1		0.8		1.1		0.85		0.85		0.9		0.87		1.8303125				2		257.1650838515				2		1.06917375

		Macroscopic Scatter for N		0.0058674		0.005588		0.0047498		0.0040513		0.0039116		0.0020955		0.0030734		0.0023749		0.0018161		0.002794		0.0030734		0.005588		0.0046101		0.0026543		0.0040513		0.0020955		0.0019558		0.0018161		0.0018161		0.0020955		0.0009779		0.0015367		0.0018161		0.001397		0.0011176		0.001397		0.0011176		0.0015367		0.00118745		0.00118745		0.0012573		0.00121539		0.0025569466				3		114.2955928229				3		0.4751883333

		Sigma/rho for N		0.2256692308		0.2149230769		0.1826846154		0.1558192308		0.1504461538		0.0805961538		0.1182076923		0.0913423077		0.06985		0.1074615385		0.1182076923		0.2149230769		0.1773115385		0.1020884615		0.1558192308		0.0805961538		0.0752230769		0.06985		0.06985		0.0805961538		0.0376115385		0.0591038462		0.06985		0.0537307692		0.0429846154		0.0537307692		0.0429846154		0.0591038462		0.0456711538		0.0456711538		0.0483576923		0.0467457692		0.0983440986				4		64.2912709629				4		0.2672934375

																																																																								5		41.1464134162				5		0.1710678

		Microscopic Scatter x-section-O		3.7		3.6		3.5		10		12		2		1.9		1.7		1.9		8		3		7		2.9		2.7		2.3		1.7		1.2		1.3		6		1		2		1		1.1		1		0.9		1		0.95		0.9		0.85		0.8		0.7		0.6		2.7875				10		10.2866033541				10		0.04276695

		Macroscopic Scatter for O		0.151626		0.147528		0.14343		0.4098		0.49176		0.08196		0.077862		0.069666		0.077862		0.32784		0.12294		0.28686		0.118842		0.110646		0.094254		0.069666		0.049176		0.053274		0.24588		0.04098		0.08196		0.04098		0.045078		0.04098		0.036882		0.04098		0.038931		0.036882		0.034833		0.032784		0.028686		0.024588		0.11423175				15		4.5718237129				15		0.0190075333

		Sigma/rho for O		0.1990296997		0.1936505186		0.1882713375		0.5379181073		0.6455017287		0.1075836215		0.1022044404		0.0914460782		0.1022044404		0.4303344858		0.1613754322		0.3765426751		0.1559962511		0.145237889		0.1237211647		0.0914460782		0.0645501729		0.0699293539		0.3227508644		0.0537918107		0.1075836215		0.0537918107		0.0591709918		0.0537918107		0.0484126297		0.0537918107		0.0511022202		0.0484126297		0.0457230391		0.0430334486		0.0376542675		0.0322750864		0.1499446724				20		2.5716508385				20		0.0106917375

																																																																								25		1.6458565366				25		0.006842712

		Tissue Sigma/rho composite		0.9915654		0.8050337		0.6782432		0.8811061		0.9315221		0.4872474		0.4502144		0.4099156		0.3861485		0.6177601		0.3937952		0.5469155		0.3646053		0.3411392		0.3128299		0.2752389		0.2382799		0.2284175		0.4114721		0.1900158		0.2175767		0.1505269		0.1531436		0.1431029		0.1344562		0.1383272		0.1317295		0.1220674		0.11916275		0.11535305		0.104547		0.09261639		0.3613773559				50		0.4114641342				50		0.001710678

		Fractional Energy Loss (f)		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548				75		0.1828729485				75		0.0007603013

																																																																								100		0.1028660335				100		0.0004276695

		Unshielded Dose		4055369.32480543		3069645.13433261		1467593.22690763		2545754.87282233		2452859.04012881		845370.523679196		1234470.49953298		748784.094637044		434715.386427992		963408.516080925		649310.431279373		1010450.38116455		494364.864479854		340918.026080959		305444.229392728		846974.049540038		726604.34757485		291512.026535532		706924.6039788		480090.102841009		158594.639319681		41043.4429373465		57278.1379106494		0		0		37102.9725275085		0		0		0		0		0		37491.6178908938		24002074.4928087		Totals:		125		0.0658342615				125		0.0002737085

		Dose at the edge of 22.7cm Borated Graphite Shield (mrem/hr)		123.5250707115		118.2180079783		71.4614673883		205.2327083073		258.9378748535		156.6405624538		519.6260474298		412.7240755823		310.1181066622		910.5413336746		798.9093825386		1609.0852464076		1024.8672497046		925.4713508824		1073.1584701748		7968.5886232849		8744.8857001986		2587.0057631327		4258.8370323936		2260.9753894478		2528.7839202754		1096.2379698427		1195.9281933582		0		0		956.8580848823		0		0		0		0		0		2650.3335313683		456018.603695876		42766.9511629339		150		0.0457182371				150		0.0001900753

																																																																								175		0.0335889089				175		0.0001396472

		Dose at habitat 1m from reactor (mrem/hr)		0.0052939316		0.0050664861		0.0030626343		0.0087956875		0.0110973375		0.006713167		0.0222696877		0.0176881747		0.013290776		0.0390232		0.0342389735		0.0689607963		0.0439228821		0.0396630579		0.0459925059		0.341510941		0.3747808157		0.1108716756		0.1825215871		0.0968989453		0.1083764537		0.0469816273		0.0512540654		0		0		0.0410082036		0		0		0		0		0		0.1135857228		0.0003126985		1.8328693356		200		0.0257165084				200		0.0001069174

																																																																								225		0.0203192165				225		0.0000844779

		Tungsten (W)																																																																						250		0.0164585654				250		0.0000684271

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		Flux after 21cm of Boron Carbide		3.96E+06		2.33E+06		1.12E+06		1.85E+06		1.77E+06		1.70E+06		5.24E+06		4.00E+06		2.83E+06		4.68E+06		5.86E+06		7.79E+06		6.87E+06		6.15E+06		7.26E+06		4.60E+07		4.66E+07		1.20E+07		9.39E+06		9.45E+06		8.20E+06		4.63E+06		4.51E+06		0.00E+00		0.00E+00		3.14E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		9.09E+06		1.12E+09

		Density (g/cc)		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35

		Tungsten removal cross section		9		8.5		8		7.5		7		6.5		6		5.5		5		4.5		4.5		4		3.5		3.5		3.5		3.6		3.7		3.5		3.2		3.2		3		2.75		2.75		2.4		2.5		2.5		2.5		2.5		2.5		2.5		2.5		2.5		4.20625

		Atomic Density (N) (atoms/cc)		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22

		Tungsten Macroscopic (cm-1)		5.70E-01		5.39E-01		5.07E-01		4.75E-01		4.44E-01		4.12E-01		3.80E-01		3.49E-01		3.17E-01		2.85E-01		2.85E-01		2.54E-01		2.22E-01		2.22E-01		2.22E-01		2.28E-01		2.35E-01		2.22E-01		2.03E-01		2.03E-01		1.90E-01		1.74E-01		1.74E-01		1.52E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		2.67E-01

		Flux after 19.7cm Tungsten shield		5.21E+01		5.73E+01		5.12E+01		1.59E+02		2.83E+02		5.08E+02		2.92E+03		4.16E+03		5.51E+03		1.70E+04		2.13E+04		5.28E+04		8.69E+04		7.78E+04		9.19E+04		5.13E+05		4.59E+05		1.52E+05		1.73E+05		1.74E+05		1.94E+05		1.49E+05		1.45E+05		0.00E+00		0.00E+00		1.38E+05		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		4.01E+05		5.89E+06

		Dose at the edge of 19.7cm Tungsten shield (mrem/hr)		0.0018966995		0.0033888633		0.0038244532		0.0205055301		0.0482999865		0.0545484819		0.3378285528		0.50094754		0.7027268922		3.8519985944		3.3797453281		12.7084478934		15.1115175527		13.6459395765		15.8235645286		103.7042298966		100.4485796483		38.1450212307		91.3287870002		48.4855696955		69.6112113131		41.2321340045		44.9817219298		0		0		49.1747324264		0		0		0		0		0		136.2056132511		2783.9160232928

		Dose at habitat 250m from reactor (mrem/hr)		0		0		0		0		0		0		0.0000000002		0.0000000003		0.0000000004		0.0000000023		0.000000002		0.0000000075		0.0000000089		0.000000008		0.0000000093		0.000000061		0.0000000591		0.0000000224		0.0000000537		0.0000000285		0.000000041		0.0000000243		0.0000000265		0		0		0.0000000289		0		0		0		0		0		0.0000000801		0.0000016378





Boral

		Boral (B4C, Al)																																																																		Averages

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		reflector edge flux		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.76E+09		4.89E+09		3.31E+09		2.27E+09		2.07E+09		4.89E+09		3.87E+09		1.35E+09		1.56E+09		2.01E+09		5.14E+08		1.73E+08		2.16E+08		0.00E+00		0.00E+00		1.22E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.29E+08		1.13549E+10

		Density (g/cm^3)		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56

		Boron removal cross section		4.7		4.8		4.9		4.8		4.6		4		3.3		3.1		3		2.7		2.55		2.45		2.3		2.1		2		2		2		2.5		1.6		1.6		1.7		1.5		1.5		1.6		1.7		1.8		1.9		1.8		1.7		1.7		1.6		1.6		2.534375

		Atomic Density (N) (atoms/cc)		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23

		Boron Macroscopic (cm-1)		6.05E-01		6.18E-01		6.30E-01		6.18E-01		5.92E-01		5.15E-01		4.25E-01		3.99E-01		3.86E-01		3.47E-01		3.28E-01		3.15E-01		2.96E-01		2.70E-01		2.57E-01		2.57E-01		2.57E-01		3.22E-01		2.06E-01		2.06E-01		2.19E-01		1.93E-01		1.93E-01		2.06E-01		2.19E-01		2.32E-01		2.44E-01		2.32E-01		2.19E-01		2.19E-01		2.06E-01		2.06E-01		3.26E-01

		Carbon removal cross section		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18

		Atomic Density (N) (atoms/cc)		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23

		Carbon Macroscopic (cm-1)		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01

		Aluminum abs. cross section		5		3.6		4		2		1.2		3		7		2		8		1.2		1.4		2.3		1.7		4		3.2		2.2		4.2		2		1.7		1.7		1.5		2.1		2.3		2		1.7		1.9		1.6		2		1.8		1.9		1.7		1.7		2.6125

		Atomic Density (N) (atoms/cc)		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22

		Aluminum Macroscopic (cm-1)		3.02E-01		2.17E-01		2.41E-01		1.21E-01		7.24E-02		1.81E-01		4.22E-01		1.21E-01		4.82E-01		7.24E-02		8.44E-02		1.39E-01		1.03E-01		2.41E-01		1.93E-01		1.33E-01		2.53E-01		1.21E-01		1.03E-01		1.03E-01		9.05E-02		1.27E-01		1.39E-01		1.21E-01		1.03E-01		1.15E-01		9.65E-02		1.21E-01		1.09E-01		1.15E-01		1.03E-01		1.03E-01		1.58E-01

																																																																														Shielded

		Boral Macroscopic Cross Section		4.38E-01		4.00E-01		4.16E-01		3.48E-01		3.12E-01		3.34E-01		4.15E-01		2.53E-01		4.27E-01		2.06E-01		2.03E-01		2.24E-01		1.97E-01		2.55E-01		2.24E-01		1.90E-01		2.49E-01		2.09E-01		1.56E-01		1.57E-01		1.51E-01		1.56E-01		1.63E-01		1.57E-01		1.52E-01		1.66E-01		1.61E-01		1.63E-01		1.54E-01		1.58E-01		1.44E-01		1.45E-01		2.34E-01										Distance(m)		Dose

		Flux after 68cm of Boral		1.79E+07		1.81E+07		4.95E+06		1.96E+07		2.94E+07		1.05E+07		2.74E+06		4.30E+07		6.80E+05		7.62E+07		7.75E+07		5.21E+07		6.10E+07		1.29E+07		2.18E+07		1.04E+08		2.48E+07		1.93E+07		6.54E+07		8.23E+07		2.41E+07		7.25E+06		7.81E+06		0.00E+00		0.00E+00		4.21E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		6.78E+06		1.41E+03										0		124381.2

																																																																														0.25		199.00992

		Tissue Analysis for Dose after Boral layer																																																																												0.5		49.75248

		Microscopic Scatter x-section-H		13		10		8		7		6.5		6		5.5		5		4.5		4.2		3.9		3.7		3.5		3.3		3.1		3		2.75		2.5		2.3		2		1.9		1.5		1.45		1.4		1.35		1.3		1.25		1.2		1.15		1.1		1.05		0.9		3.603125										0.75		22.1122133333

		Macroscopic Scatter for H		0.7839		0.603		0.4824		0.4221		0.39195		0.3618		0.33165		0.3015		0.27135		0.25326		0.23517		0.22311		0.21105		0.19899		0.18693		0.1809		0.165825		0.15075		0.13869		0.1206		0.11457		0.09045		0.087435		0.08442		0.081405		0.07839		0.075375		0.07236		0.069345		0.06633		0.063315		0.05427		0.2172684375										1		12.43812

		Sigma/rho for H		8.7196885428		6.7074527253		5.3659621802		4.6952169077		4.3598442714		4.0244716352		3.6890989989		3.3537263626		3.0183537264		2.8171301446		2.6159065628		2.4817575083		2.3476084538		2.2134593993		2.0793103448		2.0122358176		1.8445494994		1.6768631813		1.5427141268		1.3414905451		1.2744160178		1.0061179088		0.9725806452		0.9390433815		0.9055061179		0.8719688543		0.8384315907		0.804894327		0.7713570634		0.7378197998		0.7042825362		0.6036707453		2.4167790601										2		3.10953

																																																																														3		1.3820133333

		Microscopic Scatter x-section-C		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18										4		0.7773825

		Macroscopic Scatter for C		5.02E-02		4.89E-02		4.77E-02		4.52E-02		4.39E-02		4.14E-02		3.76E-02		3.64E-02		3.51E-02		3.39E-02		3.26E-02		3.14E-02		3.01E-02		2.88E-02		2.76E-02		2.26E-02		2.13E-02		2.26E-02		2.51E-02		2.63E-02		2.01E-02		1.76E-02		1.88E-02		1.63E-02		1.51E-02		1.76E-02		1.63E-02		1.13E-02		1.38E-02		1.51E-02		1.13E-02		1.25E-02		2.73E-02										5		0.4975248

		Sigma/rho for C		2.17E-02		2.12E-02		2.06E-02		1.95E-02		1.90E-02		1.79E-02		1.63E-02		1.57E-02		1.52E-02		1.47E-02		1.41E-02		1.36E-02		1.30E-02		1.25E-02		1.19E-02		9.77E-03		9.23E-03		9.77E-03		1.09E-02		1.14E-02		8.69E-03		7.60E-03		8.14E-03		7.06E-03		6.52E-03		7.60E-03		7.06E-03		4.89E-03		5.97E-03		6.52E-03		4.89E-03		5.43E-03		1.18E-02										10		0.1243812

																																																																														15		0.0552805333

		Microscopic Scatter x-section-N		4.2		4		3.4		2.9		2.8		1.5		2.2		1.7		1.3		2		2.2		4		3.3		1.9		2.9		1.5		1.4		1.3		1.3		1.5		0.7		1.1		1.3		1		0.8		1		0.8		1.1		0.85		0.85		0.9		0.87		1.8303125										20		0.0310953

		Macroscopic Scatter for N		0.0058674		0.005588		0.0047498		0.0040513		0.0039116		0.0020955		0.0030734		0.0023749		0.0018161		0.002794		0.0030734		0.005588		0.0046101		0.0026543		0.0040513		0.0020955		0.0019558		0.0018161		0.0018161		0.0020955		0.0009779		0.0015367		0.0018161		0.001397		0.0011176		0.001397		0.0011176		0.0015367		0.00118745		0.00118745		0.0012573		0.00121539		0.0025569466										25		0.019900992

		Sigma/rho for N		0.0019300658		0.0018381579		0.0015624342		0.0013326645		0.0012867105		0.0006893092		0.0010109868		0.0007812171		0.0005974013		0.0009190789		0.0010109868		0.0018381579		0.0015164803		0.000873125		0.0013326645		0.0006893092		0.0006433553		0.0005974013		0.0005974013		0.0006893092		0.0003216776		0.0005054934		0.0005974013		0.0004595395		0.0003676316		0.0004595395		0.0003676316		0.0005054934		0.0003906086		0.0003906086		0.0004135855		0.0003997993		0.0008411008										50		0.004975248

																																																																														75		0.0022112213

		Microscopic Scatter x-section-O		3.7		3.6		3.5		10		12		2		1.9		1.7		1.9		8		3		7		2.9		2.7		2.3		1.7		1.2		1.3		6		1		2		1		1.1		1		0.9		1		0.95		0.9		0.85		0.8		0.7		0.6		2.7875										100		0.001243812

		Macroscopic Scatter for O		0.151626		0.147528		0.14343		0.4098		0.49176		0.08196		0.077862		0.069666		0.077862		0.32784		0.12294		0.28686		0.118842		0.110646		0.094254		0.069666		0.049176		0.053274		0.24588		0.04098		0.08196		0.04098		0.045078		0.04098		0.036882		0.04098		0.038931		0.036882		0.034833		0.032784		0.028686		0.024588		0.11423175										125		0.0007960397

		Sigma/rho for O		0.1061063681		0.1032386284		0.1003708887		0.2867739678		0.3441287614		0.0573547936		0.0544870539		0.0487515745		0.0544870539		0.2294191742		0.0860321903		0.2007417775		0.0831644507		0.0774289713		0.0659580126		0.0487515745		0.0344128761		0.0372806158		0.1720643807		0.0286773968		0.0573547936		0.0286773968		0.0315451365		0.0286773968		0.0258096571		0.0286773968		0.0272435269		0.0258096571		0.0243757873		0.0229419174		0.0200741777		0.0172064381		0.0799382435										150		0.0005528053

																																																																														175		0.0004061427

		Tissue Sigma/rho composite		0.9655014027		0.7596680762		0.6216919528		0.6957101656		0.7054120811		0.4528731496		0.4165849888		0.3782183149		0.3485917103		0.4614490452		0.3317966362		0.4055742206		0.3023597244		0.2843408919		0.2619812973		0.2418289737		0.2138784186		0.1991567184		0.2883866415		0.1588547757		0.1736048477		0.1244971044		0.1233513851		0.1176494398		0.1120089609		0.1109235132		0.1063753936		0.1016524333		0.097284531		0.0928593441		0.0871013091		0.0747972062		0.3067488954										200		0.000310953

		Fractional Energy Loss (f)		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548										225		0.0002456913

																																																																														250		0.0001990099

		Dose at the edge of 20.3cm Boral Shield (mrem/hr)		544.8224497067		867.7768790724		290.7827601413		1717.5369216573		3265.6706289339		899.6040640848		251.6695792157		4094.7162474528		67.155037367		11066.4585390841		8908.6748345053		7989.7955259577		7553.1866992939		1615.459021553		2695.3603868957		15850.6982475498		4179.305040947		3628.9657763279		20790.807394615		16460.1786511863		5925.65075529		1420.6238884481		1669.5538478899		0		0		1028.6039126381		0		0		0		0		0		1598.1518158698		124381.208905684

		Dose at habitat 1m from reactor (mrem/hr)		0.0233495336		0.0371904377		0.0124621183		0.0736087252		0.1399573127		0.0385544599		0.0107858391		0.1754878392		0.002878073		0.4742767945		0.3818003501		0.3424198083		0.3237080014		0.0692339581		0.1155154452		0.6793156392		0.1791130732		0.1555271047		0.8910346026		0.7054362279		0.2539564609		0.0608838809		0.0715523078		0		0		0.0440830248		0		0		0		0		0		0.0684922207				5.3306232388

		Tungsten (W)

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		Flux after 68cm of Boral		2.15E-06		2.28E-09		2.16E-12		2.05E-15		2.21E-18		1.32E-21		2.15E-24		1.85E-27		1.58E-30		2.70E-33		3.31E-36		6.70E-39		6.15E-42		3.95E-45		6.71E-48		5.95E-63		9.51E-78		1.51E-92		2.60E-107		5.13E-122		4.10E-137		1.11E-151		2.24E-166		2.95E-181		4.05E-196		8.67E-211		1.19E-225		2.80E-240		3.71E-255		6.36E-270		1.15E-284		1.91E-299		5.21E-109

		Density (g/cc)		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35

		Tungsten removal cross section		9		8.5		8		7.5		7		6.5		6		5.5		5		4.5		4.5		4		3.5		3.5		3.5		3.6		3.7		3.5		3.2		3.2		3		2.75		2.75		2.4		2.5		2.5		2.5		2.5		2.5		2.5		2.5		2.5		4.20625

		Atomic Density (N) (atoms/cc)		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21

		Tungsten Macroscopic (cm-1)		2.95E-02		2.78E-02		2.62E-02		2.46E-02		2.29E-02		2.13E-02		1.97E-02		1.80E-02		1.64E-02		1.47E-02		1.47E-02		1.31E-02		1.15E-02		1.15E-02		1.15E-02		1.18E-02		1.21E-02		1.15E-02		1.05E-02		1.05E-02		9.83E-03		9.01E-03		9.01E-03		7.86E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		1.38E-02

		Flux after 19.7cm Tungsten shield		1.00E+07		1.05E+07		2.95E+06		1.21E+07		1.87E+07		6.91E+06		1.86E+06		3.01E+07		4.92E+05		5.70E+07		5.80E+07		4.03E+07		4.87E+07		1.03E+07		1.74E+07		8.25E+07		1.95E+07		1.54E+07		5.32E+07		6.69E+07		1.98E+07		6.07E+06		6.54E+06		0.00E+00		0.00E+00		3.58E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		5.77E+06		1.08E+03

		Dose at the edge of 19.7cm Tungsten shield (mrem/hr)		355.2683802091		584.4162714944		202.25326554		1233.8024628216		2422.839215973		689.3127098099		199.1628185306		3346.6786697648		56.6867374519		9647.708915477		7766.5588609395		7193.8910918814		7023.7828561409		1502.2312875495		2506.4422250239		14644.9105245326		3836.5411652569		3374.6110906641		19711.5061593567		15605.6908569605		5691.0129225388		1386.560950592		1629.5222044475		0		0		1020.2682112221		0		0		0		0		0		1585.2005562148		0.4318590044

		Dose at habitat 250m from reactor (mrem/hr)		0.000000209		0.0000003438		0.000000119		0.0000007259		0.0000014254		0.0000004055		0.0000001172		0.0000019689		0.0000000333		0.0000056759		0.0000045692		0.0000042323		0.0000041322		0.0000008838		0.0000014746		0.0000086159		0.0000022571		0.0000019854		0.0000115967		0.0000091811		0.0000033481		0.0000008157		0.0000009587		0		0		0.0000006002		0		0		0		0		0		0.0000009326		0.0000000003
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Boron Carbide

		Boron Carbide (B4C)																																																																		Totals

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		reflector edge flux		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.76E+09		4.89E+09		3.31E+09		2.27E+09		2.07E+09		4.89E+09		3.87E+09		1.35E+09		1.56E+09		2.01E+09		5.14E+08		1.73E+08		2.16E+08		0.00E+00		0.00E+00		1.22E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.29E+08		3.23E+11		1.13549E+10

		Density (g/cm^3) (2.52 ideal) (2.45 after sintering)		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45		2.45

		Boron removal cross section		4.7		4.8		4.9		4.8		4.6		4		3.3		3.1		3		2.7		2.55		2.45		2.3		2.1		2		2		2		2.5		1.6		1.6		1.7		1.5		1.5		1.6		1.7		1.8		1.9		1.8		1.7		1.7		1.6		1.6		2.534375

		Atomic Density (n) (atoms/cc)		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23

		Boron Macroscopic (cm-1)		6.05E-01		6.18E-01		6.30E-01		6.18E-01		5.92E-01		5.15E-01		4.25E-01		3.99E-01		3.86E-01		3.47E-01		3.28E-01		3.15E-01		2.96E-01		2.70E-01		2.57E-01		2.57E-01		2.57E-01		3.22E-01		2.06E-01		2.06E-01		2.19E-01		1.93E-01		1.93E-01		2.06E-01		2.19E-01		2.32E-01		2.44E-01		2.32E-01		2.19E-01		2.19E-01		2.06E-01		2.06E-01		3.26E-01

		Carbon removal cross section		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18

		Atomic Density (n) (atoms/cc)		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23

		Carbon Macroscopic (cm-1)		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01

		Boron Carbide Macroscopic Cross Section		5.72E-01		5.79E-01		5.87E-01		5.72E-01		5.49E-01		4.84E-01		4.06E-01		3.83E-01		3.71E-01		3.38E-01		3.21E-01		3.08E-01		2.91E-01		2.68E-01		2.55E-01		2.46E-01		2.43E-01		2.96E-01		2.10E-01		2.13E-01		2.11E-01		1.85E-01		1.88E-01		1.93E-01		2.01E-01		2.16E-01		2.23E-01		2.03E-01		1.98E-01		2.01E-01		1.83E-01		1.86E-01		3.09E-01

		Flux after 21cm of Boron Carbide		7.51E+05		2.98E+05		9.60E+04		1.32E+05		1.55E+05		3.38E+05		2.37E+06		2.22E+06		1.59E+06		3.94E+06		5.48E+06		7.34E+06		7.20E+06		7.94E+06		9.43E+06		2.74E+07		2.29E+07		2.62E+06		1.85E+07		2.26E+07		6.06E+06		3.46E+06		4.10E+06		0.00E+00		0.00E+00		1.28E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		2.55E+06		1.61E+08		1.74E+07

		Fractional Energy Loss per collision		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515

		Mean Free Path (cm)		1.7494356955		1.7264124008		1.7039872267		1.7486198866		1.820574017		2.0664461047		2.462807095		2.6079803755		2.6960624812		2.9565336042		3.12E+00		3.25E+00		3.44E+00		3.73E+00		3.9146932466		4.0710072107		4.1120558775		3.3782086572		4.7563935635		4.7015585681		4.7503679661		5.3921249624		5.3217604876		5.1792372024		4.982521109		4.6364793593		4.4782026489		4.9159280166		5.044148702		4.982521109		5.4564236906		5.3843822895		3.7666788902

		Average Fractional Energy Remaing after 21.1cm Boron Carbide		0.000000153		0.0000001241		0.0000001007		0.0000001519		0.0000002826		0.0000016995		0.0000144171		0.0000268138		0.0000378196		0.0000927515		0.0001502245		0.0002118845		0.0003431777		0.0006382639		0.000900241		0.0011784248		0.001260485		0.0002955891		0.0031140182		0.0029112894		0.0030913029		0.0061497651		0.005749403		0.0049885186		0.0040465478		0.0026821954		0.0021757224		0.0037555133		0.0043283309		0.0040465478		0.006530023		0.0061049053

		Energy of scattered neutrons after 21.1cm of Boron Carbide (MeV)		0.0000000153		0.0000000248		0.0000000302		0.0000000608		0.0000001413		0.0000010197		0.000010092		0.0000214511		0.0000340376		0.0000927515		0.000165247		0.0002542614		0.0004461311		0.0008935695		0.0013503615		0.0023568497		0.0031512124		0.0008867672		0.0108990639		0.0116451575		0.013910863		0.0307488255		0.0316217163		0.0299311119		0.0263025606		0.0187753677		0.016317918		0.0300441062		0.0367908123		0.03641893		0.0620352186		0.0610490533

		Boron Burnup		Thermal		Thermal		Thermal		Thermal		Thermal		Thermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal

		Flux of new energy group		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.75E+09		4.88E+09		3.30E+09		2.26E+09		2.06E+09		4.86E+09		3.85E+09		1.35E+09		1.54E+09		1.98E+09		5.08E+08		1.70E+08		2.12E+08		0.00E+00		0.00E+00		1.20E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.26E+08

		Microscopic absorption cross section at new energies		6000		3860		3200		2300		1800		600		210		175		105		52		36		30		26		20

		Concentration after 5 years n(t) (atoms/cc)		1.18E+23		1.28E+23		1.31E+23		1.32E+23		1.32E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23		1.33E+23

		Percentage of concentration left after 5 years.		8.84E+01		96.3823746048		98.8510328401		99.1716493787		99.5265132324		99.9131843877		99.9588433255		99.9800146341		99.9934402583		99.995956475		99.9973148221		99.9977044031		99.9986587301		99.9993012346

				11.5617367277		3.6176253952		1.1489671599		0.8283506213		0.4734867676		0.0868156123		0.0411566745		0.0199853659		0.0065597417		0.004043525		0.0026851779		0.0022955969		0.0013412699		0.0006987654

		Total Percentage of Boron left after 5 years		82.2042515988

		Tissue Analysis for Dose after Boral layer

		Microscopic Scatter x-section-H		13		10		8		7		6.5		6		5.5		5		4.5		4.2		3.9		3.7		3.5		3.3		3.1		3		2.75		2.5		2.3		2		1.9		1.5		1.45		1.4		1.35		1.3		1.25		1.2		1.15		1.1		1.05		0.9		3.603125

		Macroscopic Scatter for H		0.7839		0.603		0.4824		0.4221		0.39195		0.3618		0.33165		0.3015		0.27135		0.25326		0.23517		0.22311		0.21105		0.19899		0.18693		0.1809		0.165825		0.15075		0.13869		0.1206		0.11457		0.09045		0.087435		0.08442		0.081405		0.07839		0.075375		0.07236		0.069345		0.06633		0.063315		0.05427		0.2172684375										Shielded						Shielded after 5 years

		Sigma/rho for H		7.7480380335		5.9600292565		4.7680234052		4.1720204796		3.8740190167		3.5760175539		3.2780160911		2.9800146283		2.6820131654		2.5032122877		2.32441141		2.2052108249		2.0860102398		1.9668096547		1.8476090695		1.788008777		1.6390080455		1.4900073141		1.370806729		1.1920058513		1.1324055587		0.8940043885		0.8642042422		0.8344040959		0.8046039496		0.7748038033		0.7450036571		0.7152035108		0.6854033645		0.6556032182		0.6258030719		0.5364026331		2.1474730415				Distance(m)		Dose				Distance(m)		Dose				Distance		Dose

																																																																								0		24002074.4928087				0		35735.31				0		73853.64499

		Microscopic Scatter x-section-C		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18				0.25		16458.5653664974				0.25		57.176496				0.25		118.165831984

		Macroscopic Scatter for C		5.02E-02		4.89E-02		4.77E-02		4.52E-02		4.39E-02		4.14E-02		3.76E-02		3.64E-02		3.51E-02		3.39E-02		3.26E-02		3.14E-02		3.01E-02		2.88E-02		2.76E-02		2.26E-02		2.13E-02		2.26E-02		2.51E-02		2.63E-02		2.01E-02		1.76E-02		1.88E-02		1.63E-02		1.51E-02		1.76E-02		1.63E-02		1.13E-02		1.38E-02		1.51E-02		1.13E-02		1.25E-02		2.73E-02				0.5		4114.6413416244				0.5		14.294124				0.5		29.541457996

		Sigma/rho for C		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01				0.75		1828.7294851664				0.75		6.352944				0.75		13.1295368871

																																																																								1		1028.6603354061				1		3.573531				1		7.385364499

		Microscopic Scatter x-section-N		4.2		4		3.4		2.9		2.8		1.5		2.2		1.7		1.3		2		2.2		4		3.3		1.9		2.9		1.5		1.4		1.3		1.3		1.5		0.7		1.1		1.3		1		0.8		1		0.8		1.1		0.85		0.85		0.9		0.87		1.8303125				2		257.1650838515				2		0.89338275				2		1.8463411247

		Macroscopic Scatter for N		0.0058674		0.005588		0.0047498		0.0040513		0.0039116		0.0020955		0.0030734		0.0023749		0.0018161		0.002794		0.0030734		0.005588		0.0046101		0.0026543		0.0040513		0.0020955		0.0019558		0.0018161		0.0018161		0.0020955		0.0009779		0.0015367		0.0018161		0.001397		0.0011176		0.001397		0.0011176		0.0015367		0.00118745		0.00118745		0.0012573		0.00121539		0.0025569466				3		114.2955928229				3		0.397059				3		0.8205960554

		Sigma/rho for N		0.2256692308		0.2149230769		0.1826846154		0.1558192308		0.1504461538		0.0805961538		0.1182076923		0.0913423077		0.06985		0.1074615385		0.1182076923		0.2149230769		0.1773115385		0.1020884615		0.1558192308		0.0805961538		0.0752230769		0.06985		0.06985		0.0805961538		0.0376115385		0.0591038462		0.06985		0.0537307692		0.0429846154		0.0537307692		0.0429846154		0.0591038462		0.0456711538		0.0456711538		0.0483576923		0.0467457692		0.0983440986				4		64.2912709629				4		0.2233456875				4		0.4615852812

																																																																								5		41.1464134162				5		0.14294124				5		0.29541458

		Microscopic Scatter x-section-O		3.7		3.6		3.5		10		12		2		1.9		1.7		1.9		8		3		7		2.9		2.7		2.3		1.7		1.2		1.3		6		1		2		1		1.1		1		0.9		1		0.95		0.9		0.85		0.8		0.7		0.6		2.7875				10		10.2866033541				10		0.03573531				10		0.073853645

		Macroscopic Scatter for O		0.151626		0.147528		0.14343		0.4098		0.49176		0.08196		0.077862		0.069666		0.077862		0.32784		0.12294		0.28686		0.118842		0.110646		0.094254		0.069666		0.049176		0.053274		0.24588		0.04098		0.08196		0.04098		0.045078		0.04098		0.036882		0.04098		0.038931		0.036882		0.034833		0.032784		0.028686		0.024588		0.11423175				15		4.5718237129				15		0.01588236				15		0.0328238422

		Sigma/rho for O		0.1990296997		0.1936505186		0.1882713375		0.5379181073		0.6455017287		0.1075836215		0.1022044404		0.0914460782		0.1022044404		0.4303344858		0.1613754322		0.3765426751		0.1559962511		0.145237889		0.1237211647		0.0914460782		0.0645501729		0.0699293539		0.3227508644		0.0537918107		0.1075836215		0.0537918107		0.0591709918		0.0537918107		0.0484126297		0.0537918107		0.0511022202		0.0484126297		0.0457230391		0.0430334486		0.0376542675		0.0322750864		0.1499446724				20		2.5716508385				20		0.0089338275				20		0.0184634112

																																																																								25		1.6458565366				25		0.0057176496				25		0.0118165832

		Tissue Sigma/rho composite		0.9915654		0.8050337		0.6782432		0.8811061		0.9315221		0.4872474		0.4502144		0.4099156		0.3861485		0.6177601		0.3937952		0.5469155		0.3646053		0.3411392		0.3128299		0.2752389		0.2382799		0.2284175		0.4114721		0.1900158		0.2175767		0.1505269		0.1531436		0.1431029		0.1344562		0.1383272		0.1317295		0.1220674		0.11916275		0.11535305		0.104547		0.09261639		0.3613773559				50		0.4114641342				50		0.0014294124				50		0.0029541458

		Fractional Energy Loss (f)		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548				75		0.1828729485				75		0.0006352944				75		0.0013129537

																																																																								100		0.1028660335				100		0.0003573531				100		0.0007385364

		Unshielded Dose		4055369.32480543		3069645.13433261		1467593.22690763		2545754.87282233		2452859.04012881		845370.523679196		1234470.49953298		748784.094637044		434715.386427992		963408.516080925		649310.431279373		1010450.38116455		494364.864479854		340918.026080959		305444.229392728		846974.049540038		726604.34757485		291512.026535532		706924.6039788		480090.102841009		158594.639319681		41043.4429373465		57278.1379106494		0		0		37102.9725275085		0		0		0		0		0		37491.6178908938		24002074.4928087		Totals:		125		0.0658342615				125		0.000228706				125		0.0004726633

		Dose at the edge of 21cm Boron Carbide Shield (mrem/hr)		23.4417885772		15.1075637581		6.1497561246		14.6329920997		22.7147297406		31.08617391		234.7904016341		229.4429204948		173.5071299159		766.2410047898		748.1068541359		1516.4235086089		1074.7549623782		1194.071288225		1393.4984109832		4752.5319444197		4293.6143071776		565.0548253269		8371.1381146424		5398.387636928		1867.480756144		819.9737349617		1086.6131360899		0		0		391.7349895888		0		0		0		0		0		744.811820661		7034.6708384053		35735.3107513159		150		0.0457182371				150		0.0001588236				150		0.0003282384

																																																																								175		0.0335889089				175		0.0001166867				175		0.0002411548

		Dose at habitat 2m from reactor (mrem/hr)		0.000251162		0.0001618668		0.0000658902		0.0001567821		0.0002433721		0.0003330661		0.0025156114		0.002458317		0.001859005		0.0082097251		0.0080154306		0.0162473947		0.0115152317		0.0127936209		0.0149303401		0.0509199851		0.0460030104		0.0060541588		0.0896907655		0.0578398675		0.0200087224		0.0087854329		0.0116422836		0		0		0.0041971606		0		0		0		0		0		0.0079801266		0.0000048238		0.3828783295		200		0.0257165084				200		0.0000893383				200		0.0001846341

																																																																								225		0.0203192165				225		0.0000705883				225		0.0001458837

		Tungsten (W)																																																																						250		0.0164585654				250		0.0000571765				250		0.0001181658

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		Flux after 21.1cm of Boron Carbide		7.51E+05		2.98E+05		9.60E+04		1.32E+05		1.55E+05		3.38E+05		2.37E+06		2.22E+06		1.59E+06		3.94E+06		5.48E+06		7.34E+06		7.20E+06		7.94E+06		9.43E+06		2.74E+07		2.29E+07		2.62E+06		1.85E+07		2.26E+07		6.06E+06		3.46E+06		4.10E+06		0.00E+00		0.00E+00		1.28E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		2.55E+06		1.74E+07

		Density (g/cc)		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35

		Tungsten removal cross section		9		8.5		8		7.5		7		6.5		6		5.5		5		4.5		4.5		4		3.5		3.5		3.5		3.6		3.7		3.5		3.2		3.2		3		2.75		2.75		2.4		2.5		2.5		2.5		2.5		2.5		2.5		2.5		2.5		4.20625

		Atomic Density (N) (atoms/cc)		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22

		Tungsten Macroscopic (cm-1)		5.70E-01		5.39E-01		5.07E-01		4.75E-01		4.44E-01		4.12E-01		3.80E-01		3.49E-01		3.17E-01		2.85E-01		2.85E-01		2.54E-01		2.22E-01		2.22E-01		2.22E-01		2.28E-01		2.35E-01		2.22E-01		2.03E-01		2.03E-01		1.90E-01		1.74E-01		1.74E-01		1.52E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		2.67E-01

		Flux after 19.7cm Tungsten shield		9.89E+00		7.33E+00		4.41E+00		1.13E+01		2.48E+01		1.01E+02		1.32E+03		2.31E+03		3.08E+03		1.43E+04		1.99E+04		4.97E+04		9.11E+04		1.00E+05		1.19E+05		3.06E+05		2.26E+05		3.31E+04		3.40E+05		4.15E+05		1.43E+05		1.12E+05		1.32E+05		0.00E+00		0.00E+00		5.66E+04		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.13E+05		9.09E+04

		Dose at the edge of 19.7cm Tungsten shield (mrem/hr)		0.0003599434		0.0004330767		0.0003291208		0.0014620343		0.0042370053		0.0108254437		0.1526461231		0.2784883979		0.3931667438		3.241543425		3.1648278271		11.9766116721		15.8471045724		17.6064063287		20.5469300569		61.8500576018		49.318821709		8.3316506734		179.5151784411		115.7659217499		51.4071591869		30.8411748637		40.8701209691		0		0		20.1319961648		0		0		0		0		0		38.2772770254		42.9454691254

		Dose at habitat 250m from reactor (mrem/hr)		0		0		0		0		0		0		0.0000000001		0.0000000002		0.0000000002		0.0000000019		0.0000000019		0.000000007		0.0000000093		0.0000000104		0.0000000121		0.0000000364		0.000000029		0.0000000049		0.0000001056		0.0000000681		0.0000000302		0.0000000181		0.000000024		0		0		0.0000000118		0		0		0		0		0		0.0000000225		0.0000000253

		Boron Burnup

		Macroscopic cross section of Boron after burnup		4.87E-01		4.93E-01		4.99E-01		4.86E-01		4.67E-01		4.12E-01		3.47E-01		3.28E-01		3.17E-01		2.90E-01		2.75E-01		2.64E-01		2.49E-01		2.30E-01		2.20E-01		2.10E-01		2.07E-01		2.51E-01		1.82E-01		1.84E-01		1.80E-01		1.59E-01		1.61E-01		1.64E-01		1.70E-01		1.83E-01		1.89E-01		1.71E-01		1.68E-01		1.70E-01		1.55E-01		1.57E-01

		Dose after 5 years of Boron depletion		138.7952859628		92.8992287715		39.2743736877		89.9809990841		129.496444294		141.2262193086		818.4506327645		741.5140921728		539.9187024725		2128.5082124721		1963.464359563		3832.1826094128		2566.1650980675		2643.2484584593		2970.1645352637		10129.758112938		9151.600635326		1455.2349814189		15336.4107520419		9890.1593863153		3553.2769694242		1446.456789118		1916.8162110894		0		0		774.1034296136		0		0		0		0		0		1364.5384723319		73853.6449913743





Borated Graphite

		Boron Carbide (B4C)																																																																		Averages

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		reflector edge flux		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.76E+09		4.89E+09		3.31E+09		2.27E+09		2.07E+09		4.89E+09		3.87E+09		1.35E+09		1.56E+09		2.01E+09		5.14E+08		1.73E+08		2.16E+08		0.00E+00		0.00E+00		1.22E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.29E+08		3.23E+11		1.13549E+10

		Density (g/cm^3) (2.52 ideal) (2.45 after sintering)		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26		2.26

		Boron removal cross section		4.7		4.8		4.9		4.8		4.6		4		3.3		3.1		3		2.7		2.55		2.45		2.3		2.1		2		2		2		2.5		1.6		1.6		1.7		1.5		1.5		1.6		1.7		1.8		1.9		1.8		1.7		1.7		1.6		1.6		2.534375

		Atomic Density (n) (atoms/cc)		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23

		Boron Macroscopic (cm-1)		6.05E-01		6.18E-01		6.30E-01		6.18E-01		5.92E-01		5.15E-01		4.25E-01		3.99E-01		3.86E-01		3.47E-01		3.28E-01		3.15E-01		2.96E-01		2.70E-01		2.57E-01		2.57E-01		2.57E-01		3.22E-01		2.06E-01		2.06E-01		2.19E-01		1.93E-01		1.93E-01		2.06E-01		2.19E-01		2.32E-01		2.44E-01		2.32E-01		2.19E-01		2.19E-01		2.06E-01		2.06E-01		3.26E-01

		Carbon removal cross section		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18

		Atomic Density (n) (atoms/cc)		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23

		Carbon Macroscopic (cm-1)		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01

		Boron Carbide Macroscopic Cross Section		4.58E-01		4.48E-01		4.37E-01		4.15E-01		4.03E-01		3.79E-01		3.42E-01		3.31E-01		3.19E-01		3.07E-01		2.95E-01		2.84E-01		2.72E-01		2.60E-01		2.49E-01		2.06E-01		1.95E-01		2.08E-01		2.25E-01		2.36E-01		1.82E-01		1.60E-01		1.70E-01		1.49E-01		1.39E-01		1.61E-01		1.51E-01		1.07E-01		1.28E-01		1.39E-01		1.06E-01		1.17E-01		2.49E-01

		Flux after 22.7cm of Borated Graphite		3.96E+06		2.33E+06		1.12E+06		1.85E+06		1.77E+06		1.70E+06		5.24E+06		4.00E+06		2.83E+06		4.68E+06		5.86E+06		7.79E+06		6.87E+06		6.15E+06		7.26E+06		4.60E+07		4.66E+07		1.20E+07		9.39E+06		9.45E+06		8.20E+06		4.63E+06		4.51E+06		0.00E+00		0.00E+00		3.14E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		9.09E+06		1.12E+09

		Fractional Energy Loss per collision		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515		0.2705515

		Mean Free Path (cm)		2.1828794932		2.2332535819		2.2860075462		2.4082853649		2.4792007373		2.6415078658		2.9203491078		3.025284438		3.1329818588		3.2595303306		3.39E+00		3.52E+00		3.67E+00		3.84E+00		4.0168736545		4.8648111155		5.1358476209		4.8046597515		4.4405947187		4.2365151273		5.4849293907		6.2659637177		5.8671545951		6.6997607456		7.1980894892		6.2059207416		6.6311618644		9.3548481376		7.8077572352		7.1980894892		9.4458086157		8.5678745197		4.8507098623

		Average Fractional Energy Remaing after 21cm Boron Carbide		0.0000034519		0.0000045842		0.0000060879		0.0000112015		0.0000155199		0.0000306467		0.0000826712		0.0001145421		0.0001564731		0.0002198808		0.0003025034		0.0004132423		0.0005685224		0.000787696		0.0010760518		0.0035414832		0.0047700529		0.0032999131		0.0020656433		0.0015336184		0.0067030245		0.0125089222		0.0092871377		0.0166119784		0.0220608796		0.0119897542		0.015922518		0.0531496368		0.0297139802		0.0220608796		0.0546730591		0.0405915252

		Energy of scattered neutrons after 21cm of Boron Carbide (MeV)		0.0000003452		0.0000009168		0.0000018264		0.0000044806		0.00000776		0.000018388		0.0000578698		0.0000916337		0.0001408258		0.0002198808		0.0003327537		0.0004958907		0.0007390791		0.0011027744		0.0016140777		0.0070829665		0.0119251322		0.0098997394		0.0072297515		0.0061344738		0.0301636103		0.0625446108		0.0510792575		0.0996718704		0.1433957177		0.0839282794		0.1194188848		0.4251970947		0.2525688316		0.1985479168		0.5193940618		0.4059152525

				Thermal		Thermal		Thermal		Thermal		Thermal		Epithermal/Thermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal		Epithermal

		Tissue Analysis for Dose after Boral layer

		Microscopic Scatter x-section-H		13		10		8		7		6.5		6		5.5		5		4.5		4.2		3.9		3.7		3.5		3.3		3.1		3		2.75		2.5		2.3		2		1.9		1.5		1.45		1.4		1.35		1.3		1.25		1.2		1.15		1.1		1.05		0.9		3.603125

		Macroscopic Scatter for H		0.7839		0.603		0.4824		0.4221		0.39195		0.3618		0.33165		0.3015		0.27135		0.25326		0.23517		0.22311		0.21105		0.19899		0.18693		0.1809		0.165825		0.15075		0.13869		0.1206		0.11457		0.09045		0.087435		0.08442		0.081405		0.07839		0.075375		0.07236		0.069345		0.06633		0.063315		0.05427		0.2172684375										Shielded

		Sigma/rho for H		7.7480380335		5.9600292565		4.7680234052		4.1720204796		3.8740190167		3.5760175539		3.2780160911		2.9800146283		2.6820131654		2.5032122877		2.32441141		2.2052108249		2.0860102398		1.9668096547		1.8476090695		1.788008777		1.6390080455		1.4900073141		1.370806729		1.1920058513		1.1324055587		0.8940043885		0.8642042422		0.8344040959		0.8046039496		0.7748038033		0.7450036571		0.7152035108		0.6854033645		0.6556032182		0.6258030719		0.5364026331		2.1474730415				Distance(m)		Dose				Distance(m)		Dose

																																																																								0		24002074.4928087				0		42766.95

		Microscopic Scatter x-section-C		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18				0.25		16458.5653664974				0.25		68.42712

		Macroscopic Scatter for C		5.02E-02		4.89E-02		4.77E-02		4.52E-02		4.39E-02		4.14E-02		3.76E-02		3.64E-02		3.51E-02		3.39E-02		3.26E-02		3.14E-02		3.01E-02		2.88E-02		2.76E-02		2.26E-02		2.13E-02		2.26E-02		2.51E-02		2.63E-02		2.01E-02		1.76E-02		1.88E-02		1.63E-02		1.51E-02		1.76E-02		1.63E-02		1.13E-02		1.38E-02		1.51E-02		1.13E-02		1.25E-02		2.73E-02				0.5		4114.6413416244				0.5		17.10678

		Sigma/rho for C		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01				0.75		1828.7294851664				0.75		7.6030133333

																																																																								1		1028.6603354061				1		4.276695

		Microscopic Scatter x-section-N		4.2		4		3.4		2.9		2.8		1.5		2.2		1.7		1.3		2		2.2		4		3.3		1.9		2.9		1.5		1.4		1.3		1.3		1.5		0.7		1.1		1.3		1		0.8		1		0.8		1.1		0.85		0.85		0.9		0.87		1.8303125				2		257.1650838515				2		1.06917375

		Macroscopic Scatter for N		0.0058674		0.005588		0.0047498		0.0040513		0.0039116		0.0020955		0.0030734		0.0023749		0.0018161		0.002794		0.0030734		0.005588		0.0046101		0.0026543		0.0040513		0.0020955		0.0019558		0.0018161		0.0018161		0.0020955		0.0009779		0.0015367		0.0018161		0.001397		0.0011176		0.001397		0.0011176		0.0015367		0.00118745		0.00118745		0.0012573		0.00121539		0.0025569466				3		114.2955928229				3		0.4751883333

		Sigma/rho for N		0.2256692308		0.2149230769		0.1826846154		0.1558192308		0.1504461538		0.0805961538		0.1182076923		0.0913423077		0.06985		0.1074615385		0.1182076923		0.2149230769		0.1773115385		0.1020884615		0.1558192308		0.0805961538		0.0752230769		0.06985		0.06985		0.0805961538		0.0376115385		0.0591038462		0.06985		0.0537307692		0.0429846154		0.0537307692		0.0429846154		0.0591038462		0.0456711538		0.0456711538		0.0483576923		0.0467457692		0.0983440986				4		64.2912709629				4		0.2672934375

																																																																								5		41.1464134162				5		0.1710678

		Microscopic Scatter x-section-O		3.7		3.6		3.5		10		12		2		1.9		1.7		1.9		8		3		7		2.9		2.7		2.3		1.7		1.2		1.3		6		1		2		1		1.1		1		0.9		1		0.95		0.9		0.85		0.8		0.7		0.6		2.7875				10		10.2866033541				10		0.04276695

		Macroscopic Scatter for O		0.151626		0.147528		0.14343		0.4098		0.49176		0.08196		0.077862		0.069666		0.077862		0.32784		0.12294		0.28686		0.118842		0.110646		0.094254		0.069666		0.049176		0.053274		0.24588		0.04098		0.08196		0.04098		0.045078		0.04098		0.036882		0.04098		0.038931		0.036882		0.034833		0.032784		0.028686		0.024588		0.11423175				15		4.5718237129				15		0.0190075333

		Sigma/rho for O		0.1990296997		0.1936505186		0.1882713375		0.5379181073		0.6455017287		0.1075836215		0.1022044404		0.0914460782		0.1022044404		0.4303344858		0.1613754322		0.3765426751		0.1559962511		0.145237889		0.1237211647		0.0914460782		0.0645501729		0.0699293539		0.3227508644		0.0537918107		0.1075836215		0.0537918107		0.0591709918		0.0537918107		0.0484126297		0.0537918107		0.0511022202		0.0484126297		0.0457230391		0.0430334486		0.0376542675		0.0322750864		0.1499446724				20		2.5716508385				20		0.0106917375

																																																																								25		1.6458565366				25		0.006842712

		Tissue Sigma/rho composite		0.9915654		0.8050337		0.6782432		0.8811061		0.9315221		0.4872474		0.4502144		0.4099156		0.3861485		0.6177601		0.3937952		0.5469155		0.3646053		0.3411392		0.3128299		0.2752389		0.2382799		0.2284175		0.4114721		0.1900158		0.2175767		0.1505269		0.1531436		0.1431029		0.1344562		0.1383272		0.1317295		0.1220674		0.11916275		0.11535305		0.104547		0.09261639		0.3613773559				50		0.4114641342				50		0.001710678

		Fractional Energy Loss (f)		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548				75		0.1828729485				75		0.0007603013

																																																																								100		0.1028660335				100		0.0004276695

		Unshielded Dose		4055369.32480543		3069645.13433261		1467593.22690763		2545754.87282233		2452859.04012881		845370.523679196		1234470.49953298		748784.094637044		434715.386427992		963408.516080925		649310.431279373		1010450.38116455		494364.864479854		340918.026080959		305444.229392728		846974.049540038		726604.34757485		291512.026535532		706924.6039788		480090.102841009		158594.639319681		41043.4429373465		57278.1379106494		0		0		37102.9725275085		0		0		0		0		0		37491.6178908938		24002074.4928087		Totals:		125		0.0658342615				125		0.0002737085

		Dose at the edge of 22.7cm Borated Graphite Shield (mrem/hr)		123.5250707115		118.2180079783		71.4614673883		205.2327083073		258.9378748535		156.6405624538		519.6260474298		412.7240755823		310.1181066622		910.5413336746		798.9093825386		1609.0852464076		1024.8672497046		925.4713508824		1073.1584701748		7968.5886232849		8744.8857001986		2587.0057631327		4258.8370323936		2260.9753894478		2528.7839202754		1096.2379698427		1195.9281933582		0		0		956.8580848823		0		0		0		0		0		2650.3335313683		456018.603695876		42766.9511629339		150		0.0457182371				150		0.0001900753

																																																																								175		0.0335889089				175		0.0001396472

		Dose at habitat 1m from reactor (mrem/hr)		0.0052939316		0.0050664861		0.0030626343		0.0087956875		0.0110973375		0.006713167		0.0222696877		0.0176881747		0.013290776		0.0390232		0.0342389735		0.0689607963		0.0439228821		0.0396630579		0.0459925059		0.341510941		0.3747808157		0.1108716756		0.1825215871		0.0968989453		0.1083764537		0.0469816273		0.0512540654		0		0		0.0410082036		0		0		0		0		0		0.1135857228		0.0003126985		1.8328693356		200		0.0257165084				200		0.0001069174

																																																																								225		0.0203192165				225		0.0000844779

		Tungsten (W)																																																																						250		0.0164585654				250		0.0000684271

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		Flux after 21cm of Boron Carbide		3.96E+06		2.33E+06		1.12E+06		1.85E+06		1.77E+06		1.70E+06		5.24E+06		4.00E+06		2.83E+06		4.68E+06		5.86E+06		7.79E+06		6.87E+06		6.15E+06		7.26E+06		4.60E+07		4.66E+07		1.20E+07		9.39E+06		9.45E+06		8.20E+06		4.63E+06		4.51E+06		0.00E+00		0.00E+00		3.14E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		9.09E+06		1.12E+09

		Density (g/cc)		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35

		Tungsten removal cross section		9		8.5		8		7.5		7		6.5		6		5.5		5		4.5		4.5		4		3.5		3.5		3.5		3.6		3.7		3.5		3.2		3.2		3		2.75		2.75		2.4		2.5		2.5		2.5		2.5		2.5		2.5		2.5		2.5		4.20625

		Atomic Density (N) (atoms/cc)		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22		6.34E+22

		Tungsten Macroscopic (cm-1)		5.70E-01		5.39E-01		5.07E-01		4.75E-01		4.44E-01		4.12E-01		3.80E-01		3.49E-01		3.17E-01		2.85E-01		2.85E-01		2.54E-01		2.22E-01		2.22E-01		2.22E-01		2.28E-01		2.35E-01		2.22E-01		2.03E-01		2.03E-01		1.90E-01		1.74E-01		1.74E-01		1.52E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		1.58E-01		2.67E-01

		Flux after 19.7cm Tungsten shield		5.21E+01		5.73E+01		5.12E+01		1.59E+02		2.83E+02		5.08E+02		2.92E+03		4.16E+03		5.51E+03		1.70E+04		2.13E+04		5.28E+04		8.69E+04		7.78E+04		9.19E+04		5.13E+05		4.59E+05		1.52E+05		1.73E+05		1.74E+05		1.94E+05		1.49E+05		1.45E+05		0.00E+00		0.00E+00		1.38E+05		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		4.01E+05		5.89E+06

		Dose at the edge of 19.7cm Tungsten shield (mrem/hr)		0.0018966995		0.0033888633		0.0038244532		0.0205055301		0.0482999865		0.0545484819		0.3378285528		0.50094754		0.7027268922		3.8519985944		3.3797453281		12.7084478934		15.1115175527		13.6459395765		15.8235645286		103.7042298966		100.4485796483		38.1450212307		91.3287870002		48.4855696955		69.6112113131		41.2321340045		44.9817219298		0		0		49.1747324264		0		0		0		0		0		136.2056132511		2783.9160232928

		Dose at habitat 250m from reactor (mrem/hr)		0		0		0		0		0		0		0.0000000002		0.0000000003		0.0000000004		0.0000000023		0.000000002		0.0000000075		0.0000000089		0.000000008		0.0000000093		0.000000061		0.0000000591		0.0000000224		0.0000000537		0.0000000285		0.000000041		0.0000000243		0.0000000265		0		0		0.0000000289		0		0		0		0		0		0.0000000801		0.0000016378





Boral

		Boral (B4C, Al)																																																																		Averages

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		reflector edge flux		1.30E+11		6.05E+10		2.29E+10		2.29E+10		1.67E+10		9.18E+09		1.24E+10		7.25E+09		3.97E+09		4.95E+09		4.76E+09		4.89E+09		3.31E+09		2.27E+09		2.07E+09		4.89E+09		3.87E+09		1.35E+09		1.56E+09		2.01E+09		5.14E+08		1.73E+08		2.16E+08		0.00E+00		0.00E+00		1.22E+08		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		1.29E+08		1.13549E+10

		Density (g/cm^3)		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56		2.56

		Boron removal cross section		4.7		4.8		4.9		4.8		4.6		4		3.3		3.1		3		2.7		2.55		2.45		2.3		2.1		2		2		2		2.5		1.6		1.6		1.7		1.5		1.5		1.6		1.7		1.8		1.9		1.8		1.7		1.7		1.6		1.6		2.534375

		Atomic Density (N) (atoms/cc)		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23		1.29E+23

		Boron Macroscopic (cm-1)		6.05E-01		6.18E-01		6.30E-01		6.18E-01		5.92E-01		5.15E-01		4.25E-01		3.99E-01		3.86E-01		3.47E-01		3.28E-01		3.15E-01		2.96E-01		2.70E-01		2.57E-01		2.57E-01		2.57E-01		3.22E-01		2.06E-01		2.06E-01		2.19E-01		1.93E-01		1.93E-01		2.06E-01		2.19E-01		2.32E-01		2.44E-01		2.32E-01		2.19E-01		2.19E-01		2.06E-01		2.06E-01		3.26E-01

		Carbon removal cross section		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18

		Atomic Density (N) (atoms/cc)		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23		1.13E+23

		Carbon Macroscopic (cm-1)		4.52E-01		4.41E-01		4.29E-01		4.07E-01		3.96E-01		3.73E-01		3.39E-01		3.28E-01		3.16E-01		3.05E-01		2.94E-01		2.83E-01		2.71E-01		2.60E-01		2.49E-01		2.03E-01		1.92E-01		2.03E-01		2.26E-01		2.37E-01		1.81E-01		1.58E-01		1.70E-01		1.47E-01		1.36E-01		1.58E-01		1.47E-01		1.02E-01		1.24E-01		1.36E-01		1.02E-01		1.13E-01		2.46E-01

		Aluminum abs. cross section		5		3.6		4		2		1.2		3		7		2		8		1.2		1.4		2.3		1.7		4		3.2		2.2		4.2		2		1.7		1.7		1.5		2.1		2.3		2		1.7		1.9		1.6		2		1.8		1.9		1.7		1.7		2.6125

		Atomic Density (N) (atoms/cc)		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22		6.03E+22

		Aluminum Macroscopic (cm-1)		3.02E-01		2.17E-01		2.41E-01		1.21E-01		7.24E-02		1.81E-01		4.22E-01		1.21E-01		4.82E-01		7.24E-02		8.44E-02		1.39E-01		1.03E-01		2.41E-01		1.93E-01		1.33E-01		2.53E-01		1.21E-01		1.03E-01		1.03E-01		9.05E-02		1.27E-01		1.39E-01		1.21E-01		1.03E-01		1.15E-01		9.65E-02		1.21E-01		1.09E-01		1.15E-01		1.03E-01		1.03E-01		1.58E-01

																																																																														Shielded

		Boral Macroscopic Cross Section		4.38E-01		4.00E-01		4.16E-01		3.48E-01		3.12E-01		3.34E-01		4.15E-01		2.53E-01		4.27E-01		2.06E-01		2.03E-01		2.24E-01		1.97E-01		2.55E-01		2.24E-01		1.90E-01		2.49E-01		2.09E-01		1.56E-01		1.57E-01		1.51E-01		1.56E-01		1.63E-01		1.57E-01		1.52E-01		1.66E-01		1.61E-01		1.63E-01		1.54E-01		1.58E-01		1.44E-01		1.45E-01		2.34E-01										Distance(m)		Dose

		Flux after 68cm of Boral		1.79E+07		1.81E+07		4.95E+06		1.96E+07		2.94E+07		1.05E+07		2.74E+06		4.30E+07		6.80E+05		7.62E+07		7.75E+07		5.21E+07		6.10E+07		1.29E+07		2.18E+07		1.04E+08		2.48E+07		1.93E+07		6.54E+07		8.23E+07		2.41E+07		7.25E+06		7.81E+06		0.00E+00		0.00E+00		4.21E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		6.78E+06		1.41E+03										0		124381.2

																																																																														0.25		199.00992

		Tissue Analysis for Dose after Boral layer																																																																												0.5		49.75248

		Microscopic Scatter x-section-H		13		10		8		7		6.5		6		5.5		5		4.5		4.2		3.9		3.7		3.5		3.3		3.1		3		2.75		2.5		2.3		2		1.9		1.5		1.45		1.4		1.35		1.3		1.25		1.2		1.15		1.1		1.05		0.9		3.603125										0.75		22.1122133333

		Macroscopic Scatter for H		0.7839		0.603		0.4824		0.4221		0.39195		0.3618		0.33165		0.3015		0.27135		0.25326		0.23517		0.22311		0.21105		0.19899		0.18693		0.1809		0.165825		0.15075		0.13869		0.1206		0.11457		0.09045		0.087435		0.08442		0.081405		0.07839		0.075375		0.07236		0.069345		0.06633		0.063315		0.05427		0.2172684375										1		12.43812

		Sigma/rho for H		8.7196885428		6.7074527253		5.3659621802		4.6952169077		4.3598442714		4.0244716352		3.6890989989		3.3537263626		3.0183537264		2.8171301446		2.6159065628		2.4817575083		2.3476084538		2.2134593993		2.0793103448		2.0122358176		1.8445494994		1.6768631813		1.5427141268		1.3414905451		1.2744160178		1.0061179088		0.9725806452		0.9390433815		0.9055061179		0.8719688543		0.8384315907		0.804894327		0.7713570634		0.7378197998		0.7042825362		0.6036707453		2.4167790601										2		3.10953

																																																																														3		1.3820133333

		Microscopic Scatter x-section-C		4.00		3.90		3.80		3.60		3.50		3.30		3.00		2.90		2.80		2.70		2.60		2.50		2.40		2.30		2.20		1.80		1.70		1.80		2.00		2.10		1.60		1.40		1.50		1.30		1.20		1.40		1.30		0.90		1.10		1.20		0.90		1.00		2.18										4		0.7773825

		Macroscopic Scatter for C		5.02E-02		4.89E-02		4.77E-02		4.52E-02		4.39E-02		4.14E-02		3.76E-02		3.64E-02		3.51E-02		3.39E-02		3.26E-02		3.14E-02		3.01E-02		2.88E-02		2.76E-02		2.26E-02		2.13E-02		2.26E-02		2.51E-02		2.63E-02		2.01E-02		1.76E-02		1.88E-02		1.63E-02		1.51E-02		1.76E-02		1.63E-02		1.13E-02		1.38E-02		1.51E-02		1.13E-02		1.25E-02		2.73E-02										5		0.4975248

		Sigma/rho for C		2.17E-02		2.12E-02		2.06E-02		1.95E-02		1.90E-02		1.79E-02		1.63E-02		1.57E-02		1.52E-02		1.47E-02		1.41E-02		1.36E-02		1.30E-02		1.25E-02		1.19E-02		9.77E-03		9.23E-03		9.77E-03		1.09E-02		1.14E-02		8.69E-03		7.60E-03		8.14E-03		7.06E-03		6.52E-03		7.60E-03		7.06E-03		4.89E-03		5.97E-03		6.52E-03		4.89E-03		5.43E-03		1.18E-02										10		0.1243812

																																																																														15		0.0552805333

		Microscopic Scatter x-section-N		4.2		4		3.4		2.9		2.8		1.5		2.2		1.7		1.3		2		2.2		4		3.3		1.9		2.9		1.5		1.4		1.3		1.3		1.5		0.7		1.1		1.3		1		0.8		1		0.8		1.1		0.85		0.85		0.9		0.87		1.8303125										20		0.0310953

		Macroscopic Scatter for N		0.0058674		0.005588		0.0047498		0.0040513		0.0039116		0.0020955		0.0030734		0.0023749		0.0018161		0.002794		0.0030734		0.005588		0.0046101		0.0026543		0.0040513		0.0020955		0.0019558		0.0018161		0.0018161		0.0020955		0.0009779		0.0015367		0.0018161		0.001397		0.0011176		0.001397		0.0011176		0.0015367		0.00118745		0.00118745		0.0012573		0.00121539		0.0025569466										25		0.019900992

		Sigma/rho for N		0.0019300658		0.0018381579		0.0015624342		0.0013326645		0.0012867105		0.0006893092		0.0010109868		0.0007812171		0.0005974013		0.0009190789		0.0010109868		0.0018381579		0.0015164803		0.000873125		0.0013326645		0.0006893092		0.0006433553		0.0005974013		0.0005974013		0.0006893092		0.0003216776		0.0005054934		0.0005974013		0.0004595395		0.0003676316		0.0004595395		0.0003676316		0.0005054934		0.0003906086		0.0003906086		0.0004135855		0.0003997993		0.0008411008										50		0.004975248

																																																																														75		0.0022112213

		Microscopic Scatter x-section-O		3.7		3.6		3.5		10		12		2		1.9		1.7		1.9		8		3		7		2.9		2.7		2.3		1.7		1.2		1.3		6		1		2		1		1.1		1		0.9		1		0.95		0.9		0.85		0.8		0.7		0.6		2.7875										100		0.001243812

		Macroscopic Scatter for O		0.151626		0.147528		0.14343		0.4098		0.49176		0.08196		0.077862		0.069666		0.077862		0.32784		0.12294		0.28686		0.118842		0.110646		0.094254		0.069666		0.049176		0.053274		0.24588		0.04098		0.08196		0.04098		0.045078		0.04098		0.036882		0.04098		0.038931		0.036882		0.034833		0.032784		0.028686		0.024588		0.11423175										125		0.0007960397

		Sigma/rho for O		0.1061063681		0.1032386284		0.1003708887		0.2867739678		0.3441287614		0.0573547936		0.0544870539		0.0487515745		0.0544870539		0.2294191742		0.0860321903		0.2007417775		0.0831644507		0.0774289713		0.0659580126		0.0487515745		0.0344128761		0.0372806158		0.1720643807		0.0286773968		0.0573547936		0.0286773968		0.0315451365		0.0286773968		0.0258096571		0.0286773968		0.0272435269		0.0258096571		0.0243757873		0.0229419174		0.0200741777		0.0172064381		0.0799382435										150		0.0005528053

																																																																														175		0.0004061427

		Tissue Sigma/rho composite		0.9655014027		0.7596680762		0.6216919528		0.6957101656		0.7054120811		0.4528731496		0.4165849888		0.3782183149		0.3485917103		0.4614490452		0.3317966362		0.4055742206		0.3023597244		0.2843408919		0.2619812973		0.2418289737		0.2138784186		0.1991567184		0.2883866415		0.1588547757		0.1736048477		0.1244971044		0.1233513851		0.1176494398		0.1120089609		0.1109235132		0.1063753936		0.1016524333		0.097284531		0.0928593441		0.0871013091		0.0747972062		0.3067488954										200		0.000310953

		Fractional Energy Loss (f)		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548		0.234317548										225		0.0002456913

																																																																														250		0.0001990099

		Dose at the edge of 20.3cm Boral Shield (mrem/hr)		544.8224497067		867.7768790724		290.7827601413		1717.5369216573		3265.6706289339		899.6040640848		251.6695792157		4094.7162474528		67.155037367		11066.4585390841		8908.6748345053		7989.7955259577		7553.1866992939		1615.459021553		2695.3603868957		15850.6982475498		4179.305040947		3628.9657763279		20790.807394615		16460.1786511863		5925.65075529		1420.6238884481		1669.5538478899		0		0		1028.6039126381		0		0		0		0		0		1598.1518158698		124381.208905684

		Dose at habitat 1m from reactor (mrem/hr)		0.0233495336		0.0371904377		0.0124621183		0.0736087252		0.1399573127		0.0385544599		0.0107858391		0.1754878392		0.002878073		0.4742767945		0.3818003501		0.3424198083		0.3237080014		0.0692339581		0.1155154452		0.6793156392		0.1791130732		0.1555271047		0.8910346026		0.7054362279		0.2539564609		0.0608838809		0.0715523078		0		0		0.0440830248		0		0		0		0		0		0.0684922207				5.3306232388

		Tungsten (W)

		Energy Group**		0.100		0.200		0.300		0.400		0.500		0.600		0.700		0.800		0.900		1.000		1.100		1.200		1.300		1.400		1.500		2.000		2.500		3.000		3.500		4.000		4.500		5.000		5.500		6.000		6.500		7.000		7.500		8.000		8.500		9.000		9.500		10.000		3.563

		Flux after 68cm of Boral		2.15E-06		2.28E-09		2.16E-12		2.05E-15		2.21E-18		1.32E-21		2.15E-24		1.85E-27		1.58E-30		2.70E-33		3.31E-36		6.70E-39		6.15E-42		3.95E-45		6.71E-48		5.95E-63		9.51E-78		1.51E-92		2.60E-107		5.13E-122		4.10E-137		1.11E-151		2.24E-166		2.95E-181		4.05E-196		8.67E-211		1.19E-225		2.80E-240		3.71E-255		6.36E-270		1.15E-284		1.91E-299		5.21E-109

		Density (g/cc)		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35		19.35

		Tungsten removal cross section		9		8.5		8		7.5		7		6.5		6		5.5		5		4.5		4.5		4		3.5		3.5		3.5		3.6		3.7		3.5		3.2		3.2		3		2.75		2.75		2.4		2.5		2.5		2.5		2.5		2.5		2.5		2.5		2.5		4.20625

		Atomic Density (N) (atoms/cc)		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21		3.28E+21

		Tungsten Macroscopic (cm-1)		2.95E-02		2.78E-02		2.62E-02		2.46E-02		2.29E-02		2.13E-02		1.97E-02		1.80E-02		1.64E-02		1.47E-02		1.47E-02		1.31E-02		1.15E-02		1.15E-02		1.15E-02		1.18E-02		1.21E-02		1.15E-02		1.05E-02		1.05E-02		9.83E-03		9.01E-03		9.01E-03		7.86E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		8.19E-03		1.38E-02

		Flux after 19.7cm Tungsten shield		1.00E+07		1.05E+07		2.95E+06		1.21E+07		1.87E+07		6.91E+06		1.86E+06		3.01E+07		4.92E+05		5.70E+07		5.80E+07		4.03E+07		4.87E+07		1.03E+07		1.74E+07		8.25E+07		1.95E+07		1.54E+07		5.32E+07		6.69E+07		1.98E+07		6.07E+06		6.54E+06		0.00E+00		0.00E+00		3.58E+06		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		5.77E+06		1.08E+03

		Dose at the edge of 19.7cm Tungsten shield (mrem/hr)		355.2683802091		584.4162714944		202.25326554		1233.8024628216		2422.839215973		689.3127098099		199.1628185306		3346.6786697648		56.6867374519		9647.708915477		7766.5588609395		7193.8910918814		7023.7828561409		1502.2312875495		2506.4422250239		14644.9105245326		3836.5411652569		3374.6110906641		19711.5061593567		15605.6908569605		5691.0129225388		1386.560950592		1629.5222044475		0		0		1020.2682112221		0		0		0		0		0		1585.2005562148		0.4318590044

		Dose at habitat 250m from reactor (mrem/hr)		0.000000209		0.0000003438		0.000000119		0.0000007259		0.0000014254		0.0000004055		0.0000001172		0.0000019689		0.0000000333		0.0000056759		0.0000045692		0.0000042323		0.0000041322		0.0000008838		0.0000014746		0.0000086159		0.0000022571		0.0000019854		0.0000115967		0.0000091811		0.0000033481		0.0000008157		0.0000009587		0		0		0.0000006002		0		0		0		0		0		0.0000009326		0.0000000003






