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PREFACE 

The research reported here was performed for the Air Force Weapons Laboratory 
(AFWL) in support of the Strategic Defense Initiative Survivability Program. 

The natural and man-made radiation environments of space pose significant 
potential threats to space deployed SDI systems. The data reported here are the 
results of an initial study to characterize the radiation induced damage to silicon 
based electronic components onboard a Space Based Interceptor (SBI) weapon plat- 
form due to neutrons and gamma rays emanating from a nuclear weapon detonation 
in space. The calculations performed in this study were carried out using three- 
dimensional radiation transport methods and an Oak Ridge National Laboratory 
(ORNL) conceptual model of a representative SBI weapon platform architecture. 
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ABSTRACT 

Initial studies have been completed to estimate the radiation induced damage 
in silicon based electronic components onboard a representative Space Based 
Interceptor (SBI) weapon platform. The SBI weapon platform model used in 
the studies represents the author's concept of such a system. The analysis 
was completed for neutrons and gamma rays emanating from a nuclear weapon 
detonation in space. 

Results indicate dose levels to the sensitive components within the SBI weapon 
platform may exceed design limits if the weapon is detonated within a critical 
radius. For example, a 1962 Starfish detonation at a distance of 91.4 km from 
the SBI weapon platform generates a total dose in the central instrument bay of 
964 rads(Si). The dose rate, i / ,  assuming a 40 nsec deposition time, is 1 x 10'' 
rads(Si)/sec. All of the calculations were carried out for an unshielded SBI weapon 
platform to determine the radiation levels for which shielding must be designed to 
ensure survivability of the electronic systems. 
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1. INTRODUCTION 

Electronic equipment , including modern integrated circuits, mag undergo 
alteration of the electrical properties of the active components when exposed to 
various space radiation environments. These natural and man-made radiation 
environments include Van Allen belt protons and electrons; galactic and solar 
flare protons; neutrons, gamma rays, and X-rays from fission and fusion weapons; 
and directed neutral particle beams and lasers. The changes in the electrical 
characteristics can result in degradation of circuit p e r f o r m r e  or device failure. 
Furthermore, in a pulsed radiation environment , radiation induced photo currents 
can lead to transient circuit upsets.’ 

The objective of this study is to assess the dose levels within a generic 
Space Based Interceptor (SBI) carrier vehicle resulting from incident neutrons and 
gamma-rays generated by the detonation of a nuclear weapon. This study is part 
of a larger effort to evaluate the survivability of SDI space assets against nuclear 
and neutral particle beam weapon effects and natural space environmexits.2-6 

To perform this extended analysis, a three dimensional ORNL computer model 
of a SBI platform was devised to estimate the effects of natural and nuclear weapon 
radiation on the external surfaces and materials and on the internal components. 
The external surfaces include the platform structure, kinetic energy and laser 
weapon shields, solar panels, antenna, ete. The internal components include 
electronic modules and circuits, sensors, interceptors, fuel, etc. Design details 
not relevant to the dose calculations have been omitted or purposely neglected 
in order to optimize the computational effort. A brief discussion of the SBI 
platform geometry will he provided in this section. Complete details, including 
the combinatorial geometry input, can be found in Reference 3. The remaining 
sections of this report cover the radiation sources employed, Section 2, the method 
of analysis, Section 3, presentation of results, Section 4, and conclusions in Section 5. 

1.1 SBI PLATFORM GEOMETRY 

The SBI weapon platform used in this study represents the author’s concept of 
such a system and is not that proposed for deployment by the Strategic Defense 
Initiative Organization (SDIO). The platform was “designed” on t,he basis of 
space weapon system requiremcnts eluded to in the Defense Acquisition Board 
documentation on SDI space weapon-sensor architecture requirements. Design 
guidance was also taken from briefings by other institutions also involved in weapon 
platform studies. In developing the platform represent ation shown in Figure 1, every 
effort has been made to protect proprietary information and configurations. 

The ORNL weapon platform is a cylindrical shell comprised of two interceptor- 
fuel tank modules connected by a command, control, and cornrnunications bay. Each 
module contains five interceptor-launch tube asscmblies and four fuel tanks. A cut- 
away view of the interior of the platform is provided in Figure lb.  Shown in this 
figure are the locations of the interceptor-launch tube assemblies and the fuel tanks, 
located on the same radius as the KKV launch tubes between the interceptors. The 
fuel is intended for maneuvering the platform to avoid collisions with space debris, 
evading enemy kill vehicles, arid for positioning the platform during an engagement. 

1 
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Power is supplied to the platform by solar panels shown in the deployed position 
in Figure la.  A single antenna is shown, but it is recognized that other antennae 
and sensors may also exist on an actual platform design. A laser weapon shield 
covers the earth exposed surfaces for protection against illumination by ground 
based laser weapons. 

Figure IC shows the command, control, and communications bay. The electronic 
circuits are housed in two concentric ring assemblies. At the center of the module 
is a “critical components” box. The cylindrical ring assemblies and the box are 
thin walled hollow assemblies that can be filled with detailed models of electronic 
circuitry or homogenized materials representative of those comprising the electronic 
packages. The electronics bay is also designed for the addition of shielding should 
it be necessary to further miniinizc the effects of radiation. 

Ten identical interceptors 
are modeled in their appropriate locations inside the platform. The priiicipal 
components of each kill vehicle include the warhead, sensors, fuel tank, and rocket 
motor. The body of the interceptor will contain appropriate shielding (hardening) to 
protect the interceptor guidance system from exposure to weapon radiation outside 
of the platform during engagement. Two interceptors are positioned in their launch 
tubes in Figure 2b. 

Figure 2a shc3ws the details of an interceptor. 

1.2 NUCLEAR WEAPON EFFECTS: NEUTRONS AND GAMMA 
RAYS 
This paper describes the rnethodology and results of the effort to characterize 

the effect of incident neutrons and gamma rays on the ORNL model of the SBI 
platform. In particular, dose levels in the silicon components and fuel have been 
computed to quantify the damage sustained by the craft due to a nea.rby weapons 
burst. In addition, the neutron displacement damage dose has been calculated for 
the silicon components. 



2. SOURCE SPECTRA 

Source spectra employed in this study include a deuterium-tritium fusion 
reaction spectrum, a pure 235U fission spectrum, and prompt fission gamma ray 
spectrum. The fusion and gamma ray spectra are unclassified and were taken from 
the 69 energy group Defense Applications Broad Group Library (DABL); as were 
all cross sections employed in this study. The 235U fission spectrum was taken to 
be 

x ( E )  cc sink &, 
i.e., a Watt spectrum! These data are generic and can be used with appropriate 
weighting factors to describe actual weapons spectra. 

Although DABL includes Unclassified spectra for thermonuclear and tactical 
fission weapons, such spectra were not employed in this study. Due to the relative 
hardness of the 235U fission spectrum as compared to the weapon spectra, the 
235U fission spectrum is more stressing than the fission components of the weapon 
spectra. The Watt spectrum is widely available, and more suitable for comparison 
calculations. For these reasons, the DABL weapon spectra were not utilized. 

Tables 1 and 2 list the neutron and gamma ray spectra used in this study. The 
DABL neutron spectra are plotted in Figure 3 and Figure 4 shows the comparison 
between the unclassified tactical weapon spectrum and the 235U fission spectrum. 

3 



3. RADIATION EFFECTS ANALYSIS 

The MORSE (Multigroup Oak Ridge Stochastic E~perirnent)~ code was used to 
perform all calculations in this study. The MORSE code is a multipurpose neutron 
and ga.mma-ray transport Monte Carlo code. Its features include the ability to 
treat the transport of either neutrons or gamma---rays or a coupled neutron and 
secondary garnma-ray problem, the incorporation of multigroup cross sections, and 
a three dimensional combinatorial geometry package. 

The analysis routine used in the MORSE code calculates the dose to those 
areas of the platform which may be significantly affected by the incident radiation, 
i.e., the electronic components. Neutron and gamma ray fluxes were obtained from 
particle track lengths calculated in each region of interest. These track lengths 
were then folded with their respective kema factors from the DABL7 data. To 
accommodate directional source spectra, such as that from a nuclear detonation, 
68 different “detector” regions have been identified. The term “detector” is used to 
describe a component or volume for which results are being tabulated. Jn particular, 
the Command, Control, Communications ( C3) Bay contains 15 detector regions 
(see Figure 5). These include the critical electronic component box in the center 
of the C3 Bay, six angular segments for the inner electronic bay ring, and eight 
angular segments for the outer electronic bay ring. The angular segmenting of the 
electronic bay rings will identify vaxiations in the close due to the inherent shielding 
designed into the platform. This will be important when considering directional 
source spectra. 

There are ten kinetic kill vehicles (KIWs) onboard the platform, each with a 
computer and sensor region. For the same reasons stated above, each computer or 
sensor has been identified as a separate detector region. The solar panels have been 
modeled as two separate detector regions. Furthermore, since the solar panels are 
on the exterior of the platform and in direct contact with the incident radiation, 
each panel has been subdivided into five additional detector regions to calculate 
dose profiles in the solar panels and identify potential surface phenomenology, 
i.e. blowoff, melting, etc. Each fuel tank in the platform and KKV is also a 
detector region. Finally, the Boost Surveillance and Tracking System (BSTS), 
Space Surveillance and Tracking System (SSTS) antenna has been modeled as five 
separate detector regions. Table 3 lists the detector regions implemented in the 
analysis module. Figure 6 shows the relative locations for some of these detector 
regions. 

To accommodate the directional source spectra incident on the 5131 platform 
from a nuclear detonation, three scenarios will be considered in the analysis. The 
first scenario will model the nuclear detonation directly above the SEI platform, 
the second scenario will niodel the nuclear detonation directly in front of the SBI 
platform, and the third scenario will model the nuclear detonation incident on the 
top and front of the platform at a 45 degree angle. The nuclear weapon detonation 
will be modeled such that the incident radiation spectra will be monodirectional. 
Figure 7 illustrates the incident directions for tlie three scenarios. 

4 



4. RESULTS AND DISCUSSION 

Dose levels in the ORNL model of an SBI platform from three nuclear weapon 
spectra: a deuterium-tritium fusion reaction, 235U fission, and prompt fission 
gamma rays, each with three illumination scenarios, have been calculated using 
the MORSE Monte Carlo code. 

The MORSE code results were obtained from 500,000 particle histories (100 
batches of 5000 particles each) yielding excellent fractional standard deviations (fsd) 
in the regions of interest. All calculations have been normalized to a one kiloton 
output of neutrons and gamma-rays, assuming 100% efficiency. This assumption 
results in 1.88 x prompt fission neutrons and 1.06 x prompt fission gamma- 
rays, or 1.49 x fusion neutrons, per kiloton of yield. The tabulated data is in 
units of rads(material).m2/kTon. The dose received by a particular component can 
be quickly assessed by multiplying by the device yield and dividing by the square 
of the separation distance. Note that the factor of 47~ has already been included in 
the tabulated data. An actual weapon spectrum may be a combination of fusion 
and fission components, which can be modeled using the spectra in this report. The 
gamma-ray contribution from the coupled sources may vary between approximately 
33% (pure fusion) and approximately 95% (pure fission). 

There are ten tables of results listing dose levels for each of the 68 detector 
regions identified in Table 3. Tables 4 through 7 consider the deuterium-tritium 
fusion source and Tables 8 through 11 examine the fission sources. Tables 12 and 13 
list the neutron displacement damage dose levels €or the fusion and fission sources, 
respectively. For each source spectrum, the following illumination scenarios apply: 
top, platform body only; top, solar panels only; front,, platform body only; and front 
with an angle of elevation of 45", platform body only. This methodology was chosen 
because the solar panels may or may not be deployed during device detonation. 
The dose values for the solar panels (detectors 36 through 45) for the top, platform 
body only illumination scenario are for secondary particles only, and siniilarly for 
the platform body in the top, solar panel only illumination scenario. Consequently, 
the fsd values for these results may be high. For the neutron displacement damage 
results, only the silicon components are listed. 

The total dose level in a component is a summation of the contributions from the 
primary and secondary particles. For example, a 10Q kTon fission device detonated 
at 1 kilometer above the SBI platform (scenaxio 1) generates a total dose in the 
central instrurnent box of 26.5 krad( Si) from priniary neutrons, primary gamma 
rays (prompt gamma rays), and secondary gamma rays. Although the solar panels 
were not irradiated directIy in this example, significant doses are attained (M 7.5 
krad) due to secondary particle generation and scattering of primary particles. 

The calculated maximum dose in the central instrument bay (detector 1 in 
Table 3) is 1.51 x lo1' rads(Si).m2/kTon, using the third scenario, in front of the 
platform body and elevated to 45", and the deuterium-tritium fusion source. In 
contrast, the dose in the central instrument box, for the same scenario, but using 
the fission sources is 2.03 x 30' rads(Si).m2/kTon. Both values include doses from 
secondary particles. Greater dose levels (by a factor of 7) are calciilated in the third 
scenario, because there is less internal shielding and, consequently, less attenuation 
of the primary particles. 
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Some interesting, but not unexpected, trends are shown by these results. For 
example, consider the deuterium-tritium fusion source with the frontal exposure. 
The highest silicon doses are in the forward KKV sensors (detectors 26 to 30). The 
doses in the aft sensors are smaller by a factor of 40, clearly showing the effects of 
internal shielding. In the instrument bay, the dose level in the central box is eight 
times smaller than levels in the inner ring, due to shielding by the central KKV. 
The outer instrument ring dose levels are also lower than those in the inner ring, 
because of KKV shielding. 

The highest dose levels in this study were calculated for the platform fuel 
tanks (hydrazine) from the deuterium-tritium fusion source with the top, platform 
body only, illumination scenario. These values were in excess of 3 x 10l1 
rads( NzH4).m2/kTon for the upper tanks. Hydrazine dose levels were calculated 
because of concerns of radiation-induced chemical degradation. 

The neutron displacement damage dose levels in the silicon components are 
small compared to the total dose for the deuterium--tritium fusion source, even 
a factor of five below the dose from the secondary gamma rays. Similarly, 
displacement damage dose levels for the fission source are comparable to the 
Secondary gamma dose levels. For both source types, neutron displacement damage 
contributes less than 5% to the total dose. The same trends apply as discussed 
above, displacement darnage levels are much greater for the fusion source and the 
third scenario (12:OO o'clock high) produces the greatest doses. 

These results are consistent with those obtained in the previous fiscal year. 
In FY87, using a simple 1D spherical platform with the KEW (Kinetic Energy 
Weapon) shield and similar sourcc spectra, total close levels were approximately an 
order of magnitude higher.'' The decrease is pastly due to the presence of structural 
components within the platform, in contrast to the void in the 1D spherical model. 



5. CONCLUSIONS 

. .. 

An extensive study has been performed to characterize the dose levels in 
an ORNL computer model of a space weapons platform resulting from incident 
radiation from a nuclear detonation in the vicinity of the platform. Results have 
been tabulated in units of rads(material).m2/kTon to facilitate device yield and 
separation distance comparisons. Time dependence has not been considered in this 
study. Other reports in this series examine the effects of natural radiation fields, 
pumped Van Allen belts, and X-rays. 

Dose levels in the “critical components box” (detector 1) are greatest for 
the deuterium--tritium source incident from the front and angled upward at 45” 
(scenario 3). For this case, assuming a yield of 100 kTon, the source must be at 
least 12.3 km away to assure a dose level below 10 krad(Si) in the central instrument 
bay (detector 1). For a fission device of identical yield, the “keepout” distance falls 
to 4.5 km. The smallest dose to this region is generated in the frontal scenario, where 
there is significant internal shielding from the central KKV. 

If a deposition time of 40 nsec is coupled with the g i m a  ray dose levels 
associated with the above keep-out distances, dose rates ( T )  of 6.15 x lo1’ 
rads(Si)/sec for the fusion source and 2.38 x lo1’ for the fission source are obtained. 
Note that the i /  value for the fission source includes both prompt and secondary 
gamma rays. Dose rates of these magnitudes are sufficient to cause transient upset, 
latchup, or burnout in semiconductor devices. To reduce the + values in. the central 
instrument bay to below lo9 rads(Si)/sec, the keep--out distances would have to be 
increased to 96.4 km and 69.5 km for the fusion and fission sources, respectively. 

The results in this paper can be normalized to X-ray surface loadings. If it is 
assumed that 75% of the energy from a detonation is in the form of X-rays, then 
device yields may be converted to surface loadings (using 18’’ cal/kT). For example, 
the 1962 Starfish event had a yield of 1.4 MT, of which 1 M T  was fission yield. At 
a distance of 91.4 km from the device, the surface loading is 1 cal/cm2. Using this 
distance and yield, coupled with the source spectra employed in this report, total 
dose and dose rate can be calculated for the ORNL SBI model. Thc total dose in 
the central instrument bay (detector l), considering the third scenario (worst case), 
is 964 rads(Si). The dose rate, +, is 1.0 x lo1’ rads(Si)/sec. As was seen above, 
the limiting factor is the dose rate. If the surface loading is doubled, the separation 
distance decreases to 64.6 km, and the dose and dose rate increase by a factor of 2, 
also. 

Electronic devices can be hardened to withstand high levels of neutron fluence 
and dose. Therefore, the gamma dose level and dose rate predominates in terms of 
electronic component shielding. An actual weapon spectrum may be a combination 
of fusion and fission components, which can be modeled using the spectra in this 
report. The gamma-ray contribution from the coupled sources may m r y  between 
approximately 33% (pure fusion) and approximately 95% (pure fission). By adding 
some h i g h 4  material around the central instrument bay, significant reductions in 
gamma dose may be obtained. A future study will investigate the effects of shield 
materials on the dose levels in the central instrument bay. 
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Table 1 

46 Energy Group Neutron Source Spectra 

Group 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

~ 

Energy Range (eV) 

1.9640+07k 1.6905+07 
1.6905+07 - 1,4918+07 
1.4918+07 - 1.4191+07 
1.4191+07 - 1.3840+07 
1.3840+07 - 1.2523+07 
1.2523+07 - 1.2214+07 
1.2214+07 -- 1.1052+07 
1.1052+07 - 1.0000+07 
1.0000+07 - 9.0484+06 
9.0484+06 - 8.1873+06 
8.1873+06 - 7.4082+06 
7.4082+06 - 6.3763+06 
6.3763+06 - 4.9659+06 
4.9659+06 - 4.7237+06 
4.7237+06 - 4.0657+06 
4.0657+06 - 3.0119+06 
3.0119+06 - 2.3852+06 
2.3852+06 - 2.3069+06 
2.3069+06 - 1.8268+06 
1.8268+06 - 1.4227+06 
1.4227+06 - 1.1080+06 
1.1080+06 - 9.6164+05 
9.6164+05 - 8.2085+05 
8.2085+05 - 7.4274+05 
7.4274+05 - 6.3928+05 
6.3928+05 ---- 5.5023+05 
5.5023+05 - 3.6883+05 
3.6883+05 - 2.4724+05 
2.4724405 -- 1.5764+05 
1.5764+05 - 1.1109+05 
1.1 l09+05 ----5.2475+04 
5 2475604 3.4307+04 
3.4307+04-2.4788+04 
2.4788+04-2.1875+04 
2.1875404-1.0595+04 
1.0595+04-3.3546+03 
3.3546+03--1.2341+03 
1.2341+03--5.82954-02 
5.8295+02---2.7536+02 
2.7536+02-1.0130+02 
I .013O+02--2.9023+01 
2.9023+01-1.0677+01 
1.06?7+01-3.O590+00 
3.0590+00-1.1254+00 
1.1254+00-4.1399 - 0 1 
4.1399-01 -1.OQ00-05 

D-T Fusion 

0.0 
1.89-02 
3.12-01 
3.12-01 
3.54 -01 
4.37-03 

0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
8.0 
0.0 
0.0 
0.0 

235U Fission 

0.0 
1.86-05 
1.88-05 
1.39-05 
1.07-04 
4.61-05 
3.21-04 
6.90 - 04 
1.35-03 
2.44 - 03 
4.07 -03 
1.06-02 
3.54-02 
1.04-02 
3.83-02 
1.07-01 
1.04-01 
1.56-02 
1.10-01 
1.14-01 
1.01-01 
5.00-02 
4.94-02 
2.77- 02 
3.68-02 
3.14-02 
6.15-02 
3.74-02 
2.40- 02 
1.07-02 
1.08-02 
2.51-03 
1.10-03 
3.00-04 
9.68-04 
4.07-04 
6.88-05 
1.34-05 

0.0 
0.0 
0.0 
0.0 
0 .O 
0.0 
0.0 
0.0 

"Read as 1.9640 x lo7 
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Table 2 

23 Energy Group Gamma Ray Source Spectrum 

Group Energy Range (eV) Prompt Fission 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

2.00 -+ 0 7"- I. 404- 0 7 
1.40+07 - 1.20+07 
1.20+07 1.00+07 
1.00+07 - 8.00+06 
8.00+06 - 7.00+06 
7.003-06 6.00+06 
6.00-1-06 - 5.00+06 
5.00+06 - 4.00+06 
4.00+06 ------ 3.00+06 
3.00+06 .-.--- 2.50+06 
2.50+06 - 2.00+06 
2.00+OG - 1.50+06 
1.50+06 .-I-- 1.00+06 
1.00+06 --- 7.00+05 
7.004-05 - 4.50+05 
4.50-1-05 - 3.00+05 
3.00+05 1.50+05 
1.50+05 - 1.00i-05 
1.00+05 - 7.00+04 
7.00+04 - 4.50+04 
4.50+04 -I--- 3.00+04 
3.00+04 - 2.00+04 
2.00+04 - 1.00+04 

0.0 
8.25-06 
8.25 -06 
1.34-04 
3.02-04 
9.08-04 
2 73 - 03 
8.19-03 
2.46-02 
2.70-02 
4.69-02 
8.12-02 
1.43-01 
1.32-01 
1.50-01 
1.11-01 
1.32-01 
4.79-02 
3.01-02 
2.58-02 
1.58-02 
1.07-02 
1.08-02 

"Read as 2.00 x lo7,  
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Table 3 

The Detector Regions Implemented in the 
Radiation Transport Analysis Routines 

SBI Platform Detector 
Component Region 

1 C3 Bay Critical Components Central Instrument Box" 

C3 Bay Inner Instrument Ring" 
0 to 60 Degree Segment 

60 to 120 Degree Segment 
120 to 180 Degree Segment 
180 to 240 Degree Segment 
240 to 300 Degree Segment 
300 to 360 Degree Segment 

0 to 45 Degree Segment 
45 to 90 Degree Segment 
90 to 135 Degree Segment 

135 to 180 Degree Segment 
180 to 225 Degree Segment 
225 to 270 Degree Segment 
270 to 315 Degree Segment 
315 to 360 Degree Segment 

Kinetic Kill Vehicle Computers" 
KKVNumber 1 
KKV Number 2 
KKVNumber 3 
KKVNumber 4 
KKV Number 5 
KKVNurnber 6 
KKVNumber 7 
KKV Number 8 
KKVNumber 9 
KKV Number 10 

KKVNumber 1 
KKVNumber 2 
KKVNumber 3 
KKVNumber 4 
KKVNumber 5 
KKVNumber 6 
KKVNumber 7 
KKVNumber 8 
KKVNumber 9 
KIW Number 10 

C3 Bay Outer Instrument Ring" 

Kinetic Kill Vehicle Sensorsa 

2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
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Table 3 (Continued) 

SBI Platform 
Component 

Detector 
Region 

Right Solar Panelb 
Inner 0.5 em Thick Shell 
Next 0.5 cui Thick Shell 
Next 0.5 em Thick Shell 
Next 0.5 cm Thick Shell 
Outer 0.5 cni Thick Shell 

Inner 0.5 cm Thick Shell 
Next 0.5 cm Thick Shell 
Next 0.5 cin Thick Shell 
Next 0.5 crn Thick Shell 
Outer 0.5 cm Thick Shell 

Inner 1.0 cm Thick Shell 
Next 1.0 em Thick Shell 
Next 1.0 ~ 1 x 1  Thick Shell 
Next 1.0 em Thick Shell 
Outer 1.0 cm Thick Shell 

Kinetic Kill Vehicle Rocket Fuel Tanks' 
KKVNumber 1 
KKV Number 2 
KKV Number 3 
KKV Number 4 
KKV Number 5 
KKV Number 6 
KKVNumber 7 
KKV Niiinber 8 
KKV Number 9 
KKV Number 10 

SBI Tank Number 1 
SBI Tank Number 2 
SBI Tank Number 3 
SBI Tank Number 4 
SBI Tank Number 5 
SBI Tank Number 6 
SBI Tank Number 7 
SBI Tank Number 8 

Left Solar panel' 

BSTS, SSTS Antennaa 

SB'I Weapon Platform Rocket Fuel 'ranksd 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 

"Silicon at 20% theoretical density. 
'90% beryllium/lO% silicon at 50% theoretical density. 
'Hydrazine at 25% theoretical density. 
dIIydraziIie at 100% theoretical density. 
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Table 4 

Neutron and Gamma Dose Levels in the SBI Platform 
from the Deuterium-Tritium Fusion Source Positioned 

Directly Above the Platform Body 
(rads.rn2/kTon)” 

Neutron Secondary Gamma 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

1.398+OSbf 0.037‘ 
1.702+09 f 0.030 
1.506+09 f 0.026 
1.247+09 f 0.038 
2.111+09 f 0.031 
1.9063-09 f: 0.023 
1.556+09 rt 0.032 
2.164+09 f 0.034 
1.171+09 f 0.026 
1.152+09 f 0.027 
1.237+09 f 0.035 
3.014+09 f 0.027 
2.368+09 f 0.022 
2.287-t-09 f. 0.018 
2.123+09 f 0.027 
2.009+09 f 0.024 
1.404+09 f 0.029 
2.699+09 f 0.022 
2.180+09 f 0.024 
2.207+09 f 0.023 
2.046-1-09 f 0.029 
1.427+09 f 0.031 
2.684+09 f 0.023 
2.209+09 f 0.024 
2.219+09 f 0.028 
1.777+09 f 0.023 
1.204+09 f 0.026 
2.524+09 f 0.020 
1.876+09 f 0.022 
1.928+09 & 0.023 
1.752+09 f 0.020 
1.120+09 f 0.024 
2.498+09 f 0.021 
2.013+09 f 0.022 

7.436+08 f 0.074 
8.011+08 f 0.071 
7,780408 f 0.079 
8.463+08 f 0.070 
8.615+08 f 0.078 
1.034+09 f 0.064 
1.006+09 f 0.064 
7.874+08 f 0.062 
5.741+08 f 0.063 
6.425t-08 f 0.065 
7.590+08 f 0.065 
9.871+08 f 0.058 
1.014+09 f 0.050 
1.003+09 f 0.060 
9.654+08 f 0.058 
8.656+08 f 0.063 
6.093+08 f 0.091 
9.217+08 f 0.063 
8.313+08 f 0.071 
7.116+08 f 0.067 
8.103+08 f 0.070 
6.168+08 f 0.067 
9.641+08 =t 0.061 
8.687+08 f 0.062 
8.103+08 rt: 0.064 
6.882+08 f 0.054 
4.830+08 f 0.068 
9.416t-011 f 0.062 
7.384+08 f 0.050 
7.430+08 f 0.067 
7.276+08 f 0.052 
5.152+08 f 0.055 
7.977+08 f 0.051 
7.025+08 f 0.054 
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Table 4 (Continued) 

Neutron Secondary Gamma 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

1.913+09 f 0.021 
2.454+07 f 0.057 
1.1141-07 -% 0.074 
9.6061-06 f 0.081 
1.019+07 f 0.062 

2.648+07 f 0.058 
1.160+07 f 0.079 
1.162+07 f 0.069 
9.750+06 f 0.065 
5.8621-06 f 0.070 
1.283+10 f 0,012 
1.3024-09 f 0.027 

9.2281-08 f 0.029 
7.0414-05 f 0.034 

2.845+10 f 0,019 
9.256+10 f 0.014 
7.2421-10 f 0.015 
7.485 510 f 0.014 
5.281+10 f 0.017 
2.978+10 f 0.019 
9.553+10 f 0.014 
7.634+10 f 0.015 
7.3251-10 f 0.015 

9,247+10 f 0.017 

3.2771-11 f 0.009 
8.9851-10 f 0.018 
9.360+10 f 0.016 
3.243+11 f 0.009 

4.999$-06 f 0.070 

1.085-t09 f 0.034 

5.180+10 f 0.017 

9.313.i-10 f 0.016 

3.234+-11 .& 0,008 

3.275-t-11 f 0.008 

6.395+08 f 0.052 
1.078+08 f 0.044 
2.5771-07 f 0.075 
2.639+07 f 0.122 
1.513+87 f 0.064 
9.779+06 f 0.072 
1.121+08 f 0.050 
2.477-t-07 f 0.078 
2.1601-07 f 0.077 
2.1311-07 f 0.085 
9.541+06 10 .092  
1.347+09 It 0.077 
8.713+08 f 0.107 
5.932+08 f 0.094 
4.536.4-08 f 0.115 
2.0184-08 f 0.134 
1.308+09 f 0.031 
8.188+08 f 0.043 
1.484+09 f 0.032 
1.206+09 f 0.032 
1.150+09 f 0.033 

8.141+08 f 0.042 
1.5451-09 f 0.027 
1.264+09 f 0.032 
1.231+09 f 0.033 
3.4264-09 f 0.028 
3.329+09 f 0.030 
6.197+09 f 0.018 
6.457t09 f 0.018 
3.240+09 f 0.024 
3.383+09 f 0.028 
6.331+09 f 0.015 
6.296+09 f 0.018 

1.314-4-09 f 0.035 

”A factor of 4~ has already been included in these values. 
bRead as 1.398 x lo9. 
“Fractional Standard Deviation. 
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Table 5 

Neutron and G a m m a  Dose Levels in the SBI Platform 
from the Deuterium-Tritium Fusion Source Positioned 

Directly Above the Solar Panels 
(rads.m2/kTon)" 

Neutron Secondary Gamma 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

- 

8.O32+0Sbf 0.530' 
9.629+06 f 0.381 
1.235+07 f 0.407 
1.322+07 f 0.361 
1.564+07 f 0.297 
2.096+07 f 0.303 
1.175+07 f 0.313 
2.180+07 f 0.257 
3.425+07 f 0.303 
3.432+07 f 0.277 
2.210+07 f 0.223 
1.772+07 f 0.261 
1.033+07 f 0.418 
2.582+07 f 0.282 
2.060+07 f 0.175 
5.140+06 f 0.539 
1.059+07 f 0.358 
2.407+06 f 0.294 
3.996+06 f 0.432 
1.032+07 f 0.335 
3.745+06 f 0.404 
4.590+06 f 0.527 
7.158+06 f 0.437 
7.731+06 f 0.422 
1.161+07 f 0.306 
5.647+06 f 0.373 
3.831+06 k 0.343 
6.811+06 f 0.345 
1.131+07 rt 0.330 
8.115+06 f 0.350 
7.958+06 f 0.389 
7.930+06 f 0.311 
8.819+06 f 0.299 
9.775+06 f 0.347 

1.523+07 f 0.401 
1.231-4-07 f 0.264 
1.589+07 f 0.305 
2.688+07 f 0.414 
1.562+07 f 0.433 
2.141+07 f 0.265 
3.503+07 f 0.380 
1.547+07 f 0.214 
1.172+07 z t  0.346 
1.694+07 f 0.499 
2.799+07 r f  0.275 
1.8353-07 f 0.203 
8.380+06 f 0.236 
3.230+07 f 0.482 
1.890+07 f 0.214 
6.419+06 f 0.304 
9.037+06 f 0.488 
9.1?2+06 f 0.288 
7.493+06 f 0.336 
1.352+07 f 0.316 
1.118+07 f 0.348 
2.548+07 f 0.356 
7.688+06 f 0.254 
1.151+07 f 0.282 
1.311+07 f 0.256 
7.285+06 f 0.376 
1.086+07 f 0.290 
7.972+06 f 0.250 
1.3923-07 f 0.333 
'7.882+06 f 0.401 
1.209+07 f 0.289 
1.3431-07 f 0.287 
4.087+06 rt 0.328 
9.827+06 f 0.284 
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Table 5 (Continued) 
I._._ II. 

Neutron Secondary Gamma 
35 9.118+06 f 0.350 4.228+06 f. 0.227 
36 5.404+09 f 0.004 7.195+07 f 0.033 
37 7.811+08 f 0.009 6.2551-07 f 0.042 
38 6.165+08 f 0.010 4.672+07 f 0.035 
33 4.331+08 f 0.010 3.340+07 f 0.035 
40 2.007+08 f 0.013 1.344+07 f 0.056 
41 5.415+09 f 0.003 7.008+07 f 0.039 
42 7.551+08 f 0.009 6.162+07 f 0.037 
43 6.225+08 f 0.010 4.518+07 f 0.044 
44 4.295+08 f 0.009 3.606+07 f 0.043 
45 2.022+08 f 0.015 1.333+07 f 0.047 
46 1.508+08 f 0.139 5.423+07 f 0.189 
47 2.653+07 f 0.186 2.128+07 f 0.285 
48 1.9773-07 f 0.130 1.483+07 f 0.573 
49 1.494+07 Jt: 0,184 7.100+06 f 0.252 
50 7.178+06 f 0,234 2.012+06 f 0.281 
51 5.716+08 f 0.180 2.931+07 f 0.221 
52 8.054+08 f 0.158 3.522+07 f 0.169 
53 7.603t08 zt 0.153 2.844+07 k 0.172 

55 9.089+08 f 0.160 3.969-t-07 f 0.210 
56 7.034+08 $1 0.176 2.504+07 f 0.194 

58 7.005+08 f 0.157 2.641+07 f 0.183 
59 1.086+09 4: 0.137 2.309+07 f 0.173 
60 9.1883-08 f 0.181 3.002+07 f 0.260 
61 3.229+09 f 0.108 1.277+08 Itr 0.108 
62 3.056+09 f 0.096 1.458+08 f 0.103 
63 4.316+09 k 0.091 1.471+08 f 0.106 
64 3.892+09 f 0.090 1.393+08 f 0.094 

66 3.197+09 f 0.109 1.826-4-08 f 0.161 
67 4.6933-09 :k 0.087 1.542308 f 0.103 
68 

"A factor of 47r has already been included in these values. 
bResd as 8.032 x lo6. 
'Fractional Standard Deviation. 

54 1.278+09 f 0.132 3.468-107 f 0.198 

57 9.663+08 f 0.158 4.534-t-07 & 0.247 

65 3.093+09 f 0.123 1.732-t-08 f 0.175 

4.370+09 f 0.088 1.411-to8 j, 0.088 
I 
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Table 6 

Neutron and Gamma Dose Levels in the SBI Platform 
from the Deuterium-Tritium Fusion Source Positioned 

Directly in Front of the Platform Body 
(rads- m2 / kTo n) a 

Neutron Secondary Gamma 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

2.899+OSb& 0.037' 
2.314+09 f 0.020 
2.128+09 f 0.017 
2.397+09 f 0.018 
2.371+09 f 0.016 
2.188+09 f 0.021 
2.328+09 f 0.021 
8.454+08 f 0.023 
9.005+08 f 0.021 
8.540+08 f 0.022 
8.560+08 f 0.022 
8.499+08 f 0.024 
8.921408 =t 0.025 
3.8263-08 f 0.025 
8.576+08 f 0.021 
1.625+09 f 0.021 
1.587+09 f 0.019 
1.557+09 f 0.019 
1.586+09 f 0.022 
1.603+09 rfr 0.022 
9.016+07 f 0.064 
6.588+07 f 0.085 
7.481+07 f 0.065 
6.526+07 f 0.088 
6.622+07 f 0.075 
2.497+09 f 0.013 
2.5183-09 f 0.012 
2.497+09 f 0.011 
2.457+09 4 0.011 
2.506+09 f 0.012 
8.186+07 f 0.050 
5.8113-07 f 0.064 
6.607+07 f 0.063 
6.350+07 f 0.067 

3.3404-08 f 0.071 
6.2034-08 f 0.052 
5.828+08 If: 0.049 
6.041+08 f 0.054 
6.2763-08 f 0.057 
5.705+08 f 0.056 
5.968+08 f 0.050 
3.631+08 z t  0.052 
3.569+08 f 0.049 
3.641+08 f 0.054 
3.667+08 f 0.056 
3.635+08 f 0.052 
3.597+08 f 0.057 
3.788+08 f 0.054 
3.498+08 -f 0.055 
5.848408 f 0.049 
4.729+08 f 0.050 
5.175+08 f 0.058 
4.472+08 f 0.057 
4.687+08 f 0.048 
6.070+07 f 0.103 
4.606+07 f 0.133 
4.894+07 f 0.153 
4.005+07 f 0.143 
4.5083-07 f 0.159 
7.113+08 f 0.037 
6.248+08 f 0.036 
6.317+08 f 0.034 
6.092+08 f 0.041 
6.447+08 f 0.039 
3.758+07 rt 0.088 
3.821+07 f 0.104 
3.197+0% f 0.120 
3.432+07 f 0.124 
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Table 6 (Continued) 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
43 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

6.4404-07 :k 0.063 

3.071+06 f 0.101 
3.256+06 f 0.069 

2.254+06 f 0.074 
5.233+06 f 0.080 
2.494+06 :k 0.094 
3.125+06 f: 0.099 
3.126+06 f 0.096 
2.334+06 f 0.07’4 
9.155+07 f 0.073 
1.705+07 f 0.148 
1.291+07 f 0.136 
1.117+07 f 0.148 
4.957+06 f 0.157 
5.416+10 f 0.010 

5.163+10 f 0.012 
5.1154-10 f 0.013 
5.206+10 f 0.011 
1.180+10 f 0.021 
9.503+09 f 0.022 
9.2523-09 P: 0.025 
9.393+09 lir 0.026 

4.947+10 f 0.016 
4.9734-10 f 0.016 
4.914+10 f 0.017 
5.000+10 f 0.015 
9.506+09 f 0.033 
8.825+09 f 0.028 
9.208+09 f 0.030 
8.632+09 :k 0,032 

5.4w-06 f 0.077 

2.833+06 f 0.080 

5.1874-10 f 0.011 

9.304.j-09 rt: 0.024 

3.880+07 f: 0.131 
2.245+07 f 0.063 
6.100+06 $: 0.117 
5.748+06 f 0.103 
5.3304-06 f 0.138 
2.6781-06 f 0.100 

6.707+06 f 0.093 
5.398+06 f 0.098 
3.837+06 f 0.083 
2.246+06 JI: 0.092 
1.3314-08 f 0.084 
3.409+07 f 0.185 
3.063+07 f 0.154 
1.7934-07 f 0.150 
8.987+06 f 0.145 
6.833+08 f 0.026 
5.083+08 f 0.026 
5.216+08 f 0.028 
5.033+08 f 0.026 
5.164+08 f 0.027 
2.043+08 f 0.047 
1.511+08 $I 0.043 
1.373+08 f 0.056 
1.463+08 f 0.051 
1.543+08 f 0.048 
1.787+09 f 0.021 
1.727+09 f 0.021 

1.800+09 f 0.023 
4.762+08 .& 0.038 
4.7721-08 .& 0.052 

4.604+08 f 0.043 

2.320-t-07 f 0.064 

1.7644-09 f 0.021 

4.932-1.08 f 0.054 

Neutron Secondary Gamma 

aA factor of 47i has already been included in these values. 
bRead as 2.899 x lo8. 
‘Fractional Standard Deviation. 
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Table 7 

Neutron and Gamma Dose Levels in the SBI Platform 
from the Deuterium-Tritium Fusion Source Positioned 

Directly in Front of and Above the Platform Body 
frads.m2/ kTon)a 

Neutron Secondary Gamma 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

1. 135+10b& 0.017' 
7.036+08 f 0.047 
3.473+08 f 0.055 
5.968+08 f 0.044 
1.020+09 f 0.039 
8.415+08 4 0.033 
1.118+09 f 0.043 
2.0193-09 f 0.024 
1.281+09 4 0.026 
1.338+09 f 0.029 
2.031f09 f 0.028 
2.151+09 f 0.028 
2.383+09 f 0.018 
2.4483-09 f 0.020 
2.354+09 f 0.025 
1.675+08 f 0.083 
2.5963-08 f 0.065 
1.534+08 f 0.069 
1.595+08 f 0.086 
1.378+08 f 0.083 
1.457+08 f 0.090 
2.048408 f 0.078 
2.266+08 f 0.073 
1.817+08 f 0.081 
1.377+08 f 0.076 
1.673+08 f 0.072 
2.507+08 3_: 0.048 
8.677+08 f 0.027 
1.498+08 f 0.067 
1.143+08 f 0.072 
1.422+08 f 0.064 
1.793+08 f 0.072 
9.508+08 f 0.029 
1.701+08 f 0.064 

3.718+09 f 0.093 
7.269+08 f 0.098 
5.060+08 f 0.113 
6.450+08 f 0.101 
8.171+08 f 0.087 
9.584+08 f 0.115 
7.450+08 f 0.086 
7.607+08 f 0.078 
4.628+08 f 0.077 
5.509+08 f 0.080 
6.863+08 f 0.072 
6.254+08 f 0.073 
7.517+08 f 0.069 
7.595+08 f 0.074 
7.441+08 f 0.077 
2.026+08 f 0.096 
2.161+08 f 0.097 
2.227+08 f 0.110 
2.596+08 f 0.195 
2.154+08 f 0.108 
2.199+08 f 0.106 
1.725+08 f 0.120 
2.515+08 f 0.105 
2.197+08 f 0.116 
1.604+08 f 0.108 
1.863+08 f 0.081 
2.056+08 f 0.077 
3.418-t-08 f 0.080 
2.109fO8 f 0.103 
1.742+03 rf 0.092 
1.789+08 f 0.091 
1.709+08 f 0.098 
2.776+08 f 0.092 
2.196+08 f 0.116 
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Table 7 (Continued) 

Neut roxi Secondary Gamma 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

1.209+08 f 0.059 
1.916+07 f 0.059 
8.219+06 f 0.080 
6.532+06 f 0.082 
5.868+06 f 0.070 
3.694+06 f 0.072 
2.058-4-07 f 0.055 
8.692+06 f 0.085 
7.567+06 f 0.081 
6.156+06 _tr 0.073 
3.478+06 It 0.076 
1.225+10 f 0.012 
1.66O-t-09 f 0.029 
1.331+09 f 0.032 
9.099+08 f 0.028 
3.905-t-08 f 0.035 
1.059+10 f 0.038 
1.105-4-10 f 0.035 
4.720+10 f 0.018 
1.022+10 f 0.035 
8.368+09 f 0.037 
1.2184-10 f 0.030 
1.190-t-10 f 0.032 
3.947-t-10 f 0.018 
1.078+10 f 0.035 
9.288+09 rt: 0.033 
3.788+10 f 0.025 
2.765+10 f 0.025 
1.872+10 f 0.035 
2.696+10 f 0.023 
3.935+10 I Q.027 
3.216+10 f 0.039 
2.239+10 4: 0.028 
3.109+10 f 0.025 

1.555-4-08 k 0.086 
5.615+07 It: 0.055 
1.217+07 f 0.091 
1.233+07 f 0.073 
9.838+06 f 0.155 
4.518+06 f 0.103 
5.675+07 f 0.052 
1.373+07 It: 0.114 
1.297-4-07 f 0.122 
1.012+07 f 0.102 
4.970+06 f 0.114 
1.009+09 f 0.094 
6.590+08 $I 0.147 
6.168+08 f 0.125 
4.531+08 f 0.130 
1.711+08 f 0.116 
4.514+08 f 0.048 
4.152+08 f 0.058 
5.193+08 f 0.043 
4.427-4-08 f 0.044 
3.725+08 f 0.059 
5.295+08 f 0.044 
4.181-4-08 f 0.057 
5.534+08 f 0.042 
4.375+08 rir: 0.041 
3.700+08 k 0.056 
1.957-4-09 f 0.036 
1.605+09 f 0.036 
1.594-1-09 f 0.043 
1.747+09 r t  0.036 
1.771+09 f 0.032 
1.458+09 It 0.036 
1.590+09 :k 0.045 
1.935+09 f 0.036 

"A factor of 47r has already been included in these values. 
bRead as 1.135 x lo1'. 
'Fractional Standard Deviation. 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

Table 8 

Neutron and Gamma Dose Levels in the SBI Platform 
from the Fission Sources Positioned 
Directly Above the Platform Body 

( rads.m2 / kTon) a 

Prompt Gamma 

1.622+07bf 0.038' 1.693+07 f 0.086 2.323+08 4 0.034 
1.683+07 f 0.035 1.908+07 f 0.117 2.762+08 f 0.050 
1.530+07 f 0.028 1.705+07 f 0.078 2.357+08 f 0.035 
1.332+07 f 0.037 1.706+07 f 0.065 1.969+08 f 0.044 
2.173+07 f 0.028 1.988+07 f 0.058 3.852+08 f 0.038 
2.020+07 f 0.024 2.155+07 f 0.068 3.577+08 f 0.025 
1.687+07 f 0.030 2.080+07 f 0.070 3.027+08 f 0.041 
1.867+07 f 0.032 1.708+07 f 0.061 3.537+08 f 0.038 
1.160+07 f 0.025 1.483+07 f 0.060 1.632+08 f 0.034 
1.191+07 f 0.030 1.435+07 f 0.072 1.737+08 f 0.030 
1.406+07 f 0.032 1.785+07 f 0.072 2.3533-08 f 0.044 
3.337+07 f 0.026 2.150+07 f 0.052 6.320+08 f 0.029 
2.450+07 f 0.019 2.370+07 f 0.066 4.674+08 z t  0.024 
2.397+07 f 0.021 2.311+07 f 0.051 4.702+08 f 0.023 
2.563+07 f 0.026 2.114+07 f 0.055 4.7703-08 f 0.030 
1.915+07 f 0.028 1.999+07 f 0.109 3.529+08 f 0.025 
1.1823.07 f 0.034 1.2213-07 f 0.086 2.251+08 f 0.030 
2.988+07 f 0.022 2.385+07 Zt 0.052 5.783+08 f 0.027 
2.288+07 f 0.028 1.915+07 f 0.100 4.832+08 f 0.032 
2.230+07 k 0.027 1.764+07 f 0.057 5.098+08 f 0.029 
1.800+07 f 0.029 2.220+07 f 0.065 3.575+08 f 0.030 
1.101+07 f 0.034 1.560+07 f 0.115 2.292+08 f 0.038 
2.949+07 f 0.024 2.585+07 f 0.051 5.636+08 f 0.032 
2.219+07 f 0.028 2.225+07 f 0.083 4.627+08 f 0.032 
2.231+07 f 0.027 1.959+07 f 0.073 4.740+08 f 0.032 
1.619+07 f 0.022 1.805+07 f 0.068 3.0954-08 4 0.026 
9.615+06 f 0.031 1.010+07 f 0.064 1.712+08 f 0.034 
2.790+07 f 0.019 2.440+07 f 0.057 5.446+08 f 0.024 
2.049+07 f 0.022 1.616+07 i 0.050 4.3704-08 f 0.025 
1.905+07 f 0.025 1.544+07 f 0.046 4.114+08 f 0.024 
1.684+07 f 0.021 1.816+07 i 0.052 3.010+08 f 0.029 
9.686+06 f 0.032 l.l66+07 f 0.082 1.707+08 f 0.033 
2.820+07 f 0.021 2.276+07 f 0.045 5.266+08 f 0.027 
2.0461-07 f 0.024 1.735+07 f 0.047 4.502+08 f 0.027 

-~ Neutron Secondary Gamma 
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Table 8 (Continued) 

Neutron Secondary Gamma Prompt Gamma 
... 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

2.024+07 f 0.023 
4.3414-05 f 0.041 
2.283+05 f 0.049 
2.433+05 Ir 0.046 
2.111+05 f 0.038 
1.3913-05 zt 0.044 
4.370+05 f 0.040 
2.415+05 zt 0.049 
2.3373-05 f 0.045 
2.1394-05 f 0.040 
1.365+05 If 0.042 
1.193+08 f 0.011 
1.838+07 f 0.028 

1.212+07 I: 0.030 
7.344+06 f 0.036 
1.511+09 f 0.023 
9.057+08 &. 0.033 
4.728+09 f 0.015 
3.269+09 f 0.020 
3.168+09 3~ 0.016 
1.562+09 $: 0.022 
8.708+08 f. 0.029 
4.787+09 f 0.017 
3.249+09 f 0.020 
3.2123-09 f 0.018 
2.891+09 f 0.019 
2.820+09 f 0.018 
1.274+10 f 0.010 
1.258+10 f 0.012 

2.807+09 f 0.019 
1.240+10 f 0.010 
1.253+10 k 0.010 

1.492-t07 f 0.028 

2.778-tQ9 f 0.020 

1.591+07 rt 0.058 
3.253+06 f 0.049 
7.196+05 f 0.074 
7.1724-05 f 6.149 
5.367+05 f 0.070 
3.227+05 f 0.095 

8.262+05 f 0.072 
7.316+05 f 0.115 
6.445+05 f 0.084 
3.171+05 f 0.106 
3.296+07 f 0.065 
1.185+07 f 0.105 
8.564+06 f 0.113 
5.906+06 f 0.098 
2.940+06 f 0.102 
5.048+07 f 0.041 

7.303+07 f 0.035 
5.082+07 f 0.036 
4.942+07 st 0.038 
5.526-t-07 L 0.036 
3.039+07 f 0.042 
6.866+07 f 0.031 
4.986+07 f 0.035 
5.264+07 st 0.031 
1.379fO8 f 0.034 
1.321+08 f 0.025 

3.606+08 f 0.018 
1.363+08 f 0.029 

3.602+08 f 0.020 
3.522+08 f 0.017 

3.445-+-06 f 0.057 

2.765-t-07 f 0.044 

3.5043-08 f 0.019 

1.414-1-08 f 0.032 

4.092-4-08 f 0.026 
9.931+06 Zt 0.030 
3.968+06 $1 0.052 
3.812+06 f 0.047 
3.343+06 f 0.041 

1.040+07 f 0.030 
4.097+06 k 0.045 
3.856+06 f 0.038 
3.370+06 f 0.035 
1.925+06 f 0.036 
2.739+09 f 0.015 
3.856+08 :k 0.030 
3.208+08 f 0.034 
2.583+08 f 0.032 

6.504+08 f 0.021 
3.655+08 f 0.025 

8.789+08 f 0.018 
9.021+08 f 0.018 
6.334+08 ir 0.021 
3.584+08 * 0.027 
1.103t09 k 0.019 

8.636+08 f 0.021 

1.373+09 f 0.018 
4.038+09 f 0.011 

1.374409 f 0.018 
1.4293-09 f 0.016 

4.067+09 f 0.012 

1.931-tO6 f 0.044 

1.859+08 f 0.038 

1.082-to9 f 0.016 

8.678-t-08 k 0.018 

1.378-+-09 $1 0.016 

4.066-1-09 k 0.013 

4.119-to9 3s 0.012 

"A factor of 47r has already been included in these values. 
bRead as 1.622 x lo7. 
Frac tional Standard Deviation. 
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Table 9 

Neutron and Gamma Dose Levels in the SBI Platform 
from the Fission Sources Positioned 

Directly Above the Solar Panels 
( rads.m2/kTorn)” 

Neutron Secon‘dary Gamma Prompt, Gamma 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

3.708+05bf. 0.271‘ 
6.265+05 f 0.205 
5.099+05 f 0.237 
4.376+05 f 0.174 
5.589+05 f 0.155 
5.626+05 f 0.203 
5.377+05 f 0.214 
6.302+05 f 0.164 
5.074+05 f 0.187 
3.327+05 f 0.189 
7.092+05 f 0.144 
6.483+05 f 0.135 
4.511+05 jz 0.196 
4.932+05 f. 0.195 
6.796+05 f 0.141 
1.751f05 f 0.377 
2.314+05 f 0.283 
1.790+05 f 0.286 
4.488+05 f 0.212 
2.979+05 f 0.223 
1.417+05 f 0.333 
1.954+05 f 0.282 
8.864+04 f 0.295 
3.3883-05 f 0.215 
3.786+05 f 0.217 
1.095+05 f 0.241 
1.938f05 f 0.206 
1.128+05 f 0.264 
3.822+05 k 0.195 
2.221.505 f 0.218 
1.404+05 Jt 0.256 
2.784+05 f 0.176 
1.683+05 f 0.244 
2.397+05 f 0.188 

4.500+05 f 0.313 
9.660+05 rt 0.275 
1.762+06 f 0.417 
1.436+06 f 0.684 
5.801+05 f 0.347 
8.486+05 f 0.392 
4.263+05 f. 0.288 
1.061+06 f 0.313 
6.160+05 f 0.298 
6.921+05 f. 0.282 
6.637+05 f 0.318 
4.021+05 f 0.290 
5.589+05 f 0.328 
1.282+06 f 0.284 
7.752+05 f 0.250 
1.367+06 f 0.754 
8.754+05 f 0.520 
4.116+05 f 0.355 
2.855+05 f 0.358 
7.849+05 f 0.317 
3.418+05 f 0.272 
8.445+05 f 0.314 
9.122+05 f 0.294 
1.118+06 f 0.342 
7.903+05 f 0.256 
1.422+06 f 0.603 
4.078+05 f 0.429 
3.606+05 f 0.359 
4.583+05 f 0.388 
5.379+05 f 0.225 
4.748+05 f 0.292 
2.105+06 f 0.793 
9.225+05 f 0.477 
4.3364-05 k 0.279 

9.216+05 f 0.326 
1.8503-06 f 0.341 
2.494+06 f 0.238 
2.550+06 f 0.276 
2.330+06 f 0.275 
1.895+06 f 0.314 
1.690+06 f 0.367 
2.819+06 f 0.178 
2.736+06 f 0.229 
2.412+06 f 0.266 
3.455+06 f 0.184 
3.615+06 f 0.175 
2.667+06 It 0.324 
2.630+06 f 0.267 
2.191+06 f 0.242 
1.723+06 f 0.297 
1.756+06 f 0.247 
1.139+06 f 0.325 
2.589+06 f 0.223 
2.856+06 f 0.218 
8.634+05 f 0.349 
1.2223-06 f 0.307 
1.065+06 f 0.329 
2.952+06 f 0.238 
1.965+06 f 0.260 
1.075+06 f 0.272 
1.892+06 f 0.261 
1.177+06 f 0.241 
2.649+06 f 0.223 
2.186+06 f 0.234 
4.962+05 f 0.358 
1.928+06 f 0.214 
9.796+05 f 0.274 
1.227+06 f 0.205 
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Table 9 (Continued) 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

Neutron Secondary Gamma Prompt Gamma 

3.1481-05 f 0.170 3.841+05 f 0.307 1.553+06 zk 0.240 
4.733+07 f 0.004 9.458+05 :fr 0.102 1.390+09 f 0.004 
1.230+07 f 0.008 6.1961-05 f 0.082 1.276+08 dz 0.010 
1.026+07 f 0.009 4.648+05 f 0.079 1.032+08 f 0.013 
7.491+06 f 0.007 
3.4823-06 f 0.010 
4.718+07 f 0.004 
1.210407 IfI 0.008 
1.0303-07 f 0.009 
7.474+06 zk 0.008 
3.429+06 f 0.011 
6.2681-06 f 0.064 
2.044+06 f 0.120 

9.378+05 f 0.111 
3.938+05 f 0.128 
4.029+07 f 0.175 
5.721+07 0.152 
5.8053-07 f 0.118 
8.247+07 f 0.103 
8.2744-07 f 0.124 
3.669+07 f 0.202 
6.606+07 :k 0.134 
4.284+07 * 0.161 
9.544+07 f 0.118 
9.044+07 f 0.125 
1.788+08 f 0.088 

2.110+08 f 0.082 
2.4091-08 ,* 0.077 
2.065+08 f 0.097 
2.323+08 f 0.093 
2.1744-08 311: 0.089 
2.4144-08 f 0.090 

1.332+06 f 0.130 

2.092+08 f 0.104 

3.744+05 f 0.100 
1.5721-05 k 0.099 
8.222+05 f 0.094 
5.861485 f 0.100 
4.416405 Ifr: 0.076 
3.7184-05 k 0.085 
1.426+05 f 0.124 
1.727+06 f 0.328 
3.003+05 & 0.415 
4.753+05 f 0.446 
1.347+05 f 0.352 
1.042+05 f 0.385 
2.369+06 f 0.320 
3.052+06 f 0.263 
1.986+06 Ifr 0.224 
2.206+06 f 0.156 
2,755-l-06 f 0.145 
2.488+06 f 0.155 
2.066+06 r k  0.152 
1.746+06 f 0.155 
3.507+06 f 0.408 
2.068+06 f 0.139 
1.053+07 10.156 
1.080+07 f 0.118 
1.085+07 f 0.112 
1.268+07 f 0.095 
1.143+0? f 0.150 
1.166+07 f 0.114 
1.334+07 A: 0.095 
1.1874-07 f 0.092 

7.945fQ7 k 0.014 
4.581+07 f 0.021 
1.395+09 $: 0.005 
1.2944-08 f 0.010 
1.029+08 f 0.012 
7.930+07 f. 0.011 
4.528+07 f 0.019 
1.561+07 f 0.105 
5.280+06 f 0.161 
6.202+06 f 0.134 
5.547+06 f. 0.121 
3.456+06 IO.105 
1.689+06 f 0.261 
3.249+06 k 0.192 
1.703+06 f 0.262 
4.349+06 f 0.175 
3.232+06 & 0.142 
1.339+06 f 0.255 
4.125+06 f 0.175 
1.891+06 f 0.255 
4.015+06 f 0.154 
2.815+06 Ifr 0.173 
2.6621-07 f 0.112 
2.187+07 f 0.108 
1.198+07 & 0.127 
1.300+07 f 0.136 
2.608+07 f 0.100 
1.!390+07 f 0.118 
1.071+07 10.136 
1.228+07 i 0.120 

aA factor of 471. has already been included in these values. 
bRead as 3.708 x 10’. 
Fractional S t andad Deviation. 
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Table 10 

Neutron and Gamma Dose Levels in the SBI Platform 
from the Fission Sources Positioned 

Directly in Front of the Platform Body 
(rads-m2/kTon)” 

Neutron Secondary Gamma Prompt Gamma 

2.975+OSbf 0.041‘ 4.865+06 f 0.088 7.371+07 f 0.047 
2.255+07 f 0.019 8.216+06 f 0.051 5.009+08 f 0.021 
2.160+07 f 0.021 7.897+06 f 0.057 4.537+08 f 0.023 
2.287+07 f 0.019 8.762+06 f 0.063 4.756+08 f 0.026 
2.233+07 f 0.021 9.996+06 f 0.064 4.818+08 f 0.023 
2.097+07 f 0.016 8.177+06 f 0.067 4.582+08 f 0.026 

7 2.353+07 f 0.022 8.051+06 f 0.064 5.010+08 f 0.021 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

8.883+06 f 0.023 
8.907+06 f 0.022 
8.656+06 f 0.022 
8.398+06 f 0.026 
8.657+06 f 0.026 
8.444+06 f 0.024 
8.705+06 f 0.023 
8.677+06 f 0.024 
1.493+07 f 0.022 
1.361+07 f 0.020 
1.354+07 f 0.023 
1.355+07 f 0.022 
1.380+07 f 0.024 
3.182+05 f 0.101 
2.549+05 f 0.136 
2.880+05 f 0.102 
2.237+05 f 0.138 
2.041+05 f 0.137 
2.664+07 f 0.014 
2.541+07 f 0.012 
2.533+07 f 0.014 
2.526+07 Ifi 0.013 
2.571+07 f 0.014 
3.011s-05 f 0.101 
2.398+05 f 0.100 
2.177+05 k 0.133 
2.080+05 f 0.115 

5.335+06 f 0.052 
5.528+06 rt 0.055 
5.640+06 f. 0.053 
5.6703.06 f 0.062 
5.839+06 f 0.055 
5.521+06 f 0.061 
5.9823-06 f. 0.084 
5.495+06 f 0.055 
1.131+07 f 0.058 
8.769+06 4: 0.062 
8.892+06 f 0.053 
9.544+06 f 0.080 
9.298+06 f 0.055 
1.063+06 f 0.140 
6.083+05 f 0.162 
8.525+05 f 0.151 
6.463+05 zfr 0.189 
5.661+05 f 0.127 
1.290+07 f 0.051 
1.088+07 f 0.042 
1.081+07 tt: 0.040 
1.026+07 f 0.041 
1.066+07 f 0.035 
4.675+05 f 0.121 
7.936+05 f 0.234 
5.332+05 f 0.140 
5.068+05 f 0.243 

1.928+08 f 0.026 
1.962+08 f 0.024 
1.952+08 f 0.024 
2.007+08 f 0.026 
1.914-i-08 f 0.032 
1.824+08 f: 0.026 
2.004+08 f 0.029 
1.95lfD8 f 0.030 
2.856+08 f 0.027 
2.819+08 f 0.028 
2.797+08 f 0.027 
2.780+08 4: 0.024 
2.648+08 f 0.031 
1.675+07 f 0.080 
1.645+07 f 0.083 
1.468+0? f 0.097 
1.584+07 f 0.092 
1.5124-07 f 0.077 
5.502+08 f 0.017 
5.211+08 f 0.017 
5.162+08 f 0.015 
5.337+08 rt 0.015 
5.129+08 f 0.016 
1.927-i-07 f 0.058 
1.666+07 f 0.067 
1.562+07 f 0.059 
1.541+07 f 0.071 
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Table PO (Continued) 

Neutron Secondary Gamma Prompt Gamma 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

2.102+05 f 0.116 
7.341.j-84 f 0.058 
5.034+04 f 0.063 
5.142-t-04 f 0.064 
5.413+04 f 0.048 
4.124+04 f 0.048 
7.008+04 f 0.055 
4.264+04 f 0.068 
5.405+04 f 0.058 

4.706f04 f 0.045 
1.507+06 f 0.057 
2.953+05 f 0.116 
2.634+05 f 0.118 
2.035+05 :k 0.173 
9.669+04 f 0.136 
2.186+09 f 0.011 

1.899+09 f 0.014 
1.932+09 f 0.012 
1.917+09 f 0.015 
2.410+08 f 0.032 
1.912+08 f 0.043 
1.8553-08 f 0.036 
1.832+08 f 0.028 
1.907+08 k 0.039 
1.771+09 f 0.015 
1.758+09 f 0.014 
1.750+09 f 0.017 
1.800+09 f 0.015 
3.477+08 f 0.031 
3.352+08 14: 0.031 
3.377+08 f 0.035 
3.493+08 f 0.035 

5.543-t-04 rpI 0.062 

1.864-to9 f 0.014 

4.639+05 f 0.156 
5.7803-05 k 0.064 
1.640+05 f 0.107 
1.398+05 & 0.156 
1.3591-05 f 0.133 

6.351+05 f 0.074 
1.593+05 f 0.100 
1.569-t-05 k 0.109 
1.166+05 f 0.094 
6.9874-04 $I 0.161 
4.175+06 f 0.083 
8.3534-05 :I:: 0.261 
5.253+05 Ilt 0.191 
3.259+05 f 0.157 
2.488+05 4: 0.173 
2.781+07 f 0.032 
1.9733-07 f 0.041 
1.8163-07 f 0.037 
1.953+07 Ifl 0.032 
1.938-t-07 f 0.029 
5.219+06 f 0.066 
4.061+06 f 0.084 
3.648+06 f 0.069 
4.044+06 f 0.076 
3.395+06 3: 0.067 
7.870+07 f 0.024 
7.877+07 f 0.023 
7.522+07 f 0.023 
7.781+07 f 0.020 
1.616+07 ::k 0.045 
1.638+07 f 0.049 
1.414+07 f 0.046 
1.557+0? 4: 0.078 

6.3903-04 f 0.139 

1.5544-07 f 0.065 
1.855-t-06 f 0.048 
1.049+-06 f 0.078 
9.729+05 10.061 
9.740+05 14: 0.068 
4.999-t-05 f 0.056 
2.099+06 f 0.049 
8.729+05 f 0.067 
1.019+06 f 0.062 
9.216+05 41 0.072 
5.712+05 f 0.076 
1.634+07 f 0.064 
4.080+06 f 0.097 
3.915+06 f 0.098 
2.8773-06 Itr. 0.102 
1.339+06 f 0.093 
6.038+08 f 0.014 
5.600+08 f 0.015 
5.502+08 f 0.015 
5.697-t-08 f 0.014 
5.578+08 f 0.017 
1.425-t-08 Ifi 0.025 
1.098+08 f 0.030 
1.011+08 f 0.031 
1.097+08 f 0.027 
1.053+08 f 0.030 
7.393+08 f 0.022 
7.961+08 If-: 0.022 
7.657+08 rt: 0.023 
'7.817+08 f 0.022 
9.783+07 f 0.039 
9.983+07 f 0.041 
1.070+08 fr 0.038 
9.701+07 f 0.038 

"A factor of 471. has already been included in these values. 
bRead as 2.975 x lo6. 
Fractional Standard Deviation. 
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Table 11 

Neutron and G a m m a  Dose Levels in the SBI Platform 
from the Fission Sources Positioned 

Directly in F'ront of and Above the Platform Body 
( rads-rn2/ kTon)" 

Neutron Secondary Gamma Prompt Gamma 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

1.008+08b& 0.024' 
1.442+07 f 0.033 
8.522+06 f 0.043 
1.265+07 f 0.033 
1.656+07 f 0.036 
1.378+07 f 0.031 
1.695+07 i 0.034 
2.205+07 f 0.029 
1.519+07 f 0.028 
1.522+07 i 0.031 
2.237+07 f 0.025 
2.553+07 f 0.025 
2.678+07 f 0.020 
2.735+07 f 0.020 
2.640+07 f 0.024 
3.815+06 f 0.057 
5.187+06 f 0.052 
3.997+06 f 0.061 
5.166+06 f 0.056 
4.048+06 f 0.051 
3.080+06 f 0.067 
3.437+86 f 0.061 
4.057+06 f 0.061 
3.996+06 f 0.053 
3.813+06 f 0.050 
3.968+06 f 0.045 
5.720+06 f 0.037 
1.044+07 f 0.031 
4.433+06 f 0.042 
3.851+06 f 0.048 
3.410+06 f 0.046 
3.855-t-06 Ifr 0.048 
1.042+07 f 0.028 
4.086+06 f 0.047 

3.658+07 f 0.101 
1.555+07 f 0.111 
1.115+07 =t 0.091 
1.309+07 f 0.072 
1.376+07 f 0.107 
1.268+07 k 0.083 
1.230+07 f 0.097 
1.432+07 -3r 0.123 
1.393+07 f 0.132 
9.925+06 f 0.073 
1.234+07 10 .071  
1.187+07 f. 0.068 
1.455+07 f 0.069 
1.485+07 f 0.079 
1.557+07 f 0.058 
8.8164-06 f 0.095 
7.141+06 f 0.100 
8.637+06 f 0.085 
7.480+06 f 0.093 
7.654-1-06 f 0.089 
8.280+06 f 0.082 
7.349406 f 0.176 
7.311+06 f 0.087 
6.612+06 f 0.091 
7.096+06 f 0.103 
6.699+06 f 0.065 
6.736+06 f 0.087 
7.710+06 f 0.101 
6.414+06 f 0.074 
6.456+06 f 8.100 
7.261+06 f 0.118 
5.346+06 f 0.105 
7.312+06 f- 0.075 
5.849+06 f 0.088 

1.892+09 f 0.021 
1.577+08 f 0,046 
7.612+07 f 0.051 
1.363+08 f 0.047 
2.201+08 f 0.052 

2.387+08 f 0.044 
3.588+08 f 0.035 
2.260+08 f 0.033 
2.455+08 f 0.030 
3.489+08 f 0.035 
4.191+08 f 0.031 
4.871+08 Lt 0.028 
4.892+08 f 0.028 
4.381+08 f 0.031 
2.966+07 f 0.063 
3.626+07 f 0.076 
3.372+107 f 0.071 
4.151+07 f 0.081 
3.468+07 f 0.077 
2.926+07 f 0.085 
2.990+07 f 0.080 
3.429+07 f 0.090 
4.070+07 f 0.068 
3.198+07 f 0.078 
3.645t-07 f 0.056 
5.397+07 rt 0.044 
1.732+08 f 0.035 
4,391f07 f 0.041 
3.351+07 f 0.060 
2.365+07 f 0.069 
3.053+07 f 0.067 
1.699+08 rt: 0.042 
3.620+07 3~ 0.063 

1.630+08 f 0.036 
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Table I1 (Continued) 

Neutron Secondary Gamma Prompt Gamma 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

3.536+06 f 0.043 

2.853-t-05 f 0.037 
2.885C-05 f 0.041 
2.531+05 f 0.041 
1.638+05 f 0.039 
5.015+05 rt 0.042 
2.814+05 f 0.050 
2.740+05 4: 0.042 
2.604+05 f 0.040 
1.711+05 f 0.039 
1.171+08 f 0.014 
2.298+0? f 0.029 
1.914+07 rt 0.030 
1.285+07 f 0.028 
5.581+06 f 0.032 
7.493+08 f 0.033 
9.117+08 k 0.030 
2.459+09 IC 0.018 
7.791+08 f 0.041 
6.677+08 zk 0.035 
7.602+08 f- 0.031 
7.280+08 f 0.034 
1.875+09 f 0.021 
8.379+08 f 0.029 
7.719+08 f 0.030 
2.42?+09 f 0.022 
1.805+09 f 0.024 
1.165+09 f 0.028 
1.803f09 It: 0.024 
2.077+09 f 0.022 
1.723+09 f 0.026 
1.355+09 Ij, 0.029 
1.971+09 f 0.019 

4.733+05 f 0.036 
5.529+06 f 0.077 
1.803+06 f 0.088 
4.391+05 f 0,148 
3.831+05 f .0.%'79 
3.507+05 f 0.110 
1.462+05 f 0.111 
1.585+06 f 0.066 
4.055+85 f 0.157 
3.547+05 f 0.103 
2.938+05 f 0.109 
1,923+05 f 0.161 
2.037+07 f 0.075 
1.049+07 j, 0.131 
7.651+06 f 0.109 
5.130+06 f 0.131 
1.781+06 f 0.109 
2.8913-07 -4: 0.051 
2.171+07 f 0.057 
3.124+07 f 0.046 
2.121+07 f 0.059 
2.193+0? f 0.056 
2.601+07 f 0.066 
1.816+0? 4: 0.088 
2.4063-07 f 0.040 
2.091+07 f 0.065 
1.999+07 f 0.065 
1.174+08 .A: 0.041 
8.721+07 f 0.040 
7.877+07 f 0.033 
1.041+08 f 0.034 
9.302+07 f 0.032 
8.488+07 3: 0.039 
8.069+07 f 0.039 
9.501+07 f 0.031 

2.873-l-07 f 0.057 
5.431-4-06 jI 0.044 
2.1904-06 -rfr 0.056 
1.841+06 f 0.064 
1.703+06 f 0.061 
9.665+05 f 0.058 
5.6654.06 f 0.037 
2.475+06 3: 0.069 
2.100+06 fr 0.058 
1.355+06 f. 0.066 
9.670+05 & 0.058 
2.584+09 f 0.016 
4.325+08 f 0.035 
3.602+08 f 0.031 
2.608+08 f 0.028 
1.229+08 k 0.040 
5.625-l-07 f 0.050 
7.340+07 f 0.054 
4.992+08 f 0.024 
7.799+07 f 0.041 
6.144+07 k 0.046 
6.389+07 f 0.048 
7.100+07 i 0.051 
3.444+08 -9: 0.027 
8.009407 f 0.044 
6.085+07 f 0.052 
3.360+08 f 0.033 
2.040+08 f 0.039 
1.194+08 Itr 0.037 
2.595+08 f0 .032  
2.979+08 f 0.030 
2.235+08 f 0.041 
1.599+08 f 0.040 
2.849+08 f. 0.031 

"A factor of 43r has already been included in these values. 
bRead as 1.008 x lo8. 
'Frat tiond Standard Deviation. 
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Table 12 

Neutron Damaeje Dose Levels in Silicon Components 
from the Fusion Source For AI1 Three Scenarios 

(rads(Si).rn2/kTon)" 
TOP Front 12:OO O'clock High 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
46 
47 
48 
49 
50 

l.063+08btt 0.031" 
1.2403-08 f 0.024 
1.129-4-08 f 0.024 
9.866-4-07 f 0.031 
1.515+08 f 0.026 
1.348+08 f 0.021 
1.168+08 f 0.027 
1.488+08 f 0.030 
8.799+07 f 0.023 
8.679+07 f 0.023 
9.340+07 f 0.029 
1.977+08 f 0.023 
1.621+08 f 0.020 
1.551+08 f 0.017 
1.483+08 f 0.024 
1.396+08 f 0.021 
9.833+07 f 0.027 
1.784+08 f 0.019 
1.480+08 f 0.022 
1.508+08 f 0.020 
1.4253-08 f 0.027 
9.968+07 f 0.028 
1.780+08 f 0.021 
1.506+08 f 0.022 
1.501+08 f 0.025 
1.256+08 f 0.020 
8.615+07 rtr 0.022 
1.663+08 f 0.018 
1.282+08 f 0.019 
1.315+08 f 0.021 
1.257+08 f 0.019 
8.048+07 f 0.023 
1.656+08 f 0.020 
1.365+08 f 0.021 
1.308+08 f 0.018 
7.612+08 f 0.012 
8.439+07 f 0.025 
7.331+07 f 0.033 
5.977+07 f 0.027 
4.299+07 f 0.032 

2.574447 f 0.027 
1.452+08 =t 0.020 
1.342+08 f 0.015 
1.504+08 f 0.017 
1.483+08 f 0.016 
1.374+08 f 0.019 
1.458+08 f 0.020 
5.707+07 f 0.021 
6.077+07 f 0.020 
5.746407 f 0.020 
5.817+07 f 0.020 
5.685+07 f 0.021 
5.927+07 f 0.023 
5.896+07 f 0.023 
5.782+07 f 0.019 
1.048+08 f 0.020 
1.012+08 & 0.017 
9.826+07 f 0.018 
1.001+08 zk 0.020 
1.010+08 f 0.021 
7.281+06 f 0.054 
5.400+06 f 0.069 
5.685+06 zt 0.056 
5.163+06 f 0.073 
5.274+06 f 0.063 
1.571+08 f 0.012 
1.568+08 f 0.012 
1.547+08 f 0.010 
1.527+08 f 0.011 
1.554+08 f 0.011 
6.233+06 f 0.044 
4.453+06 f 0.055 
5.081+06 f 0.053 
4.727+06 f 0.060 
4.908+06 f 0.050 
1.054+07 f 0.045 
2.037+06 f 0.096 
1.523+06 f 0.100 
1.2301-06 f 0.096 
5.916+05 f 0.103 

6.973+08 rt: 0.017 
6.256+07 f 0.038 
3.708+07 f 0.039 
5.417+07 f 0.034 
7.983+07 f 0.033 
7.119+07 f 0.028 
8.591+07 f 0.035 
1.3611-08 f 0.022 
9.012+07 f 0.023 
9.373+07 f 0.026 
1.350+08 f 0.025 
1.429+08 f 0.025 
1.582+08 f 0.017 
1.607+08 f 0.019 
1.538+08 f 0.023 
2.127+07 rf 0.050 
2.539+07 f 0.049 
1.973+07 f 0.042 
2.053+07 f 0.060 
1.896+07 zk 0.049 
1.900+07 f 0.058 
2.160fB7 f 0.052 
2.622+07 f 0.051 

1.782+07 f 0.050 
2.083+07 f 0.043 
2.520+07 f 0.036 
6.038+07 f 0.026 
1.934+07 f 0.046 
1.568+07 f 0.045 
1.995+07 rt 0.041 
1.914+07 f 0.047 
6.549+07 f 0.026 
2.079+07 f 0.043 
1.518+07 j, 0.041 
7.253+08 f 0.011 
1.078+08 f 0.027 
8.500+07 f 0.030 
5.952+07 f 0.026 
2.527+07 f 0.031 

2.237+~7 f 0.054 

"A factor of 4n has already been included in these values. 
bRead as 1.063 x lo8. 
'&ac tional Standard Deviation. 
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Table I3 

Neutron Damage Dose Levels in Silicon Components 
from the 235U Fission Source For All Three Scenarios 

(rads( Si)-m2/kTon)” 

TOP Front 1200 O’clock High 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
46 
47 
48 
49 
50 

7.060+06b& 0.038‘ 
7.044+06 f 0.035 
6.623+06 f 0.032 
6.006+06 f 0.039 
9.3773-06 f 0.028 
8.671+06 f 0.026 
7.446+06 -1-. 0.030 
7.787+06 f 0.029 

5.239+06 f 0.031 
6.174+06 f 0.033 
1.406+07 41. 0.029 
1.044+07 f 0.020 
1.020+07 f 0.022 
1.109+07 f 0.028 
8.021+06 f 0.030 
4.839+06 f 0.036 
1.274+07 f 0.024 
9.878+06 f 0.030 
9.408+06 f 0.028 
7.559+06 4: 0.031 
4.689+06 f 0.036 
1.252+07 f 0.027 
9.316+06 It- 0.030 
9.622+06 f 0.029 
6.777+06 f 0.025 
4.126+06 f 0.034 
1.175+07 f 0.021 
8.732+06 f 0.022 
7.999+06 :fl 0.026 
7.246+06 f 0.025 
4.190+06 f 0.034 
1.209+07 f 0.023 
8.689+06 f 0.026 
8.614+06 f 0.024 
4.8513-07 f 0.012 
8.042+06 f 0.029 
6.5423-06 f 0.029 
5.251+06 f 0.031 

4.993-4-06 f 0.025 

3.018-f-06 f 0.037 

1.423+06 -f. 6.041 
9.376+06 f 0.020 
8.982+06 f 0.022 
9.574+06 f 0.018 
9.238+06 f 0.021 
8.777+06 f 0.017 
9.799+06 f 0.024 
3.793+06 f 0.024 
3.804+06 rS_ 0.024 
3.652+06 f 0.025 
3.6226-06 f 0.027 
3.690+06 f 0.028 

3.645+06 f 0.025 
3.699+06 If-. 0.025 
6.046+06 f 0.022 
5.501+06 f 0.021 
5.477+06 f 0.025 
5.505+06 :& 0.022 
5.597+06 f 0.024 
1.284+05 f 0.096 
1.038+05 f 0.116 
1.147+05 f 0.112 
9.626+04 f 0.125 
9.307+04 :k 0.144 
1.114+07 f 0.016 
1.054+07 f 0.014 
1.054+07 f 0.015 
1.043+07 f 0.015 
1.067+07 f 0.015 
1.140+05 f 0.096 
9.488+04 f 0.093 
8.4524-04 f 0.137 
8.507+04 f 0.120 
9.076+04 f 0.109 
6.983+05 f 0.058 
1.443+05 f 0.116 
1.267+05 f 0.120 
9.966+04 f 0.169 
4.596+04 & 0.139 

3.537+06 f 0.024 

4.168+07 f 0.026 
6.732+06 f 0.034 
4.165+06 -j, 0.042 
6.009+06 f 0.034 
7.552+06 :fi 0.036 
6.495+06 c f l  0.031 
7.837+06 f 0.033 
9.391+06 f 0.030 
6.711+06 f 0.030 
6.688+06 $r 0.033 
9.649+06 AI 0.025 
1.101+07 f 0.025 
1.158+07 f 0.022 
1.206+07 f 0.021 
1.146+07 rfi 0.025 
1.923+06 f 0.057 
2.513+06 f 0.052 
1.932+06 f 0.062 
2.409+06 f 0.055 
1.958+06 f 0.051 
1.529+06 f 0.066 
1.681+06 f 0.061 
1.999+06 f 0.059 
1.955+06 f 0.053 
1.864+06 f 0.050 
1.917+06 f 0.045 
2.751+06 f 0.036 
4.562+06 f 0.031 
2.123+06 f 0.040 
1.858+06 f 0.047 
1.705+06 f 0.047 
1.828+06 f 0.047 
4.596+06 f 0.030 
1.946+06 f 0.049 
1.731+06 f 0.044 
4.725+07 f 0.016 
1.005+07 f 0.032 
8.417+06 f 0.031 
5.726+06 It 0.029 
2.471+06 f 0.032 

”A factor of 47r has already been included in these values. 
bRead as 7.060 x lo6. 
Fractional Standard Deviation. 
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Figure 1. Calculational Model of the Space Based Interceptor Weapon Platform 
(a), with Interior Views Showing Launch Tube-me1 Tanks Cluster (b), and the 
Central C3 Bay (c). 
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Figure 2. Kinetic Kill Vehicle (a) and Exploded View of SBI Weapon Platform 
Showing KKVs Inside Launch Tubes (b). 
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Figure 3. DABL Unclassified Neutron Source Spectra. 
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Figure 4. Normalized Fission Neutron Source Spectra. 
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SBI PLATFORM EXTERIOR HULL f-- 

C3BAY CENTRAL 
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Figure 5. Schematic diagram of the Space Based Interceptor Weapon Platform 
Command, Control, Communications (C3) Bay detailing the detector region 
numbering system used in the radiation transport analysis. 
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Figure 6. Schematic diagram of the Space Based Interceptor Weapon Platform 
detailing the kinetic kill vehicle and fuel tank numbering system used in the radiation 
transport analysis. 
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1 Incident on Top of SBI Platform 

2 Incident on Fkont of SBI Platform 

3 Incident on Ron& and Top at 45. Anglo 

Figure 7. Schematic diagram of the Space Based Interceptor Weapon Platform 
depicting directions of incident nuclear weapon source spectra. 
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