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MEASUREMENT OF ENERGY

DEPOSITED BY CHARGED PARTICLE
BEAMS IN COMPOSITE TARGETS

ABSTRACT

We have measured the energy deposited in two types of composite targets
by a number of charged-particle beams: targets made of 238U, Lucite, and
polyethylene were exposed to 0,26~GeV protons and 0.33-GeV deuterons, and
aluminum-Lucite composites were exposed to 0.5-GeV electrons. In addition,
we measured neutrons and gamma rays emitted from solid targets of various
materials (including 2380 and iron) exposed to 0.26-GeV protons and 0.33-GeV
deuterons. We used passive detectors (thermoluminescence dosimeters, Lexan
fission track recorders, and photographic emulsions) to measure the non-
fission dose and the fission-fragment dose from the primary beam and its
shower of products. Measurements were made at various depths and radial
positions in the targets. Plots and numerical values of the measured doses
are presented. The emission of neutrons and gamma rays was measured with a
liquid-deuterated-benzene detector. In general, the dose profile with depth
is similar for 0.26-GeV protons and 0,33-GeV deuterons. The ratio of return
neutrons to gamma rays increases with increasing target mass number.
Deuterons, however, produce from 1.7 to 5.8 times as many neutrons and gamma
rays per particle as do protons.

INTRODUCTICN

Beams of high-energy charged particles can penetrate thick target
materials and deposit their energy directly; the many types of secondary
particles generated by complex nuclear interactions also behave this way.
Studies of the energy deposited in targets provide information that can be
useful for shielding problems or when verifying assumptions about production
and the subsequent transport of particle showers. One can calculate the
energy deposited by such charged particles with charged-particle transport
codes such as nucleon-meson codes (NMTC,1 HETC,2'3 and CASIM4) or the
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coupled electron-photon code SANDYL.5 However, incomplete knowledge of the
interactions and the approximations and compromises made in the codes mean
that their results may be unreliable. Thus, direct measurements of the
energies deposited at various depths in a simple target are necessary for
comparing with code calculations. Once its performance and reliability are
established, a code can be used for calculating energy transport in other
targets of interest.

We have measured the energy deposited and fissions induced {(at various
depths and radial positions in selected targets) by incident beams of high~
energy protons and electrons. Previous measurements made with incident
protons of kinetic energy 0.8, 2.1, 4.8, 11.4 and 28.5 GeV and with 500-MeV
electrons were reported in UCRL—52459.6 This report describes the extension
of this work to include beams of 330-MeV deuterons; a spatially spread "wide"
beam of 260-MeV protons; measurements of the return radiation produced by
these beams; and a new 500-MeV electron experiment that used smaller thermo-

*
luminescence dosimeters (TLD's) in a more tightly packed configuration.
EXPERIMENTAL METHOD

The previous experiments discussed in Ref, 6 all used variations of the
target plate arrangement shown in Fig. 1. It consisted of 7-in.- (17.8-cm-)
square variable-thickness shower plates of uranium—238+ (23BQ) located in
front of (and separated from) a 2-in. thick polyethylene block and a thin
2380 plate, with variable spacing between the two portions. The purpose of
the spacing was to radially spread the shower generated in the uranium plates
to increase the radial resolution of the detectors adjacent to the polyethylene
block. The polyethylene then moderates the shower neutrons, which are detected

*k
in the thin 238y plate and a 10-mil-thick 23%y foil.™ The 235y foil

*
These experiments along with comparison calculations have been documented
in more detail in Ref. 7.

Tactual composition in atom %: 99.774% 238y; g.201% 235y, 0.018 23%y;

0.018 236y; 0.005% 233y,

**
Actual composition in atom %: 93% 2359y; 0.28 each 233y, 234y, 236y,

remainder 238U.
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FIG. 1. Standard shower plate and detector ascembly.

was shielded with 0.1 g/r_-m2 of loB to protect it from highly thermalized

shower or background neutrons. Because the 2380 detector is sensitive to

neutrons with energy in excess of 1 MeV, and the loa-shielded, 2350

detector is sehsitive to neutron energies above a few eV, a measure of the
neutron spectrum can be obtained by comparing the data from the two detectors.

This target plate arrangement worked well for protons whose kinetic

energy was 0.8 GeV or higher. However, the shower plate was too thick to
allow through any primary particles whose initial energy was less than several
hundred MeV., Therefore, for the proton and deuteron measurements described in
this report, the target was restructured to one portion with thinner 2380

plates. A new target confiquration using 50.8-cm by 50.8-om square aluminum
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FIG. 2. ‘Target setup for Stanford 500-MeV electron runs,

plates was used for the electron experiments also. Figures 2 through 4
illustrate the target geometries used., The planer dimensions of materials and
detectors, e.g., Lucite TLD holder, photographic film (with the exception of
the electron experiments), Lexan plastic foil, etc., were nearly the same as
those of the aluminum or 2380 plates. For a typical run, passive energy-

dose integrating detectors were located at different positions in the flat
plate target assembly. At selected depths along the beam transport path we
were therefore able to measure the radial distribution of dose deposited by
the primary beam (protons, deuterons, or electrons) and by secondary beta,

gamma, and x rays using these TLD's. The TLD's were nominally 3-by-3-by-Il-mm
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FIG. 3. Target setup for Lawrence Berkeley Lab proton runs.
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for the proton and deuteron runs and l-by-l-by-3-mm for the electron experiments.
They were packaged in Lucite holders for the proton and deuteron runs (pattern

shown in Fig. 5) and for the electron runs (pattern shown in Fig. 6). TLD's

were also embedded in cylindrical holes in the 2380 plates and the remainder

of each hole was filled with a cylindrical plug of 238U (sometimes called D38)

or 2350 (sometimes called oralloy or oy). A barrier was always provided to
prevent fission fragments from entering the TLD's. The pattern of TLD's
embedded in this manner is shown in Pig. 7. Photographic emulsion films were
also used to measure the non-fission dose., This technique provides spatially
continuous data and a gross visual check of the energy-deposition pattern. The
film and TLD's were calibrated with a gamma-ray source of known intensity.

The fission-fragment contribution to dose was estimated by counting the

tracks in etched 10-mil Lexan foils that were in contact with the 2380 and

235U surfaces. (The number of tracks is related to the number of fissions
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by a constant.,) The dose was then calculated, based on the number of fissions,
by assuming 180 MeV deposited per fission event. The calibration constant,
relating the fission/g in uranium to the number of tracks per unit area (track
density) in the Lexan foil was measured in calibration runs with a 14-MeV
neutron source. The result was 2.08 x 104 fissions/q per tr.ack/mm2 with
one standard deviation of better than 20% for a standard track-shape criterion.
The neutrons and gamma rays emitted by various targets were also measured
during both of the July 257-MeV proton and 330~MeV deuteron exposures. The
targets were chosen from a wide range of the periodic table and the thickness
was roughly equivalent to the particle range. Two detectors were fielded, one
to measure the number of neutrons (n) and gamma rays (y) emitted per incident
particle and another to obtain y-ray spectral information. The n/y detector

was deuterated benzene contained in a cylinder 12.5 cm in diameter and 7.5 cm
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FIG. 5. Pattern of TLD's packaged in a Lucite holder for measuring radial
dose distribution in plates at specified depths in the target assembly for
dueteron and proton experiments.
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Coordinates

R = Radius in cm
T = Angle in degrees

R{ 1)=2214 T( 1) =108.43
R{ 2)=2.10 T{ 2)= 900
R{ 3)=2214 T{ 3)= 7157
Al 4)=1.980 T{ 4) = 1350
A{ 5) = 1,565 T{ 5) =116.57
A{ 6} =1.40 T{ 6)= 90.0
R{ 7} =1.565 T{ 7} = 6343
R{ 8} =1.980 T{ 8}= 450
R{ 9} =2.214 T{ 9) = 16157
R{10} = 1.565 T{10) = 153.43
R(11) =0.990 T{11) =135.0
R{12) =0.70 T(12)= 90,0
R{13) =0.990 T{13) = 450
R{14) = 1.565 T{14) = 26.57
R{15) = 2,214 T(15) = 1843
R{16) = 2.10 T{16) = 180.0
R{17} =140 T{17)=1800
RA(18) = 0.70 T(18) = 1800

FIG. 7.

R(19)=00 TH9) = 00
R{20)=0.70 T(201= 00
R{21)=1.40 T(21}= 0.0
R{22)=2.10 T(22}= 0.0

R(23) = 2.214 T(23} = 198.43
R{24) = 1.565 T(?4) = 206.57
R(25) = 0.990 T{25) = 225.0
R{26) = 0.70 T(26l=270.0
R{27) =0.99 T(27)=3150
R(28) = 1.565 T(28) = 333,43
R{29) = 2.214 T{29} = 34157
R{30) = 1.980 T(30} = 225.0
R{31) = 1,565 Ti31} =243.43
R{32} =140 TI(32} =2700
RI(33) = 1,665 T{33) = 296,57
R{34) = 1.980 T(34) = 3150
R{35) = 2.214 T(35) = 25157

R(36) =2.10 TI(36) = 270.0
R(37) = 2.214 T{37} = 288.43
R(38) =30 TI38)= 0.0
R(39) =45 T{39)= 00
R{40} =60 T{40}= 00
R{41}=75 T4 = 00
R(42) =30 TI42) = 450
R{431=45 T{432}= 450
R(44) =6.0 T(44) = 45.0
R(45) =75 T(45) = 45.0
R{46) =30 Ti46l = 900
R(47) =45 T(47)= 90.0
R{4B) =6.0 T{48) = 90.0
R{49} =75 T8} = 900
R{50) =3.,0 T{(50) = 135.0
R{51) =45 TI(61)=1350
R(521 =6.0 TI(521=1350

Pattern of TLD's embedded in the
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R{52) =75
R{54) = 3.0
R{55) = 4.5
R{56) = 6.0
R(67}) =75
R(58) = 3.0
R(59) = 4.5
R(60} =6.0
R{61) =75
R(62} = 3.0
R{63) =45
R(64) = 6.0
R{65} = 7.5
R(66) = 3.0
R(67) = 4.5
R{68) = 6.0
Rig9I =75

T{83) = 135.0
Ti54) = 1800
T{55) = 180.0
T{56} = 180.0
T{57) = 180.0
T(58) = 225.C
T(59} = 2250
T{60) = 225.0
T{61) = 225.0
T(62) = 2700
T{63) = 2700
Ti64) = 2700
Ti85) = 2700
T{66) = 3150
T{67) = 315.0
T(68) = 315.0
Ti69} = 2160

surfaces of 238y plates.




long. The spectrometer utilized pulse-shape discrimination to separate the
neutron~produced signals from those due to gamma rays. A Nal (Tl) detector
was used for the y-ray spectral measurement. Both detectors were located
within a lead and boric acid house at an angle of 80° with respect to the
incoming beam line. This was as close to 0° as existing physical constraints
would allow. The detectors were separated from each other by a 5-cm—thick
lead sheet to minimize detector cross—talk. In addition, the n/y detector
had a 1l.Z2-cm—-thick lead sheet between it and the target to absorb scattered
protons (the range of a 90-MeV proton in lead is 1.24 cm) and low energy
Y rays. Figure 8 presents a layout of the geometry. The beam macrostructure
was nominally 0.5 s in duration with a 4-s period. The microstructure had a
nominal frequency of 1.5 MHz while the beam packets were 40-50 ns wide. The
beam packets were also modulated so that the instantaneous current might well
reach 1010 to 1011 particles per packet. The detectors were triggered by
the radio frequency (rf) microstructure. The neutron energy spectrum was then
measured using time-of-flight technique with the beam~on-pulse as zero time.
Standard delays were used to time-calibrate the system. Stray background
counts were also thus reduced by reducing the counting time.

A 5.125-in. aluminum degrader* was in the beam 97 inches upstream of
the target during the proton runs and removed from the beam line during the
deuteron runs. The targets were all solid plates with a 7-by-7-in. cross
section. The target physical data are presented in Table 1.

The detector efficiency for a fission spectrum was measured in the

R R 2 .
exper imental geometry using a 52Cf source at the target position., The

252Cf source was contained in an ionization chamber. To obtain the time-
of-flight spectrum, start pulses were taken fraom the ionization chamber rather
than from the accelerator rf.

Data were obtained for approximately 15 minutes of bombardment time for
each target. An ionization chamber placed upstream in the beam path monitored
beam currents.

The proton and deuteron experiments were carried out at the Lawrence
Berkeley Laboratory (LBL) Bevatron while the electron beam work was done at
the Stanford Mk III accelerator. 1In a typical run, the appropriate beam

characteristics were first established. Then the intensity was reduced and a

Polaroid or x-ray f£ilm was exposed by the beam to check alignment and size.

*
This degrader will be discussed later.
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TABLE 1. Neutron and gamma-ray return measure-

ment targets.

Thickness Bombarding
Material {in.) particlea
Lucite 13 d
Aluminum 7 a
Fe 3 p.d
23&0 2 p.d
a

p = 257-MeV protons, beam size = 11 cm (FWHM),
d = 330-MeV deuterons, beam size = 8 cm (FWHM)

In the case of a very high intensity beam, such as the 500-MeV-electron
exposures, the alignment was checked by exposing glass slides and examining
the resultant radiation browning. We then followed this procedure:

1. the beam was blocked by a massive beam plug;

' 2. the real target was aligned;

3. the accelerator rf was turned off temporarily to allow removal of the
beam plug; and

4. the rf was turned back on to allow the beam on target. The appro-
priate particle fluence was usually obtained during a running time of 0.2 to 2
hours. After the exposure, the photographic emulsions and the TLD packages
were removed from the target assembly. The TLD's embedded in the uranium
plates were not removed for two to three days after the exposure.

Particle currents during the runs were monitored by secondary emission
chambers which counted electrons emitted from aluminum foils in the beam or by
gas-filled ion chambers. To obtain the absolute number of particles, the ion
chambers were calibrated by the amount of 11C (20-min half-life) produced in
a thin polystyrene sheet placed in the beam. The secondary emission monitors
vs Faraday cup calibration for the 500-MeV electron beam was dorie two months
after the experiment and was found to have changed from 6% efficiency (as
assumed in Ref. 4) to 4.9 % 0.4%.

The Stanford experiments were performed on January 17, 1978 while the
Faraday cup vs. secondary emission monitor calibration runs were made on
March 7, 1978. The plates loaded with the TLD's were stored near the beam
dump while the machine was being tuned. The TLD's were exposed to doses of

12



TABLE 2. Ion chamber data.

Fill gas: pure nitrogen
Fill gas pressure: few mm above atmospheric pressure
Chamber annuli: 0-1, 1-3, 3-5, 5-9, 9-13, 13-17 cm diameters
Chamber foil spacing: 1 cm
Number of protons per ion-chamber count:
Upstream chamber (350 MeV) = 6.78 x lO5 protons/IC count
Downstream chamber (257 MeV) = 5.40 x 105 protons/IC count
Ion chamber counts in 0-1 cm Segment:
Run 1101l: Upstream = 206699 implies 1.40 x 10ll protons
Downstream = 11328 implies 6.11 x 10° protons
Run 1102: Upstream = 201976 implies 1.37 x 10ll protons
Downstream = 11306 implies 6.11 x 109 protons

Attenuation due to degrader and spacing is 95.6% in center segment

from 0 to 0.2 rads, depending on where they were located in the plate and
where the plate was in the stack. No backgrounds have been subtracted from
any of the dose data (e, p, or d) since they are usually small compared to the
beam~related dose.

The March 16~17, 1978, 257-MeV proton runs were performed in one of the
Biomed caves at the LBL Bevatron. The lowest proton energy available was
350 MeV, so a 5.125-in. aluminum degrader was used to both reduce the energy
and spread the beam. The Biomed facility has two computer-monitored, radially
segmented ionization chambers. The characteristics of the chambers are given
in Table 2. (Their segmentation assumes beam symmetry.) Between the chambers
is a computet;controlled, remotely filled water column. The Bragg curve of
particle ionization vs water column thickness can be measured automatically by
the downstream ion chamber as the thickness of the water column is increased.
The 5.125-in. aluminum block was placed between the upstream ion chamber and
the water column and a 11l.12-ecm~thick piece of Lucite was placed next to the
water column; the column alont was not enough to produce maximum ionization in
the downstream ion chamber. The ionization peaked with a total thickness of
26 om of water plus the 11.12-cm-thick Lucite. The density of Lucite is
1.2 g/cm3 while the stopping power is 97.1% that of water, in the range from

13



380 to 240 MeV. The Lucite is therefore equivalent to an additional thickness
of water of 12.96 cm, for a total water column thickness of 38.96 cm or
approximately 39 g/cmz. The energy of a proton with this range in water is
257 MeV. A 10% error in density or thickness yields a 2% error in energy

(~5 MeV).

The degrader was left in position between the upstream ion chamber and
the water column {(with the water and Lucite removed) while the downstream
chamber was moved near the front of the targets. The distance from the center
of the acegrader to the face of the targets was maintained at 2.52 m (~100 in.).

The target exposures were stopped when the computer inserted a beam plug
after the downstream ion chamber reached a predetermined number of counts. It
was estimated that the target return signal induced in the downstream ion
chamber (placed ~2 in. in front of the target) was about 7%. Since the beam
was large {(~17 cm FWHM) and the fluence fairly uniform over the central TLD's,
the fluence derived fram the central segment of the ion chamber was used to
calculate the specific energy deposited.

An attempt was made to measure the return radiation (neutrons and gamma
rays) resulting from protons bombarding several thick target materials. An
electronics malfunction, which we subsequently discovered, invalidated the
data. Return radiation was successfully measured in the July runs.

The July LBL runs were performed in a different cave and the 330-MeV-
deuteron beam was undegraded, while the proton return radiation was measured
with the same degrader and spacing as the March runs. The llC measurements
described earlier were used to calibrate these ion chambers. Restricted space
and equipment meant we were able to use only one chamber located upstream of
the degrader block position (see Fig. 8). Polystyrene foils were positioned
just downstream of the ion chamber and at the front and rear of the target
stand for the 11C calibration with the proton beam. Two foils were used for
the deuteron calibration, one next to the ion chamber and one at the front of
our target stand.

An unresolved inconsistency between the 11C proton fluence measurements
and some TLD dose measurements exists. Using the 11C—measured deuteron
ion-chamber calibration (corrected for the proton's lower stopping power), one
estimates 3 x 105 protons per ion-chamber pulse at the front of the target

llC measurement for the proton run was 2.6 x 105 protons

stand. The actual
per ion-chamber pulse. These numbers are crudely consistent. However, a
Lucite TLD plate was exposed during one n/Y measurement run. This plate

14



shows a peak dose of 0.27 rads with a beam FWHM of =8.5 cm for a total ion
chamber count of 901. Assuming a stopping power of 3.2 (MeV)(cmz)/g in the
TLD and knowing the beam profile, we calculated that the calibration is more
nearly 1.0 x 105 protons per ion-chamber pulse, after correcting for dose
enhancement from room and target return. These TLD measurements (with the
assumed stopping power) yield fluence results consistent with those measured
bv the ion chambers used during the March exposures. The 11c deuteron
experiment ion-chamber calibration and the TLD data from the deuteron measure-

ments are also consistent.

DATA ANALYSIS

The exposed photographic films were developed, in the same way as the
calibration films, for the expected dose level. The films were then scanned
by a densitometer to measure the radiation-produced opacity. The opacity vs
dose calibration necessary to calculate the energy deposited at various
locations in the target had been obtained earlier from the calibration films,
Contour dose plots in a plane at each depth in the targets have not yet been
completed. When completed, such plots could provide a dose measurement
similar to that obtained by TLD's.

The approximately 1000 TLD's irradiated during each run were removed from
the Lucite holders and 2380 surfaces, and their light output was measured at
the LLL dosimetry facility. With the irradiation-dose vs light-output calibra-
tion curve, the TLD output was converted to energy deposited at the correspond-

ing locations in the target assembly.

The fission density was measured with the Lexan track recorders. Large

5-by-7-in. foils were placed next to each uranium plate, and two small 0.25-in.-

diameter foils were located on either side of the TLD's placed inside each of

the 69 holes in every uranium plate. The bottom foil in this Lexan/TLD/Lexan/

plug stack was always in contact with a 2380 surface. The top foil was

contacting either 2380 (D38) or 2350 (oy), depending on the plug material.
After the exposures the foils were removed and the Lexan was etched for 90 min

in an NaOH solution (240 g of NaOH/liter H20 at 60°C). The etching process

enlarges the damage produced by the fragments, rendering them visible through a
microscope.

15



The track density (tracks/mm2 of foil area) was then measured by a
Quantimet-pattern-recognition computer that operates together with a micro~
scope and a television camera. Shape factors, such as the ratio of the
projected area of a feature to the square of its perimeter, were used to
discriminate against dust and other artifacts. The 5-by-7-in. foils were read
along the vertical and horizontal directions in l-mm increments. Averages
were then taken of five adjacent readings. Each of the 0.25-in.-diam foils
was read three times and an average was used. With the proper calibration
censtant for the specific shape factors, the tracks/mm were converted to
fissions/g at the specific location fram which the foil was removed. The

fissions/g for the 10

B-shielded 233y detector foils were similarly
calculated. We have assumed a deposited energy of 180 MeV/fission and
converted to rad to compare directly with the TLD data.

For the n/y emission measurements, the pulse-shape discriminator
associates every event above threshold in the liquid sc¢intillator with either
a neutron or gamma ray incident on the detector. Thus, by using two halves of
a multichannel analyzer in combination with their identifying signal, neutron
and gamma-ray data were obtained simultaneously for each target listed in
Table 1. The neutron time-of-flight spectra are characterized by an
evaporation-type distribution with a maximum near 3 to 4 MeV (together with a
peak due to misidentified gamma rays). Room—return neutrons appear as low
energy neutrons. Background runs were performed so that the influence of
room—-return neutrons and gamma rays could be evaluated.

The neutron and gamma-ray yields for each target were extracted from the
data as follows. The yield of neutrons or gamma rays plus background was
obtained by integrating over a specific time region where the data were
clearly above background. The background was estimated from the late-time
region of the spectrum. The new yield was then obtained by subtraction. The
high-energy neutron integration limit was chosen to include the contribution
of high-energy neutrons to yield; it therefore includes some misidentified
prompt gamma rays. This procedure, therefore, overestimates the yield from
the lighter targets, which had higher misidentified gamma-ray contributions.
The error is not significant, however, although data exist to make further
corrections.

Unfortunately, the Nal (Tl) detector was saturated when the targets were

expcsed so that no usable gamma-ray spectral data were obtained.
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RESULTS

In Appendices A-~D we present the detailed experimental data. The most
reliable and complete of these are the TLD dose data. In Appendix A, the TLD
dose contours are shown (one to a page). On each contour is indicated the
energy deposited {in rad) in the plane perpendicular to the beam, at the depth
indicated by the location number and the detector designation (plate no.).
Reference to the specific target drawing (Figs. 2 through 4) for the run
number of interest should resolve any ambiguity. These contour plots refer to
both the Lucite-held TLD's (plate no. begins with a P) and those embedded in
the D38 plates (plate no. begins with a D). For each plane we have also
plotted the dose along lines at 00, 45°, 900, and 135° to the horizontal
axis of each plane. All data are arranged chronologically. Comparison of "D"
and "P" plate data for the same location show that the TLD dose is very nearly
the same whether the TLD is in Lucite or uranium. This was not the case for
the higher-energy proton runs reported in UCRL-52459,6 in which those TLD's
embedded in 2330 had doses consistently higher (by a factor of approximately
two) than those in Lucite.

The numerical data corresponding to the contour plots of Appendix A are
included as Appendix B. The data are listed with their corresponding position
coordinates: dose in rad, angle in degrees, radius in cm.

Appendix C is the reduced fission data, presented in terms of dose and
plotted as a function of radius. Only the data for deuterons are shown graph-
ically, since the proton beam was so large there was little radial structure
(0 = 20%) and there were no fission measurements in the current election
beam experiments. The foils on the top of the Lx/TLD/Lx/pellet stack are the

only ones that could come in contact with a 235U {oy) pellet. Those on the

bottom were all next to 2380 (D38). The beam was somewhat off the geometric
center of the target. An approximate center was chosen and the radii from all
angles transformed to the new center so that all the available D-plate data
could be plotted. Plate D6 was read twice and plots of both sets of data are
included. There is reasonable agreement for the D38 data but the oy data is
lower by roughly 1/3 in the peak dose region. This is a demonstration of the
errors one can expect in this type of measurement. Even so, the oy shows a
consistently higher fission density, by at least three-fold, than does the D38.
It is interesting t0 note the influence of the 10B on the 2350 fission

density measured in plate P10 (Fig. 7, Appendix C). These pellets were
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separated from the incident beam by the loB—shielded 2-in.-diam 2350
foil. The effect on the low energy (<1 MeV) neutron flux can be clearly
seen. Contrast this with the unshadowed 235U data of plate D9 in Fig. Csa.

In contrast ?o the higher energy proton runs reported in Ref. 6, there is
little difference?between the fission densities measured on the surface of a
uranium plate and those measured inside.

The fission data for the proton runs are given in Table 3. Most of the
235U foils could not be read bhecause of a mottling of the Lexan surface.

The room and uranium backyround doses given to the detectors were
generally small compared with peak doses. No background corrections have been
made to any of the data reported in the Appendices.*

The quantity frequently used to compare the effectiveness of energy
transport by particles of various energy is what we call the "specific dose."
This is defined as the energy deposited (cal/g) divided by the totzl incident
particle energy per unit area (kJ/cmz). We have computed the maximum (on
axis) specific dose at each detector position for the various runs; the
results are presented in Table 3. These data have been corrected for back-
ground. The maximum specific dose is usually derived from the highest dose at
each depth. The beam area was measured at the FWHM value of the dose contour
for the first TLD plate in each experiment.

From the data in Table 3, we have plotted in Fig. 9 (for visual compar-
ison) the TLD~specific dose as a function of Jepth for one measurement at each
energy and particle. The specific doses from fission are plotted separately
in Fig. 10 because the fission detectors were not located at all TLD depth
positions.

The specific dose data in Table 3 and Figs. 9 and 10 summarize the
results for rouch comparison of effects from incident particles of different
types.

Figure 11 shows the results of the electron experiments with the aluminum
plates.

The neutron time-of-flight spectra are shown in Appendix D, Figs. D1~D7,
while the corresponding gamma-ray time distributions are illustrated in
Figs. D8-D14.

*

The estimated background from intrinsic radiation of the uranium plates
(fEor TLD's embedded in them) is 40 rad for the deutcron experiments with
0.5 rad from room return and 20 rad for the proton exposures.
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TABLE 3.

Measured doses along beam axes in flat plate target assemblies.

farticle type

Specific dose

Fission dose cal/q per kymz

Energy
Run Particle No. Detector TLD dose {rad) Fissions
No. Beam size (FWHM) designation {rad) 238, 235, TLD 238, 235y
21 e 1 5.4 x 10% - —_ 3.0 x 1071 -
500 Mev 2 6.5 x 10% - - 3.6 x 107 —
6.73 x 10t 4 1.7 = 16* - - 9.5 x 1072 -
0.4 ca 5 9.3 x 10° -~ - 5.2 % 1072 -
6 3.7 x 10° - - 2.1 % 1072 -
2 e 1 7.9 x 10 — - 1.7 x 207t -
500 Mev 3 1.9 x 169 - - 2.3 x 17} -
7.2 x 10*t 5 9.4 x 10° - - 5.4 % 1072 -
0.42 c» 6 3.0 x 10! - — 1.7 x 1074 -
1 3.5 x 10! - - 5.5 x 107% -
101 p Pl 3.6 x 102 - - 2.9% -
257 Mev n 3.7 % 10° 5.3 x 10 - 3.0 0.42
1.2 x 1012 P2 4.0 » 102 - - 1.2 -
17.0 o 02 3.8 x 10° 6.0 x 10t - 3.0 0.48
P3 4.1 x 102 - —_ 1.3 -
D3 4.0 x 102 6.5 x 101 - 3.2 0.52
e 4.1 x 10? - - 3.3 -
D4 4.6 x 102 4.9 x 10! - 3.7 0.39
P5 5.2 x 102 - — 4.1 —
102 p 23 3.6 x 102 - — 2.8 -
257 Mev D5 4.0 x 102 5.8 x 10% - 3.2 0.46
1.2 x 1p12 D6 4.2 x 102 6.5 x 10! - 3.4 0.52
17.0 en 7 4.2 x 10° - - 3.4 -
7 4.3 x 102 7.9 x 10! 3.1 x 102 1.4 0.63 2.5
D8 4.7 x 107 7.2 x 101 3.5 x 102 3.8 0.57 2.8
D9 5.2 x 102 9.3 x 10l 3.7 x 102 4.1 0.74 3.0
8 5.5 x 10% - - 4.4 -
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TABLE 3. Continued.
Particle type Specific dose
Energy Fission dose cal/jg_mlmz
Run  Particle No. Detector TLD dose {rad) Fissions
No. Beam size (FWHM) designation (rad) 238 235y LD 238, 235y
plo 9.5 x 10 1.9 x 10} 2.9 x 10° 0.76 0.31 2.3
PO 1.4 x 10 - - 0.11 -
o 4 Pl 1.3 x 10° - — 2.4 — -
330 Mev £l 1.5 x 102 8.0 x 107 2.0 x 10° 2.7 15 3.7
1.4 x 10%! P2 1.5 x 102 - - 2.8 - -
8.5 com D2 1.5 x 10° 5.0 x 10° 2.1 x 102 2.8 0.52 1.9
P3 1.6 x 10° - - 2.9 - -
D3 1.6 x 10% 4.5 x 10 2.4 x 10° 2.9 0.83 4.4
Pl4 1.9 x 10° - - 3.5 - -
D4 1.9 x 10° (3.0 x 104)® 36 s 0.35° (0.66)°
P5 2.0 x 102 - - 3.7 - -
111 d PLl 1.4 x 10 - - 2,577 - -
330 Mev D5 1.5 x 10° 4.0 x 10 1.50 x 102 2.7 0.74 2.8
1.4 x 101 D6 1.5 x 102 5.5 x 1¢* 1.50 x 1g2 2.8 1.0 2.8
8.5 cm P13 1.6 x 102 - {2.20_x 1059 2.9 - .09
07 1.6 x 10° 1.0 x 10t 2.20 « 10° 2.9 0.74 4.1
DB 1.7 x 102 3.0 x 10t 1.50 x 102 3.1 0.55 2.8
D3 2.0 x 102 4.0 x 10t 2.20 x 1p2 3.6 0.74 4.1
pL6 2.1 = 102 - - 3.9 - -—
D10 1.3 x 10t 1.0 x 10l 2.00 x 102 0.24 0.18 1.7
(22)€ {0.40)°
P17 2.0 x 10° - - D.04 - —

a}\ssumes 7.3 x 109 p/l:mz over central beam region (from segmented ion-chamber data).

Bynshielded 2350 foils unreadable.
SUranium-235 Eail shielded with 10g,

dResulfs of two readings.

®Uranium-235 disk shielded with %a,
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FIG. 9. Maximum TLD specific dose versus depth.

The neutron time-of-flight spectra (Figs. D1-D7) are characterized by an
evaporation-type distribution with a maximum near En = 3-4 MeV, together

with a peak from misidentified prompt gamma rays (near channel 322 in Fig. D2)
and identified on the upper abcissa scale as "y."

At the low-energy end of
the spectrum, a contribution from room-scattered neutrons is evident as well

as another contribution from misidentified gamma radiation. This later
contribution is time-independent and originates in delayed gamma-ray activity.
When these spectra are examined it must be remembered that, due to the beam

microstructure, the time resolution is ~40 ns (FWHM).

Thus, events in the
spectrum from high-energy neutrons and prompt gamma rays overlap.

In
Figs. D1-D7, the upper abcissa scale labels the neutron energy, deduced from
the time calibration (1.41 ns/channel) and the length of the flight path.

21



5 X 100 1 T 1 T T

- ’I%\ ,p.*‘wm 235, ]
B G ]
-2
E
K] Two sets of readings
3 | .
g
a 238 X,9,@ = 330-MeV deuteron
Y
= @®,« = 260-MeV proton
3 100 X
I o \
8 Ly 0 -
(=]
1: - 1
A B 7
2
i N 168 _ shietded-
235U
= \ E
\
\
2107~ \ 1
i 1 ] X | |

0 20 40 60 80 100 120
Depth — g/em?

FIG. 10. PFission dose versus depth.

Gamma-ray time distribution spectra are shown in Figs. D8-D14. The gamma-ray
spectra exhibit a "prompt" gamma-ray peak superimposed on a long-term time-
independent. background, representing for the most part beam-induced delayed
activity. This is illustrated in Fig. D9, the spectrum associated with
deuteron bombardment of Al. The FWHM of the time distribution is found from
these data to be 42 ns (30 channels).

Table 4 lists:

1. the integrated counts of both neutrons and prompt y rays obtained
in this fashiong

2. these yields normalized with negligible error to the ionization
chamber current;

3. the ratio of the two yields:; and

4. an estimate of the detected source strength at the target.

A detailed examination of the shape of the neutron time-of-flight spectra
reveals some interesting features. For 2380, the spectral shape is indepen-
dent of the bombarding particle type (p or d). The same statement applies to
the spectra obtained with the Fe target, although with less certainty. This
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F15. 1i. 500-MeV electron specific dose versus depth., All TLD's were mounted
in Lucite holders (mass of holders is included)}. Error bar on first datum for
Run 92 is due to maifunction of TLD reader on this chip.

is because the neutroa time-of-flight spectrum associated with the proton bom-
bardrment cf Fe has poor statistics. Also, it was obtained with intermittent
beam conditions and so the gamma-ray time-independent background is high.
When the spectrum resulting from bombarding Al with deuterons (Fig. L2)
is compared with the spectrum resulting from deuteron bambardment of 238U
(Fig. D4), the only shape difference is the pronounced peak in the Al spectrum
from misidentified gamma rays. When the spectrum resulting from bombarding an
Fe target (Fig. D3) is compared with that resulting f£rom bombarding 2380, a
slightly different slope for En > 8 MeV is suggested, such that the spec-~
trum associated with the Fe target is slightly harder than that associated
with the 2380 target. However, this difference becomes insignificant when a

small smount of misidentified gamma radiation is mixed in and when statistics
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TABLE 4. Prompt return neutron and gamma-ray data.?
Detected
Ton- Number ofP petected® 4T source strength
, Energy chamber incident Total Yield Ratio at target
Target Particle (MeV) pulses particles n Y n/Y n/particle v/particle
Blank d " 330 717 3.8 x 108 886 479 1.23 (0.015) (0.0081)
13-in. Lucite d 330 685 3.6 x 108 4168 2521 1.62 0.073 0.045
7-in. aluminum ¢} 330 1163 6.2 % 10a 14052 8119 1.723 0.15 0.084
3-in. iron d 330 745 3.9 % 108 9691 6456 1.50 0.186 0.10
P 257 1184 0.36-1.2 x 109 4309 3320 1.29 0.023-0.077 0.018-~0.060
2-in. 2% a 330 619 3.3 x 108 26524 7222 a.08 0.58 0.14
p 257 1367 0.41~1.4 x 109 21603 5098 4.23 0.10-0.34 0.024-D.08
252 - - - - 240603 238155 1.01 - -

3Statistical errors are estimated to be 10% in yield and 14% in
bRange for proton data based on conflicting C and TLD data (3 x 105 vs 1 x 106 p/IC counts).

CMeasured by this detector at its location.

11

the ratio n/y.

No efficiency has been included.



are considered. The same statement may be made when the spectrum produced by
the Lucite target (Fig. Dl1) is compared with the spectrum associated with the
2380 target. These data, therefore, exhibit no evidence of a change in the
neutron energy spectrum as a function of target atomic number or incident
particle,

The yield of neutrons is sensitive to both the target atomic number and
the type of bombarding particle (p or d). During data collection, the
incident beam was monitored through the charge collected in an ionization
chamber located in the beam line. The ionization-chamber output counter was
calibrated separately and (in terms of the entries in Table 4, column 4) one
1onization-chamber count represents either 0.3 to 1.0 x 106 protons* or
5.3 x 105 deuterons, appropriately. Columns 9 and 10 of Table 4 present
the neutron and gamma-ray counts per incident particle. It is clear that the
neutron yield in particular, and also the gamma-ray yield, increase with
increasing target atomic number. 1In Table 5, the neutron yields, the gamma

yields, and the ratio of the two are compared to the corresponding entries

when 2380 is the target.

The absolute cross section may be estimated if one knows the calibration

of the ionization chamber that monitors the incident beam and the counter

TABLE 5. Neutron yields, y-ray yields, and their ratio for various targets

normalized to the respective guantities for a 2380 target.

Incident Neutron Y-ray

particle Target yield yield Ratio
d Lucite 0.13 0.32 0.40
d Al 0.25 0.60 0.42
d Fe 0.27 0.74 0.37
a 238 1 1 1
p Fe 0.23 0.75 0.30
p 238U 1 1 1

*x
The reader is reminded of the inconsistency between the TLD and 11C

calibration data discussed earlier,
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efficiency as a function of neutron energy. The efficiency of the counter may

be measured by counting a 252Cf source placed at the sample site for a known

time interval. Figures D15 and D16 illustrate the neutron and gamma-ray
time-of-flight spectra, respectively, for the 2520f source. The source was
counted in the experimental geometry with the same electronic arrangement.
For the 252Cf fission neutron spectrum, we found that the detector had a
counting efficiency per fission of (6.61 £ 0,66} x 10_3%. An arbitrary

error of 10% is assigned to the source strength. The absolute calibration of
the ionization chamber is given above. Assuming that the neutron emission
spectrum is similar 1or spallation reactions and fission, one can estimate the
absolute cross section using this efficiency. However, it is clear that the

252Cf spectral shape is quite different [rom the spectral shape measured

with, e.g., a 2380 target: the spallation spectrum exhibits a great many

more high-energy neutrons than the 252Cf spontaneous fission spectrum. Thus
this procedure of obtaining an absolute measurement is only a rough one (suit-
able, however, for field use).

Very little information was obtained on the prompt gamma-ray pulse height
distribution with the experimental arrangement described, because of pulse
pile-up during the beam pulse. A visual inspection of the pulse height
suggested that the heavier targets had some gamma rays with energy greater
than 2 MeV. Another source of evidence for differences in the gamma-ray
spectra is contained in the neutron time~of-flight spectra. Because of the
nature of the pulse-shape discrimination processes, gamma-ray pulses corres-
ponding to low-energy gamma-ray events may be mistakenly identified as neutron
events, and thus appear in the neutron spectra. Prompt events appear in the
neutron time-of-flight spectra corresponding to the velocity c¢. Examination
of the neutron time-of-flight spectra indicates that the ratio of low-energy
gamma rays to neutrons varies from target to target, suggesting a change in

the gamma-ray pulse-height distribution with target.

DISCUSSION AND CONCLUSIONS

The data presented provide detailed information on charged-particle
beam-induced dose at different locations in selected targets from a variety of

particles. Not all of the information contained in the raw data has yet been
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extracted. Many photographic films have not been developed or digitized and
some of the Lexan has not been read.

The uncertainty of the TLD doses is about *15% while the Lexan-track
counting is more like *50%. With these uncertainties the following conclu-
sions may be drawn:

1. Even if not measured in detail, there is some buildup for all
particles at all energies measured, including those reported in Ref. 6, i.e.,
1nitially the density of energy deposited increases as a function cf target
depth.

2, There is less than a 15% difference (in terms of energy deposited in
the TLD's per unit of energy delivered) between the 260-MeV proton beam and
the 330-MeV deuteron beam. The fission dose has a similar difference.

3. Both the 260-MeV proton and the 330-MeV deuteron beam deposit
significantly more energy in the first 70 g/cm2 of the target than any other
energy or beam measured. Then the energy deposited rapidly drops off past the
Bragg peak.

4. Specific dose results vary with beam size and shape; thus, one should
be cautious when camparing the results from one run to the next. For example,
beam sizes in electron and most proton runs are different enough to invalidate
absolute comparisons of specific dose. For a valid comparison, the beam size
and shape must be identical from one incident beam to the next.

5. The U fission dose is usually about two to tenfold lower than the
TLD dose for both protons and deuterons. The dose from fissions in 2350

unshielded from low energy neutrons is roughly comparable to the TLD dose.
6. The 2350 foil shielded from the low energy neutrons has a fission

density nearly ten times lower than the unshielded 2350 pellets, demonstrat-

ing the significant population of low-energy (eV) neutrons.

7. Fission and TLD doses were higher when measured on the interior of
the uranium plates compared with those measured on the exterior (but physically
near) for the high-energ,; beams reported previously. These appear now to be

essentially equal at these energies.

8. Return radiation measurements from proton and deuteron beams indicate

significant numbers of both neutrons and gamma rays escape from thick targets.

Those targets (2380 and Fe) exposed to both particles have about the same

n/y ratio. However, the total number of particles from deuteron bombardment

is 1.7 to 5.8 times that from protons.
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B - 5.000E+01 PARTICLE........ ELECTRON
C - 1.000E+02 . . BEAM ENEROY..... 500 MEV
g : :.gg:::g: . . ;Lu:t‘i:'rm ........ F:snuu 91
F -~ 7.000E+02 . ] PLATE LOCATION. .6
G - 1.000E+03
H - 1.730E+03 x x
1 - 2.000E+0D3
J - 2.500€+03
K - 4.750E+03"
]
1  §
CM.
6
] x
]
X

A~-11



:

= RADS
1.000€-01 . -
2.000€-01"

5.000E-01
-2.000€+00 -

5.000E+00

7.000E+00

1,000E+01
2.000E+01
5.0Q0E+01
4, 300E+ 04"

R RN

Re—TITommoox
'

Ao rt ——_i < |

1\
-
S

A-12



171778
ELECTRON
500 MEV
... iFP:RUN 82
. P§

1.000E+01: x
.:1.000€+02"
5.000E+02 x
1:000E+03

4. 300E+Q4
B.000E+04"

LI N I |

A-13



DOSE - RADS

8 ~ 4.000E-01

: :000E-01
.QO0E+0Q;
5,000E+00
= _1.000E+0]

'5.000E+01"
1.000E+02

5:000E+02

1.000€+03

2.400E+04"

€
F
G
H -
1
Jd
K

1

OD

45°

RUN DATE........
PARTICLE........ y

BEAM ENERGY.....

€ 2 = ¢ ¢ r v ¢

-

A-14




DOSE - RADS

B - 6.000E+00
€E=71.000€+01
D=:2.000E+01"
E - '5.000E+0}
F -1 .000E+02
G - '5.000E+02
H - 1;000E+03
1 - S7000€+03
J - 2.400E+0Y
¥ - 4.700E+04"

45° 135°

A-15




DOSE - RADS

- 2.000E+0!
- 5.000E+01
- 1.000E+02
-~ 2.000E+02
5.000E+02
- 1.000E+03
- 2.000E+D3
- 3.000E+D3
- S5.600E+03
- 1.000E+0u*

XL=TOMMOoOOD
]

A-16

RUN DATE........ 1717/78
PARTICLE........ ELECTRON
BEAM ENERGY..... 500 MEV

. TARGET.......... FP RUN 92
PLATE ND........ P8

PLAJFE LOCATION..5



DOSE - RADS RUN DATE........17\ 78

B - 6.000€-01 +«« .ELECTRON
C - 1.000E+00 500 MEV:.

FP_RUN.92

" . i n
F-1. 000E+01. ¥ ’ PLATE-LOCATION: 5.
G-=:5.000E+401 i
H - '1,000E+02
I - 5.000E+02
J - 1.000E+03
K - 5.600E+03
" X
X ]
|
cM.
24
X
n ]
a

o
¥ t ¢ v v = t ¢t g [

FtoF F o+ eor ot q
-

A-17



DOSE - RADS RUN DATE........ 171778
4.000E+00 PARTICLE....... .ELECTRON
5.000E+00 BEAM ENERGY..... 5C0 MEV
TARGET.......... FP RUN 92

6.000E+00
8.000E+00
9.000E+00
1.000E+01]
1.200E+01 x
1.500E+01
2.000E+01
2.500E+01¥

x

A-18




e

DOSE - RADS

XeE=IOTMMOOD

. 100E+01
.200E+01

i

45°

RUN DATE........ 1717/78
PARTICLE........ ELECTRON
BEAM ENERGY..... 500 MEV
FP RUN 92

90°

T .

A-19



DOSE ~ RADS RUN DATE........ 1717778

~ 4.000E+00 PARTICLE........ ELECTRON
= 5.000E+00 . x BEAM ENERGY..... 500 MEV
~ 6.000E+00 TARGET.......... FP RUN 92

- 7.000e#00 L7 PLATE NO........ Pi0
1.000E+D]

- 2.D00E+01

- 3.000E+01 x

- 5.000E+01

- 7.500E+01

- Q.000E+01*

RC=ITOMAGCOD
i

— - i T - | - ' .'i} - f
° J 45° ) 1 90° \ ] 135°
{ 1

: " 1 ) L b

i i gy :

S a0 [

M 1 | . ]

Pl . | "

! | ; ,

[ )] .-\__* — _ Kl - . -
— : i ; : : :

A-20



DOSE - RADS

B - 2.500E+01
3.000E+01
4%.000€E+0)
5.000E+0!
6.000E+0!
7.000E+0!
8.000E+0)
9.000E+01
9.500E+01
1.000E+02"

XC=IGOGMMOO
1

A-21



DOSE ~ RADS

ACLC~IOTMMOO
I

2.277e+02
2.442E+02
2.628E+02
2.814E+02
3.000E+02
3.1B6E+02
3.372e+02
3.558E+02
3.T748E+D2
3.723E+02

A-22

ao°

RUN DATE
PARTICLE

135°




N -

DOSE -~ RADS

XRL~ITOTMMOOD

2.000E+0D2
2.500E+02
3.000€+02
3.500E+02
4.000E+02
4.500E+02
5.000E+02
5.500E+02
6.000E+02
6.500E+02

-

o o 1w

RUN DATE........ 3/16/78
PARTICLE........ PROTON
BEAM ENERGY. . ... 250 MEV
TARGET.......... FP RUN 101
5 PLATE NO........ D!

<> PLATE LOCATION.,!I
X

A-23




DOSE - RADS RUN DATE........ 3/16/78

B - 2.818E+02 PARTICLE........ PROTON

C - 2.8BuBE+D2 BEAM ENERGY..... 250 MEV

D - 3.079E+02 JARGET.......... FP RUN 10!
£ - 3.312E+G2 PLATE NO........ p2

F - 3.S45E+02 PLATE LOCATION. .2

G - 3.778E+02

H - 4.01{E+02 x

1 - 4.24ME+T2

J - B 4T7T7E+02

K - 4.472E+02

135°

A-24



DOSE - RADS
8 - 2.794E+02

XLe—ToMMOO

2.982E+02
3.203E+02
3.42uE+02
3.645E+02
3.866E+02
4.087£+02
4.30BE+02
4.529E+02
4.496E+02

A-25

RUN DATE
PARTICLE

reeer e




DOSE - RADS RUN DATE........ 3/16/78
B - 2.000E+02 PARTICLE........ PROTON
C - 2.500E+02 " g -BEAM ENERGY- ... :250 MEV
- 3.000E+02 . TN , TARGET..........FP-RUN 101
-~ 3.500E+02" S PLATE NO........ P3
“4,000E+02 - ‘ SN\ PCATE LOCATION..3

4.500E+02
- '5.000E+02
- 5.500E+02
- 6.000E+02 -
- 6.500E+02

XCe—~IOmMmo
irﬁ

CM.

X
‘ Zé o SRR ( 90° 2 138°
P EERER I 1] ¥E
F G EE R
H .t 0o [ ! [
T g ‘
|
Wl L RS S
A-26 |



DOSE - RADS RUN DATE.......,
- -..2.000E+02 PARTICLE.......
; BEAM.ENERGY. . ...

- 3.S00E+02
4.000E+02"
- 4.S00E+02
- S5.000E+02  «
- 5.50DE+02
- 6.000E+02
- 6.500E+02

Xe—~IOaMmMmOoOm
'

; 45° T 80° 135°
£ i i '
t [ I

A-27



DOSE_- RADS

RUN_DATE
: .000E+02. {PARTICLE-.. ON
c .S00E+02" M:EN ;a5qinsv
D - '3.000E+02 ", .......... FP RUN 101
E S00E+02.. A N
F - 4YJDODE+02 ‘~—-.._____‘_“_ELATE LOCATION, .4
G - 4.500E+02 ,
H - 5.000E+02 x
I - 5.500E%02
J - 6.000E+02
K - 6.500E+02

135°




o ——

DOSE - RADS RUN DATE........ 3/16/78
B -~ 2.000E+02 PARTICLE.,,.....PROTON
.Cimu 2.500E+02; 3 “BEAM _ENERGY. . . ..250.MEV
3.000E+02; X

TARGET..........FP RUN 101

"4z SO0E+02
5.000E+02 x
5.500E+02
6.000E+02
6.500E+02

1

)

AL ~TIT QMMMO
¥

]

b

‘ | A E
i | i 1 90° i % 13p°
i i ' . :‘.
P o]
: ‘\\l . ,»l P \f !.P, ‘
! 1 aa 2N
| . [ S

| ‘
| i :
‘ !

[P Y S N ORI . . L.

A-29



DOSE - RADS

XCe—=ITOMMOOD

- 6.050€+00
- 1.328E+02
- 1.964E+02
- 2.60lE+02
- 3.238E+02
- 3.874E+02
- 4.511E+02
- 5.147e+02

- 5.783E+02
- B.415£+02 D
X
i
]
X X oux x
x %N 115 x
=X x x|x
wx ¥ klx
. xxx® x|x
CERERAL
Plx
< F
x (&
K ¥ e}l xix
¥
x

§-48°

A-30

RUN DATE........3/16/78

PARTICLE........ PROTON
BEAM ENERGY..... 250 MEV
TARGET.......... FP RUN 101
PLATE NO........ P5




DOSE - RADS RUN DATE........ 3/16/78

8 - 2.354E+02 PARTICLE........ PROTON

| ‘ NERGY....:250 MEV
“2,722E+02 FP: RUN 102

- 2/916E+02
=3 110E+02"
3.304E+402
- 3.49BE+02
- 3.692€+02
- 3.886E402 & L
- 3.866E+027

Xe—=IOTMMOo
.

A-31



DOSE - RADS RUN DATE........ 3/16/78

B=:2:000E+02, ‘PARTICLE., ... . .....PROTON:
€ ~-2.500€+02" ) BEAM' ENERGY.....250 MEV
D - 3{000E+02 TARGET..... .....FR RUN. 102
E - .3.500E+02: , PLATE NO........ D5
F - 4:000E+02" PLATE LOCATION. .
G - 4.500E+02 ~
H - 5.000E+02 x
1 - 5,500E%02 2 5
J « 6.000E+02 F \
K - 6.500E+02 *

X x

¥ \
X X b X x
x CM.

: Y ane i
0’ | 45° 7 90 1 135°
. L .
R N o oo R .
o N byl R I I £
[ NS B T g F
gt Pl '
| H ! 2 M
| 1
NS S RS B ol .

A-32



-

DOSE - RADS RUN DATE........ 3/16/78
B - 2.805E+02 PARTICLE. . PROTON

£ 3 06BE+02 1~ ; BEAM ENERGY: 250 MEV.
'3, 324E+02; : FP:RUN 102
- 3.5B2£+02
.BYOE+DZ:
.098E+02"
- 4.35BE+02
- 4.614E+02
- 4.872E+02
- 4.875E+02

RL—-IOMMO
'

. N
. S - ' , T
— e ~ 1

B ~ HE i |
P N
H [

. .

' —————— S D U —————————————
e R T ; -
—— e

A-33



http://fh.il-

DOSE - RADS

XC—~TITOMMOO®m

- 2.000E+02
- 2.500E+02
- 3.000E+0D2
- 3.500E+02
-~ 4%.000E+02
- 4.500E+02
- 5.000E+02
- 5.500E+02
- 6.000E+02
- 6.500E+02

o o v

!

A-34

RUN DATE........ 3/16/78
PARTICLE........ PROTON
BEAM ENERGY..... 250 MEV

135°



DOSE - RADS

B - 3.124E+02
- 3.350E+02
- 3.605E+02
~ 3.B60E+02
- 4.115E+02
4.370E+02
-~ 4.625E+02 x
- 4.8B0E+02
5.135E+02
5.106E+02

XC—=XTOTMMOO
]

A-35



DOSE - RADS RUN DATE........ 3/16/78

B - 3.4BME+02 PARTICLE........ PROTON
€ - 3.702E+02 BEAM ENERGY..... 250 MEV

D - 3.983E+02 TARGET.......... FP RUN 102
E - 4.264E+02 5 PLATE NO........ DB

F - 4.545E+02 PLATE LOCATION. .4

G - 4.826E+02

H - 5.107€+02

1 - 5.388E402

J - 5.669E+02

K - S.B36E+02

x CM.

90° 135°

A-36



DOSE -~ RADS RUN DATE........ 3/16/78
B - 2.000E+02 PARTICLE........ PROTON
- 2.500E+02 ) BEAM ENERGY..... 250 MEV
- 3.000€+02 TARGET.......... FP RUN 102

- 3.500E+02 “\‘ﬁ PLATE NO........ 09
- 4.000E+02 —

PLATE LOCATION. .S
4.500E+02 !

- 5.000E+02

-~ 5.500£+02

- 6.000E+02

- 6.500€+02 y

ARL~ToeamMmOoOoD
L]

E o

;0 : |

LRI E b

1 e ‘ l / 7 ‘ 1 . i '
1 P b1 bt

i H P

i . | J , {

! | o :

A-37



DOSE - RADS RUN DATE........ 3/16/78

B - 2.000E+02 PARTICLE........ PROTON

C - 2.500€E+02 BEAM ENERGY..... 250 MEV

D - 3.000E+02 ¥ x TARGET.......... FP RUN i02
E -~ 3.500€+02 PLATE NO........ P8

F - 4.00DE+02 PLATE LOCATIGON..3

G - 4.500E+C2

H - 5.000E+02

[ - 5.500€E+02

J - 6.000E+02

K - 6.500E+02

CM,

45°

- 90° 135°

A-38



DOSE - RADS

RUN DATE........ 3/16/78
B - 3.500E+01 PARTICLE........ PROTON
C - 5.000E+01 BEAM ENERGY..... 250 MEV
D - 7.500E+01 \Jf' TARGET .. ...veens FP RUN 102
E - 1.0D0E+02 PLATE NO........ Dio

F - 1.300E+02 PLATE LOCATION. .6

G - 2.000E+02

H - 2.500E+02 .

1 - 3.0D0E+02

J - 3.500E+02 :

K - 4.000E+02

B-39



- DOSE :<" RADS - RUN DATE........3/16/78

- 1.000E+01 ‘PARTICLE...... . .PROTON
- 2.000E+01 BEAM_ENERGY.....250 MEV
=°3.000E+01 TARGET........... FP RUN 102

- 4.000E+01
S.000E+01
- 6.000E+01
- 7.000E+01 x
- 8.000E+01
- 9.000E+01
- 1.000E+02

PLATE NO........P8
PLATE LOCATION. .4

XRLe=~=IOMMOoOO®D
1

| § X
X X
N 3
x ]
- g
X x
x X
L Rl - X T ol | 4 CM
0, 5 6 7
X
xx
" B
x x x
X
" x
4
x x X
x
X
3
x —
: : o i o K o
1o . : !.\45 90 135
: o 1 ! . .
LA !
! = P Lo 1
T i S Tt h g i s
[ ; AT 1 t
P K P
e T Xh

A-40



Do

SE - RADS. ‘RUN-DATE. . .,,... 7715718
738E+01 PARTICLE........ DEUTERON
COBNE+O] BEAM: ENERGY..... 330 MEV
s306E+01 ‘ ‘ P2 RU}
.S48E+01
.790E+01
-032E+01
.027E+02
. 152E+02
.276E+02
.3BYE+C2

XL~ITO0oMMOOWO

ll'llllzll

_————aawu

CH.

o 135°

A-41



DOSE - RADS

PLATE LOCATION. .1

1.368E+02
- 1.511E+02
- 1.654E+0R
- 1./97E+02
- 1.889E+02

XC—~TIOTMmon
) .

X CM.

’ Eo %45 N gd" '135" o
1 : ;

:] ’ l ‘ X

A b

n-42



Do RUN_DATE

| e 1215778
p . ‘PARTICLE

. v »5 DEUTERON

1 ‘BEAM'ENERGY, . . . 330 MEV
. . TARGET..........FP RUN 110
A PLATESND. ....... P2
i}

« PLATE LOCATION..2

1.038€+02 ‘
1.1986+02 L
1.358E+02 - ,

XLC—=TGMMO OO

= 1.519e+02 "
- 1.673E+02
x »
x
L 4
CH.
N
: ' -
- X
X
X " X
X
X
x X

A-43



DOSE. - RADS. RUNDATE........7/15/78
“B.~ 5.599E+0] PARTICLE. .......DEUTERDN

. =8,332E+01 BEAM ENERGY. . ...330 MEV
D~ 9:953E+01 TARGET..........FP"RUN 110
E --1.157E+02 PLATE ND........D2

F - 1.319e+02 PLATE LOCATION..2

G - 1.482E%02

H - 1,B44E¥02 "

1 ~ 1.80BE+02

J - 1.96BE+02

K - 2,079E+02 ¥

o T [ -

b i
§oe ¥ 135°
- ' - '
" ’ |l .
. - o

i I T i

R e .

o by

g 3 : L : - : — T

A-44



QOSE ~ RADS
_B:=.7:524E+00.
h 4.367E+01"
6.209€+0
8. 050E+Ul
-"9.882E+01"
- 1.173E+02
1.356E+02
- 1.542E+02
- 1.726E+02 .
~ 1.903E+02

RUN DATE.
-PARTICLE.

.7/15/78
DEUTERON

XLC—IO™MmM
¥

A-45



DOSE - RADS

RC—~ITOTMMOOD

- 4.939E+00
- 4,679E+01
- B.794E+01
.909E+01
. 102E+02
<314E+02
.525E+02
.737E+02
.948E+02
. 156E+02

'
U = = o e P

h-46

90°

RUN DATE........ 7/15/78
PARTICLE........ DEUTERON
BEAM ENERGY..... 330 MEV
TARGET.......... FP RUN 110
PLATE NO........ 03

X CH.




"3 o man

DOSE - RADS
B - 2.145E+01

C - 6.100E+0]
D=\, 1'75E+01%
E - 15025E+02
F - 1.233E+02
G - Ii440E+02
H - 1.648E+02
I - 1.6855E+402
J - 2,063E+02
K - 2.251E+02
X

RUN DATE.....
PARTICLE.....
BEAM_ENERGY.

] PLATE LOCATION. .4

0° T 10 ! 135°
' el ' : ' - Py I
~ L - e T 1. =4 !
: . :-:' / ‘N 3/’ . ;:/ !
; , | 4/ ;
. . ) Lo :
T ' IR —— " 5 -

A-47

Sa




DOSE - RADS

RC—=TOTMMOD
H

6.985E+01
1.006E+02
1.192E+02
.377€+02
.563E+02
JT4BE+02
9336402
.118E+02
.304E+02
.42BE+02

N MUY s ot oo e

45°

i
i
f
1
|

A-48

90°

RUN DATE........ 7/15/78
PARTICLE........ DEUTERON
BEAM ENERGY..... 330 MEV
TARGET.......... FP RUN 110
PLATE NO........ Dy

PLATE LOCATION. .S




DOSE - RADS
8 - 1.529E+01
- 5.232E+01
- 7.193E+01
9.0THE+D]
1.100E+02
1 .292E+02
- 1.4B4E+02
1 .676E+02
! .868E+02
2.04BE+02

XCe—~XToMmMmMmooO
]

[

TR

MEa x ¥ X
x x[w x R M

A-49

x xX x B

RUN DATE........ 7715778
PARTICLE........ DEUTERON
BEAM ENERGY..... 330 MEV
TARGET.......... FP RUN 110
PLATE NO........ PS5

PLATE LOCATION. .5

CH.




DOSE - RADS RUN DATE........ 7/15/78

B8 - 1.727€E+01 PARTICLE........ DEUTERON
C - 4.216E+01 - BCAM ENERGY. . ... 330 MEV
D - 5.53%€E+01 x « TARGET.......... FP RUN 111
E - 6.862E+01 PLATE NO........ P11
£ - 8.185E+0} f PLATE LOCATION. .1
G - 9.508E+01 % x
H - 1.083E+02 »
I - 1.215E+02
J - 1.348E+0D2 X x X x
K - 1.464E+02
X X
e x
x b § X b §
x (R} X Y X
x AN % X %
X fx % wfx o oxn x X
P % X x X x
REF NIV CRE A
X r o H CM.
,p 4 p b 7
| x g XN x| !
X LR X
X X
x X
! X
q
X
] il
x p ¥
% bl
x x
9

A-50



DOSE - RADS

XCe—~IOMmMoOaom

00

5.346E+01
7.628E+01
9.012E+01
1.040E+02
1.178E+02
1.316E+02
.45SE+02
.583E+02
.732E+02
.82LE+D2

—_— e —

A-51

RUN DATE........ 7/15/78
PARTICLE........ DEUTERON
BEAM ENERGY..... 330 MEV
TARGET.......... FP RUN 111
PLATE NO........ 05

PLATE LOCATION. .1




DOSE - RADS RUN DATE

........ 7715778
B - 5.401E+01 PARTICLE........ DEUTERON
C - 7.82BE+01 BEAM ENERGY..... 330 MEV
D - 9.2B7E+01 TARGET.......... FP RUN 111
E - 1.07SE+02 PLATE NO........ DE
F - 1.221E+02 PLATE LOCATION..2
G - 1.35BE+02
H - 1.512E+02
{ - 1.658E+02
J - 1.8O%E+D2
K - 1.901E+02

x CM.
w';i.- ——— . . -
o 45° to80° 135°

i
1
t
f

A-52




DOSE - RADS

RUN DATE........7/15/78
B .- 2:112E+01 PARTICLE .. ... :<DEUTERON
C - 5,216E+01. ! BEAM ENERGY.....330 MEV
D ~ 6.BB4E+O] TARGET ... vvvun.. FP RUN 111
E - B.512E401 * PLATE NO........P13
F - 1:01BE+0R ] PLATE LOCATION..3
G - 1.iBiE+02 .

; H - 1.346E+02 «
1 -~ 1.510E+02
¢ - 1.B7SE+02 1 .
K - 1.B21E+02

.}
X
X
cH.
7
X X
X  §
X
»': e -+ - ':;__;.;kr-” — S—
:( 90° ’ 135°
o : .f
e .y
I Py
| Lo
l B
R U S

A-53



DOSE - RADS RUN DATE........ 7/15/78

AN

XRCL—=ITOMMOO®

+ 1.929E+02

1. TSHE+OR

2.105E+02
2.227E+02

90°

I 45° 135°
’i P .
[ H [

* o

!

k!

A-54

.TSTE+01 PARTICLE........ DEUTERON
©8.776E+01 BEAM ENERGY..... 330 MEV
1/053E+02 TARGET.......... FP RUN 111
1:220E+02, PLATE NO... ....D7
1. 404E+0R PLATE LOCATION..3
1.579E+02




DOSE - RADS

B - 6.820E+0!
~9,580E+01
1.127€+02

1.296E+02

1.465E+02 g
1.634E+02

1.803E+02 x
1.972E+02
2.141E+02
2.248E+02 f x

RL—=ITOTMOO
i

RUN DATE........ 7715778
PARTICLE........DEUTERON
BEAM ENERGY.....330 MEV
TARGET, .. vnvun.. FP RUN 11}

PI:ATE NO......,.DB
~PLATE-LOCATION. .4

A-55




DOSE - RADS
- 7.997E+01
1.064E+02

1. 90SE+02
2:073E+02
- 2.242E+02
- 2.337e+02

8
c
D.
£
F
G
H
1
J
K

1.232E+02
1. 40Q0E+02 ¢
1.569E+02"
1.737E+02:

i e

A-56

T i
90° !
- g8
b
4

_ S




oo e

DOSE - RADS
B - 1.540E+01

XRC~TOTMMOD

[ I T TR I N Y

6.320E+0]
-8.7BOE+01
17 124E+02

1.370E%02
1:616E+02

1.862£+02
2.108E+02
2.354E+02
2.586E+02

x:x::x:s'so« :

RUN DATE.
PARTICLE .

7/15/78
OEUTERON

BEAM ENERGY. ..

TARGET, ......
PLATE NC.....

. 330 MEV

...FP RUN 111
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DOSE - RADS RUN DATE........ 7/15/78
B8 - 3.729E+01 PARTICLE........ DEUTERON
- 3.976E+0! ; ‘BEAM ENERGY..... 330 MEV
- 4.269E+D1 TARGET..........FP RUN 111
- 4.562E+01 PLATE NO........01d ’
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RUN DATE........ 7/15/78
PARTICLE........ DEUTERON
~BEAM ENERGY. . ..:330 MEV.
CTARGET. L ..., FP.RUN 111
PLATE:NC........ P17

PLATE“LOCATION. .7
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RUN DATE,.,.....1/17/78

PARTICLE, ... ... .ELECTRON
BEAM LENERGY. ... . 00 MLV
TARGET. ..., ..... FP RUN 91
PLATE HO........ 1

NO ANGLE RADIUS SE NO ANGLE RADIUS OSE NO ANGLE RADIUS OSE NGO ANGLE RADBIUS OSE
1 124,99 1.147 1.,390E+01 2 116.%7 1.051 1.170E+01 3 6. 70 0.981 2.270E+D1 4 95.7 0.945 2,600E+0]
S 84.29 0.945 2,260E+0] 6 73.30 0,981 2.320E+01 7 G3.44 1.051 1.420E+D01 a S§5.01 1.147 1.360E+01
9 135.00 1.063 5.830E+01 10 126,87 0.840 4,790E+01 11 116.57 0.84) 3.670E+0)1 12 104.04 0.775 6.570E+Q1
i3 992.00 0.752 6.485E+01 14 75.96 0.775 6.400E+01 15 G3. 0.841 4.770E401 16 53.13 0.940 3,300E+01
17 45.00 1.064 1.720E+0]1 18 139.40 0.867 3,550E+01 192 1.9.81 0.734 5.970£+0t 20 116.57 0.631 7,640E+0]
21 99. 46 0.572 1.870E+02 22 80.54 a.372 2.080E+02 23 63.44 0.631 1.800E+02 24 .18 0.734 9,860E+01
2% 40.60 0.867 S.150E+01 26 153.43 0.841 3.48B0E+01 27 1:6.31 0.678 9.750E+01 28 135.00 0.532 2.190E+02
29 115.57 0.420 $.890E+02 30 90.00 0.376 1.490E+03 31 33,4 0.420 1.550£+03 32 45.00 0.532 4.640E+02
33 33.69 0.678 1.420E+02 34 26.57 0.84) 5,170E+01 35 154.05 0.684 9.040E+91 36 158.20 0.506 2,680E+02
37 145.31 0.339 1.860E+03 33 116.57 0.210 1.680E+04 39 53.43 0.210 3.220E+D4 40 33.69 0.339 1.040E+04
4t 21.80 0.506 7.440E+02 42 15.95 0.684 1.420E+02 43 1u30.00 0.752 6.9B0E+01 44 160.00 0.564 7.400E+02
45 180.00 U.376 2.090E+03 46 180.00 0.188 2,180E+04 47 0. Q. 4.990E+04 48 0.1e8 3.580E+04
49 0. 0.376 4.880E+03 S50 0. 0.864 4,200E+02 51 0. 0.752 1.160E+02 32 195,95 0.684 1.220£+Q2
53 201.80 0.506 S.060E+02 54 213.69 0.339 2,190E+04 55 2143.43 0.210 4,330E+Q4 356 296,57 0.210 4.320E+04
57 326.31 0.339 1.660E+04 58 338.20 0.506 8.480E+02 59 3.14.05 0.684 1,920E+02 B0 206.57 0.841 3.6B0E+02
61 213.69 0.678 4.530E+02 62 225.00 0.532 5.400E+02 &3 243.43 0.420 4,640E+03 64 270.00 0.376 2.780E+04
65 295.57 0.420 1.350E+04 66 315,00 0.532 1.030E+03 67 3:6,3) 0.678 2.420E+02 68 . 0.841 7.43DE+Q1
69 20.60 0.467 %.230E+01 70 230.19 0.734 1.270E+02 71 213.43 0.631 4.340E+02 72 260.%4 0.572 8.130E+02
73 272.46 0.572 1.040E+03 74 296,57 0.631 4,960E+02 7Y% 309,81 0.734 2,210E+02 76 319.40 0.867 8.120E+01)
77 225.00 1.064 2.220E+01 78 233.10 0.940 4.810E+01 79 213.40 0.841 7.%540E+01 80 255.96 0.775 1.440E+02
8 270.00 D.7%2 2.270E+02 82 284.00 0.775 2.090E+D2 83 215.57 0.841 1.260E+02 084 306.87 0.940 6.650E+01
8% 315.00 1.064 3.260E+Q01 86 235.00 1.147 2.030E+0] 87 213.43 1.051 J.220E+0) 88 53.30 0.981 5.590DE+01
o 264 .29 0.445 5.520E+91 90 275.71 0.945 6.280E+01 91 2i6.70 0.981 5.130E+01 92 296.57 1.051 3.550E+01
93 304.99 1.147 2.590E+01 94 . 2.000 2.620E+00 95 22,50 2.000 2.460E+00 96 45.00 2.000 2.243E+00
w 97 67.50 2.000 2.090E+Q0 98 90. 00 2.000 2.030E+00 99 1:2,5C 2.000 1.810E+00 100 135.00 2.000 1.260E+00
T 101 157.50 2.000 2.040E+00 102 180.00 2.000 2,.120E+00 103 2132.50 2.000 2.090E+0J 104 225.00 2.000 2,280E+00
™~ 105 247.50 2.000 2.430E+00 106 270.00 2.000 2.470E+00 107 232.50 2.000 2.470E+00 108 315.00 2.000 2.470E+00
109 337.50 2.000 1.700E+00 110 0. 3.000 1.700E+00 111 22,50 3.000 1.200€E+00 112 45.00 3.000 1.040E+00
113 G/7.50 3.000 1.000E+00 114 90.00 3.000 1.380E+00 115 1'2.50 3.000 1.090E+00 1168 135.00 3.000 9.970E-01
117 157.50 3.00u 1.220E+Q00 118 180.00 3.000 1.020E+00 119 212.99 3.000 1.220E+00 120 225.00 3.000 1.180E+Q0
121 247.%50 3.000 1.310E+00 122 270.00 3.000 1,270E+00 123 2732.%50 3.000 1.040E+00 124 15. 3.000 1.225E+Q0
125 u437.80 3.000 1.410E+00 126 0. 4.000 9.00CE-01 127 22,50 4.000 8.860E-01 128 45. 4.000 7.600E-01
129 67.50 4.000 7.330E-01 130 20,00 4.000 1,3i0E+00 131 1.2.50 4.000 7.730E-01 132 135.00 4.000 7.410E-01
133 157.50 4.000 7.310E-01 134 180.00 4.000 8.080E-01 135 232.50 4.000 7.870E-01 136 225.00 4,000 7,970E-01
137 247.50 4.000 8.370E-01 270.00 4.000 7.340E-0 39 2.22.50 4.000 7.750E-01 140 315.00 4,000 8.400E-D1
141  337.50 4.000 9.030E-0) 142 0. 5.000 6, 74DE-Q 43 22, 5.000 B8.49DE-0) 144 45.00 5.000 B.6E0E-O
145 67.5 2.000 6.510E-GY 146 20.00 $.000 8,980E-C 47, 112.50 5.000 6.290E-01 148 13%.00 5.000 6.130E-D
149 157.50 5.000 6.700C -01 150 180.00 5.000 6.350E-0 517 232.50 5.000 7.155E-01 152 225.00 5.000 7.55BE-D
153 247.50 5.000 7.9G0E J! 154 270.00 $.000 7.370E-0 55 2132.50 5.000 9.980E-01 156 315.00 5.000 6.610E-0
157 337.50 5.000 6.630E-01 158 Q. 6.000 5.390E-0 S9 11.28 6.000 5.840E-01 160 22.50 .000 5.030E-0
161 33.79 5.000 5.11%E-01 162 45,00 6.000 5.209e-0 63 56,25 6.000 1.180E+00 164 &7.50 .000 4,880E-0
163 73.75 6.000 $.020E-01 166 $0. 00 6.000 8.58DE-0Q 67 191.285 6.000 5.110E-01 168 112.50 6.000 5,340E-0D
168 123.75 6.000 5.310E-01 170 135.00 6.000 5,630£-0 71 116,25 6.000 5.180£-01 172 157. 6.000 5.390E-Q
173 163.75 6.000 5.180E-01 174 180,00 6.000 $.360E-01 175 171,23 6.000 5.22Q0E-01 176 202.50 6.000 5.330E-0
177 213.7% 6.000 5.340£-01 178 225.00 6.000 6.610E-01 179 216.25 6.000 5.610E-01 180 6.000 5,830E-D
181 253.75 6.000 5,830E-01 182 270.00 6.000 5,180E-01 183 211.25 6.000 5.010E-0} 184 292.50 £.000 6.230E~D
185 303.75 6,000 5.320E-01 186 315.00 6.000 S.E10E-01 787 326.25 §.000 5.280£-01 188 337,50 6.000 5.950E-0
189 343.75 6.000 5.560E-01 190 0. 7.000 4,650E-01 191 11.28 7.000 4.800E-01 192 . 7.000 5.01DE-O
193 33.75 7.000 4,820E-01 194 45,00 7.000 4.830E-0] 195 36.25 7.000 4,780E-01 196 67.50 . Q00 4,530E-0
197 73.75 7.000 4.440E-01 198 90,00 7.000 7.570E-01 199 121,285 7.000 1.950E-01 200 112.50 7.000 4.460€E-0
2017  123.75 7.000 4.540E-01 202 135.00 7.000 4.820E-01 203 16.25 7.000 4.53DE-01 204 157.50 7.000 5.Y20E-0%
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RUN DATE.,......1/17/78

PARTICLE. . . ]! ELECTIAN
BEAM ENERGY. ... 500 MEV
TARGET, .. .......FP_RUN 91
PLATE NO. ... .. P
PLATE LOCATION: .4
NO RA RADIUS SE N8 ANGLE RADIUS _ DGSE
1 1 1.05]1 2.790E+03 3 106.70 0.981 2.910E+03
5 0. 73. 0/981 3.330E+03 7 63.44 1.05] 2.6B0E+03
8 i . 0.940 3.020E+03 11 116.5° 0.841 4.0890E+03
13 o. 75! 0.775 4.980E+03 15 63.44 0,841 4.450E+03
17 i. : 0.867 3.860E+03 18 129.61 0.734 4.960E+03
21 0. 80. 0.572 6.310E+03 23 . 0.631 &.470E+03
25 0! : 0.841 4.240E+03 27 146.31 0.678 9.350E+03
29 Q.4 0. 0.376 1.090E+04 31 B3, 0.420 1.0BDE+D]
33 0. 26. 0.84) 4.8B0E+D3 35 164.08 0.684 1.39DE+04
37 a. : 0.210 1.320E+04 39 63. 0:210 1.460E+04
41 0.5 15, 0.584 6.670E+03 43 3180.00 0.752 5,140E+03
45 0. . D.188 1.400E+04 47 o. 0. 1.640E+04
49 o. 0. 0.564 6.840E+03 81 o. 0.752 5.520E+03
53 0. . 0.339 1.270E+04 55 243.43 Q.210 1.570E+04
57 0. 1. . 0.506 1.230E+04 59 344.05 0.684 7.]40E+03
61 0.678 7.070E+03 62 225.00 0.532 9.610E+03 63 243.43 0.420 1.1B0E+04
65 0.420 2.:450E+04 66 315.00 0.532 1.020E+04 67 326.91 0.678 7.B630E+03
69 0.867 4.720E+03 70 230.19 0.734 6.160E+08 71 243.43 0.631 8.G30E+03
73 0.572 9.870E+03 74 296.%57 0.631 8.910E+03 75 309.8]1 0.734 7.220E+03
77 : 1.064 3.370E+03 78 233.10 0.94u 4.620E+03 79 243.40 0.841 5.080E+03
81 270! 0.752 6.870E+03 82 284.00 0.775 6.700£+03 83 296.57 0.8d4i 5.530E+03
85 5. 1.064 3.650E+03 86 235.00 1.147 2.950E+03 87 243.43 1.05] 3.63DE+03
89 . D.945 4.590E+03 80 275.71 0.945 4.750E+03 9] 286.70 0.98] 4.300E+03
33 . 1.147 5.200E+03 94 Q. 2,000 5.670E+02 95 22.50 2.000 8.280E+02
w 97 7! 2.000 4.870E+02 98 90.00 2.000 4.910E+02 99 112.50 2.000 5.0DGOE+02
i 101 15750 2.000 5.210E+02 102 180.00 2.000 5.340E+02 103 202.50 2.000 4.970E+02
'S 105 247.50 2.000 5.500E+GZ 106 270.00 2.000 7.375E+02 107 292.50 2.000 8.312E+02
109 337.50 2.000 6.470E+02 110 0. 3.000 1.270E+02 111 22.50 3.000 1.380E+D2
113 '67.50 3.000 1.230E+D2 114 ©90.00 3,000 1.150E+02 115 112.50 3.000 1.190E+D2
117 157.50  3.000 1,1S0E+02 118 180.00 3.000 1.210E+02 119 202.56  3.000 1.370E+02
121 237.50 3.000 1.420E+02 122 270.00 3,000 1.570E+02 123 292.50 3,000 1.440E+02
125 337.50 3.000 1.450E+0% 12§ 0 4.000 4.3500E+01 127 22.50 4.000 4.500E+01
125 "57.50 4.000 4.470E+0] 130 90.00 4.000 3.870E+0] 131 112.50 4.000 3.570E+0]
193 157/50 4.000 3.930E+01 134 180.00 4.000 4.155E+Q] 135 202.50 4.000 4.380E+0]
137 247.50 4.000 4.230E+01 138 270.00 4.000 4.460E+01 139 292.50 4.000 4,750E+0]
141 337.50 4.000 4.790E+01 142 0. S.000 1.840E+0]1 143 22.50 5000 1.835E+0]
145 57.50 5.000 1.750E+01 146 90.00 S5.000 j.820E+0f 147 . 112.50 5.000 .720E+0]
149 157.5G  5.000 1.B80QE+01 150 180.00 5.000 1.970E+01 151 202.50 5.000 1.690E+01
153 247.50 5.000 1.850E+0]1 154 270.00 5.000 1.970E+01 155 292.50 5.000 2.080E+01
157 337.50 5.000 1.700E+01 158 o 5,000 9.6GOE+00 158 11.25  &.000 1.020E+01
161 33.75 6.000 7.G80E+00 162 45.00 &.000 9.100E+Q0 163 56.25 6.000 9.430£+00
165 73.75 6.0U00 9.S00E+00 166 90.00 6.,00C 9.430E+00 167 101.2S5 6.000 9.130E+00
169 123.75 5.000 7.320E+00 170 135.00 6.000 9.610E+00 17] 146.25 6.000 7.1BGE+Q0
173 163.75 6.000 8.730E+00 174 180.00 6.000 1.03GE+0I 175 181.25 6€.000 1.020E+01
177 213.75 6.000 9.330£+00 178 225.00 6.000 9.750E+00 179 236.25 6.000 9.390E+00
181 253,75 5.000 §.540E+0C 182 270.00 6.000 1.110E+01 183 281.25 6.000 &.980E+00
185 %03.75 6.000 1.05GE+0] 186 315.00 6.000 1.030E+0i 187 326.25 6.000 1.030E+0]
189 543.75  5.000 1.020E+0} 190 a. 7.000 5.0B0E+00 191 11.25 7.000 5.570E+00
193 43.75 7.000 4.810E+00 194 45.00 7.000 4.870E+00 185 56.25 7.000 8.085E+00
197 73.75 7.000 'S.300E+0Q 198 9Q.60 7.00Q0 5.24QE+00 199 101.25 7.400 4.680E+00
zol 123,75 7.000 5.270E+Q00 202 135.00 7.000 4.740E+00 203 146.25 7.000 5.120E+00
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N DATE.......

RU
PARTICLE, ., ...
OEAM ENERGY. .,

TARGET.
PLATE MO, .. ...

1217778
. .ELECTRON
.. 300 MEV
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RADIUS = DOSE
1,147 1,900E+03
0.94% 2.970E+03
1.063 2.380E+03
0.75Z 3.980E+03
1.064 2,910E+03
0.572 4.690E+03
0.867 3,580E+03
0.420 5.330E+03
0.678 4.B800E+03
0.339 &.450E+03
0.506 6.340E+03
0.376 5.440E+03
0.376 &,880E+03
0.506 &.550E+03
0.339 5.520E+03
0.678 4.080E+03
0.420 8.020E+03
0.867 3.860E+03
0.572 &.520E+03
1.064 3,570E+03
0.752 4.8B0E+03
1.064 3.22Q0E+03
0.945 3.660E+03
1.147 2.B2DE+D3
2,000 6.370E+02
2.000 5. 190E+02
2000 7.47QE+Q2
2.000 7.380E+02
3.000 1.8B0OE+02
3.000 1.590E+02
3.000 2.120E+02
3.000 2.200E+02
4.000 B.725E+0}
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6.000 1.220E+0]
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6.G00 1.350E+01
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6.000 1.450E+01
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7.000 7.600E+00
7.000 8,800E£+00
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RUN DATE,...,...1/17/78

PARTICLE,,..,..,ELECTREN
BEAM ENERGY....,.900 MEV
TARGET,...,......FP_RUN 91
PLATE NOQ,,,....:

PLATE LCCATION,. .6

NG ANGLE RADIUS SE NG ANGLE RADIUS DOSE NO ANGLE RADlUS DOSE NO ANGLE RADIUS
1 124,99 1,147 1.100E+03 2 116.57 1.051 1.33NE+03 3 106,70 0.981 1.470E+03 4 95, 71 0,945

S 84,29 0.945 1,S$S0E+03 6 73.30 0,981 1.310E+03 7 63,44 1.0571 1.290E+03 8 $.01 1.147

9 135.00 1.063 1,180E+03 10 126,87 0.940 1.360E+03 11 116.57 0,841 1.590E+D03 12 104.04 0.775
13 . 0Q 0.752 1.800E+Q3 14 75.86 g.775 1,860E+Q3 15 63,44 0,841 1.540E+03 16 53.13 0.940
17 4%, 00 1.064 1,370E+03 18 139.40 0.867 1.550E+D3 18 129.81 0.734 1.790E+03 20 16.57 0.631
21 . 46 0.572 2,140E+03 22 80.54 0.572 230E+03 23 63.44 0.631 2,080E+03 24 50.1¢ 0.734
25 440.60 0.867 1,630E+03 26 153,43 0.841 480E+03 27 146.31 0.678 1.930E+03 28 135.00 0,832
29 116.957 0.420 2,570E+03 30 90.00 0.376 2.790E+03 3} 63.44 0.420 2,800E+03 32 4% .00 0.%32
33 33.69 0.678 3.860E+03 34 26.57 0.841% 940E+03 3% 164.05 0.684 2.070E+03 36 158.20 0.506
37 145.31 0.339 2.620E+03 38 116.57 0.210 5.010E+03 39 63.43 0.210 3.370E+03 40 33. 0.339
4] 2].80 0.306 2,690E+D3 42 15.95 0.684 2,070E+03 43 180.00 0,752 1,930E+03 44 180.00 0.564
43 180.00 D.376 2.79DE+Dp3 46 180.00 0.188 3,250E+03 47 0. o, 3.480E+D3 48 0. 0.188
49 0. 0.376 3.120E+Q3 &S0 0. 0.564 2,690E+03 51 ag. 0.752 2.120E+03 52 195.95 0.684
53 201.80 0.306 2.470E*D3 54 213.69 0,339 290E+03 55 243.43 0.210 3.610E+03 56 296.57 0,210
§7 326. 0,339 3,.530E+03 58 338.20 0.506 3.020E+03 58 3J344.05 0.8684 2,450E+03 60 206.57 a.841
61 213. 0.678 2,.220E+03 62 225.00 0,332 2.440E+03 63 243,43 0.420 3,020E+03 B4 270.00 0.376
65 295,37 0.420 3,010E+03 66 31%,00 0.532 2.740E+03 E7 326,31 D.678 2.450E+03 68 333.43 0.841
69 2z0. 0.867 1.880E+D3 70 230.19 0.734 2.140E+03 71 243.43 0.5631 2.B10E+03 72 260.564 0.672
73 279.46 0.%72 2.690E+03 74 296,57 0.631 2.800E+03 7% 309,81 0.;34 2.370E+03 76 319.40 0,867
77 22%5.00 1.064 1.440E+03 78 233,10 0.940 1,760E+03 739 243, 0.84) )1.940E+03 8D 2 0.77%
ar  270.00 0,752 2,380E+03 B2 284.00 0.775 2.250E+03 83 296.57 0.841 2,170E+03 84 306.87 0.940
85 315.00 1.064 1.490E+03 86 235.00 1.147 1.330E+03 87 243.43 1,051 1.490E+03 88 2%3.30 0.981
89 264,29 0.945 1.820E+03 D 275 0.945 1.69D0E+Q3 91 286. 0.9871 1.,610E+03 92 296.57 1.051
93 304,99 1.147 1.470E+Q03 4 2,000 S5.310E+02 95 22.% 2.000 6.,430E+D2 96 45. 2.000
a7 67,50 2.000 6.090E+Q2 9B 90.00 2.000 4.890E+02 99 112.50 2.000 5.390E+02 100 13%.00 2.000
101 157.50 2,000 5,240£+02 102 180.00 2.000 5.170£+02 103 202.50 2.000 4.9S0E+02 104 225.00 2,000
105 247,50 2,000 5,.710E+02 106 270.00 2.000 6.660E+0D2 107 292.50 2.000 6.170E+02 108 3156.00 2.000
109 1337.50 2.000 6.250E+02 110 . 3.000 2.540E+02 111 22,50 3.000 2.560E+02 112 45.00 3.000
113 67.50 3.000 2.2S50E+02 114 90.00 3.000 2,270E+02 115 112.50 3.000 2.230E+02 116 135.00 3.000
117 157.50 3.000 1,930E+02 118 180.00 3.000 2,320E+02 119 202,50 3.000 2.050E+02 120 225.00 3.000
121 247.50 3.000 2,2BNE+02 122 270.00 3.000 2.60SE+02 123 292,50 3.000 2.930E+02 124 315.00 3,000
125 337.50 3.000 2.840E+02 126 4.000 1,000E+02 127 22,50 4,000 1.110E+Q2 128 45,00 4,000
29 67.50 4.000 9.870E+0 30 90.00 4,000 8,790E+01 131 112,50 4.000 9,780E+01 132 135.00 4.000
33 157.50 4,000 8,850E+Q 34 180.00 4.000 1,120E+02 135 202.50 4,000 1.080E+Q02 136 225.00 4,000
37 247.50 4.000 1,1BOE+02 138 270,00 4.000 1.160E+02 139 292,50 4.000 1,060E+02 140 315.00 4,000
41 837.%50 4.000 1.100E+02 142 0 5.000 1.,420E+02 143 22,50 5.000 4.750E+01 144 45,00 5,000
45 67.50 5.000 4.720E+0 46 5.000 4.670E+0 47 . 112.50 5.000 5.080E+01 148 135.00 5.000
49 157.50 5,000 4,430E+0 50 180.00 5.000 4,725E+0 $1 202,5C 5,000 4.960E+0]1 152 225.00 5.000
53 247.50 5.000 5.250E+0 54 270.00 S5.000 5,310E+D 55 292,50 5.000 5.320E+01 156 315.00 5.C00
157 337.50 5.000 5.!130E+01 158 6.000 2.B820E+0 59 11.25 6.000 2,.570E+01 160 22.50 6.000
61 33.75 6.000 2, 700E+0] 162 45. 0D 6.000 2.580E+D 63 56,25 6,000 2.670E+0]1 164 67.50 6.000
65 73.75 6.D0D 2.5B5E40 56 90.00 5.000 2.44DE+D 87 101,25 6.000 2.320E+01 1868 112,50 &, 000
69 123.7% 6.000 2.680E+0 70 135,00 6.000 2.220E+0 71 146,25 6.000 2.370E+071 172 157.50 5.000
73 168,75 6.000 3.455E+0 74 180.00 6.000 4,640E+Q 75 191,25 6.000 2.450E+0]1 176 202.50 6, 000
77 2183.75 6.000 2,620E+Q 78 225.00 6.000 3,170E+0 78 236.25 6.000 2.730E+01 180 247.50 6.000
81 253.75 6.000 3.170E+0 82 270.00 6.000 2.680E+Q 83 281.25 6.000 2.700E+01 184 292.50 6,000
8% 303.75 6.000 2.720E+0 86 315,00 3.000 2.820E+0Q 87 326,25 6.000 2.620E+01 188 337.50 6,000
89 348,75 6.000 2.700E+Q []e] 0. 7.000 1,520E+0 a1 11.25 7.000 Y.B20E+01 192 .50 7.000
193 33.75 7.000 1.425E+0 94 45,00 7.000 1.320E+0] 185 56,25 7,000 1,410E+01 196 67.50 7.000
197 78, 7.000 1.4)0E+0 o8 90.00 7.000 1.420E+0] 199 )0).25 7.000 1.420E+0] 200 112.50 7.000
207 123,75 7.000 1.290E+01 202 135.00 7,000 1.370E+01 203 145.25 7.000 1,450E+01 204 157.50 7.000
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RUM DATE........
PARTICLE. .

BEAM ENERGY .
TARGET. . s

NG ANGLE RADIUS OOSE ND ANGLE RADIUS DOSE ND ANGLE RADIUS SE NO ANGLE RADIUS
1 24.9 I.147 1.200E+03 2 116.57 i.051 1.510E+03 3 106.70 0.981 1.820E+03 4 85.71 0.945

S 84.29 0.945 2.030E+03 6 73.30 0.281 1.800E+03 7 63.44 1.051 1.510E+03 a 55.01 1.147

9 135.00 1.063 1.420E+03 10 126.87 0.940 2.030E+03 11 116.57 D.841 2.640E+03 12 104.04 0.775
13 90.00 0.752 3.5S90E+03 14 75.96 0.775 3.060E+Q3 15 63.44 0,841 2.820E+03 16 $3.13 0.940
17 45.00 1.064 1.560E+03 (8 139.4Q 0.867 2.940E+03 18 129.8}% 0.734 4.170E+03 20 116.57 0,831
21 89.46 0.572 6.330E+03 22 80.54 0.572 &.030E+03 23 63.44 0.631 5.470E+03 24 .19 0,734
25 40.60 0.867 2.680E+C3 26 153.43 0.841 4.050E+03 27 146.31 0.678 B5.420E+03 28 135,00 0.%32
29 116,57 D. 42 .210E+D4 30 90.00 0.376 1,310E+04 J1 63. 44 0.420 1,330E+04 32 . Q.5332
32 33.69 0.678 5,280E+03 34 26.57 0.841 3,340E+03 35 1654.05 0.684 5,470E+03 36 1%58.20 Q,5086
37 146,31 0.339 1,880E+04 38 116.57 0.210 2.490E+04 39 63. 0.210 2.33CE+04 40 33.69 0,339
41 1.80 0.506 1,710E+Q4 42 15.9% 0.684 3. 060E+03 43 180.00 0.752 5.220E+03 44 180.00 0.564
4% 180,00 0,376 2.275E+04 46 180.00 0.188 3.3520E+04 47 0. O, 3.880E+04 48 0,188
49 0. 0.376 1.860E+04 %O 0. 0.964 8.650E+03 51 0. 0.752 4.850E+03 32 19§.85 0.684
53 201.80 0.%06 1.540E+04 54 213.69 0.339 2.680E+04 55 243.43 0.210 4.810E+04 %6 296.37 0,210
57 326.31 0.339 2,750E+D4 58 338.20 0.506 1.400&+04 59 344.0% 0.684 6.300E+03 60 206.%57 Q.841
6) 213.69 0.678 B8,940E+03 &2 225.00 0.532 1.600E+04 63 243.43 0.420 2.640E+04 &4 270.0Q 0.376
6% 296.%7 0.420 2.640E+v04 66 315,00 0.532 1.560E+04 67 326.31 0.678 7.510E+03 68 333.43 D. 84}
69 220.60 0.867 4.960E+03 70 230.19 0.734 7.31QE+Q3 71 243.43 D.631 1,100E+404 72 260.954 0,572
73 279.46 0.572 1.630E+04 74 296.5%/ 0.631 1.230E+04 75 309.8) 0.734 7.530E+403 76 319.40 Q.867
77 225.00 1.064 2.5205+03 78 233.10 0.%. 7 3.680E+03 73 243.40 0.841 5.300E+03 80 255.96 0.773
81 270.00 0.752 B.J390E+03 82 284.00 0.77% 8.470E+03 B3 296.57 0.84) 3.330E+03 84 306.87 0.940
85 3J315.00 1.Q064 2.260E+03 86 235.00 1.147 1.830E+03 87 243.43 1.051 2.720E+03 88 253.30 0.981
89 264.29 0.945 4.200E+0D3 90 275.7% 0.945 4,280E+03 91 286.70 0.981 3,610E+03 92 236.%57 1.081
93 304.99 1.147 1.415E+03 94 0. 2.000 2. 300E+02 95 22.50 2.Q000 2.680E+02 326 45.00 2.000
97 67.50 2.000 2.390E+00 98 90.00 2.000 2.850E+02 99 112.50 2.000 2,330E+02 100 135.00 2.000
101 157.50 2.000 2.600E+02 102 180.00 2.000 3.480E+02 103 202.50 2.000 3.040E+02 104 225.00D 2.000
105 247 50 2.000 4,370E+Q2 1068 270 00 2.000 3.900E+02 107 292.50 2.000 4.210E+02 108 315.00 2.000
109 337.50 2,000 3,400£+02 110 0. 3.000 7.000E+0} 1] 22.50 3.000 B.960E+0? 112 45.00 3.000
113 67.50 3.000 5.210E+01 114 80.00 3.000 3.460E+01 115 112,50 3.000 5.520E+01 116 135.00 3.000
117 157.50 3.000 $.740£+01 118 180.00 3.000 &.340E+01 119 202.50 3.000 6.590E+01 120 225.00 3.000
121  247.50 3.000 7.270E+0Q1 122 270.00 3.000 7.090E+Qt1 123 292.50Q 3.000 5.9B60E+01 124 315.Q0 3.000
125 337.50 3.000 5.000E+D) 1285 0. 4.000 2.1005+01 127 22.50 4.000 2.000E+0} 128 45.00 4.000
129 57.90 4.000 1.600E+01 130 80.00 4.000 1.980E+01 131 112,50 4.000 1.850E+01 1 135.00 4.000
133 157.50 4.000 2,180€+01 134 180.00 4.000 2.160E+D} 135 02.50 4.000 2.010E+01 136 225.00 4.000
137 247.50 3.000 2,240e+01 138 270.00 4.000 2. 450E+01 3139 292.50 4.000 2.28QE+01 140 315.00 4.000
14 337.50 4.000 2.020E+0] 142 0. 5.000 9,530E+00 143 22.50 S.000 7.680E+00 144 45. 00 §.000
145 67 .50 S5.000 7.4BOE+00 146 90.00 5.000 ) . Q9UE+D! 147 112.50 $.000 7.620E+00 148 135.00 $.000
149 157.50 5.000 9.090E+00 150 180.00 5.000 9.670E+00 151 ~ 202.50 $.000 9.480E+00 152 225.00 $.000
153 247.50 S.000 1.090E+01 154 270.00 S.000 1.110E+01 155 292.S50 S5.000 9.820E+00 156 315.00 $5.000
157 337.350 5.000 8,32CE+00 1538 0. 5.000 4.200E+00 159 11.25 6.000 4,950E+00 1560 22.50 6.000
16i 33.75 6.000 4,570E+00 162 45.00 6.000 4.400E+00 163 56,25 6.000 4.480E+00 164 67.50 §.000
165 78.75 6.000 4,530E+00 166 90.00 8.000 5.870E+00 167 101.2% 5.000 4.710E+00 168 112.50 &.000
169 123.7% 6.000 4,430E+00 170 135.00 6.000 4.130E+00 1?1 146.25 6.000 4.260E+00 172 157.50 &.000
173 168,75 6.00C 4.410E+00 174 180.00 6.000 4,930E+D0 175 191.25 €.000 4.970E+00 176 202.50 &.000
177 213.75 6.000 4.520E+00 178 225.00 6.000 4.910E+00 179 236.25 000 4.770E+Q0 180 247.50 6.000
181 258.75 6.000 4,320E+00 182 270.00 6.000 3.190E+00 183 281.25 6.000 4.860E+00 184 292.50 6.000
185 303.75 6.000 4.94CE~Q0 186 315.00 §.000 S5.130E+Q0 1B7 326.25 6.000 5.160E+00 188 3J337.50 6,000
189 348.75 6.000 3.110E+00 190 Q. 7.000 4q,030E+00 191 11.25 7.000 2.95S0E+00 192 22.50 7.000
193 33,73 7.000 2,.930E+00 !94 45.00 7.000 2.920E+00 195 56.25 7.000 3.100E+00 196 67.50 7.000
197 78.75 7.00D 3,010E+00 193 90.00 7.000 4.210E+Q0 199 101.25 7.000 2.720E+00 200 112.50 7.000
201 123.75 7.000 4.050E+00 202 135.00 7.000 5.150E+400 203 146.25 7.000 4.075E+00 204 157.5D 7.000
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RUN DATE. . ... ... 1/17/78

PARTIGLE . L FLECTRON
ULAPM FHEROY LLDUY MEY
TARGEY ... ... .. FPORUN 92
PLATL RO, . P

FUATE LOCATION. .S

NO ANGLE RADIUS DOSE NO ANGLE RADIUS
1 124,99 1,147 2,130E+03 2 116.57 1.0%51
S 84,29 . 945 2.770E+03 6 73.30 0.98
9 133.00 1.063 2.610E+03 10 126.87 0,940
13 90. 00 0.752 6.890E+03 14 75.96 0.77

17 45, 00 1,064 2.330E+03 18 139.40 0.867

21 99. 46 0,572 4.850E+03 22 80.% 0.%872

25 40, 60 0.867 4.680E+03 2 153.43 0. 841

29 115,57 0.420 5.150E+02 30O ] 0 Q.376

33 33.69 0.678 4.880E+03 34 26.57 0.841

37 145.31 .339 6.670E+03 38 116,57 0.210

4] 21.80 0.506 5.220E+03 42 15.95 0.684

45 180.00 0.376 2.910E+02 46 180.00 0,188

49 o. 0.376 6.990E+03 30 0. a.564

33 201.80 0.306 9.9%50E+01 5S4 213.69 0.339

57 326.31 0.339 7.490E+03 58 338.20 0.506

61 213.65 0.678 5.280E+03 62 225.00 0.%32

65 295,57 0.420 %.340E+03 66 3J15.00 .832

9 220.60 0.067 4.940E+03 70 230.19 0.734

73 379.46 0.572 6.950E+03 74 296.57 0.631

77 2235.00 1.064 3.650E+03 78 233.10 0.940

81 270.d0 0.732 5,360E+03 82 284.00 Q.775

83 315.00 1,064 3.320E+03 86 235.00 1.147

09 264,29 0.945 4.420€+03 90 275.71 0.845

93 304.99 1.147 3.040E+03 94 o} 2.00

. [o]
97 67.30 2.000 5.99CE+Q2 98 90.00 2.000

101 157.50 2.000 5.870C+D2 102 100.00 2.000
105 247.50 2.000 8.24Q0E+02 106 270.00 2.000
109 337.50 2.000 7.620E+02 110 3.000
13 §57.50 3.000Q J3.320E+00 114 90.00 3.000
117 157.80 3.000 2.190E+02 118 180.00 3.000
121 247.50 3.000 2.660E+D2 122 270.00 3.000
25 337.50 .000 2.210E+02 126 0. 4.000
29 0 4.000 6.410E+0 30 90.00 4.000
33 157.50 4,000 7.120E+0 34 180.00 4.000
37 247.%0 4.000 8.640E+0 38 270.00 4.000
41 337.50 4.000 6.200E+0 42 5.000
45 67.50 5.000 2.550E+0 48 90. 00 5.000
48 157.%0 5.000 2.810E+0 S0 180.00 $5.000
53 247.50 5.000 3.090E+0 54 270.00 5.000
§7 337.80 5.00Q 2.830E+0 s8 6.040q
61 33.75 6.000 1.360E+0 62 45.00 6.000
69 78.75 6.0C0 1.420E+0 656 94.00 6.000
69 123.75 6.000 1.320E+0 70 0 6.000
73 168,73 §.000 1.37CE+Q 74 8C.00 6.000
27 75 6.000 ).460E+Q 78 225.00 5.000
g1 258,78 £.000 1.63CE+C 82 270.00 65.000
85 303.75 6.000 1.460E*0 86 3i5.00 6.000
89 348.75 6.000Q 1,350E+D 20 7.000
93 33. 7.000 7.560E+00 194 45.00 7.00

97 78. 7.000 6.6550E+0D 198 90.00 7.000
201 123,75 7.000 6,150E+00 202 1235.00 7.000
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01-9

1717778

ELECTRON
.500 MEV
.FP_RUN 92
CATION. .
RADIUS SE NO ANGLE RADIUS DOSE NGO ANGLE RADIUS
1.147 9.5D0E+DO 2 16.57 1.05}) 1.425E+0 3 106.70 0. 58}
0.94%5 1.970E+0 6 73.30 D0.981 2.030E+0 7 63.44 1.091
1.063 2.Q050E+Q 10 126.87 0.8940 2.310E+0 11 116,57 0.841
0.752 2.17Q0E+Q 14 75.96 Q.775 2.150E+0 15 63.44 0.841
1.064 1.96QE+0 18 139.40 0.867 1,870E+0 19 129.81 0.734
0,572 2.170E+01 22 80.54 0.%72 2.13CE+0 23 &63. 0.63)
0.867 2.050E+0! 26 1%53.43 0.841 2, 430E+0 27 146.31 0.678
0,420 2.340E+0! 30 90.00 0.376 2,340E+Q 31 63.44 0.420
0.678 2.220E+01 34 26.57 0.841 2.410E+0 35 164.05 0,684
0.339 2.710E+0 116.57 0.210 1.364E+0] 39 63.4 0.210
0.506 2.330E+0 42 15.95 0.684 2,010E+01 43 180.00 0.752
0.376 2.370E+0 45 180.00 0.188 2.750E+01 47 a.
. Q.376 2.290E+0 S0 0. 0.564 2,490E+C 31 0.752
. 0.506 2.1380E+0 54 213.69 0.339 2,335E+0 55 243.43 0.210
. 0.339 2.330E+0 58 338.20 0.506 2.195E+0 39 344.05 0.684
. 0.678 2.370E+0 82 22%.00 0.532 2.400E+0 63 243.43 0.420
. 0.420 2.370E+0 86 315.00 0.532 2.340E+0 67 326.31 0.678
. D.867 2.090E+0 70 230.19 0.734 2.380E+0 71 243.43 0.631
. 0.572 2.360E+0 74 296.5%7 0.631 2,220E+0 75 309.81 0.734
. 1,064 2.050E+01 78 233.10 0.940 2.140E+0 79 243.40 0.841
. 0.752 1.860E+01 82 284.00 0.775 2.220E+0Q 83 296.57 0.841
315, 1.064 1.780E+Q 8 235.00 1.147 2.13CE+0 87 243.43 1.051
89 264.29 0.945 2.220E+D 90 275.71 0.945 2,3B0E+D 9] 286.70 0.98)
93 304.99 1.147 1.930E+0 94 0. 2.000 2.120E+0D 95 22.50 2.000
g7 67.50 2.000 1.650E+0 98 90.00 2.000 1.720E+0 Qg 112.50 2.000
101 1%7.50 2.000 1.580E+07 102 180 00 2.000 1.770E+0! 103 202.50 2.000
105 247.50 2.000 1.970E+Q01 106 270.00 2,000 1.770E+01 107 292.50 2.000
109 337.50 2.000 1.690E+Q 10 3.000 1.670E+01 111 22.50 3.000
113 67. 3.000 1.560E+0 14 90.00 3.000 1.270E+07 118 112.50 3.000
117 157.50 3.000 1.450E+0 18 180.00 3.000 1,330E+07 119 202.50 3.000
121 247.50 3.000 1.500E+0 22 270.00 3.000 1.440E+071 123 292.50 3.000
125 337.50 3.000 1.390E+0 26 0 4.000 1.220E+01 127 22.50 4.000
129 67. 4.000 1.340E+0Q 30 S0.00 4,000 1.230E+0 31 1l112.50 4.000
133 15%7.50 4.000 1.210E+0 34 180 4.000 1.270E+0 35 202.50 4.000
137 247.50 4.000 1.310E+Q 38 270.00 4.000 1.330E+Q 39 292.50 4.000
141 337.50 4.000 1.250E+0 a2 o} 5.000 1.280E+0 43 .5Q 5.D000
145 67. 5.000 1.100E+O a6 80. 00 $.000 1.310£+0 47 - 112.50 5.000
149 157.50 5.000 1.100E+D 50 180. 5.000 1.085£+0 51 202.50 5.000
153 247.50 $.000 1.260E+0 54 270.00 5.000 1.230E+0 55 292.50 5.000
157 137.350 $.000 1.150E+0 38 0. 6.000 1.060E+D 59 11.25 6.000
161 33.75 6.000 1.090E+0 62 45.00 6.000 1.150E+0 63 56.25 6.000
165 73.75 6.000 1.120E+0 66 90.00 6.000 1.090£+0 67 101.25 6.000
169 123.75 6.000 1.040E+01 170 135.00 6.000 1.110E+01 171 146, 6.000
173 163,75 6.0D0 1.140E+01 174 180.00 6.000 1.,020E+01 175 191.25 6.000
177 213.75 6.000 {.0BDE+O} 178 225,00 6.000 1.170E+0) 179 236.25 6.000
181 253,75 6.000 {.180E+Q] !82 270.00 6.000 }.100E+Q 83 281.25 6.000
185 303.75 6.000 1.160E+01 186 315,00 6.000 1.180E+0 87 326.25 6. 000
189 343.75 6.000 1.080E+01 190 0. 7.000 1.020E+0Q g1 11.25 7.000
193 33.7% 7.000 9.600E+Q0Q 194 45.00 7.000 3.110E+00 195 56.25 7.000
197 73.75 7.000 9.150E+Q0 198 90.00 7.000 8.880E+Q0 198 101.25 7.000
201 123,75 7.000 9.480E+00 202 135.00 7.000 S.08B0E+00 203 145.25 7.000
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i1-d

WUN DATE, .., V4172770
PARTICLE, LU CTION
1AM | NERUY ouY My
TARUL |, Ll RUN w2
PLAl 0

T D
PLA{E LOCALION. .7

NO ANGLE RADIUS DOSE NO ANGLE RADIUS DOSE NO ANQLE RAD!US DOSE NO ANQLE R&DéUS DASE
] 24.99 1.147 &,16CE+0] 2 118.57 1.031 6.100E+01 3 106.70 0.981 8.580E+0 4 85.71 0.945 6.385E+0
S 84.29 0.94% 6.21DE+01 53 73. 0.981 6.310E+0] 7 63.44 1.051 &,3B0E+Q 8 85.01 1.147 3.620E+D
3 13%.00 1.083 7.470E+01 10 126.87 0.940 7.250E+01 11 11€.37 0.841 6.460E+0 12 104.04 0.775 6.330E+D
13 80. 00 0.752 7.070E+27 14 75.96 0.775 7.030E+01 15 63. 44 0.841 6.310E+0 16 §3.13 0.940 6.440E+0
17 45.00 1.064 6.210E+C) 18 139.40 0.867 7.000E+C1 19 129.81 0,734 7.330E+0 20 116.57 0.831 7.800E+Q
21 93. 46 0.572 8,080E+01 22 80. 0.%572 7,030E+0] 23 63. 0.631 ©.220E+G 24 50.19 0.734 6.585E+0
25 40.60 0.867 6.250E+01 26 153.43 0.841 7.630E+01 27 146,31 0.678 7.870E+Q 2 135.00 0.532 8.270E+0
29 116.57 0.420 7.930E+D 30 90.00 0.376 8.570E+01 31 63. 0.420 7.8B30E+0 32 0.5%2 6,995E+0
a3 33.69 0.678 6, 16DE+D 34 26.57 0.841 6.210E+01 35 164.05 0.684 7.620E+Q 36 158.20 Q.506 &.990E+0
a7 146.3 0.339 ©6.440E+0 38 116.57 0.210 7.890E+01 39 63.43 0.210 §.390E+0 4q0 33.69 0.339 7.5350E+0
41 21.80 0.306 7.08DE+O 42 1 0.684 7,400E+01 43 180.00 0.752 6.710E+0 44 180.00 0.564 7.3540E+0
45 180.00 0.376 89, 140E+0 46 180.00 0.16868 3,290E+Q1 47 Q. a. 9. 600E+0 46 0.188 8.790E+0
49 0. 0.376 7.180E+0 30 0. 0.564 7,580E+01 51 . 0.7352 6.630E+0 B2 195.95 D.684 8.040E+0
$3 20i.80 0.506 9.6S0E+D 54 213.€9 0.339 1,130E+02 %5 243.43 0.210 B8.410E+0Q 56 296.57 0.210 9,280E+0Q
87 326.q 0.339 7.880E+D 58 338.20 0.506 7,560E+0f1 59 344.05 0.684 6.550E+Q 60 206.57 0.841 7.180E+0
61 213.89 0.678 7.700E+0 62 22%5.00 0.532 8,.6530E+01 B3 242.43 0.420 S8.110E+Q 64 270.00 0.376 B.460E+0
65 296.37 0.420 ?7,810E+0 66 d21% 0.532 7.540E+01 57 326.3]) 0.678 6.840E+0 68 333.43 0.84) §.390E+D
69 220.80 0.887 7,16QE+0 70 230.19 Q.734 7.930E+C1 3 243.43 0.631 8.140E+O 72 260.54 0.572 8.380E+0
73 279.46 0.572 B8,%6QE+Q 74 296.57 0.63] 7.540E+01 75 309.81 0.734 6.730E+Q 76 319.40 0.867 7.340E+0
77 225.00 1.064 6,890E+Q 78 233.10 0.940 6.96Q0E+QY 79 243.40 0.841 7,130E+0 B8O 25%.956 0.77% ©.940E+Q
81 a70.00 Q.752 7.540E+0 82 284 0.775 6.8C0E+01 63 296.67 0.841 6.500E+Q 84 306.87 0.340 6.420E+0
83 3415.00 1.064 &,.340E+D 86 23%.00 1.147 7.120E+01 87 243.43 1.05Y &.930E+0 88 253.30 0.981 7.180E+0Q
09 264.29 0.9.5 7,4B0E+O 90 27s5.7 0.94% 6.880E+01 8] 286.70 0.981 7,090E+0Q 92 29§.857 1.0%5! 6,220E+0
93 304.99 1.147 &, IS0E+O 94 0. 2.600 4.620E+071 93 22.50 2.000 4,660E+0 96 45.00Q 2.000 4.540E+0
37 87.%0 2.000 4,400E+0 o8 $0.00 2.000 4.363E+01 99 112.50 2.000 4.330E+01 100 135.00 2.000 4,460E+0
101 157.%0 2.000 $5.010E+01 102 180.00 2.000 5,230E+01 i03 202.50 2.000 4,530E+01 1u4 223.00 2,000 5.110E+0
1a5 247.&¢ 2.000 4.680£+C 06 270.00 2.000 S.17CE+01 107 292.50 2.000 4.490E+01 ;08 315.0 2.000 4,58QE+Q
109 337.30 2.000 4,960E+C] 110 3.000 J3.5S0E+0Y 111 22.50 3.000 3.870E+01 112 45.00 3.000 3.270E+0
113 67.50 3.000 3.680E+01 114 90.00 3.000 3.720E+01 11 112.50 2.000 J3,130E+01 116 135.00 3.000 3,780E+0
117 157.50 3.000 3.480E+01 11 169,00 3.009 3.35DE+01 119 202.50 3.000 3.350E+01 120 22%.00 3.009 3,740E+01
121 a47.50 3.0Q0 3,74SE+Q1 122 270.00 3.000 3.750E+01 123 292.50 3.000 3.580E+D} 124 92i%5.00 3.000 3,240E+0
25 337.90 3.000 3.310E+01 128 0 4.000 2.630E+01 127 22.5 4.000 2.54DE+01 128 45.00 4.000 2,930E+0
29 67.50 4.000 2.860E+01 130 80.00 4.000 2,910E+Q1 131 112.S0 4.000 3.250E+D} 132 135.00 4.000 2,950E+0
33 157.50 4.000 2.970E+0 34 180,00 4.000 3.050E+01 135 202.50 4.000 3.030E+01 136 225.00 4,000 2,090E+Q
37 247.50 4,000 2,700E+0 38 270.00 4.000 3.0Z0E+01 1359 292.50 4.000 2.820E+07 140 315.00 4.000 3.110E+D
41  337.350 4,000 2,900E+0 42 5,000 2,050E+0] 143 22.50 5.000 2,350E+01 144 45.00 $.000 2.400E+0
4% 67.%50 $.000 2, 190E+0 46 90.00 5.000 2.320E+9Q1 147. 112.50 5.000 1.880E+01 148 135.00 5.000 2.440E+0
49 157.50 5.000 2.460E+0 S0 180.00 $.000 2,530E+01 151 202.50 $.000 2.530E+01 152 225.00 5.000 2.770E+0Q
53 247.50 $.000 2.240E+0 34 2 5.000 2.400E+Q01 155 292.50 S5.000 2,400E+01 156 315.00 5.000 2.360E+0
57 197.50 $.000 2.000E+D 98 6.000 2.000E+0] 159 11.25 6.000 2.09pE+01 160 22. 6.000 2.04DE+0Q
B 33.75 6.000 1.960E+0 62 45.00 6.000 2.000E+D1 163 56.25 5.000 2.110(+01 164 67.50 6.000 2.120E+0
6% 78.7% 6.000 2.130E+0 ] 90.00 6.000 1,740E+01 167 101.25 €.000 1.870E+01 168 112.40 6.000 2,000E+0
69 123.75 6.000 1.900E+0 70 135.00 §.000 2.040E+01 171 146.2%5 6.000 2.000E+03 172 157. 6.000 2.390E+J
73 168.7% 6.Q000 1.,880E+Q 74 180.00 ©.000 2,150E+07 175 191,25 6.000 2.040E+01 176 202.50 6.000 2.180E+0
77 213.7S 6.000 2, 340E+0 78 25.00 5.000 2,260E+01 179 236.25 6.000 2,180E+01 180 247.50 6.000 2.100E+0
81 Q58.7% 6.000 2.010E+Q 82 270.00 6.000 2.10CE+01 183 281.25 6.000 2.0Q0E+0] 1B4 292.50 6.000 1,910E+0
8% 303.75 6.000 2,.755E+01 1686 . 6.000 3,B00E+0) 187 326.25 5,000 2.030E+0) 188 J337.50 6.000 2.020E+D
189 348.7% 6.000 2.010E+01 180 7.Q00 1.B670E+01 181 11.25 7.000 1.720E+01 192 22.50 7.000 1.B830E+0D
193 33.75 7.000 1.770E+01 194 45,00 7.000 1.790E+01 155 56.25 7.000 1.630E+01 196 57.50 7.000 1.650£+0
197 7a8.75 7.000 1.530E+01 198 90.0 7.000 1.7B0E+Q1 199 101.2S 7.000 1,78DE+01 202 112.50 7.000 1,780E+0
201 123.73 7.000 1,820E+01 202 135.00 7.000 1,S70E+01 203 146.25 7.000 1,650E+01 204 157.50 7.000 1,790E+0



Z1-4

RUN DATE,.....
PANTICLE, .. .

PLATE NG,.....
PLATE LOCATiON

NO  ANGLE
0 1358.G0
4 96.34
8 52.13
12 123.34
16 66.80

20 130.9%

24 101.3)

28 35.34

32 143.04

36 _45.00

40 173.66

44 138.00

48 8.13

52 191.31

$6 341.57

60 193.44

64 251.37

€8 335.80

72 225.00

76 300,96

80 217,88

84 261,87

88 115.00

92 240.3%

96 288.
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£1-4

RUN DATE. . .... .3/16/74

PARTICIE .. .. FROTON
DEAlN t NERGY <. .. =50 MEv
TARQGET. ... .. ... FP RUM 1D)
PLATE NO. ., .. ... D
PLATE LOUAT TGN, )
MO ANGLE RADIUS DUSE N ANGLE RADIUS DOASE NO ANGLE RADIUS DOSE HO ANGLE RADIUS post
1 1038.43 2.214 3J.660tI+02 2 90.00 2.100 3.70UE+02 3 71.57 2.214 3.580E+02 4 135.00 1.350 .79017102
5 116.57 1.36% 3.750Lr02 1] 9G.00 1,400 3.6%0E+02 7 63.43 1.95563 3.%590E+02 8 a45.00 1,380 3. 770102
g 161.57 2.214 3.820Ev02 10 153.43 1.565 3.790E+02 11 135.00 0.920 3.80Q0e+02 12 90.00 §.700 LGlar ez
13 45.00 0.950 J.650E+02 14 26.57 1.565 4.020E+02 15 18.43 2.214 3.990£+02 16 180.00 2.100 3.23u07402
17 180.00 1.400 3.730E+02 13 180.00 O0.7D0 3.91DE+D2 19 0. 0. 4.040E+02 20 0. o, 7200 CLADE+DE
21 0. 1.400 3.660E+02 22 0. 2.100 4,130E+02 23 198.43 2.214 J.820E+02 24 206.57 1 TBuu 3. uOF02
25 225,00 0.990 3.62QE+02 26 270.00 0,700 3J3,0GROE+02 27 315,00 0.990 3I.S580E+02 28 333.43 1.54% 7LOE+02
29 341.57 2.214 3.610E+02 J0 225.00 1,980 3J.8L0E+02 31 243.43 1.585 3.820E+02 32 1 OETOF
33 296.57 1.55% 3.640£+02 34 315.00 1.3980 J.500E+02 35 251.57 2.214 4.050£+02 36
37 288.43 2.214 3.6306+02 233 0 3.000 3J3.400E+D2 39 0. 4.500 3J.B90E+02 40
41 0. 7.500 2.470£102 432 45.00 3.000 3.630E+02 43 45,00 4.500 3.400£+02 44
49 45,00 7.50Q0 2.810E+Q2 46 90.00 3.000 J3,730E<02 47 90.00 4.500 3J.430E+D2 48 . Q30 3
49 90 00 7.500 2.880E+02 S0 135.00 3.000 3.800E+02 51 135.00 4.500 3J.560e+02 52 135.00 6.000 3,
53 135.00 7.500 2.990E+02 54 180.00 3.000 3. 620E+02 55 180.00 4.500 3.620E+0Z 56 180.00 6.00U0 2. 2uVE+02
%7 180.00 7.500 2.850E+02 53 225.00 3.000 4.050E+02 59 225.00 4.500 3.860E+02 60 225.00 6.000 3J.2)IDE02
61 225.00 7.500 2.770E+02 62 270.00 3,°00 3 S90E+02 6J 270,00 4.500 3 210E+02 &4 270 0D 6. DUU 3. Yunf0Z
65 270.00 7.500 2.750E+02 66 315.00 3.000 .390E+02 67 315.00 4.%00 3.570e+02 €8 5.0b 2. 050(402
69 315,00 7.300 2.86BVE+02


file:///6.57

PT-9

RUN DATE.,...,..3/16/78
PARTICLE........PROTUN
BEAM ENERGY.,...250 MEV
TAKRGET...,......FP RUN 101
PLATE NO,.......P2

PLATE LOCATION, .2

NO ANGLE RADIUS DOSE NO ANGLE RADIUS DOSE NO ANGLE FADIUS DOSE NO ANGLE
0 138,00 2.328 3.63QE£+02 1 127.88 2.083 3J,990E+02 2 119.05 ..883 4,460E+02 3 108.44
4 96,34 1.6%6 J,740£+02 5 3.6 1,656 J.930E+02 [ 1.%7 1,735 3.680E+02 ? 60.

8 $2.13 2.08% 3.760E+02 9 45.00 2.328 3.480E+02 10 142.10 #.085 3,920E+02 11 135.00
12 12%.54 1.%573 3,580E+02 13 113.20 1.393 4.010E+02 14 98.13 1.293 3.810E+02 15 81,
16 66.80 1.393 3J3,740e+02 17 54.46 1,573 3.770E+02 18 45.0 1.810 3,740E+02 18 37.88
20 150.95 1.883 3.730E+02 21 144.46 1,573 3J.790E+02 22 135.00 1.293 3.760E+02 23 120.96
24 101,31 0.933 3J.880E+D2 25 78. 0,933 3.910E+02 26 $9.0 1.066 3.780E+02 27 5.00
28 35.54 1.573 3.580E+02 29 29. 1.883 3.84DE+02 30 161.57 1.735 J.8G60E+02 J1 156.80
32 149.04 1.066 J.880E+02 33 135.00 @.776 3.860E+02 34 108.44 (.578 3,820E+02 71.37
36 45.00 0.778 3.800E*02 37 30.96 1,066 4.490E+02 38 23.20 1.353 3.8B0DE+02 39 18,44
40 173.66 1.6866 3.620E+02 41 171,87 1,293 3,790E+02 42 168.69 0,933 J3,840E+02 43 161,57
44 135.00 0.239 4.310E+02 45 43, 0,239 3,B40E+02 46 18.44 0.%78 3J3,820E+02 4 11.31
48 8.13 1.293 3J3.740E+02 49 6, 1.636 3,.760E+D02 S0 186.34 1,656 J,.790E+02 51 188,13
32 151.31 0.933 3.660E+02 33 198.44 0.3578 3J3.910E+02 54 223,00 0.259 4,520E+02 55 315.00
38 341.%7 0.578 3J.810E+02 %7 348.69 0.933 4.620E+02 58 351,87 1,293 J,620E+02 59 353,66
60 198.44 1,733 3.990E%02 B! 203.20 1,393 3J.740E+02 62 210.96 1,066 4.690E+02 63 225,00
64 28).%7 0,878 3.930E+02 6% 288.44 0.578 4.510E+02 66 3J15.00 ©.776 J.870E+02 &7 329,00
68 936.80 1.393 J.720E+02 69 341.%7 1,735 J.%80E+02 70 209,08 1.883 3J.700E+02 71 215,54
72 225.00 1.293 3,760E+02 73 239.04 1,066 4.540E+02 74 258,69 0.933 3,530E+02 75 281,931
76 300.86 1,066 4.710E+02 77 315.00 1.293 3.790E+02 78 324.46 1.573 J,7B0E+02 79 330,95
80 217.88 2,085 3J3.630E+02 81 225.00 1.810 3J3.700E+02 82 234,46 1.573 3,750E+02 83 246.80
84 261.87 1,293 J.570E+02 @5 278.13 1.293 4.540E+02 86 293.20 1.393 3.720E+02 87 305.54
a8 315.00 1.810 J3.620E+02 89 322.13 2.085 3.710E+02 90 225.06 2.328 3,830E+02 91 232.13
92 240.9%5 1.883 9J.768DE+02 93 251.57 1.73% 3,82DE+02 94 263.66 1,656 4,.630E+02 95 276,34
96 283.44 1,735 3.830E+02 97 299.06 1.883 J.690E+02 S8 307.88 2.085 3J,560E+02 99 315.00
0o 0. 2.445 4.240E+02 101 0. 3.175 3.S510E+02 102 0. 4.445 J.040E+02 103 0.
04 0. 6.98% 2.460E+02 105 22.50 2.445 3J3.610E+02Z 106 22.50 R.175 3.510E+02 107 22.50
o8 22.50 95.713 2.830E+02 109 22.50 6.983 2.580E+D2 l10 45,00 3,175 3.3B0E+02 111 45.00
12 45.00 5.715 2.910E+02 113 45,00 6.985 2.6.0E+02 114 67.50 2.445 3.790E+02 115 67.50
16 67.50 4.445 3,300E+02 117 67.50 §.715 2.970E+02 118 67.50 6.985 2.770E+02 119 20.00
20 90,00 3.175 3,740E+02 121 90.00 4,445 4.130E+02 122 90,00 6.715 3.980E+02 123 90.00
24 112,50 2,445 J3.780£E+02 125 112.50 3,175 3J.7)0E+02 126 112.50 4,445 4,.440E+02 127 112.50
28 112,50 6.985 2.970E+02 122 135.00 3,175 3.700E+02 130 135.00 4,445 3,440E+D2 131 135.00
32 135.00 6,985 2.8B0E+D2 133 157.50 2.445 3.800E+0 34 157.50 5,175 J.710E+02 135 157.50
36 157.50 S5.715 3J3.230E+02 137 157.30 6,985 3,520E+0 38 180.0 2.445 3.770E+02 139 1 ]
40 180.00 4.445 3.270E+02 141 18D.00 5.715 3.130E+D 42 180.00 £.985 2.850E+02 143 202.50
44 202,80 3,175 3.63DE+02 145 202.350 4.445 3.460€+0 46 202.%50 4.715 3,180E+02 147 202.50
48 225.00 3.175 J.4B0E+02 149 225.00 4.445 3.370E+0 50" 225.00 5.715 3.180E+02 151 225.00
S$2 247.50 2.445 3.6BOE+02 153 247.50 3.175 3.D10E+0 54 247.50 4.445 3,390E+02 155 247.50
$6 247.50 6.985 2.660£+02 7 270.00 2.495 3.580E+Q S8 270.00 2.179 23.530E+02 159 270.00
60 270.00 5.715 2.960E+02 161 270.00 6.985 2.710E+0 62 292.50 2.445 3.540E+02 163 252.50
64 292.50 4.445 3.C:0E+02 165 292.50 $.7)1%5 3.600E+C 66 292.50 6.985 2.600E+02 167 15.0
68 315,00 4,445 3.170E+02 169 315.00 5.715 2,B860E+0 70 315,00 6,985 2.380€E+02 171 337.50

172 337. 3.175 3.590E+02 173 337.%0 4,445 2.960E+02 174 337.50 &.715 3.350E+02 175 337.50
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ST1-49

RUN DATE. ., ....3416/70

FPARTICIE. ... ..., I’HOTON
BEAM LNERGY . ...230 MEV
TARGET. ..., ... .. EP RUN 100

PLATE NO.,,.....D2
PLATE LGCATION..2

NO ANGLE RADIUS QasE NO ANGLE RADIUS DOSE NO ANGLE RADIUS DOSE

1 71.67 2.214 J.880E+D2 2 90.00 2.1 3.820E+02 3 108.43 2.214 3.940E+02
-4 63.43 1.863 3J,910E+D2 ] 90.0C 1.400 3.760E+02 7 116.57 &.565 3.810E+02
] 18.43 2.214 4,.030E+02 10 26.%57 1.865 3.960E+02 11 43.00 .80  4.120E+02
13 135.00 D.990 J.840E+02 14 153,43 1.565 3.860E+02 15 161.5%7 2.214 3.780E+02
1 ird Q. 1.400 3J3.980E+02 18 0. 0.700 3J3.870E+02 19 Q. 0. 3.81DE+02
21 180.0Q0 1.400 J770E+02 22 180.00 2,100 3.770E+02 23 0J41.%7 2.214 3.820E+02
25 313.00 0.990 420E+02 26 270.00 0.700 3.950E+02 27 22%5.00 0.890 J.860E+402
29 198.43 2.214 .BI1DE+D2 30 315.00 1.980 4.BBOE+02 31 296.57 1.865 J.9%0E+D2
33 243,43 1.360 .B40E+02 34 225.00 1.980 3.680E+02 3% 288.43 2.214 3JI.840E+02
37 251.87 2.214 J.600E+02 38 180.00 3.000 3.590E+02 39 180.00 4.B07 3I,140E+02
41 180.00 7,500 .B580E+D2 42 135.00 3J.000 3J.540E+Q2 43 138.00 4.500 4,1I0E+G2
45 135.00 7.%00 2.590E+0Q2 46 S0.00 J3.000 2.850E+0Q2 47 90,00 4.%00 4.420E+02
49 99.00 7.500 .880€E+Y02 S0 45.00 3,000 3.850E+02 51 45.00 4.5%00 3,710E+02
S3 43.00 7.%00 .100E+32 54 o. 3,000 3. 7BDE+D2 55 o, 4,800 3,.350E+02
57 0. 7.500 93.43QE+02 58 315,00 3J.D000 3,B4Q0E+02 %9 3J15.00 4.%500 3.8650E+Q2
61 J15.60 7.300 J.B40E+02 62 270.00 3I.000 3.7J30E+02 &3 270,00 4.B800 3.470E+02
BS 270.00 7.500 2.700E+02 6 22%.00 3.000 3.790E+D2 67 225,00 4.500 3,J90E+02
69 225, 7.800 2.580E+02
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91-49

RUH pae oL I/N6778

PRIy L PREOION
AN R RaY . L LD MY
L TN I S Fi* BUN 101
[ I LT ¥ o R L
PEATL LOUCATION. . U
23] AblL| RAOIUS 0OKE [31y] ANGLE RADIUS NO AMOLE RAO{US 00SE NO AMNGLE ReADIUS 0GSLC
D lubL.0  2.1°8  3.990E:02 1 127. 88 2.08% 3. 2 119.056 1.883 3.980E+D2 3 08.44 1.735 J.780+02
-1 5, 3. 1.630 3, 740€+02 <3 83.66 1.638 3. 6 .9 1.738 4.330E+02 7 60.9% 1.883 3.790£+02
) 2.00n J3,910Ft02 o 43.00 2.328 3. 10 2.083 3.920E+«02 M1 138.00 1.810 4.040E+0D2
12 1.%723 S.030£+02 13 113.70 1.383 3. 14 1.293 4.150E+02 15 81.87 1.293 4. 060E+02
16 . 1.3u3 4.000E+D2 17 5d.46 1.B73 3. 18 1.81D0 3J.9S50E+02 19 37.88 2.0485% 9.0dUE+D2
"t tH 1,009 1.0-40F+02 21 144. 46 1.573 4.Y6NE+Q2 22 1.293 J3.790E+02 23 120.96 1.066 3.980£+D2
S A 6,543 4,10DE+02 25 78.649 0.933 3.950E+02 26 1.066 3.810E+02 4%.00 1.293 3.850E+L2
ot L9 1.973 3.B50E+02 29 25.06 1.803 3,B90E+02 30O 1.735 3.880E+02 31 156.8C 1.293 3.910DE+L2
a2 ‘ 1.066 3.B4Q0E+02 33 135.00 0.776 4.120E+Qz 34 0.578 S5.050E+0Q2 71.57 0.578 4,100E+u2
46 49,00 0.776 3.830E+02 37 30.96 1.066 S.070E+02 38 1.393 3.900E-02 39 18.44 1,735 3.730E+02
4C 173.66 1.8656 4.060E+02 4l 171.87 1 293 S5.310E+02 42 0.933 4.930E+02 43 16).37 0.578 4.160E+02
4  135.00 0,259 3J.850E+02 35 4%.00 0.259 4.020E+02 486 0.578 4.050E+02 7 11.31 0.933 3.81CE+0
18 B8.13 1,293 3.940E+02 49 €.34 1.656 2,950E+02 SO 1.856 4.140E+02 51 188.13 1.293 4, 120E+02
2 191,31 0.933 3.730E+02 33 198.44 0.578 4.010E+02 %54 0.2%9 4.1680E+02 355 315.00 0.259 3.930E+0"
56 341.57 0.%70 %.120E+02 37 348.62 0.933 3J.950£+02 353 1.293 J.960E+02 59 3I83.66 t 656 3.7q40E:.
LD 198,444 1.73% 3.930E+02 61 203.20 1.393 35.090E+02 62 1.066 3.970E+02 63 225.00 0.776 S.060E-0!
vl 'Sl DS 0.9%78 A4.01CE+02 6% 208..44 0. 974 3. 830C+02 65 0.776 3.770E+D02 67 329.00 1.056 3.4/0C+0.
Gd 4G YN 1,393 J.820C+02 K9 dd41 57 1.73%  J.780E0Z 70 1.8683 3.080L+02 71 215 .34 1.%573 3.830E«0Z
JoOoUeh. 0 1.093 4.1DDE+0Z 79 279.04 1.006 3.900Er02 74 'Q.933 3.960E<«02 75 281.31 0.933 3.8LUE+(CZ
/6 J400.Y6 1.066 3.9UDE+02 77 31%.00 1.293 3.820E-02 78 1.9573 3.880E+02 79 330.95 1.883 3.720E+u2
G0 217,88 2.085 93.720E+02 6t 22%.00 1.810 3J.930E+02 82 1.573 4.090E+02 83 246.80 1.393 3.BIDE+u2
sa  U61.87 1.294 3.B20E402 S 278.13 1.293 3J.700€E+02 36 1.393 3.729E+02 87 305.54 1.573 4.00CEru?
8% 315.00 1,810 3.900E+02 89 322.13 =2.08% 3J.6B0E+02 90 2.328 4.000E+02 9] 232.13 2.083 3.BUOE-nZ
G2 240,95 {.8063 3.79CcE+02 94 251 U7 1735 3.810C+02 94 1.658 3J3.7c0E+02 85 276.34 1.636 3.9100 02
Do Z8bL.49 1,738 3. 9JYUEr0Z 97 299 006 1.083 J.0860E+02 38 2.085 3.720E+02 99 31%.00 2.328 J.95uk+0C
1o¢ Q. 2.445 5. QLNE+OZ2 101 Q 3175 S5,0850LE+02 102 4.443 3.270E+02 103 Q. 5.715 3 443807
tod a. 6.935 2.330£:02 10% 22 w0 Z. 443 3.7J00E+02 106 3.178 3.71CE-D2 107 22.50 4.448 3 S70Er0l
158 22 50 5.715 2.940£+02 102 22 50 & 9495 2.670E+02 110 . 3.173 3.760E+02 111 45.00 4.443 3.4G0E+
"e 45,00 3.713 3. 110802 113 43,00 L Sud 2.71DE+Q2 114 . 2.443 4.D70E+D2 113 67.50 3.175 3.6LOC+CC
1o GZ7.50  4.44%  3,.3G0E+02 117 67.90 5.715 J.110E+02 118 . 6.985 2.710E+02 119 90.00 2.44% S5.180E+02
120 Q0.00 3,175 3J.770E+02 12) 90.00 4.44% J.57Q0E+02 122 90.00 S$.715 J.380E-02 123 90.00 6.98% 2.970E+.2
124 112.50 2.445 3.84DE+02 12% 112.50 3.175 J3.940E+02 126 112.50 4.445 3.8680E+D2 127 112.50 S.715 3.170E+p2
128 112.50 65.985 QJ3.0COE+R2 129 1735.00 3.175 J2.790E+02 130 135.00 4.445 3.78DE-02 131 135.00 S.71% J3.18DE+D2
122 13%.Q0 6.985 3.010€+02 133 157.30 2.445 J.960E+402 134 157.50 3,175 3 770E+02 135 157.50 4.445 3J.470E+02
136 157.950 S5.715 4.370E+02 137 197.%0 6.985 2.960E+02 138 180.00 2.445 3J3.710E+02 139 100.00 J3.175 3J3.540E+02
140 180 00 4,445 3.50CE+0Z2 14) 180 00 S.7135 3.22CE+02 142 180.00 6.985 2,.950E+02 143 202.350 2.445 3.980E+02
144 0. 50 3,175 3.630E+0Z 1453 202 50 4..45 $.S0LE+D2 146 202.50 S5.715 3.260E+02 147 202.50 &.935 3J.760E+(C2
148 Z#b5.0U U.175 3.840E+0% 149 225.00 4.443 3.430£+02 150 225.00 S5.715 3.290E+02 151 225.00 6.985 3.7SCE+Ce
192 Z47.5%0 2,445 S .3J0F+02 154 247 S0 3,173 J.750L+02 154 247.50 4.448 3.430E+02 155 247.50 S5.715 3.150€+02
156 247.30 6.9835 2 93ICE+0Z 157 270.00 2.4435 3.780E+02 158 g?o.qo 3.179 3.760E+02 159 270.00 4.445 3.500E~Q2
180 2v0.09 5.71% 3. 02 161 270.00 6.985 2. .710E+02 162 252.50 2.435 3. 900E+02 163 292.50 J3.175 3.740E+02
164 242 .%5d  A.34p 3.36QEr02 165 292.50 &% 715 3,030E+02 1G5 292.50 §.98% 2.7\0£«02 187 315.00 3.175 3.65DE+02
P60 J1w.00 .45 3.36GDE+0Z 16Y 315.00 .75 2.970C+02 170 315.00 €.8985 2.600E+CZ2 171 337.50 2.4435 3J.690E+02
172 1437.90 L1175 T.5DD0E+02 173 337.50 4.445 3.350E+02 174 337.30 S,715 2.890£+02 175 337.50 6.835 3J.320E+02
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RUN DATE. ., ...... 3/16/706
PARTICLE. ... .... PROTON

PLAS -”ZZZ.'ZI:Z
PLATE LocaTion S

NO ANGLE RADIU
1 71.57 2.214
S 63.43 }.565
9 18.43 2.214

13 13%.00 0.990

17 0. 1.4900

2t 180.00 1.400

25 31%.00 0.990

29 198.43 2.214

33 243.43 1.565

37 251.57 2.214

41 180. 7.500

4% 137.7%0  7.500

49 s8¢ 7 7.500

53 43.0v  7.500

57 . 7.

61 315.00 S0

65 #70.0Q0 7.500

69 225.00 7.300

RADIUS
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4.120E+02
3.880E+02
4.340E+02
4. 000E+02
4,280E+02
4. 1310E+Q2
4,22CE+02
4.060E+02
4.0%0E+02
3.420E+02
3.6850£+02
3.700E+02
4. 590E+02
3.840E+02
3.740E+02
3.730E+02
3.63J0E+02

RADIUS DQSE
1.980 4. 190E+02
1.940 4.030E+02
0,700 3,910{:+02
100 4,180E+02
2. 900E+02
-1 180£+02
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RUN DATE......
PARTICLE. ...
BEAM _ENEROY.
TARGET . ...,

PLATE NO.

PLATE LOCATioN

NO ANGLE
0 135,00
4 96.34
8 _82!13
12 125383

16 _66.80

20 150.95

24 101.93

28 35.84

32 1432.04

36  45.00

40 173.66

44 135.460

48 8.13

52 191.3)

56 341,37

60 198.44

64 251.87

68 336.80

72 225.00

76 300.96

80 217.8B

84 26i.87

88 115.00

g2 240.85

96 28a.44

100 o.

104 0.

108 22.50
112 45.00
116 67.50
120 90.00
124 112.50
128 112.50
132 138.00
136 157.60
140 180.00
144 202,80
148 223,00
152 847.50
156 247.30
160 270,00
164 262.50
168 315.00
172 337,50
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pos NGO
5.830E+02 2
4.150E+02 &
3.940E402 10
5.070E+02 14
4, 1S0E+02 18
4.050E+02 22
4.330E+07 26
3.840E+02 40
4,310E+02 34
6.290E+02 3
4.110E+02 42
3.950E+02 46
3.850E+02 50
4.090E+02 354
3.97CE+0Z 58
4.050E+02 &2
4.350E+02 66
3.820E+D2 70
4.120E+02 74
4.080E+02 78
4.1BDE+02 82
4.010E+02 66
4.000E+02 90
3.990E+02 84
5.970E+02 98
3.710E+02
3.960E+02 106
2.640E+02 11}
2.850E+02 114
3.310E+02 118
3.850E+02 122
4.050E+02 128
5.930E+02 130
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61-d

RUM DATE, . ... ... R71GLT78

PARITCLE, L, WOTON
BLAFL  NERDY U LV
TARUL 1000 BT U ot
PLALE NG Vel

PLATE LOCATION. | a

N3  ANOLF nRaDIUS  DOSE NG  ANGLE RADIUS DOSE NO  ANGLE RADIUS DOSE NO  ANGLE RADIUS DOSE

1 108.43 2,214 4.910£102 2 90.00 2.100 4.840E+02 3 71.57 2.214 4,700E102 4 135.00 1.900 . 790102
5 116.%7 1.065  4,9301102 5 90.00 1.400 4,790E+02 7 63.43 1,865 4.66CE102 8 45,00 1.9U0  h, a0k e02
9 161.57 2.21. 4.6200+02 10 153.43 1.5%6% 4.870E+02 11 135.00 0.990 4.9S0E102 12 90.00 .700 o, Z2010+02
13 45,00 L,YY0 4,8600102 14 26,57 1.565 4,710E+02 15 18.43 2.214 4.630E402 16 180.00 i/, 100 |, whiir02
17 180.00 1.-100 4.840(402 18 180.00 0.700 +4.780E+02 19 Q. 0. 4.620E+02 20 0. ' LA 102
21 0. 1.400  4,640E+02 22 a. 2,100 4.64DE+02 23 198.43 2.214 4.780E+02 24 HVET02
2% 225.00 0..90 4,.850L+02 253 270.00 0,700 4,.6Y0E+D2 27 315.00 0.990 4.6B0E+02 28 W02
29 341.57 2.z14 ,B540F+02 30 225.00 1.980 4.740E+02 3J1 243.43 1.565 4.B860E+02 32 L GO0 02
33  296.87 1.565 4,740E+D2 34 315.00 1.980 4,700E+02 35 251.57 2.214 4.550E+02 36 LGluE+sO2
37 288.43 2,214 4,.680E+02 38 0. 3.000 4,490E+02 39 . 4.800 4.010E+02 40 LSANEQ2
4t 0. 7.500 3.120FE+02 42 4%.00 3.000 710E+02 43 4%.00 4.500 4.180E+02 44 RIS DO Iargerd
145 45,00 7,500 3.430E+02 48 90.00 3.000 4.520£+02 47 S0.00 4.%500 4.46DE+02 48 q. 1208402
49 S0. 7.500 3,51DE+02 S0 135.00 3.000 %.440E+02 S1 135.00 4,500 4.560E+D2 52 100402
53 135.00 7.500 3J.B6UE+0Z B4 180.00 3.000 4,700E+02 55 180, 4,500 4.500E+02 56 180.00 6.000 4,1570110Cz2
57 180.00 7.500 3.58DE+02 53 22%.00 3.000 4,690E+02 59 225.00 4,800 4.480E+D2 60 225.00 6.000 4.03%0E402
61 225,00 7.500 3J.91CE+402 62 270.00 3.000 S5.050E+02 63 270.00 4.500 4.250E+02 64 270.00 6.000 3. 2700002
65 270.00 7.500 3.320E+02 66 315.00 3.000 5,170E+02 67 315.00 4.%00 4.180E+02 68 3J15.00 6.000 3, 760LE+02
69 315.06 7.500 3.230L+02



oz-€

RUN DATE........ 3716778

PARTICIE .. ..., PROION

M AM EHEERDY . oL 00 MY
TARGET . .o, - U 100
YA NO, L, L, R

LN NO
"LATE LOCATION. . D

NG ANGLE RADIUS 00SE ND ANGLE RADIUS DOSE NO ANGLE RADJUS DOSE NO ANOLE RADIUS

0 135.00 2.328 %.770E+02 1 127.88 2.08% 5.750E+02 2 119,06 1.883 95.230E+02 3 108.44 1.735 5.

4 96,34 1.6%6 S.140E+4Q2 =3 83.66 ).B36 B,470E+02 6 71.57 1.73% 5.260E+02 7 60.95 1.883 5.

8 $2.13 2.08% 4.890E+02 ] 45.00 2.328 4,.840E+02 10 142.10 2,085 $.620E+D2 11 133,00 1.810 5.

12 125.%4 1.873 8.400E+02 )13 113.20 1.393 5.420E+02 14 98.13 1.283 %.080E402 15 81.87 1.293 5.

16 66.00 1.39) bL.400E+D2 17 54.46 1.373 $.260E+02 10 45.00 1.810 4q.970£+02 19 37.80 2.08L H.

20 150,79 1,483 6.<20E+02 21 1d4.496 1.9573 5.140E+02 22 133.00 1.293 5.070E+02 23 120.96 1.066 5.

240 101,30 0.93Y 5.240E+02 25 768.89 0.933 5.430E+02 26 $9.04 1.06 5.140£+02 27 45.00 1.293 3. LEr02
28 35.34  1.5/73 5.23%E102 29 z9.06 1.883 5.300E+02 30 161.57 1,735 §5.8B20E+02 31 156.80 1.393 5.410E+02
32 149.04 1.066 5.420E+02 33 135.00 0.776 S5.640E+02 34 108.44 0,578 5.110E+02 35 71.57 0.578 95.630E+02
36 45.00 0.776 B.380E+02 37 30.96 1.0B886 4,940E+02 38 23.20 1.393 4.940E+02 39 18.44 1.735 6.280E+02
40 173.66 1.656 S.730E+02 41 171.87 1.293 5.610E+02 42 168.69 0.933 $.240E+02 43 161.57 0.578 S,940E+02
44 135.00 0.259 $.330E+02 45 45.00 0.253 5.180E+D2 46 18.44 0.578 5.350E+D02 47 11.31 0.933 §5,280E+0D2
48 8.13 1.293 5.170E+C2 49 6.34 1,656 ©5.210E+02 50 186.34 1.656 5.080E+02 51 188.13 1.293 §,330£+02
52 191.31 0.933 5,320E+02 B3 198.44 0.5%78 5.450E+02 54 225.00 0.259 §,530E+02 55 3J315.00 0.259 &,380E+02
56 341.57 0.578 S5.160E+02 $7 J248.69 0.933 5.130E+02 58 351.87 1.293 5.020E+02 59 353.66 1.656 5.03DE+02
60 198.44 1.735 6.070E+02 61 203.20 1.393 5.B50E+02 62 210.96 1.066 §.420E+02 B3 225.00 0.776 5. 3F0E+02
64 251.57 0.%78 5.440E+02 65 (288.44 0.H78 5.340E+02 66 3J15.00 0.776 5.25CE+D2 67 3J29.'00 1,066 4.I990E+02
68 336.80 1.393 $5,420E+02 B9 024).%57 1.73% 5.270E+02 70 209,05 1.883 5.720E+02 71 215.54 1.573 5,.500£400
72 225.00 1.293 B.500E+00 73 239.04 1.066 U.170E+02 74 256.69 0.933 5.)J00E+02 785 281.31 0.933 5.440E+02
76 300.86 1.066 %.13CE+Q2 77 315.00 1.293 5.570E+02 78 324.46 1.573 5.0S0E+02 79 330.95 1.883 S.1906+02
Q0 217.88 2.u85 5,880E+02 &8 223.00 1.810 Y. 450E+02 82 234.46 1.573 $.260E+02 83 246.80 1.393 5.500L+02
84 261.87 1.293 5. .260E+02 8Y 278.13 1.293 5.850E+02 85 293.20 1.393 5.480E+02 87 305.54 1.573 4.990C+02
B8 31%.00 1.810 X.140Er02 B9 322 13 2.085 $.070E+02 980 225.00 2.328 5.610E+02 91 232.13 2.0U5 5.680Lv0D2
92 240.95 1.883 H.0J0E+02 93 251.57 1.73% 5,200E+02 94 263.66 1.656 5.230E+02 9% 276.3d4 1.B656 5.3001°+02
96 23a 41 1.74% $.000C+02 97 299 05 1.883 5,06DE+02 98 307.88 2.085 O5.100E+02 99 315.00 2.228 5.160I+02
100 Q. 2,449 5.200E:02 101 0. 3.17%  4.?20E+02 102 Q. 4.443 4,450E402 103 0. 5.715  4.C5u1i k02
104 0. 6.9685 0J.950E+02 109 22.50 2.4:% 5,360E+02 106 22.50 3.175 S5.010E+02 107 22.50 4,445 4.B10OE+O]
100 2g.50 5.715 3. .900E+02 109 22 S0 6.985 3.730E+02 110 45.00 3.175 4.760E+02 111 45.00 4..445 d.850E+02
iz 4%.00 5.715 d4.260E102 113 45.00 6.985 3.760E+02 114 67.50 2.445 §.160E+02 115 67.50 J3.1Y5 4.970E+02
18 87.50 4.445 4.0800E+02 117 67.50 5.715 4, 41DE+02 118 67.50 6.985 d.140E402 119 80.00 2.445 5.5200+02
10 90.00 J.175 5.l LUEYOZ 12) 90.00 4.-45% 4,950E+0.u 122 90.00 $.715 4.710E+02 123 90.00 65,985 4.150E102
T2d 112,950 2.445 2%.340E+02 125 112.50 3.175 5,660E+02 126 112.50 4,445 4.740E+02 127 112.50 5.715 4.540E+02
120 112.50 6.985 4.800E+02 129 133 00 3.175 S5.140E+02 130 135.00 4.445 4.910E+02 131 135.00 5.715 &.260f200
132 135.00 6.985 4.700E¢02 133 157.50 2.44Y% 5.110E+02 134 157.50 3.175 S.120E+02 135 147.50 4..45 5.0401 (00
1 157.50 %.719 4.360E+02 127 157 50 &.905 J2.970E+02 108 180.00 2.445 B5.JI1pE+*02 139 180.00 J.175 4.7201 100
140 180.00 4,445 4.980C+02 14f 180.00 5.715 4q.410E+02 142 180.00 6.985 4.010E+02 143 202.50 2.445 5.340L+0C2
144 202.50 3.175 4.950E+02 145 202 S50 4.445 4,.030E+02 146, 202.50 5.715 4.530E+02 147 2.50 6.985 4,090L+0p
148 225.00 3.175 5.0600+02 149 225.00 4.445 4. 620E+D2 150 225.30 5.715 4.560E+02 151 225.00 6.985 4.1200+032
152 247.3%0 2. 445 5. 2000+02 153 247 S0 D2.175 5.08DE+02 154 2472.50 4.445 4.3B10E+D2 155 247.50 5.715 d.3001 +02
16 247.30 €.935 4.38|0E'02 157 270 00 2.445 9S5.130E+02 158 270.00 3.175 4.900E+02 159 270.00 A4.443 5..47. 7462
160 270.00 $.715 4.410E+02 16Y 270.00 6.985 3.930E+02 162 29z.50 2.445 4.960L+02 164 292.50 J.175 4.960 *2
164 292.50 4.44% 4. 400E02 169 292 40 5.715 4.970E+02 1656 292.50 6,985 3.7B0E+02 167 315.00 3J3.175 4.48)108 02
160 U15.00 4.4:45% 4.610E+08 Je9 215.00 5.715 4.170E+-02 1720 315.00 E.285 J.BIDE+02 171 337.50 2,445 4,.950L.D2
172  337.%0 3.175 5.029E+02 173 337.50 4.495 d4,570E+02 174 337.5%0 5,715 d4.140E+02 175 337.50 6.985 4.060E102
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Ze-4

RUN DATE.... .3/16/78
PART]

A NG
PLATE LOCATIEN.

NG ANGLE RAYIUS OSE NU ANGLE RADIUS DOSE NO ANGLE RADIUS DOSE NGO AMGLE RADIUS

1 108.43-2.214 4.230E+02 2 90.00 2,100 4.050E+02 3 71.857 2.214 4.200E+02 4 13%.00 1.980

S5 116.57 1.565 4.270E+02 & 80.00 1.400 4.230E+02 ? 63.43 1.565 4.570E+02 8 45.00 1.96D 4

9 161.57 2.214 4.020E+G2 10 153.43 1.565 4.240e+02 11 135.00 0.980 4.230E+02 12 90.00 0. 700

13 45.00 0,990 4.220E+02 14 26. 1.565 4,410E+02 15 18,43 2.214 QJ,870E+02 16 180.00 2.100

17 180.00 1.400 4.1SO0E+02 18 180.00 0.700 4,110E+02 19 a. a, 4,.360E+02 20 0. 0.7200 4

21 0. 1,400 4.710E+02 22 0. 2.100 4,720E+02 23 198,43 2,214 4.020E+02 24 206.%7 1.%4Ld 4,
25 225.00 0.990 4.060E+02 26 270.00 0.700 4.760£+02 27 3i5.00 0.990 4.090E+02 28 3J33.43 1.84% .
29 341.57 2.214 93.690E+D2 30 225.00 1.980 4,.180E+02 31 243.43 1.56% 4.,080E+02 32 270.00 1.¢«00 4.17 '
33 296.57 1.565 4.270E+02 34 3i15.00 1.980 J.970E+02 35 2%1.57 2.214 4.740E+02 36 270.00 .100 S.BhOL‘U?
37 288.43 2.214 4.0605+02 38 a. 3.000 4.540E+02 29 0. 4.500 3.490E+02 40 £.000 3. 180L+03
41 Q. 7.500 2,.S90E+Q2 42 45.00 3.090 3.4960E+02 43 45,00 4.8500 3.710E+02 44 A56.00 6.000 3.300E+08
15 45.00 7.500 2.830E+02 46 90.00 3.000 3.990E+02 47 90.00 4.500 J3.910E+02 48 00 6.000 J.350E+02
49 90.00 7.500 3.400E+Q2 50 133.00 3.000 4.t20E+02 Bl 155,00 4.500 3J.870E+02 52 13%.00 6.000 4.H/0E+Q2
3 135.00 7.3%00 2.940E+02 54 180.00 3I.000 4,010E+02 355 180,00 4.300 3,880E+C2 56 80 6.000 3.340F 02
S7 180.00 7.500 2.810E+02 868 225.00 3,000 3J3.990E+02 59 . 4.50Q0 3.710E+D02 60 223.00 &.000 3J.610102

22%.00 7.500 2.700E+032 62 270.00 3J3.000 4.080E402 B4 270,00 4.B0Q 3.4GOE+02 64 270.00 6.000 . 260 ru2

BYd 270,00 7,500 2.920E+02 66 315,00 3.000 3J.920E¢02 87 3J1B.00 4.BO0 I .6OOE4ILZ 68 3J16.00 B8.000 3J.150F102
69 315%. 00 7.3500 2.8910E+02
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RUN DATE, .3/18/70

PARLICLIEE, ' PhGTGN

DL AM lNH\UY . 290 MLV
TARUL L, L, N (\UN 102
PLATE NO........ Do

PLATE LOCATION. .2

NO ANGLE RADIUS SE ND ANGLE RaAD!US DQSE NO ANGLE RADIUS DUSE NO AMGLE RADIUS DOUSE

1 108.43 2.2!14 4,460E+02 90.00 2,100 4,230E+02 a3 71.57 2,214 4.270E+02 4 135.00 1.960 4.390E¢02
% 116.57 1.363 4,000E+02 -] 90. 1.400 4.370E+0D2 7 63.43 1.868 4,190E+02 8 45.00 1.980 4 .67DE+02
g9 161.57 2.214 3,8b0e+02 1qQ 153.43 1.565 O5.000E+Q2 11 135,00 0.990 4.470E+02 12 90. D.700 $,130E:02
13 45.00 0.990 4.330E+02 14 26.57 1.565 4,270E+02 15 186.43 2.214 4,2%0e+02 16 180.00 2.100 4 JIUEI02
17 180.00 1,400 4,250E+C2 14 180.00 0,700 +.360E+02 19 Q. o, 4,310E402 20 0. D.700 4. 1WOF 02
21 G. i.400 4,780E+02 o2 0. 2,100 4.000E+02 20 198.43 2.214 4.150E+02 24 206.B7 1.58% d.3u80C+02
25 225.06 L.990 4.300E+02 2 270.00 0.70Q0 4,220E+402 27 315,00 0.990 4.1%0E+02 28 333.43 1.%68 . 22002
29 341.57 2.214 d4_600E+02 30 225.00 1.980 4.250E+02 31 243.43 1,568 4.530e+02 32 270.00 1.400 4.34LE+02
33 296.57 1.565 4,770E+02 34 315.00 1.980 4,060E+02 35 251.57 2.214 4.210E+02 36 270.00 2.]100 4.7UOE002
7 288.43 2.214 4,120€+02 34 q. 3.000 3,900E+02 39 . 4.600 3.S70E+02 40 6.00D L UD0E D2
41 . 7.500 2,5%0E+02 2 45.00 3,000 4.030E+02 43 45,00 4.500 3.920E+02 44 45%.00 6.000 3 JUQE+ D2
45 4%,00 7.500 2,930E+02 4 90.00 3.000 4,180E+02 47 90,00 4.%00 3,90QE+02 48 90.00 ©.000 3.60O0E+02
48 90,00 7.300 3.050E+02 50 135.00 3.000 4.070E+02 51 35.0 4,500 J.910E+02 52 135.00 6.000 3.H570E+D2
53 135,00 7.500 3.040E+02 54 180 00 2 00 4 090E+02 5% 180.00 4.%00 3,.800E+02 356 180.00 6.000 3.390£+402
57 180.00 7.500 2,990E+02 Sy 225.00 3.000 4,200E+02 59 225.00 4.500 3I,870E+02 60 225.00 ©.00C 3.220E+02
61 225.0 7.500 2,920E+02 612 270.00 3.000 J,620E8+02 63 270.00 4.%00 3,720E+02 64 270.00 6.000 J.20QE+02
6% 270.00 7.500 3,390E¢02 61 315.00 3,000 3,930E+02 67 315,00 4.500 JI, 520E+02 68 313 5.000  3.070C+02
69 315,00 7.300 2.790E+02 .

b
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PLATE NGO, ...
PLATE LOCATION, .3

NG ANGLE
1 71.57
S 63.43
q 18.43

13 135.00

17 Q.

21 180, Q0

2% 315.00

29 198,43

33 243.43

37 251,57

41 180.00

45 133,00
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37 0.
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9¢-4

RUN DATE........3/16/78

PARTICLI. .. ... . PROTON
BEAM EREROY ... .. 200 MV
TAROGL Y. ...y oL FI KUN TO2Z
PLATE No

PLATE LocATioN. |4

NO RADIUS DOSE NO ANOLE RADIUS OSE NG ANGLE RADIUS DOSE NO ANGLE RADIUS DOSE
0 2.328 7.850E+00 ] 127.88 2.0u5 9.130E+00 2 119.06 §.883 1.170E+0] 3 108.44 1,735 3.430E+0
4 1.656 1,240E+0] -] 83.66 1.656 1.150E40} 6 71.57 1.735 . 130E+01 7 60.9%5 1,883 1.070E+Q
8 2.085 1,050E+01 g 45.00 2,328 0.150L+00 10 142.}10 2.085 9.940E+0D 11 135.00 1.810 |.220E+Q
12 7.573 93.070E+01 13 113.20 1.393 1.660E+0} 14 98.13 1.293 .470E+Q1 1S 81.87 1.293 1.370E+0
16 1.493 1,360£+01 17 S4.46 1,873 1.260£401 18 4%.00 1.810 15001 19 37.80 2,085 9.150E+0D
20 1.883 1.240E401 21 144.48 1,573 1.7360C+Q0] 22 13%.00 1.293 .270E+01 23 120.96 1.066 |.470E+0}
24 0.933 1.400E+01 28 76.69 0,933 2.710E+01 26 §9.04 1.066 .480E+01 27 45, 1.293 2.B650E+0
28 1.573 1.230E+01 29 29,06 1.883 1.D10E*01 30 161.57 1.735 1.450E401 31 156,80 1.393 1.430E+0
32 1.066 ,470E+01 33 135.00 0.776 1.540E+Q1 34 108.44 0.578 1.780E+01 35 71.57 0.578 1.,770E+0Q
36 0.776 .410E+0! 37 30.96 1.086 1.450£E+01 338 23.20 1.333 !,330E+01 39 18.44 1,735 3,38B0C+0
40 1,856 .380E+01 41 171,87 1,293 1.480E+0] 42 168.69 0.933 .460E+01 43 161.57 0.578 1.630E+0
44 0.259 .490E+01 45 45.00 0.259 1.540E+Q) 46 tg.44 0.578 .S90E+01 47 11.31 0.933 |.500E+0
48 1.233 .420E+0} 49 6.34 1.856 1.23CE+D] S0 1086.34 1.6%6 .30DE+D1 S1 188.13 1.293 1.310E+D
s2 0.933 370E+D} 53 198.44 0.578 1.680E+p) 54 225.00 0.259 2.700E+0! S5 315.00 0.259 2.660£+0
56 0.578 400E+01 57 348.69 0.933 1.300E+01 58 351.87 1.293 .290E+01 59 353.66 1.656 1.160E+0
60 1.735 200E+0] 61 203.20 1.393 2.960E+U] 62 210.96 1.066 1.430E+01 &3 225.00 0.776 1.510E+0
64 0.578 JI0E+01 63 288.44 0.578 1.260E+01 G6 315.00 0.775 1.290E+01 67 329.00 1.066 2.740E+0
63 1.393 1.320E+01 69 341.57 1.735 4U.«40E+Q1 70 209.05 1.883 1.310E+01 71 215.54 1.973 ), 430E+0
72 1.293 1.400E+01 73 239.04 1.066 1.490E+D1 74 258.0G9 0.933 .390E+01 75 281.31 0.939 2.840E+0
76 1.066 L380E+0Q1 77 315.00 1.293 1.190E+0] 78 334.46 1.573 L160E+01 79 330.%% 1,883 9.570E+00
[:10] 2,085 .100E+01 81 225.00 1.B10 ).200E+G} B2 Z34.45 1.573 .2BDE+D1 83 246.80 1,393 1.300E+0}
84 1.293 2.940E+01 85 278.13 1.294 1.350E+0! @86 293.20 1.393 .440E4Q01 87 305.54 1.573 1.620E+0]
[:13] 1.810 .470E+01 89 322.13 2.083 1.030E+Ql 90 225.720 2.328 .000E+0) 91 232.13 2.005 1.140E+01
9z 1.883 .400E+01 93 251.57 1,735 1.,YPvE+01 94 263.646 1.656 1.610E+01 95 276.34 1.65%6 1.420E+0)
S6 1.735 1.440E+01 97 299,05 1,483 1.280E+01 93 307.88 2,085 1.370E401 99 315.00 2.32 9.240E+00
1600 2.445 9.570£+00 101 a. 3,175 9,13uE4100 102 . 4,495 4.9S0E+00 103 0. 5.715 4.200E+00
104 5.93% 4.560E+00 105 22.50 2.44% B,190£+00 106 22.50 3,175 5.440E+00 107 22.50 4.445 6.400E+01
108 5.715 2,520E+00 108 22.8 6.985 2.360E+C0 110 45.00 3.175 6.430F+00 111 15.00 4.445 5. 860E+0]
12 5.7185 4.670E+00 113 43.00 6.9605 3, 44GE+Q0 114 §7.50 2.445 8.720E+00 115 67.50 J3.175 5.8306+01
118 4,495 3.430E+00 117 67.50 5.715 2.6S0C+00 118 67.50 6.985 2.530E+00 119 00.00 2.445 8.770E+QC
120 3.175 8.170E+00 121 90.00 4.443 6.68QCE+00 122 90.00 5.715 5.530E+00Q0 123 320.00 6.985 4.460E+0)
124 2.445 9.40DE+00 125 112.%0 3,175 5.520C+400 128 112.50 4.445 3,340E+00 127 112.50 5.71% 5.860E+01
r28 6.985 £.520E+00 129 135,00 3.175 6.700E+00 130 1385.00 4.445 §.230E+00 131 135.00 5.714% 4.580E+00
132 6.985 3.B7DE+00 133 157.50 2.44% 9.940E+0D 134 157.50 3,175 S.500E+400 135 157.50 4.445 3J3.150E+00
136 5.715 2.640E+00 137 157.50 6.985 2,540E+00 138 180.00 2.445 4.400E+01 139 180.00 3.175 7.670E+00
140 4.445 4,.920E+00 141 180,00 5.715 4.400F+00 142 180.00 6.98S5 4.D090E+0Q0 143 202.50 2.445 9.0%0E+00
144 3.175 5.700E+00 145 202,50 4.445 3.0560E+00 146. 202.50 $.715 2.550E+00 147 202.50 6.985 2.570E+0Q
148 3.175 7.380E+00 7149 225.00 4,445 4.790E+00 150 225.00 5.715 O5.310E+01 151 225.00 6,989 3.670E+0Q0
152 2.445 1.010E-Q} 153 247.50 3,175 5.€3ce+00 154 247.50 4.445 QJ.150E+00 155 247.50 5.715 2.630E-20
158 6.985 2.370E+00 157 £Z£70.00 2.445 1.Q10E+J1 158 270.00 3.175 @8.680E+00 159 270.00 4,445 4.810E+00
160 S.715 3.B670£+00 181 £70.00 6.96% 3.64nE+00 1wz 292.50 2,445 1.020E+0)1 163 292.50 3,179 6.200E+00
164 4,445 3.200C8+400 165 292.50 $5.713% 2.410E+DO 1C6  292.50 6,985 4,300E+D) 167 315.00 3.1¥5 7.300E+00
leg 4,445 4,560E+400 169 315,00 5.715 3.9%0E+G0 170 3J15.00 6.985 §,280E+00 171 337.50 2.445 9.130E+00Q
172 3.175 5.BRUE+0Q 173 337,50 4.4145 3J.QG0E+DO 174 337,30 5.718 2,440E+00 175 337.50 6.985 2.300E+00




LZ-d

RUN DATE....... .3/16778

PARTICLE. ., ...... FRUTON
BEAM CNCRGY ..... 250 MEV
TARQLTY. .. .. FF RUN 102
PLA]' 9

NQ AMBLE RADIUS NOSE NO ANGLE RADIUS DOSE NO ANGLE RADIUS SE NG ANGLE RADIUS DOSE

1 71.57 2.214 5.290E+02 2 90.00 2.100 §.180E+02 3 108.43 2.214 5,080E+02 4 45.00 1.980 5. 38DE4Q2
3 63.43 1.565 4.990E+02 & 90.00 1.400 S5.400E+02 7 116.57 1.963 5,420E+02 8 135.00 1.gd0 45.300E~02
9 18.43 2.214 6.300E+02 10 26.57 1.56% 6.64DE+02 11 45.00 0.930 5.440E+02 (2 90.00 0.700 Y. 390E+D2
14 135.00 D.990 6.330E+02 14 153.43 1.565 4.850E+02 15 161.57 2.214 S5.040E+02 16 0. 2.100 S5 Y/0E 02
)7 O. .40 $.260E+02 18 0. 0.700 5,250E+02 19 [ Q. 8.170E+02 20 180.00 0.700 4.ub0LrQ2
21 180.00 1.400 4.830E+02 22 180.00 2.100 S.020E+02 23 J41.57 2.214 6.710E+02 24 QJ33.43 1.565 5, 110E+02
25 315.00 0.990 5.070E+p2 26 270.00 0,700 5.200E+D2 27 225.00 0.990 S,180E+02 28 206.57 1.%85 &.1L0LE+D2
29 19B.43 2.214 4.820E+Q2 30 315,00 1.980 6.630E402 31 296,57 1.565 $5.120E+02 32 270.00 1.400 4. 950E+02
33 243.43 1.565 6.460E+02 34 229 1.980 S,230E+02 35 288.43 2.214 6.500E+02 3 270.00 2.100 %.100£402
37 251.57 2.214 4.930E+02 80.00 3.000 4.920E+02 39 180.00 4.500 4.360E+02 40 180.00 6,000 3J,0ICE+D2
41 180.00 7.500 J.430E+02 42 135.00 3J3.D00 6.350E+02 43 135,00 4.500 4,670E+02 44 135.00 6.000 3.U880E+02
4% 135,00 7.500 3J3.630E+02 46 90.00 3.000 4.980E+02 7 90,00 4.500 4.730E+02 48 90.00 6.000 4..00LE+02
49 90.00 7.500 4.770E+02 50 45.00 3.000 B5.090E+02 31 45,00 4.500 $.180E+02 82 45.00 6.000 4.H30E+02
53 45,00 7.500 3.860E+02 54 3.000 5,220E+02 55 0. 4.500 4.550E+02 56 0. 6.000 4.410£+02
57 0. 7.500 4.440E+02 S8 315.0 3.000 S.110E+02 359 315.00 4.500 4.720E+02 60 3J15.00 6.000 4, 240e102
61 313.00 7.500 3J3.82CE+D2 62 70.00 3.000 4.720E+02 63 270.00 4.500 6.000E+02 64 270.00. 6.000 4.080tL402
69 270.00 7.500 3.410E+02 o665 22%.00 3J3.000 4,890E+02 67 225.00 4.500 4.530E+02 68 225.00 6.000 4.5L0E+102
69 235.00 7.50Q J3.480E+02



8z-4

BUN DATE. . ..., .. 3/16/78

PARTICLE L BROT roN
CEAM LHERuY ..... 250 ME
ARBET ..... . .Fﬁ RUh a2

TE .
PLAT‘ LUCATIGH

NO  ANGLE RADIUS _ DOSE NG  ANGLE RADIUS _ DOSE NG ANGLE RADIUS _ DOSE Ng  ANGLE RADIUS _ DOSE
O 135.00 2.328 5.340E+02 1| 127.86 2.085 5.350E+02 2 118.06 1.883 5.370E+02 108.44 1.735 5.5.00+03
& 95.99 1.656 7.BIDE+DZ S B83.86 1.656 5.220E+02 6 71.57 1.735 5.140E+02 7 60.95 1,883 5.3S0E+0C
§ S52.19 2.085 5. 45DE+D2 9 45,00 2.328 5.250E+D2 10 142.10 2.085 5.4B8GE+02 11 135.00 1.B10 5.45GE+0E
12 125.54 1.573 5.360E+02 13 113.20 1.353 5.5805+02 14 98.13 1.203 5.B660E+02 15 B1.87 1.293 5.5G0E0D
16 56.40 1.593 5.490E+02 17 54.46 1,573 5.390E+02 18 45.00 1.810 5.210E+02 19 37.88 2.085 B.150E+02
20 190.9% 1.8u% 5.JI0E+02 21 144.46 1.573 5.470E+02 22 135.00 1.293 7.870€+02 23 120.96 1.066 7.C080L Uil
24 10].37 0.3 5.400E102 2% 78.69 0.933 5.480E+D2 26 59.04 1.066 5.420E+02 27 45,00 1.293 §.5L0L+03
58 554 1.5/, 7.5/0E402 29 2906 1.883 5.520E+02 30 151.57 1.735 S.120E4102 31 156.80 1.393 §.500C.02
4z 4 103 5:370Er02 53 135.00 0.776 S5.470E+0Z 34 1D0.44 0.578 5.430E+02 35 71.57 0.578 5.300U03
EE O.7/6 5.4306+02 37 30.96 1.066 5.300E+02Z 38 23.20 1.393 5.330E+02 39 18.44 1.735 5.

-0 1.656 5.4%00+02 41 171.87 1.293 5.46UE*02 42 168.69 0.933 5.450E+02 43 161.57 0.578 5.

14 0.9 5.240L+08 a8 45.00 0.259 5.480E+02 46 18.44 0.578 5.4606+02 47 11.31 0.933 7.

43 1,093 5. 49 6.34 1.656 §.220E+02 50 186.34 1.656 B8.5600E+02 s1 188113 1.293 5.5

52 0.3933 7. 53 198.44 0.578 5.6GUE+0Z 54 223.00 0.259 5.530E+02 55 315.00 0.259 5.

56 0.078 5. 57 348.69 0.933 7.340G+02 58 351.87 1.293 7.610E+02 59 353.66 1.656 5.

G0 1.73% 5. €1 203.20 1.393 5.940E+02 62 210.96 1.086 5.320E+02 63 225.00 0.776 5.

344 578 7. 65 238.44 0.578 5.4GOE+02 66 315.00 0.776 5.530E+02 67 329.08 1.066 3.

e 1,303 5. 69 341.57 1.735 5.090E+02 70 209.05 1.883 S.430£+02 71 215.54 1.573 7.

’2 1203 &0 73 239.04 1|.066 7.5106+02 74 250.63 0.933 B3.8S50E+02 75 261.31 0.933 5. 03
16 1.056 133 77 315.00 1.293 5. 370E+02 78 324.46 1.573 S.72DE+0n2 789 330.99% 1.883 5. «l!.)l' ’C”
u0 2085 5. 8] 225.00 1.810 5. J00E+02 B2 234.46 1.573 7.260E:C2 (3 246.80 1.393 5.500E+02
et 1.293 5.270€ 85 27513 11293 5.ys0E(0z 66 233,20 1.393 S5.030E40u 87 30554 1.573 5.z700102
64 P BID 5 3000408 83 5%o 13 2,085 5. 2/0F+0z 90 525,00 2.328 5.140E+02 91 232.13 2.085 5.

g2 1.3683 7.330E+02 93 £51.57 1.735 5.350£+02 94 263.66 1.656 7.370E+02 95 276.34 1.656 5.

ai 1.735 5.1c0Ev02 97 299 06 1.883 7.270E+02 98 307.88 2.085 S5.500E+62 99 315.00 2.328 5.

100 2,405 7. 101 0. 3,175 $.370E+02 102 0. 4.445 4.510E+02 103 0. 5.715 4.t

104 5.995 3. 105 2250 2.445 S.22DE+D2 106 22.50 3.175 5.270E:pz 107 22.50 d.ad5 4.

8 o 2,713 A 105 2080 51935 3.350F+0k 110 45.00 30175 5.2GOF4C2 111 45.00 4.ddS 5 :

IR 3715 a. 113 45,00 ©6.545 J.CGRE+DZ 114 67.50 2.445 7.590E+G2 115 67.50 3.175 4.9900+ &

116 €7 50 1.445 5. 2 117 ©7.50 5.715 4. 118 E€7.50 ©.985 4.200E+02 119 90.00 2.445 5.4%01+0i

120 90.00 3.175 5 460E+0Z2 121  90.00 4.445 5. 122 90.00 S5.715 4.820E+GZ 123 90.00 6.985 4. 1u0€+a2

154 112.50 2.445 5.420E+02 125 112.50 5.175 5. 128 112.50 4.445 5.2206+02 127 112.50 5.715 d4.S3CE+0:

128 112 30 6&.385 4.420E+0g 129 135.00 3.175 7. 130 135.00 4.445 5.250E+0Z2 131 135.00 5.715 4.7

)32 125,00 6.355 5.994C-02 133 157.50 2445 5. 134 157.50 3.175 5.560E+02 135 157.50 4.445 5.

145 157 56 3.715 4.790£+02 137 15750 5935 4! 138 180.00 2.445 5.360E+02 139 180.00 3.175 5

140 5.0 o455 5. 0TuRsLz 4] 18000 5.715 6. 142 180.00 6.935 4.0B0E+02 143 202.50 2.445 3

1ad 50 4173 5. 145 202 .50 4.445 7. 146, 202.50 5.715 4.740E~02 147 202.50 6.935 4

P rd 3173 & 142 2 a.das 4. 150 225.00 5.715 4.630E+rZ 151 225.00 6.SB5 3

1,5 2 Aud 5. 155 24 3175 5. Jz 154 247.50 4.445 5.140E<02 155 247.50 5.715 4.

1 crahoa IEYREY i 2,045 5.050E:G2 158 27¢.00 3,175 5.200E+22 158 270.00 4. 4.

R S.0n d.% 161 2 §.9us 3 4wiuE+n2 162 292.50 2.445 5.19CE+(2 1€3 £92.50 3. ;

e 4,449 4 ITERE 5/715 6.410£+02 166 292.5C 6.985 5.520€-02 167 315.00 3. 5

168 a'aas 4.1 155 3 5,715 «.3J0C402 170 315.00 6.%65 3.590E+02 171 337.50 2. 5. 1600 0.2

172 5798 4 850Ei0s 173 3 4. 445 A.B800£+0z 174 337.50 5.715 4.100E+G2 175 337.50 6. 3.870L~0%
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0c-d

RUN DATE . .. ... .. 3/16/78

PARTICIE. .. ... 1IPWOTON
DEAM ENLEIOY ... .. Q20U MY
TAROEE. oo FI° IUN 1oL
PLATE MO, .. .. , P9
IPLATE LOZATION. . 4
NO ANGLE FRADIUS DASE NG ANCLE RADIUS DOSE NG ANGLE RADIUS DOSE No ANGLE RADIUS
0 35.00 2.328 7.050E+00 1 127.88 2.045 ©.130E+CO 2 113.06 1.883 1.17CE+01 3 108.44 1.735
4 95.34 1,656 1.230E¢01 3 83,66 1.656 1,150E+01 6 71.57 1.73% 1.150E+01 7 60. 1.883
a $2.13 2.085 1.030£+0} 9 45,00 2.328 8.150E+00 10 142.10 2.083 9.940E+O00 11 133.00 1.810
12 125.5.1 1.573 3J3.070E+01 13 113.20 1.393 1,660E+017 14 98.13 1.293 1.470E+01 1S5 81.87 1,293
16 65.80 1.393 1.36OE+0Y 17 S4.46 1.%73 1.260E+0) 18 45.00 1.810 1.150E+0] 19 37.84 2.08%
20 199.95 1.4083 1.240E401 21 144.46 1.%73 1.360E+01 22 135.00 1.293 1.270E+01 23 120.96 1.066
24 101.31 0.933 1.400E+D01 25 706.69 0.933 2.710E+Qt 26 59.04 7.066 1.490E+01 27 45.00 1.293
28 35.51 1 573 1.230E+01 29 29.06 1.883 |,010E+Q} 30 161.57 1.735 1.4%0E+071 31 156,80 1.393
32 1492.04 1.066 1.470E+01 33 135.00 0.776 1.S40E:0) 34 10B.44 0.578 1.780E+0] 33 21.57 0.578
36 45.00 0.776 1.410E+01 37 30.96 1.066 1,450E+01 33 3 1.393 1.330E+01 39 186.49 1.735
40 i73.65 1.856 1.38B0E+01 41 171.87 1.293 1,480E+01 42 168.69 0.932 .460E+0t 43 161.57 0,578
44 135.00 0.259 1.490E+0) 45 45.00 0.259 1,540E+D1 46 18.44 0.578 1.590E+01 47 11.31 0.933
48 3.13 1,293 1.420E+01 49 6.34 1.656 1,250E+01 SQ 186.34 (.66 1.300E+07 51 188.13 1.293
52 191.31 0,933 1.370E+01 53 198.44 0.578 1.660E+01 54 225.00 0.259 2,700E+01 §5 315.00 0.259
56 Q341,57 0.578 1.400E+01 S7 348.69 0.833 1.3C0E+01 SB 351.87 1.293 1.290E+01 §9 353.66 1.656
60 123.44 1.735 1.200E+0] 61 203.20 1.393 2.960E+0) 62 2]0.96 1.066 1.430E+01 63 225,00 0.77%
64 251.57 ©0.578 1.310E+D7 65 283.44 0.578 1.,260E+01 66 J15.00 D.776 1.290E+0t B7 323.00 1.066
63 335.80 1.393 1,320E+01 69 41.57 1.73% 3,440E+Q1 70 209.05 1.883 1.319e+01 71 215.54 1.5¥3
72 225.00 1.293 1.400E+01 73 239.04 1.066 |.490E+0] 74 258.69 0.933 1.350E+01 75 281.3]1 0,933
76 300.96 1.066 1.380E+0f 77 315.00 1.233 1,180E+0! 7?8 324.46 1.573 1.160E+0! 78 330.95 1.883
80 217.38 2.085 1.10DE+O1 ©1 225.00 1.810 1.200E+0]1 82 234.46 1.573 1.280E+01 83 246.80 1.393
84 261.87 1.293 2.940E+Q1 8% 278.13 1.293 1.3%0E+D] B86 293.20 1.393 1.440E401 87 305.54 1.573
88 315.00 1.810 11.470E+01 89 322.13 2.085 1.0J0E+Ql 90 225.00 2.328 1.C00E+01 91 232.13 ?2.0uS
92 241.95 1.863 1.400E+D), 93 251.57 1.735 1.320E+Q01 94 263.66 1.656 1.610E+01 95 276.34 1.6%6
9F 283.44 1.735 1.440E+01° 97 299.06 1.H6u3 1.2%0£+0¢t 98 307.88 2.085 1.370E401 89 315.00 2.328
100 9, 2.495 9.57CE+00 101 0. 3.179  9.130L400 102 Q. 4.445 4.9S0E+20 103 0. 5.715
104 o, 6.95% 4.580E+00 10% 22.50 2.445 B,190L+00 106 22.50 3.175 B5.440E+00 107 22.50 4,445
108 22.50 5.71%5 2.520E+00 109 22.5 6.995 2.360E+00 110 45.00 3.175 6.430E+00 111 45.00 4,445
nz 45.00 5.715 4.570E+00 113 43.00 5.955 3. 440E+00 114 67.50 2..]45 8.720E+00 115 67.50 3.175
116 67.50 +.44% 3.430E+00 117 67.50 5.715 2.690C+00 118 67.50 6£.985 2.5S30E+00 119 90.00 2,445
120 90.00 3.175 O0.170E+00 121 90 00 1.445 6,680E+00 27 90.00 5.715 5.530E+00 123 90.00 6,985
124 112.50 2.445 9.4Q0E+00 125 112.50 3.17% ©S.520E+400 126 112.50 4.445 3.340E+00 127 112.50 5.715
128 112.50 6.98% 2.520E+00 129 135.00 3.175 6.70UE+00 130 135.00 4.445 5.230E+00 131 135.00 5,715
132 135.00 6.985 3.870E+D0 133 157.50 2.445 5.940E+Q0 134 157.50 3.175 §.500E400 135 157.50 4.445
136 157.50 5.715 2.640E+00 137 1L7.50 6.985 2.540E+00 138 180.00 2.443 4.400E+01 138 18D.00 3.175
140 189.00 4.445 4.320E+00 141 180.00 S.715 4.400F+00 142 180.00 5.985 4.090E+0Q0 143 202.50 2.445
144 202.50 23.175 5.700E+00 145 202.50 4.445 J.360E+0Q 148 202.50 $.719 2.550E+00 147 202.50 6.985
148 225 00 J.17% 7.380E+00 149 225.00 4.445 4.790E+Q0 150 -225.00 §.715 5.310E+01 151 225.00 5,985
192 247.50 2.445 1.010Er01 153 247.50 3.175 5.630t+00 154 247.50 4.445 3.150E+00 155 2472.50 S.715
156 247.50 6.2385 2.370E+D0 157 270.00 2.445 1.01QE+0]1 1588 £70.00 3.175 8.680E+00 159 270.00 4,445
160 2v1.90 3.71% 3.870E+00 16} Z270.00 6.3985 3.640E+00 1oz 292.50 2.445 1.020E+01 163 252.50 3.1795
164 292.5Q0 4.445% 3.200CE+00 165 292.50 §.715 2.410E+00 166 292.50 6,985 4.300E+01 167 315,00 3.175
168 315.00 4,445 4.6G0E+00 169 J15.00 5.715 3,9S0E+00 170 315.00 &£.985 3.280E+00 171 337.50 2.445
172 337.50 3.175 5.B2VE+00 173 337.50 4.445 3.050E+00 174 337.50 5,715 2.440E+00 175 337.50 6,985
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1¢-4

RUN DATE........2/16/78

PARTICLE....... DEUTERON
BEAM ENERQY. ....330 MEV
TARGET..........FP RUN 110
PLATE N&........P1
PLATE LGCATION, |1
N8  ANGLE RADIUS  DOSE NG  ANGLE RADIUS  DGSE NGO ANGLE RADIUS = DOSE NO ANGLE RADIUS = DOSE
0 133.00 2,328 9.3S0E+0!) 1 127.88 2,085 9,110E+01 2 119.06 1.B83 1.0BOE+02 3 108.44 1.735 1.040E+02
4 '96.34 1.656 1.070E+02 © B83.66 1.606 1.100E+02 6 71.57 1.736 1.140E+02 7 60. t.883 1,080E+02
8 52.13 2,085 1.]40E+02 § 45.00 2.323 1.060E+02 10 142.10 2.085 9.960E+01 11 13%5.00 1,810 1.080E+02
12 123.54 1.573 1.1006+02 13 113.20 1.3993 1,070E+02 14 88.13 1,293 1.160E+02 1S 81.87 1.293 1.180E+02
16 66.80 1.393 1.140E+02 17 54.46 1.573 1.120E+02 18 45,00 1.810 1.130E+02 19 37,88 2,083 9,150E+0}
20 130.95 1.883 180E+02 21 144.46 1.573 1,160E+02 22 13%5.00 1.293 1.180E+0Z2 23 120.96 1.066 1.190E+02
24 101.31 0.933 070E+02 25 8.69 0.933 210E+02 286 9.04 1.066 1.230E+02 27 45.00 1,293 9,990E+01
28 35, 1.573 170E+D2 29 29.06 1.883 9.640E+01 30 181.57 1.735 1206402 31 1896.80 1.399 1.130E+Q2
32 149.p4 1.066 1305+02 33 19%.00 0.776 1.280E+02 34 108.44 O.B578 1.190E+02 35 71.57 0.578 1.D40E+02
36 45! 0.776 240E+@2 J7 30.96 1.066 1.080E+02 38 23.20 1.393 1.260E+02 39 18.44 1.735 9. 8I0E+01
40 173.66 1.6G56 160E+02 41 171.87 1.293 1.200E+02 42 168.69 0,833 1.120E+02 43 161.87 0.578 1,280E+02
44 135,00 0.259 (.2%0E+02 4% 45.00 0.259 1.100E-02 46 _18.44 0.578 290E+02 47 11.3%1 0.933 1.030E+02
48 8.13 1.293 1.280E+02 49 6.34 1.6B6 040E+02 S0 186.94 1.656 1,220E+402 S1 188.13 1.293 1.]180E+03
52 19).2) D0.933 ).210E+C2 B3 198.44 0,878 170E+02 %4 226.00 D.259 J00E+D2 B3 315.00 D.259 1.)1)0E+02
6 3841.37 0.%78 330E+D2 BY 348.69 0.933 040E+D2 S8 351.87 1.293 1.400DE+02 B9 353.66 1.6556 1.070E+02
60 198.44 1.73% ].230E+D2 &) 203.20 1.393 ].270E+D2 62 210.96 1.066 1.170E+D2 6 225.00 0.776 1.}70E+02
64 231 0.578 270E+02 6% 286.44 0.578 160E+02 66 315.00 0.778 330E+02 67 329.00 1.066 1.120E+02
60 3356.80 }.393 FI0E+DZ 63 341.57 1.735 DIOE+D2 70 209.00 1.£683 1.2B0E+02 71 215.54 1.3573 1.320E+02
72 223.00 1.293 160E+02 73 23S.04 1.066 1.210E+02 74 258.69 0.933 1.100E+02 25 2B1.G) 0,933 1.180E+02
76 300.96 ].066 270E+02 77 31%.00 1.293 1.060E+02 78 324.46 1.573 1.330E+02 79 330,95 1.883 9.8%0E+0)
80 217.88 2.08% 320E+02 B8] 22%.00 1.810 1.190E+U2 82 234.46 1.573 1.200E+02 B3 246.80 1.393 1.160E+02
ud 26).87 1.293 1.]00E+02 B85 278.13 1.293 1.040E+02 66 293.20 1.393 1.0S0E+02 87 305.54 1.573 1.290E+02
gy 31%.00 1.810 1.270E+02 85 322.13 2.085 9.200E+01 90 225.00 2.328 1.1BDE+02 91 232.13 2,085 1,250E+02
92 240.95 1.883 1.190E+02 93 28). 1.733 1.310E+02 94 263.66 1.636 1.230E+02 85 278.34 1.686 1.200E+02
96 288.44 1.735 1.060E+*02 97 299.06 1.883 1.080E+02 98 J07.88 2.083 9.080E+01 99 3135.00 2.320 9.650E+01
100 0. 2.445 1.280£+02 10) 0. 3.175 1.210£+02 102 . 4.445 1.13S0E+G2 103 0. 5.715 1.19QE+02
104 0. B.93d5 9.580E+01 105 22.50 2.445 8&.370E+0] 106 22,30 3.175 $5.420E+0) 107 22.50 4.443 5.170E+0]
108 22.50 5.715 2.81GE+01 109 22.50 6.985 2.710E+01 110 5.00 3.175 1.030E+02 111 45.00 A.445 §.790E+0!
112 45.00 S.715 1.010E+02 113 45.00 6.983 9,120E+0] 114 67.50 2.445 7.660E+0]1 115 67.50 3.175 7.500E+0)
116 67.50 4.445 5.460E+01 117 67.50 5.715 3.940E+D]1 118 67.50 6.985 2.740E+01 119 90.00 2.445 2.400E+01
120 50.00 3.175 9.430E+07 121 90.00 4.445 8.490E+0] 122 90.00 5.715 7.640E+0] 123 90.00 6.985 7.570E+01
124 112.50 2.445 5.590E+0! 125 112.50 3.175 3.290E+0) 126 112.50 4.445 3J.5S0E+0] 127 112.50 5.7i%5 3.670E+01
128 112.30 6.985 2.070E+0! 129 135.00 3.175 1.860E+01 130 135.00 4.445 8.330E+01 131 135.00 &.715 d.920E+01
132 135.00 6,985 7.000E+0]1 133 137.50 2.445 7.200E+01 134 157.50 3.175 5.570E+01 135 187,50 4.443 5.300E+0D!
136 157.30 5.715 2.780E+0] 137 137.50 6.9685 2,.430E+01 138 180.00 2.445 1,780E+01 139 180.00 3.175 1.620E+01]
140 180.00 4.445 9.310E+01 141 180.00 5.715 7.S60E+0] 142 180.00 6.985 7.920E+0] 143 202,50 2.445 4.600E+0!
144 202.30 3.1?5 5S5.600E+0) 145 202. 4.445 5,400E+01 146 202. 5 718 2.450E+0) 147 202.50 6.985 2.650E+01
148 225.00 3.175 1.5B0E+0)] 145 225.00 4.445 2.130E+01 150 2z5.00 5.715 1.000E+02 151 225.00 6.965 1|.090E+02
152 247.50 2.445 §.340E+01 1853 247.50 3.175 9.S40E+01 1854 247.50 4.445 6.670E+01 155 247.50 %.7i3 7.660E+0!
156 247.50 6.983 2.930E+01 157 270.00 2.445 3,420E+0]1 1538 270.G0 3.175 1.760E+01 139 270.00 d.44%5 1.960E+D1
160 270.00 5.715 1.250E+D2 161 270,00 6.985 1.060E+02 162 292.50 2.445 1.110£+02 163 292.80 3.173 7.860E+01
164 292.50 4.445 9.100E+01 165 292.50 5.715 4.160E+0] 166 292.50 6.985 5.000E+01 167 315.00 3.17% 5.200E+01
163 3!5.00 4.445 2.030E+D) 169 3J18.00 5.715 2.830E+01 170 315.00 6.985 1.250E+0z 171 337.50 2.445 1.190E+02
172 337.50 93.175 9.220E+01 J}73 337.50 4.445 35.190E+01 174 337.50 %.715 2.93CE+0) 175 337.50 6.985 2.780E+OI
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RUN DATE.... L7/18/739

PARTICLE . - DEUTERON
BEAM ENEROY. D .. 330 HEV
IAHUPI..........FP RUN 110

PLA

NO
PIA]E LOCATIDN..!

NO ANOGLE RAQIUS nase

1 108.43 2.214 1,.8d0E+02
9 116.567 1.985 1,640E+02
9 161.87 2,214 1,3980E+D2
13 45.D0 0,990 Y,730E+02
17 180,00 1.400 1.880E+D2
21 0. 1.400 1,940E+02
25 225.00 0.95U 1.620E+02
29 1341.57 2.214 1.8%0E+02
33 96.57 1.565 1.860E+02
37 208,43 2.2)49 1,.B690E+02
41 0. 7.8500 7.120E+0}
43 43.00 7.500 B.920E+01
49 90.00 7.300 5.840E+0}
S3 135.00 7.300 3.730E+0!
S7 80.00 7.300 &5,980E+0])
61 225.00 7.300 5,100E+01
65 270.0Q 7.3500 6.190E+01
69 313.00 7.500 8.160E+DI|
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RUN DATE. ... ....7/16/78
PARTICLE DEUTERIN

WCAM CREROY. .. 330 HEV
TAOET, ... v.. . FP RUN 110
VLATE NO. .. .... .02
IMATE LOGATION. .2
NO _ANOLE RADIUS  DOSE NG  ANGLE RADIUS  DOSE No  ANOLE RAD]US SE NO  ANOLE RADIUS  DOSE
i 108.43 2.214 1.860E+02 2 90.00 =2.1DD 1,720E+02 @ 71.B87 2,214 1.870E+02 4 135.00 1,900 1.570£+02
6 116.67 1.565 1.8%0E+Q02 6 90.00 1.400 1.790E+02 7 63.43 1.068 7.920E+0) &  45. 1.980 }.700E+02
9 161.87 2.214 1.G00E+02 10 163.43 1.665 1.680E+02 f1 (35.00 0.890 |.660£+02 12 _90. 0.700 1.800E+02
13 4%.00 0©.890 790E+02 14 26.57 1.565 2.120E+02 1% 18 2,214 1.B90E+02 16 180.00 2.100 |.350E+02
17 18D.00 1.400 1.720E+D2 1€ 180.00 D0.700 1.700E+D2 19 D. o. 1.80DE+D2 2 Q. 0.700 .93DE+02
21 0. 1,400 BEDE+02 22 0. 2,100 1.B60E+02 23 198.43 2.214 1.710E+02 24 206.57 1.565 1.570E+02
25 225.00 0.990 720E+02 26 270.00 0.700 1.920E+Q2 27 31%5.00 0.890 1.920£+02 28 533.43 }.565 1.900E+02
29 34).57 2.214 gSQE+02 30 225, 1.980 1.610E+02 31 243.43 1.566 1.BI0E+02 32 270.00 1.400 1.760E+02
33 296.57 1.565 S90E+02Z 34 315,00 1.980 1.870E+02 3% 251.57 2.214 1.710E+02 36 270.00 =2.190 1.810E+02
37 288.493 2.214 730E+D2 38 0. 3.000 1.900E+0Z 39 o. 4500 1.4B6DE+02 Q0 5.DD0 9.780E+01
a) . 7.500 6,9B0E+0) 42 45.00 2.000 1.7]0E+02 43 45.00 4.500 1.250E+02 44 45.00 6.000 8.040E+01
45 45.00 7.8500 S.750E+01 46 90.00 3.000 1.460E+02 47 90. 4.500 1.0B0E+02 48 90.00 ©.000 B.930E+0)
43 90,00 7.500 140E+0] BO 135.00 3.000 1.870E+02 51 135.00 4.500 1.040E+02 S2 135.00 6.000 7.660E+0]
3 135.00 7.300 S:S520E+01 B4 180.00 3.000 1.420E+02 55 180.00 4,500 9.710E+0D) 36 180.00 6.000 6&.G00E+D]
57 180. 7.800 5.870E+0] 58 225, 3.000 1.28DE+02 39 . 4500 ©,D20E+0] &0 225.00 6.000 6.5108+0!
61 22%. 7.500 5.090€+0) 62 270.00 3.000 1.860E+02 63 270.00 4.500 1.260E+02 64 270.00 6.000 8.260E+0]
g 270.00 7.300 £.370E+01 66 313.00 3.000 1.01CE+02 67 3I13.00 4300 1.470E+02 68 3IIEI00 6.000 9.460E+0!



sg-d

RO DATE. L L 7715770

PededPCLEL L N RGN
B ERLIROY L L qJau MLV
VA L . FPP RUN 110
LR ¥ N |
LOATE LOUALEION, . U
NO ANOLE  RADIUS ousc No ANOLE  RADIUS DOSE NO ANOLE RADIUS DOSE NO ANOLE RADIUS DOSE
0 13%.00 2,328 1.120E+02 1 127.88 2.0683 1.190E+02 2 119.06 1.883 . 190E+02 3 108.44 1.736 .290E4102
q 96.34 |.6%96 1.GJ0E+02 S 83.66 1.6%6 .290E+02 6 71.87 1.73% .JI10E+D2 7 60.95 1.883 .370E+02
o 52.13 2.085 1.J10E+0Z 9 4%.00 2.328 .390E+02 10 (42,10 2.08% .100E+02 11 138.00 1{.4810 .240E+02
12 129.%4 1.%73 1.380E+02 13 113.20 1.393 .BOOE+02 }4 98.13 1,293 .340E+02 13 B81.87 1.293 . 3B0E102
16 66.80 1.393 1.430E+02 17 34.46 1.872 .440E+02 18 43.00 1.810 .B30E+02 19 37.88 2,083 .800L02
Y0 1%50.93 1.883 t1.i110Ev02 21 144.46 1.573 .220E+02 22 135,00 1.293 .2B0E+02 23 120.96 1.066 . 340E+ 02
24 10].31 0.933 ,300E+02 25 78.69 0.933 1.420E+02 20 893.04 1.0 .4B0E+0Q2 45.00 1.293 . B0QE +02
28 3$.54 1.573 . 720E+02 29 29.06 1.883 ,440E+02 30 181.57 1.735 .270E+02 31 156.80 1.393 . 240E+02
32 149.04 1.066 .290E+D2 33 135.00 0.776 .420E+02 34 108.34 0.578 . 430E+02 71.57 ©0.578 .470E+0Q2
36 45.90 0.776 .450E+02 37 30.96 1.066 .460E+02 3&i 23.20 1. 3 . 430E+02 39 18.44 1.735 $50E+02
40 173.66 1.656 .690E+02 41 171.87 1.293 .330E+02 42 168.69 0,933 J90E+02 43 161.%7 0.578 . 330E+D2
4 133.00 0.259 490E+02 45 45.00 0.259 .46Q0E+Q2 4qé& 18.44 Q.97 JS30E+D2 47 11.31 0.933 S5D0E+02
44 &8.13 1.293 630E+02 49 6.34 1.656 .S540E+02 E0 186.34 1.656 250E+02 51 188.19 1.292 330E+02
32 191,31 0.933 J30E+D2 53 198.44 0.578 .360E+D2 S4 225.00 0.259 4S0E+D2 S5 315.00 D.2%9 530E+02
56 341.57 0.578 .480E+02 57 348.69 D.933 .91DE+D2 S8 35i1.87 1.293 540E+D2z %9 3%3.66 1.656 S90E+02
60 190.4a49 1,735 200E+02 61 203.20 1.393 .24DE+02 62 210.96 1.066 480E+D2 63 225.00 0.776 S00E+02
64 51.57 0.578 .490£+02 65 288.44 0.578 .500E+02 ©6 313.00 0.776 .630E+02 67 3J28.00 1.066 530E+02
68 33L,00 1.393 S70E+02 69 341.57 1.735 1.680E+02 70 209.0%5 1.883 1.1S0E+02 71 215.54 1.373 320E+02
/2 225,00 1,293 .JJ0E+02 73 239.04 1.066 1,450E+*02 74 2%58.69 0.333 1.520e+02 75 28).3 0.933 1,420E+02
/b J00.96 1.066 .420E+02 77 315,00 1.293 1.S60E+02 78 324.46 1.373 1.%40E+02 330.9 1.883 1,630E+02
B0 217.88 2.085 .130E+02 81 225.00 1.810 11.290E+02 82 234.46 1.573 ).320E+02 83 46.80 1.39 1.690E+02
84 061.67 1.293 1.400E+02 BS 278.13 1.293 1.%500€+02 86 293.20 1.393 1.400E+02 87 305.854 1.3573 1,300E+02
68 315 00 1.810 1.480E+02 B9 322.13 2.085 1.840E+02 90 225.00 2.328 1.180E+02 91 232.13 2.08%5 1,190E+02
a0 240 95 1,883 1.290E+02 93 2%51.57 1.735 6.840E+00 94 263.66 1.656 1.80QE+02 95 276.34 1.656 . 800E+02
Yo Pdb. .44 1,738 1,470E+02 97 299.06 1.883 1.4U0E+O02 90 307.88 2.08% 1.480E+D2 B9 315.00 2.320 1,460E+02
10D 0. 2.44 1.340E+02 101) D. 3.17% 1.460E+02 )02 0. 4,44% 1.190E+02 103 0. 5.71® 6.790E'0]
104 a. 6.905 9J.120E+Q1 105 22.50 2.445 1.460E+02 106 22.%0 3.17% 1.430E+02 107 22.30 4.44% 1.410E+02
100 22.50 Y.715 6.S500E+0] 109 22.50 6.98% 3.4BUE+01 10 45.00 3.17% 1.420E+02 111 45.00 4,445 9,550E40)
1nea 45.00 S$.715 6.290E+01 113 45,00 6.985 3.370E+01 14 67.50 2.445 1.330E+02 115 67.50 3.17% 1,330E+02
116 67.50 4.445 7.600E+0 17 67.50 S5.715 &,.420E+01 118 67.80 6.985 2.970E+01 119 90.00 2.445 1,180E+02
120 90.00 3.175 1.410E+02 121 90.00 4.445 7.560E+01 122 90.00 5.715 4.580€+01 123 90.00 6.985 2,610E+0}
124 112,50 2.445 1,190E+02 125 112,50 3.175 1.020E+02 126 112.50 4.445 6.490E+0) 127 112.50 S.71% 3.920£+0]
128 112.50 §6.935 2.430E+0 29 135.00 3.175 9.56DE+D) 130 135.00 4.445 6.DIQE+01 131 135.0 5.715 3.630E+0)
132 135.00 6£.985 2.110E+0]1 133 157.50 2.445 1.400E+02 134 157.50 3.175 9.040E+0] 135 157.50 4.445 5.36DE+0]
136 157.50 S.715 3,500E+0) 137 157. 6.985 1.990E+0Y 138  180.00 2,445 1.060E+02 139 180.00 3.179 8.200E+0]
140 180.0Q 4.445 5.600E+0 41 180.00 S5.715 3.280E+Q1 142 180.00 6.985 1.96DE+01 143 202.50 2.44% 1,070E+02
144 202.50 3.175 1.130E+02 145 202.50 4.445 5.940E+0]1 146 202.50 5.715 3.180E+01 147 202.50 6.985 1,920E+0]
148 225,00 3.178 1.210E+Q 43 225.00 4.445 6.120E+01 150 225.00 5.715 3.780E+01 151 225.00 5.985 2,170E+01
152 247.50 2,445 1.220E+0 53 247. 3.175 Q70E+02 154 247.50 4.445 9.410E+01 155 47.50 5.71§ 3S0E+01
156 247.5 6.985 2,53DE+0D 57 270.00 2.445 1.280E+02 158 270.00 3.175 1.190E+02 159 270.00 4.445 8,480E+0]
160 270.00 5.715 5.500E+0 61 270.00 6.985 3.030E+01 162 2 50 2.445 1.400E+02 153 3.175 1.250E+02
164 292.50 4,445 1.050E+02 165 292.50 S5.715 6.320E10] 166 292.50 6.985 J.410E+01 167 J315.00 3.175 1.44DE+02
168 315,00 4,445 1.110E+02 169 315.00 5.715 6.770E+01 170 315.00 6€.285 3.630E+01 171 337.80 2.445 1.890E+02
172 237.50 3,175 1,.390E+02 173 337,50 4.445 1.080E+02 174 337.50 &.,718 7.320E+01 175 3J37.50 6.985 3,560E+0]
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RUM_DATE. . 7/13/778
BARTICLE, ;... .. DEUTERON
BEAH ENERGY...,,330 _MEV
TA E . ..ss0.00FP RUN 110
PLA NO .
PLATE LOCATION. .3
NO ANBLE RADIUS DOSE NO ANGLE RADIUS DOSE NG ANGLE RADIUS SE NO ANGLE RADIUS SE
1 108, 2.214 610E+3 2 80.00 2.100 . 320E+Q2 3 71.57 2.214 1.6800E+02 4 135.00 1.980 1,880E+02
3 116, 1,363 . 730E+0Q. [ 80.00 1.400 . B20E*02 7 63.43 1.955% 1.310E+02 B8 4%.0 1.980 1,7G0E+02
9 16].57 2.214 .600E+Q 10 153.43 1.3549 .B60E*02 11 135.00 0,990 1.760E+02 12 90. 0,700 1,860E+02
13 4%.00 0,990 2.1B60E+0 14 26,97 1.363 .940E+Q2 15 18. 2,214 1.820E+02 16 180.00 2.100 1,850E+02
17 150.00 1,400 2.000E+02 18 180.00 0.700 BAIGE+02 19 0. 0. 1.790E+02 20 0. 0.700 1.880E+02
21 . 1,400 O10E+02 22 a. 2.100 2.010E+02 23 198.43 2.214 1.360E+02 24 206.57 1.356% Z.030E+02
2% h25.00 0.990 ,770E+02 26 270.00 D.700 .BODE+O2 27 3J31%.00 0,990 1.960E+O02 28 333.43 1.%56% 1.950E+02
20 341.87 2,214 2.030E+0 30 22%5.00 1.g80 $90E+02 31 243, 1.566 1.820E+02 32 270.0 1.400 1.760E+02
3y 296.37 1,563 .810E+0 34 31%.00 1.%80 ©80E+D2 35 2B1.%7 2.214 1.740E+02 36 270.00 2,100 1,790E+02
37 288.43 2.214 8J0E+0 38 3.000 2.000E+02 38 0. 4.500 1.4%0E+02 40 §.000 9,680E+01
41 0. ?.%00 110E+0 42 45.00 3.000 . 730E+02 43 45.00 4.3500 4.490E+00 44 45.00 &,000 9,270E+01
43 48.00 7.300 D20E+0 48 90.00 3.000 .$40E+02 47 90.00 4.800 1.120E+02 48 90.00 6.Q000 B, 160E+01
49 ¥0.00 7,300 . BBOE+0Q 30 133%.00 3.000 JA70E+D2 S1 135,00 4.8500 9.800E+01 %2 135.00 6,000 7,280E+01
33 13%.00 7,300 .SJ0E+0 S4 180.00 3.000 .3BOE+02 &3 180.00 4.300 8.900£+01 56 180, 6,000 9,260E+01
37 180.00 7,500 Z30E+Q o8 225.00 3.000 .320E+02 B9 225.00 4,500 B.850E+01 60 225.00 6.000 &,330E+01
61 2235.00 7,300 4.830E+0 8z 270.00 3.000 830E+02 63 270.00 4.500 1.590E+02 &4 270C.0 6.000 1.100E+02
gg 57%.88 ;.ggg %.g?gé#g 66 18.00 3.000 800E+02 67 318. 4,500 1.440E+02 68 3J18.p0 6.000 8.900E+01
. B . +
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RUN DATE........7/18/78

PARTICLE, ... .. . DEUTERON
15 AM ENERGY . ., GU0 MEV
JARVET, o0 h o FIF HRUN VYO
PLATE NO, . ..., .P'4
PLAIE LLOCATION, . 4
NO NOLL AUy DNy L NO ANOLE  RADIUS nany ND ANOLE  NADIIIY g N ANGLE RADILS DO3E
0 138.00 2,38 1.20M02 1 12/7.80 2.088 1.230+02 2 1w, 08 1.802 , 2UOE+02 g 108,44 1.730 «JOOE+ 02
q 96.34 ].606 .380E02 B 3.868 1.6%8 1. JU0E+02 & 71,87 1.736 360E+02 r 60.93 1.d463 .8R0E+02
8 82,14 2,080 . 4D0E+ 02 9 49,00 2,928 1,4330E+02 10 142.10 2,000 L230€+02 13%.00 1.0610 .270E402
12 128,64 1.3%73 LABOE+C2 13 113,20 1.393 1.370E+02 14 98.12 1.293 .470E+02 18 a1.a7 l.zna . 840K+ 02
16 66,80 1.393 .B30E+02 17 S4.46 1.073 1.300Ev02 14 4%.00 I.BIO 1.4%0E+02 1@ 37.88 .08s . B70E+02
20 1%0.9% 1.8483 B80E+02 21 144.46 1.8673 1. 3B0E+02 22 1306.00 .293 1.780E+02 23 120.96 1.086 . 460E+02
24 101.3) 0.939 460E+02 25 70.69 0.933 1.410E+02 26 39.04 1.068 470E+02 27 43.00 1.243 .SB0E+02
28 33.84 1.573 470E+02 29 29.06 1.803 1.460E+02 30 161.&7 1,23% 310E+C2 31 156.90 1.393 . 400E+02
32 149.04 1.0G6 370E+02 33 13%3.00 O0.776 1.47UE+02 34 100.44 0Q.578 SO00E+02 35 71.97 0.%78 .890E+02
36 45.00 0.77/6 .370E+02 37 30.96 1.066 1.390E+02 36 23.20 1.393 300E+02 38 18.44 1.733 590E+02
40 173.6G 1.656 .260E+02 41 171.B7 1.293 1.300E+02 4 168.63 0.933 920E+02 43 16).3%7 0,978 4BOE+02
44 135,00 0.259 .SO0E+02 43 45.00 0.239 |.5BOE+02 46 18.449 0.378 B830E+02 47 11.31 0,833 S80£+02
48 8,13 1.293 2.110E+02 49 6,34 1.636 1.670E+02 5 186.34 1.656 .740E+02 61 188,13 1.293 460E +02
$2 191.31 0.933 .410E+02 53 198.44 0.576 1,.500£+02 34 223.00 0.239 L470E+Q2 B5 318.00 0.2%9 S20£+02
56 341.37 0.578 .600E+02 57 348.69 0.933 2.240E+02 34 33).87 1.293 640E+02 39 363.66 1.886 670€£+02
60 138.449 1,733 L240E+02 61 203.20 1.393 1.280E+02 62 210.96 1,066 4qQQ00E+02 63 223.00 0.778 460E +02
64 231.57 0.%578 .390E+02 65 288.44 0.578 1 ,%30E+D02 66 3J15.00 0.776 .680E+02 &7 3J28B.00 1.068 620E+02
68 336.80 }.093 640E+02 69 341.%7 1.735 2,270E+02 70 200. 1.883 .A10E+02 71 21%.34 1.873 J40E+02
72 225.00 1.293 .390E+02 73 239.04 1.066 }.460E+02 74 238.59 0.9)3) .4940E+02 7% 281.31 0,933 490E+02
76  300.06 1.066 S00E+02 77 315.00 1.2u3 1.400E+02 70 324.46 1.870 .A20E+02 79 3J3C.93 1.883 730E+02
g0 217.88 2.003 2U0E+02 1 23, 1.8010 1.J300E+D2 82 234.46 1.57Y .400E+02 83 248.80 1.392 . 9BOE+ 02
84 261.87 1,293 470E+02 B3 278.13 1.293 J.J00E*02 &6 293.20 1.393 .370€+02 87 303.%54 1,873 B30E+Q2
80 J1%. 00 1.810 S50E+02 09 322.13 2.008 1.6U0EY02 90 22%5.00 2.328 L170E+02 91 232.)13 2.008% 1.840£402
92 240.95 1.083 ,360E+02 93 23).67 1.733 1.3Yy0E+Q02 9.4 263.66 1,836 .ABOE+02 95 276.34 1,638 1.430E+02
95 2068.49 1,738 JBB0E+02 97 299.06 1.883 1.840E+02 90 307.00 2.008% L950E+02 99 015.00 2.328 1.%80E+02
160 Q. 2,445 .86UE+02 101 0. 3.173 1.4UOE+0Z 102 0. 4,443 .200€+02 103 0. 3.718 7.0BUE+O}
104 0. 6.985 J.670E+0]1 105 22.%0 2.44% 1.610E+02 106 22.50 3.17% .4B80E+02 107 22.50 4.44% .230C+0Q2
108 22.50 5.71S .1S0E+02 109 22.%0 6.983 3 5SBOE+D] 110 45.00 3,775 .320E+02 111 45.00 4,443 .4S0E+02
112 45.00 35.715 .020E+02 113 45.00 6.949% 3.870E+01 114 67.50 2,445 ].400E+D2 113 67.50 2.175 . 190E+02
116 67.50 4.445 9.170E+0}1 117 67.50 5.715 S$.B10E+01 118 67.50 6.985 3.J00E+D} 119 9D.00 2.44% .270E+02
120 90.00 3.175 .080E+02 121 90.00 4.445 7.740E+0! 122 90.00 5.715 S.030E+0! 123 90.00 6.98% 3,040E+0
124 112,80 2.445 .200E+02 125 112.50 3.)75 1.490E+02 i26 112.50 4.443 6.660E+D) 127 112.50 5.7)% 4.)30E+0
128 112.5Q0 6.985 2,720E+0ft 129 135.00 3,175 1.430E+02 130 135.00 4.445 6.4B0E+01 131 133. 5.715 7.430E+0
132 135.00 6.98% 2.300E+01 133 137.50 2.445 1.120E+02 134 157.50 3.173 .B6BOE+01 135 137.50 4.4435 6.090E+0
136 157,50 35,715 3.630E+0) 137 157.50 §,988 2 100E+0) 138 180.00 2.44% .120E+02 139 180.00 3.17% 9,720E+0D
140 180.00 4,445 S.S90E+0] 141 180,00 5.715 3.530E+01 142 180.00 6.98% .89SD0E+0] 143 202.30 2.443 1.160E+0
144 202.50 3.175 8.8S50E+01 145 202.50 4.445 5.740E+01 146 202.50 5,718 &.590E+N1 147 202.50 6.983 4.730E+0
148 225,00 3.175 1.020E+02 149 225.00 4.445 6.470E+0]1 150 225.00 5.715 3J.540E+0] 151 225.00 6.965 2.340E+D
152 247.50 2.445 1.270E+02 153 247.50 3.175 1,080E+02 154 247.50 4.44% 7.370E+01 155 247.50 5.7iS 7.820E+0
156 247.%Q 6.983 2.470E+0) 157 270.0 2.445 1.300E+02 158 270.00 3.175 1.260E+02 159 270.00 4.445 9.070E+0
160 270.00 3.715 5.610E+01 1681 270.00 6€.985 2, B10E+0V 162 292.50 2.44%5 1.500€+02 163 292.50 J3.175 1.400E+0,
164 292.50 4.445 1.080E+02 165 292.50 5.715 6.930E+0} |66 292.50 6.985 6.970E+01 167 J15.00 3J3.173 1.500E£+02
168 315.00 4.445 1.170E+02 169 315.00 5,715 6.980E+01 170 315,00 6.985 3.900E+01 171 337.50 2.4:45 1.650E+0
172 337.50 3.175 1.560E+02 173 337.50 d.445 1.170E+02 174 337,30 5.715 7.140E+01 175 337.%0 &.98% 3.620E+0
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RUN DATE........ 7/15/73
PARTICLE........ DEUTERON
BEAN ENERGY. ... . 330 MEV
TARQET. . ... .+, .FP BUN 11O
PLATE NO...... -1
PLATE LOCATION..§
NG ANGLE RADIUS DOSE NG ANGLE RADIUS DOSE NO ANGLE RADIUS DOSE NO ANGLE RADIUS DOSE
1 108.43 2.214 1.730E+02 2 $0.00 2.100 2,020E+02 3 71.85 2.214 1.970E+02 4 135.00 1.980 1.770E+Q2
5 116.57 {.565 2.000E+02 3 90. 1.400 2.130E+02 7 63.43 1.865 2.220E+02 8 43.00 1.980 2,100E+02
9 161.%7 2.214 \.790E+02 10 153.43 1.965 1.8BO0E+02 311 139.00 0.99% 1.960E+D2 12 80.00 0.790 2.330£+02
13 45,00 0.990 2.120E+02 14 . 1.56% 2.260E+02 15 18.43 2.214 2.470E+4+02 16 18B0.00 2.100 1,730E+02
17 180.00 1.400 11.9]10E+02 18 180.00 0.700 2,1%0E+02 19 0. B 2.020E4D2 2 0. 0.700 2.290E+02
21 0. 1.400 2.380E+02 22 0. 2.100 2.320E+02 23 193.43 2.214 1.770E+02 24 206.57 1.569 2.020E+02
25 225,00 ©.990 2.140E+02 26 270.00 0.700 2.28CE+02 27 315.00 0.950 2.210E+02 28 333.43 1.56% 2,440E+02
©9 341,57 2.214 2,480E+02 J0 225,00 1.9680 1.830E+02 31 243.43 1.865 2.070E+02 32 270.00 1.400 2.160E+02
33 296.57 1.585 2.210E+02 3 315.00 1.980 2.170E+02 35 251.57 2.214 1.840Et02 3& 270.00 2.100 2.110E+02
37 288.43 2.214 2,.380E+02 38 0. 3.000 2,170E+02 39 4.300 1.900E+02 40 6.000 1.1S90E+02
41 0. 7.500 7.960E+01 42 45.00 3.000 1.900E+02 43 45.00 4.800 1.600E+02 44 45.00 6.000 1.010E+02
45 45,00 7.500 7,980E+01 46 [o] 3.000 1.740E+02 47 90.00 4.500 1,300E+02 48 80.00 6.000 9.350E+01
49 90.00 7.500 8,150E+01 50 135.00 3.000 1.470E+02 51 135.00 4.500 1.060E+02 - 862 135.00 6.000 B.190E+0}
3 13%5.00 7.500 6&.520E+01 B34 3.000 1.400E+02 B5 180.00 4.800 1.070E+02 36 180.00 6.000 7.300E+O01
57 180.00 7.500 7.300E+0] 58 22%5.0 3.000 1.450E+D2 B89 225.00 4.500 1.170E+02 60 2256.00 6.000 7.700E+01
6] 225,00 7.%00 6.350E+01 652 270.00 3.000 1.95QE+02 62 270.00 4.8500 1.460E+02 64 270.00 6.000 9.840E+0!)
bS5 270.00 7.500 7.870E+01 66 315,00 3.000 2.1BOE102 67 315.00 4.%500 1.BI1OE+02 68 315, 6.000 1,1501+02
69 315.00 7.500 8.280E+01
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RUN DATIE. ... ..., 7/15/70

PARTICLE. .. L ORUTEROM
ULAM EREROY. | ... 330 MLV
TARGET. . ., ..FP L
PLATE NO. ... ... P
PLATE LOCATION. .B
NO  ANOLE RADIUS
0 135.06 2.328
4 96. 1.656
8 52.13 2.08%
12 125.54 1.373
16  66. 1.393
20 150.95 1.883
24 101.31 0.933
28 35 1.573
32 143.04 1.066
368 45 0:776
40 173.66 1.656
44 13500 @.258 1.
48 8.13 1.293 |
52 191.31 0.933 1
S6 241.57 0.578 1.
60 198.43 1.735 1
64 251.57 0.578 1.
68 336.80 1.393
72 225.00 }.293
76 300.96 1.066
80 217.88 2.085
84 261.87 1.293
88 315.00 1.810
92 24D0.95 1.883 1.
95 288.44 1.735 1.
100 0: 2.4a5 1!
104 : 6.985 3.
103 22.50 5.715 ¢
112  45.00 3.715 ¢
116 67.50 4.445 9
120 S0.00 3.175 1.
124 112.50 2.445 1.
128 112.50 6.985 2
132 ]95.00 6.985 2
136 157.50 5.713 3.
140 180.00 4.445 6
144 202.50 3.175 1.
148 225.00 3.175
152 247.50 2.445 1.
156 247.50 6.985 1.
160 270.00 5.715 S.
164 292.50 4445 1.
168 315.00 4.445 1.
172 33750 3.175 1}
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PLATE LGCATION, .1
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RUN DATI LTS/

PARTIGLE, e ULUIL“ON
DEAM ENERGY ... .330 ME
TAI((JLT.......... 'RUN (R
PLATLE UU

T
PLATE LOCA Tion.

Ko ANOLE RADIUS DOSE NO ANOLE RADIUS DASE NG ANGLE RADIUS SE

1 108.43 2,21 1.950E+Q2 2 90.00 2.100 .NBOE+O2 3 71.8 2.214 .8620E+02
g 116.57 B85 1.640E+02 3 .00 1,400 .6GOE+02 7 63.43 -1.868 760E+02

9 161,57 2.214 " 1.4208+02 10 153,43 1,362 .810E+02 11 135.00 0.830 840E+02
13 43.00 0.950 1.720E+02 .14 26.97 1.868 .860E+02 15 18. 2.214 .770E402
17 180.00 1.400 1.760E+02 18 180.00 0.700 .710E+02 19 0. 0. .680E+02
21 o 1.400 1.810E+02 22 0. 2.100 .870E+02 23 198.43 2.214 480E+02
2 225.00 ©0.950 1.6S0E+02 ‘26! 270.00 0.700 .670E+D02 27 315.00 0.990 .830E+02
29 341.%7 2.214 - 1.770E+02 :30. 225.00 1.980 .470E£+02 31 243.43 1.56S5 .600E+02
33 296. 1.565 1.770E+02 34 J315.00 1,980 .810E+02 35 251/57 2.214 .640E+02
37 238.43 2.214 1.670E+02 38 3,000 .630E+02 39 0. 4.500 .430E+02
41 a. 7.800 &.120E+0t .42 435.00 3,000 .450E+32 43 43.00, 4.8500 15QE+02
a5 45,00: 7.500 35.620E+01 46 S0.00 3,000 .360E+02 47 90,00 4,500 . 1J0E+02
49 90,0 7.800 6.210E+01 SO 135.00 . 000 . 340E+02 35.00. 4.500 §&,990E+01
S3 135,00 7.500 ' 5.670E+01 354 180,00 3,000 . 26DE*02 S 18D.00 : 4.500 9,260E+0}
57 180,0 7.500 5.600E+01 358 225.00 3,00 .320E+02 359 225.00.° 4.500 &,630E+01
Bl 223,00 7.500 4.860E+01 62' 270.00 3,000 .570E+02 B3 270,.00! 4.800 .210E+02
65 270,00 7.500 ' 6,740E+0) ‘66 315.00 3I.000 .SBOE+02 67 315.00 4.500 1,360E+02
69 21% 7.500 ©.230E+01 :
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RUN DATE,.......2/18/78
PQRTICLE........DLU1LRON
BLLAM _ENERGY.....330 MEV
TARGEY..........FP RUN 111
PLATE NO........D
PLATE LOCATION..2
NO ANGLE RADIUS SE
1 109.43 2.214 1.530E+02
5 116.57 1,565 1.680E+02
9 161.57 2.214 1.420E+02
13 45.00. 0.990 - 1.630E+02
17 180.00 1.400 1.710E+02
21 0. 1.400 1.930E+02
25 225.00 0.990 1,690E+02
29 34)1.57 2.214 -),B00E+02
33 296.57 1.3965  1,860QE+02
37 288.43 2.214 1.830E+02
41 7.500  $5.95S0E+01
4% 45.00 7.500 &.880E:01
49 90.00 7.500 6.290E+0I]
53 135.00° 7.500 S.740E+01
37 80. 7.500 B.6S0E+0)
61 2%.00 7.800 4.910E+0
65 270.00 7.300 6.100E+0}
68 316.00 7.300 6©.Y¥30E+Q}
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7710778
0: UTk RON

2.0 MV
Fis RUN 111
RE]

RUNM DATE
PAIL LG E

.3
RADIUS DISE NG ANGLE RADIUS DOSE Na ANGLE RADIUS DGSE NO  ANGLE RADIUS OSE
2] 2.328 .010E+02 1 127.80 2.083 .230E+02 2 119,06 . 863 , 180E+02 3 108.44 1.738 . 160E+02
4 9 1.6598 . 42DE+D2 -] 83.66 }.6%8 . 240E+02 8 1.87 . 730 J40E+02 ¥ 80.9% 1.883 J10E+02
8 52 2.088 . 200E+02 9 45,00 2,328 .160E+02 10 142.10 . 088 L200E+02 1) 138.00 I.B;D . 180E+D2
12 12 1.973 210E+02 13 113.20 1.393 L490E+D2 14 98.13 ‘.293 .190E+02 138 81.87 1.293 .360E+02
6 [ 1.393 300E£+02 17 54.46 1.973 .400E+02 18 45. 00 810 .620E+02 ;9 a7.88 2.083 .360E+02
~Uo 180, 1.883 J140F02 2 144.46 1.573 .180E+02 22 13%,00 1.293 , 290E+02 3 120.96 1.066 .2B0E+02
2.0 tat. 0.933 J200E+02 25 78,69 1,033 L N60E+02 26 . . 066 .420E+0 27 45.00 1.293 , 400€+02
2 35.54 1.973 .430F+02 29 29,06 t.u03 .«120E+02 30 161.57 1,736 290E r02 3; 166.80 1.393 . 300E+N2
32 149.04 1.06% .300E+02 33 135,00 0.776 L390E+02 34 108.44 0.578 .30Q0E+Q2 3 7&.57 0.%578 .400E+u2
I 45.00 U.77% .SUDE+D2 37 830.96 1,066 .480E+02 38 23.20 1.393 .B50E+02 3D 18.44 1.738 . 480E+02
40 173.66 1,656 .24DEr02 41 171.87 1.283 .250E+02 42 168.69 0.933 +A40E+Q02 43 151.57 0.878 +440E+02
44 133.00 0,259 .AB0E+Q2 4% 45.00 0.:.59 ,410E+02 4S5 18.44 0.8578 S3I0E+02 7 ; .35 Q.833 ,470E¢08
49 8.13 1.29% \540E+02 49 .34 1.686 .490E+02 30 1986.3 1.836 .280E+02 1 1g8.1 1.283 . 200E+D2
62 191.31 Q.9313 .BU0E+Q2 43 198.44 0.878 1,490E+02 B4 225.0 G.2%9 .B20E+Q2 33 S\B.og 0.263 . SBOE+02
56 341.57 0.3578 SUOE+O0Z Y7 348.69 0.933 ),600E+D2 68 351.87 ].293 B8OE+D2 30 D93.6 ). 856 . $70E+0D2
0 ;96.44 1.738 .320E402 B1 203.20 1.383 |, 360E+02 B2 210.96 . 068 .3BDE+02 63 220.00 (1,776 ,48CE+D2
4 2b1.57 0.5'0 B70E+02 6% 208.44 0.078 .ALOE+D2 66 3J15.00 0,778 BBOC+02 &7 329.00Q ].065 1.860E+Q2
88 4L6.80 1.393 BA0E+02 KO 341.97 1.73% B570E+02 70 209.03 é.BﬂS . 170E+02 ;I 219,54 873 +330E+02
2 226.00 1,293 LH2DE02 73 249.0d4  ]1.UGS 810E+02 74 258. .933 . 480E+02 5 28]1.31 0.930 9 :aoa*ul
7u  400.96 1.06& VOEAQ2 77 316,00 1.293 .840E+02 78 324.46 },873 B80E+02 78 330.98 1.683 B830E+02
B0 217.88 2,00 .J90E+02 @1 225.00 1.810 .A20E+02 82 234.48 . H73 BOOE+02 83 £46.80 1.39) . 480E+Q2
8.4 261.87 1.293 LABNE+02 uS 278.13 1.293 .BYOE+02 86 243,20 393 BSpPE+02 87 3J306.54 1.873 BQ0E+0
83 31%.00 .81a .S50E*02 82 322.13 2.088 .G50E+02 90 225.00 2,328 .25DE+02 &%} 232.13 2.08% . J0DE+0
92 240.9Y% 1.883 .A30E+D2 93 231.57 1.735% 1.440E+02 94 263.66 1.656 LBADETQ2 95 276.349 1.636 . SBOE+Q2
96 ?b8.44 1.735 .B2DEY0ZX 97 299.06 1.0L83 1.$%50£002 93 307.88 2.080 .440I:+02 99 316.00 2.328 .B10E+Q2
jon 0. 2. 415 LBBDE+0E 101 [+ 3.175 1.330E+02 102 0. 4q.443 240E+02 103 0. B.718 6.860CL+01
10+ 0. 5.9u% 2,900E+01 105 22.50 Z.145 1.420[+02 106 22.50 3.{75 320E+02 107 22.50 4,443 9.010E+Q]
108 £2.50 B.7v3  5,740C+01 109 22.4%0 6.4985 2.770E+Q1 110 45,00 3.17% Q70iz+02 111 46.00 4.?45 6.260E+01
e A4%5.00 5.713 4.530C+01 113 45.00 &.985 2.€00L+0) 114 .80 2,445 390E+02 118 87.% 3.128 9,950E+01
1G] 67.%50 4.445 6.833+01 117 67.50 $.715 3.040€+01 (16 67,60 ©,808 2.320E+07 119 £0.00 2.448 g.380CE+Q1
20 90.00 J.178 9.0101E40) 121 q0.00 4.449% 5.970E+01 122 90,00 %5.715 3.6B0E+0) 123 D0.00 6.98A8 2.300E+0
24 112.%0 2.445 1.POVE402 125 112,30 3.173%5 ),010E402 126 112.50 4.445 35.B70E+01 2? 112.80 5.7]5 3. 400E+0
20 {12.50 6.9295 1.920+01 129 135.00 3.173 9 530E+01 130 N 4.44%5 B5.830E+at 13 138.00 &.71% 3.960E+Q)
352 135.00 6,963 2.000E+0]! 133 157.50 2.445 1.060:+02 134 137.50 3,173 8.880£+01 135 157.50 4.44% 5,000DE+D]
36 1%7.%0 S.718 QA.200E+01 137 157.90 6.9085 1.98CE+0) 138 180.00 2.44%5 1.120E+02 139 ao. 3.178 8.280E+Q!
0 180.00 4.:948 5,7708+07 141 180.00 6./185 3.410E+N) jal 180.00 B.8YS5 1.960E+0) 143 202.%0 2.443 1.150E*02
4 202.9%0 3,175 9.580UEr01 4% 202.30 4.44d 6.290E+0) 146 202, 5.;13 3,750E+Dt 147 202.50 6,9u8 2,260E+0)
/8 25.00 3.17% 1.000F402 149 225.00 4d.4495 8, 3DLUE+O] 150 22%5.00 5.7 4.620E+D1 181 22%. G.983 2.540E+0])
N2 247.50 2.448 1.25%00+02 153 247,80 3.175 1.16NE+02 154 247,50 4.44% 1.060E+02 188 247.30 b6.715 B0.270E+01
$6 247.5 6.985 2.93NL01 (57 270.00 2.443 }.J20E+02 186 270.00 3.176 T1.310E+02 139 270.00 4d.448 9,840L+Q1
G0 270.00 5,715 6.6Jui+D] 161 270.00 6.985 3J.210€+01 152 292.%0 2.445 1.490E+02 }1863 292.50 3.!78 1,400E+Q2
64 292.50 4.443 1.150E+Uu2 165 292.50 b6.715 7..420E+01 166 292.50 6.885 3.840E+01 167 QJ16.00 3,178 1.430E+02
ed 515.00 4.443 J.140NE+02 169 315.0D 5.71% 7.11DE+D) 170 315.00 B.985 4,190E+01 171 337.50 2.443 1.B820E+02
72 337.50 3,175 1.400E4Q2 173 337.50 4.445 1.18B0E+02 174 337,650 S.7\% 6.620E+01 175 337.50 6.9083 4.280E+D1
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RUN DATE. . ..7/15/78

PARTICLE, .. .DEUFTERON

BEAM ENERGY - 330.MEV T
ET..... +FP RUN 111

PLATE NQ, ., .
PLATE LGCATION. .

NO ANGLE RADIUS OSE

1 108.43 2.214 1.640E+0:
S 116.57 1.56% 1.700E+0:
9 161.57 2.214 1,520E+0.
13 45.00 O0.990 1.810E+0:
17 180.00 1.400 1.760E+0
21 0. 1.400 1.8930E+0
23 =23.00 0.990 1.800£+0
29 34).37 2.214 2.260E+0
33 296.35 1.565 1.900E+0:
37 288.43 2.214 1.990E£+0
41 0. 7.300 6.020E+01
48 45.00 7.%00 65.910£+0
49 90.00 7.300 6.340E+0
B3 135,00 7.500 B.780E+0
37 180.00 7.509 B5.630E+0
6] 22%.00 7.800 B.270E+D
63 270.00 7.500 6.070E+0
€69 J!3.00 7.500 B.8DOE+D
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RUN DATE ...7/15/70

... .DEUTERON
BEAH ENEROY ..... 330 MEV
TARGET ..... FPRUN 111

U
PLATE LULAXIUN..A

NGO ANGLE RADIUS
1 108,42 2.214
53 116.37 1.%63
9 16).37 2.214

12 45.00 0.990

17 18D0.00 t.400

21 0. 1.400

25 225,00 0.8980
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33 296. 1.965

37 208.43 2.214

4 Q. 7.900

45 4%.00 7.300
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69 315.00 7.300
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Ly-g

RUN _DATE

/78

771b
PARTICGLE DEUTERON
DEAM ENLI J MY
JAROLT, . ... FP hUN 1V1
PLALE Na, .. Py
PLATE LDCATION. .

NG ANOLE RADIUS NOSE NO ANGLE  RADIUS DGSE NO ANGLE RAD|ULS QasE NO ANGLE RADIUS
Q 138,00 2.328 . 4DDE+ D2 1 t@7.88 2.0°5 1.BI0VE10D2 2 119.06 {.533 2.100€+02 3 100.44 l.gﬂﬂ
4 98.34 1.808 .630E+02 -] v3.66 1.€.8 1,710E+02 ] 71.987 . 738 . BA0E+D2 60. 98 . 883
8 B2.13 2.083 L 630E+02 g 46.00 2.328 1.700E102 10 142,10 2.008 .B40L+02 ) 136.00 1.010
12 28.54  1.873 ,670E+92 13 113.20 1.383 1.6U0CG+402 14 98.13 1.293 .810E+Q2 ] 1.87 1.200
16 66.80 1.383 . B20E+02 17 B4.96 1.573 1.790E+D2 18 A8.00 1.810 . BOOKEHO2 19 37.86 2.Q85

“0 150,95 1.883 LIBOE+02 2Y 144.46 1,070 ), B340E+02 22 135,00 },293 ,BBOLE+02 23 120.96 1.06b

24 101.31 0.933 L /AUE+02 LY 78.59 0.433 1.760E+02 26 %9.04 1,066 J30E02 27 4%.00 1,200

28 28.54 1,523 1,970E+02 29 29.0u  1.HBI 1.940E+02 30 1E).57 1.738 .B40E+p2 31 156.80 1,383

32 1499.04 1.064 1.GBOE+02 433 135.0u 0.776 1.790E+02 34 108.44 0,578 . 890E+02 35 71.87 0.%578

36 45.00 0.7%6 .940E+02 U7/ 30.96 1.066 2.030E+02 38 23.20 1,393 9I10E+Q2 39 16.44 &.735

40 }73.66 1 686 L630E+02 4 171.87 1.293 1,740E+02 42 168.862 0,933 260E+02 43 161.57 .B78

14 35.00 0.248 .BSOE+02 db 45.00 0.259 2.020E+02 46 i8.44 0.5878 . fA0E+02 §7 11.31 0.932

46 8.13 1.293 .96DE+D2 49 6.34 1.6bb 2,B60E+02 Y0 186,34 1.656 . 630E+0¥ 1 188.13 1.283

g2 181.31 0,333 .650E+D2 53 19d.44 0.5%78 1.800E+02 54 2 00 0.25%9 2.000E+02 %5 315,00 0.259

56 341.57 0,578 2.010E+02 57 3J348.69 0.933 2.080E+02 %8 351.87 1.293 2.06uE+Q02 U$9 363,68 1.686

60 198.44 1.73% .S10E+02 61 203.20 1.393 1.65pF+02 62 210.96 1,086 ,840kE+02 B3 225.00 0.776

64 231.57 0.%78 .820E+02 65 288.44 0.570 1.9L0L+02 66 315.00 0.778 .950QE+02 B7 329,00 1.066

58 335,80 1.353 2. 540E+D2 §Y 3.11.57 1,708 2,060L+02 70 209.05 1,083 .B40ErOE 71 218.94 1.573

72 225.00 }).290 1,75DE+02 73 239.04 1.066 1.910E+02 74 258.63 0,933 2.48D0E+*02 7§ 201,31 0.83

76 300.96 1.086 1,900E+02 77 316.00 1.293 2.090:z+02 78 324,46 1.873 2.120i+02 V9 3u0.95 1.883

80 217.88 2.00% }.GOOE+02 a1 ¢2%.00 1.810 1.590E+D2 B2 234,46 1.673 JBBOE+0Z 83 246,80 1.3293

e4 261.37 1.293 L720E+02  u5  278.1Y 1.293 1,970£+02 86 293,20 1,393 2.080C+02 87 30B.%4 1.573

48 3t45.00 1.81a 2,010E402 09 322.13 2.085 2,040E+02 80 225.00 2.328 V470E+02 21 282,13 2,088

92 240.95 3.883 1,690E+02 93 281.57 1.,73% 1.870E+402 94 263.66 1,645 760E+02 95 276.34 1.86%6

g6 288.44 1,734 1,.8Y0E+02 97 299.06 1.888 1.940E+0Z 90 307.80 2,085 2.000E+02 899 315.00 2.328

00 o, 2.445 2,600E+02 101 Q. 3.175 1.0w0OE+02 Q2 o 4. 445 (370E+02 103 D. . 5.718

0d a, 6.085 2.7GOE+0] 105 22.50 2.445 1.,7G0E+02 106 22.50 3,178 (630E+Q2 107 22.850 4.445

o8 £2.50 6.715 6.600E+01 109 22.50 6.805 2,640E+D1 110 45,00 3.17% .BB0E+02 111 45.0Q 4..14Y
1e 45,00 5.71% 6.150E+01 113 45.00 B.9ub5  $5,66G0E+0] 114 Qo 2.445 .630E+02 11§ G67.90 3.178

16 67.50 4,445 9.000E+0) 117 67.50 3.71% J,010E+0) 118 67.890 6.985 2.170E+0f 119 90.00 2,44%

0 80.00 3,175 L 280E+02 121 90.00 4.446 0.450LE+0) 122 90,00 6&.71% 4.540E+01 123 80.80 ©.98Y

24 112,50 2,44 ,A70E+OZ 125 112,50 3J.175 1,100E+02 126 112.50 4.445 1.]180E+G2 127 112,50 B.716

28 112,50 6,98% .630E+01 129 135.00 3J.178 1,150£+02 130 135,00 4.44% 7,.100E+D1 131 135,00 B.71%

42 135,00 6,985 L740E+0] 133 187.50 2.445 1,330E+02 134 157,50 3.175 1.]J0E+02 135 157.80 A4.443

36 157.50 5,718 2,540£+0) 137 {%7.50 ©.906 1,400E+0) 138 180,00 2.44% 1.330£+02 132 160.00 3.173

40 180,00 4,445 ,OBOE+02 141 180,00 5.715 3,120E+01 142 180.00 &.949 1,430F8+01 143 202.%0 2.443

44 202,50 3.17% LJ4ADE+D2 148 202.50 4.44% 6,900i+01 146 . 202.350 5,215 3,200E+0)1 147 202,50 &.98Y%

48 225.00 2.175 L320E+02 1489 225.00 4.445 8,260E+01 150 225,00 5.718% +.020E+01 141 225.00 ©.983

2 242.50 2.44% LBIDE+D2 153 2a4/.50 3.17% 1,900L+02 184 247.5 4,445 1.340E+02 155 247.50 5.71%

56 247.50 6.985 L750E+01 157 270.00 2.448 1,U60C+V02 158 270,00 3.175 1.820E+02 159 270.00 4,445

160 270.00 §.718 ,O0GOE+01 161 &70.00 6.805 2,430E+0) 162 292,50 2.445 1,940E+02 163 232.50 3.17%5
164 292.50 4,445 L290E+02 16 292.50 5.71% 6.A00E+01 {6€ 202.50 6.985 2Z.890E+01 167 3J185.00 3.175
168 315.00 4,445 L.310E+02 162 315.00 35,715 7.G90E+01 170 3'5.00 &.906% Y.SZOE*U! 171 337.50 2.44%
172 337.50 3.175 2,360E+DZ 173 337.50 4.445 |,280E+02 174 337,50 5.71§5 .200E+02 175 337.60 6.98%
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RUN DATE, .. L7/15/78

PARTICLE., .. .DEUTERON
BEAM ENEROY, . 330 MEV
TJARGET...... LFP RUN 111

PLATE NO.... .D
PLATE LOCATION. .7

NO ANGLE RAD!US DOSE

1 108.43 2.2148 4.270E+0
5 iie6. 1.563 4,930E+0
9 161.57 2.214 8,450E+Q
19 45.00 0.990 B8.270E+0
17 180.00 1.400 &, 540E+0
21 0. 1.400 5.580E+D
2% 225.00 0.990 4.980E+0Q)
29 341.57 2.214 5,.290E+0)
38 296.57 1.8565 5,290E+0
37 288.43 2.214 5,170E+0
d1 0. 7.500 4.920E+0
95 4%,00 7.%500 S, 080E+Q
49 90.00 7.300 4,600E+0
$3 135.00 7,500 4,820E+0
S7 180.00 7.300 4,%70E+0
61 22%.00 7.800 4,470E+0Q
65 270.00 7.8500 4.560E+Q
69 31%.00 7.300 4,570E+0
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APPENDIX C

REDUCED FISSION DATA

All data presented are for the 330-MeV deuteron runs because the
equivalent proton data had little structure, The data labeled D1 through D10

are deduced from the small Lexan foils that were part of the Lexan/TLD/Lexan

sandwich embedded within the 230U plates. The data labeled 110-1 through

110-4 and 111-5 through 111-10 are horizontal and vertical scans across the
large 7-by- 7-in. Lexan foils pressed against the outside of 2380 plates.
The labels are consistent with those called out in Fig. 4. The data have been
converted to rads for ease of comparison with TLD data.
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APPENDIX D

NEUTRON AND GAMMA-RAY EMISSION DATA

D-1
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FIG. D1. Neutron time-of-flight spectrum for a Lucite target bombarded with
330-MeV deuterons. The detector was located at 100°,
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FIG. D2. As Fig. D1, except that the target is Al.
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FIG. D3. BAs Fig. D1, except that the target is Fe.
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FIG. D4. as Fig. D1, except that the target is 238y,
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FIG. D5. As Fig. D1, except that the target was removed and a degrader block
of Al (13.02-cm thick) was placed in the beam path, 254-cm upstream of the

target site.
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FIG. D6. Neutron time-of-flight spectrum for a Fe target bombarded by 260-MeV

protons. The detector was located at 100°.
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FIG. D7. As Fig. D6, except that the target is 238y,




6-Q

1000 — T T T T T T T T T T T T
- -4
100— —
— * ) -
a [ ...&‘. ..'. .
g ~ * B ; -‘..l. .':'.-'-}& -~ T
8 - . ° . - . -. . % (] ..: - . % 2t
© . .- ..'. «e®® 8 e ..O: . %% o .. % ‘nogil, . ; : b4 o
- Y o~ . °® p I L .-..‘o 2 N TN e *p ol L4
8 «*% '.v:.. '.-.‘. ®ee °y % --.'" * ’. . :.-.‘. Lucite+d
[= - . - - . s . .
10}- -
i L ; n | i i | I I S Lo« i ]

80 100 20 40 60 80 200 20 40 GO 80 300 20 40 60

Channel number

FIG. D8. Gamma-ray time-of-flight spectrum for a Lucite target bombarded with
330-MeV deuterons. The detector was located at 100°,
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As Fig. DB, except that the target is Al.
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FIG. D10. As Fig. DB, except that the target is Fe.
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FIG. D12. As Fig. D8, except that the target was removed and a degrader block

of Al (13.02-cm thick) was placed in the beam path, 254 cm upstream of the
target site.
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FIG. D13. Gamma-ray time-of-flight spectrum for a Fe target bombarded by
260 MeV protons. The detector angle is located at 100°.



STa

Number of counts

1000

100

10

FIG. Dl4.

Channel number

As Fig. D13, except that the target is 238y,

T T T T T T T T | T T | I ]
2, 238 7
.;‘o o ..kﬂ U+p
S S <)
» N . .o * . % '0': ?.s * ’ . __» ]
y PR R it ity i
1.-;-"".’-: Bt N ]
P2 o )
4
—1
| | | { | \ | | | 1 L L l |
20 40 60 80 100 20 40 60 80 200 20 40 60 80 300



9T-a

Number of counts

1000

100

10

Neutron energy {MeV)}

Channe! number

FIG. D15. Neutron time-of-flight spectrum taken with a 252¢f source
(spontaneous fission) at the target site.
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FIG. D16. The gamma-ray time-of-flight spectrum corresponding to Fig. D15.



