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ABSTRACT

Cylindrical Detector and Preamplifier Design for Deiteg Neutrons. (December 2008)
Zhenghua Xia, B.Eng., Tsinghua University;
M.S., University of Cincinnati

Chair of Advisory Committee: Dr. Leslie A. Braby

Tissue equivalent proportional counters are frequessidyl to measure dose and
dose equivalent in mixed radiation fields that includetreans; however, detectors
simulating sites m in diameter underestimate the quality factor, Q, fardmergy
neutrons because the recoil protons do not cross thetalsteéProportional counters
simulating different site-sizes can be used to gettarbeeutron dose equivalent
measurement since the range and stopping power of protonatgeney neutrons in the
tissue-equivalent walls depend on the energy of the pyimeutrons. The differences in
the spectra measured by different size detectors wiigeaadditional information on
the incident neutron energy.

Monte Carlo N-particle extended (MCNPX) code was usesintollate neutron
transportation in proportional counters of differentidated tissue diameter. These
Monte Carlo results were tested using two solid walkesiie equivalent proportional
counters, 2mm and 10mm in diameter, simulating tissuened 0.im and 0.pm in
diameter, housed in a single vacuum chamber. Both deden®built with 3mm thick

tissue equivalent plastic (A-150) walls and propane gas ifmidkose measurement.



Using these two detectors, the spectra were compadgteanine the underestimation
of y for large detector, and thereby obtain more infdioneof the incident neutron
particles.

Based on the MCNPX simulation and experimental resule can see that the
smaller detector produces a larger average lineal enfeagythe larger detector, which
means the larger detector (Ond diameter tissue equivalent size) underestimate® the
value for the low energy neutron, therefore underestisndhe effective dose. These
results confirm the results of the typical analydi$neal energy as a function of site

size.
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CHAPTER |

INTRODUCTION

Energy deposition in the small volumes simulated $gue equivalent
proportional counters can be used to evaluate the dosetamdte the dose equivalent
deposited by neutrons. However, biological evidence sugdedtthe relative biological
effectiveness can be different for different enargytrons that produce protons with the
same stopping power but different energy and range. Beo&tlse transport of energy
of secondly protons, it seems likely that some infdiomerelated to the velocity of the
incoming neutrons, as well as the LET of the resulting pstwill be necessary to
predict their biological effect.

A multi-detector system is being developed to improveltse and dose
equivalent measurement for neutrons by adding informaticie@oil proton range. Two
proportional counters simulating different size sitesuwsed. It is anticipated that the
differences in the spectra measured by these two dedewxiil provide additional
information on the incident neutron velocities.

In order to predict the results of the measurementsit®ICarlo calculations of
energy deposition were conducted. MCNPX is a general-puiosee Carlo radiation
transport code for modeling the interaction of radiatitih materials. MCNPX stands
for Monte Carlo N-Particle extended. It extends theabdities of MCNP4C3 to nearly
all particle types, to nearly all energies, and talgesd! applications without an

additional computational time penalty. MCNPX is fullygardimensional and time

This dissertation follows the style of Health Physics



dependent. It utilizes the latest nuclear cross sethoaries and uses physics models
for particle types and energies where tabular datacravailable. Applications range
from outer space (the discovery of water on Mars) apdenderground (where radiation
is used to search for oil). MCNPX is used for areas imefpduclear medicine, nuclear

safeguards, accelerator applications, nuclear crigcaind much more ( LANL, 2008 ).



CHAPTER I

THEORY

[I.1.Background

Neutrons are responsible for a significant fractiothefeffective dose in a wide
variety of radiation exposures. They are produced by mghgg photon interactions at
cancer treatment clinics, by charged particle interastarcharged particle accelerator
laboratories or galactic cosmic ray interaction mélarth’s atmosphere, and by nuclear
power reactors as well as many other sources.

Thorough experimental investigations of the biologica&feness of neutrons
with various spectra, as well as of monoenergetic nesitare needed with particular
emphasis on those sources of neutrons which are oftiampe in radiation protection. As
discussed above and in the following chapters, the prin@paons for these needs are that:
(1) asignificant number of workers, including people workimgpace are currently

exposed to neutrons in their occupations;
(2) Itis unlikely that an adequate base of human epidemeasbdata will become
available on the effects of neutrons; and
(3) There is a significant likelihood that principles gairfiexdn radiobiological research
with neutrons will advance our general understanding dbitilegical effects of high
LET radiation (Casarett et al. 1994).
Neutron radiobiology is an integral part of radiobiol@g, therefore, must be

studied in the broader context of the overall field gCets et al, 1994).



The primary purpose of this research is to get a bedtenae of the LET and dose
deposited by the protons generated by the incoming neutrdhe. gfoton stops in the site
and the linear energy is obtained by dividing the endegppsited by the mean chord length
of the site, as is generally done when analyzing migiotktry data (Rossi and Zaider
1996), the result will underestimate the dose equivalent.

Different energy protons have different stopping pow&ssshown in figure 1,
when the protons are generated by the neutrons reactimgheitissue equivalent wall,
some will pass through the gas volume simulating adisge a few micrometers in
diameter, and some will stop in the site. In theetatbse, the conventional analysis will
underestimate the LET because the chord length distiibidr a sphere will overestimate
the average path the proton traveled in the site.

For radiation protection the objective is to measureatash in a way which can be
related to the risk of adverse health effects. Evengh thedE/dxis the same, the
biological effectiveness may be different for diffaresutron energies; the shielding
designed for different energy neutrons should have diftgphysical and engineering
characteristics. LET alone may not be an adequateurgatradiation quality. To fully
understand health risk it is essential to charactenz@e¢utron energy deposited and the

primary neutron energies.



Proton

Neutron

Proton

Figurel. Neutron transportation

The concept of lineal energy, is of primary importance to understand the data
obtained by a proportional counter. Lineal energy imddfas the quotient efby ¢,
whereg is the energy imparted to matter in a volume by a siegéegy deposition event
and ¢ is the mean chord length in that volume(Rossi and Zal#®96) . Lineal energy is
not the same as LET (Linear Energy Transfer). Thesticeed linear energy transfer is
equal to the average enerdfy which a charged particle loses at a distatice

For any convex body, according to the Cauchy theorenméaa chord length is
given by ¢ =4V/Sin whichV is the volume an& is the surface area. If the body is a
sphere with the diametéror a cylindrical with the same height and diamdtethe

mean chord length ig = 2/3L



When neutrons pass through matter, they generate seggmdtons. The protons
carry away nearly all of energy lost by the primary reautFor particles with the same
dE/dxbut different total energy and range, the valug iy become smaller as the site
size increases or the proton energy decreases bebausage of the protons decreases
relative to the site diameter. Thus the lineal eneygsas a function of site diameter, will be
different for different energy neutrons. Based on tfferénce of the spectra we measure

with the different size detectors, an indicatiorihef energy of the neutrons can be obtained.

11.2 Monte Carlo code

The name ‘Monte Carlo’ is a reference to a famousioas Monaco, where
physics researcher Stanislaw Ulam’s uncle would bommney to gamble. The use of
randomness and repetitive nature of interactions iraegeld particle track is very
similar to the activities which happen in casino. Md@glo method has a wide range of
application: physics, biology, engineering, finance aneérodineas.

There are several Monte Carlo codes for ionizing rexhdatansport: GEANTA4,
MCNP, MCNPX, FLUKA and so on. MCNPX was picked in thesearch area because
it is user friendly and it extends MCNP4C3 to almoskialtls of particles and the full

range of energies without penalty in terms of comutime.

11.3 Neutron source and detectors
In order to see the spectral difference between tiferent site-size detectors,

we need a low energy neutron spectrum. The alpha/nengotion in £*'Am-°Be



source produces a wide range of neutron energi€sAsn-"Be source was picked in

this research project.

[1.3.1 Americium-beryllium source

Americium is a byproduct of plutonium production activities ahe most
common isotope i&*Am, an alpha particle emitter. A common neutron soigce
composed by*'Am and®Be. When thé*Am decays and gives off alphas particfge
will absorb alpha particles and generate neutrons, thrihwegBe(,n) reaction. The
reaction is shown in the following formul@e+*He->C+n, which has & value of

5.71Mev.

11.3.2 Neutron detectors

Proportional counters can be used to detect alphaabdtaeutron activities and
to some extent for x-ray spectroscopy. Proportionahtars are usually operated in
pulse mode since they produce larger pulse than ion chanfrdike GM counters, the
pulse detected by proportional counters reflects the imgpparticle energy deposited

in the detector gas.

11.3.2.a. The fill gas in neutron detectors
Two proportional counters are placed in one vacuum chaiologt the same gas
pressure and environment. When the charged particle pasghrdstance d in a specific

volume, the energy deposited in this site equals to:



dE

E=——rd
rdX
B energy deposition in thete size
dE . :
Tax T mass stopping power for the targeaterial
Prm=mmmmmemmm— e the density of the targenaterial
G- o the distance the chargedriaes transported

In order to simulate a tissue equivalent plastic with itlepsand site size by
propane gas with densipy and site size diametes,dhe local energy deposition should
be the same, which means

dE: ridi= d—EZI’ 2d 2

ridX: r 2dXz

During the previous experiments it was found that propati¢hgagood gas gains,
energy resolutions and gain stability in proportional cerstso propane was used in our
proportional counters. Propane is a three carbon alkanmally a gas, but compressible

to liquid when it is transported. (Propane 2008) The moledoitenula is CHCH,CHs.

11.3.2.b.Neutron reaction in the wall

The wall of the neutron detectors is made of A-150 pla&tit50 tissue
equivalent plastic is an electrical conductor and camsled as the cathode of proportional
counters. The density of A-150 plastic is 1.127d/cRne atomic composition of A-150
plastic are 10.1327% hydrogen, 77.5501% carbon, 3.5057% nitrogen, 5.23168h,0xyg
1.7422% fluorine and 1.8378% calcium by weight. Incident neutesats with the

different nuclei in the wall according to their respeetross section. Both inelastic



scattering and elastic scattering are possible for mghgg neutrons. In this research
most interactions are elastic scattering.
Figure 2 shows the elastic scattering process in theylstbm and center-of-mass

system.

L3b System Center-of-mass

Figure 2. Neutron elastic scattering in lab system and center-of-syatam (Attix 1986)

According to the energy conservation theory, we can get

E, _ (mf+ M?+ 2mMcos 2 )

E: (m+ M)?
Ep---------- the neutron energy after elastic scatigrin
Eq---------- the neutron energy before elastic scatterin

If o is defined as the mass number of the target, we can get

E

Ez: 0.5 [(1+a)+ (I- a)cox
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From the above formula, we can $&echanges as the scattering angjehanges.
Wheno=0°, E,=E;; whend=18C, the neutron lost the largest energy, whictEs
Additionally the neutron energy should be betweEnandE;. When the target particle is
hydrogenp=0 and the neutron may lose all its energy.

The A-150 plastic consists of large portion of hydroged,the energy of the
recoil protons should be equalEgco2¢. @ is the scattering anger of the proton. So even
the incoming neutron particles are monoenergetic, dwlngroton spectrums may be
continuous.

After the secondary protons are generated in the veallef them will enter the
cavity and ionize the propane gas. In proportional courttegselectrons will come to the

anode to cause the output pulse under the influence of adiligige.
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CHAPTER 1l

MONTE CARLO SIMULATIONS

[11.1 Geometry

The objective is to calculatéy) for situations that can be measured using real
proportional counters, both in a laboratory experimedtia a radiation survey
instrument.

The neutrons come through the stainless steel vacuambsr and react with
the tissue equivalent A-150 plastic. As a result of elasattering, some recoil secondly
protons will escape the wall of the A-150 plastic and enie propane gas in the
proportional counters and deposit energy in the deteito~gure 3 illustrates the
neutron elastic scattering in the wall and proton tramafion in the proportional
counter. From Figure 3 we can see some protons pass thieughole propane site
size in the small detector while they might stop emphopane site size in the large

detector.
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neutron
_ neutron

\ ‘: proton
— ™,

proton

Figure 3. Two walled proportional counters simulating neutrons and secondly protons

in different site sizes

The Monte Carlo simulation is close to the real expental situation, including
the position, size and material of the two detectors dgasity and stainless vacuum

chamber.
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8,150 plastic w

!

feld Tube

= / |

Dnade

Figure 4. Sketch to show relative positions of detectors in theimggrand MCNPX

model

The ratio of the diameters of the detector regiotheftwo detectors is 1:5.
Typical proportional counters are constructed with thaadsical geometry
illustrated in figure 4. The anode consists of a fineewiiat is positioned along the axis

of a large hollow tube that serves as the cathodepdlagity of the applied voltage in
our case will be negative since the high voltage wilttenected to the cathode (Knoll

1989).



[11.2 Neutron source

2Am-°Be source is simulated in MCNPX calculation and thetspm is

14

illustrated in figure 5. Th&**Am in the?*!Am-°Be source has a long half life, around

433 years, so the source gives the constant neutron flustece

Am-Be Spectrum

0.04
0.035 A

0.03 }
0.025 t
0.02 g‘v
0.015 M
0.01 X

0.005 F
0

0.00E+00 5.00E+00 1.00E+01 1.50E+01

f(E)

Energy(Mev)

‘ —e— Am-Be Spectrum

Figure 5. Neutron spectrum in MCNPX simulation

The spectrum in figure 5 is included in standard MCNP fig&n-Be

Spectrum ISO 8529) and was used in the detector simulatiguse B is the MCNPX

code for the**Am-°Be source.
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Figure 6. MCNPX**Am-°Be source code

[11.3 Input files for MCNPX

The simulation of the geometry in MCNPX is showrigure 7.

card

. 000059 -7 -9 10 $l arge detector

. 000059 -13 -15 16 $smal | detector

.127 (7:9:-10) -11 -8 12 $A150 plastic

.127 (13:15:-16) -17 -14 18 $snall detector Al50 plastic
.000059 (-12:11:8) (-18:17:14) -1 -3 4

.03 (1:3:-4) -5 -2 6

.00191 (-6:5:2) -19

ace card
.0

©co
oo ol

oo
eoe
FNN

-8

Figure 7. MCNPX geometry code
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Although this simulation is very close to the real gitrg the fraction of the
neutrons that produce protons hitting the detectors issragji. So in order to reduce
computing time the simulation was separated into two devieach detector with its
own neutron fluence so a larger fraction of the sdlyoprotons in the small detector
will be tracked from the wall to the propane gas. TheN®& programs are attached in

Appendix A.

[11.4 Calculations
First, the geometry file was checked by using the MCN#®&avieditor. Figure 8

is the output from the visual editor.

Ll
File Input UpdatePlots Swface Cell Data Run PartideDisplay Tally Plots Cross sectionplots 3D View CADimport Read_again Backip ¥iew Help
celk -~
For =)
b
B Yised - B Vised =
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& I T I I 1 | = I Tl P | ! [ i | =T I Tl
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H: 175"‘ Heriz 'F
O
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[
B

Figure 8. The geometry simulation in MCNPX visual edition
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The F8 tally (counts vs deposited energy) for the 10nammeiier detector and
2mm diameter detector are attached in the appendially8dcords the probability
verses the deposited energy, which is proportional tortbal energy. After calibrating
the deposited energy to the lineal energy so thatangparable to the experimental
data, the outpu(y) vsy spectrum is shown in figure 9. The probability dens(ty), is
the probability distribution at differeptvalue. In MCNPX simulation, it was calculated

by diving the pulse number at speciizalue by the total sum of all the pulses.

f(y) VS v
0.18 ¢

0.16
0.14

0.12
0.1
“ 0,08

0.06

0.04 \

4

—-small
= large

(v)

“___._.-—-..'-"__

0. 02

}
O l| { I T L T T 1 ]

0. 00E+.. 00E+2. 00E+3. 00E+4. 00E+5. D0E+6. 00E+7. 00E+8. 00E+9. 00E+1. 00E+
oo 01 o1 o1 owvkey/umor o1 01 01 02

Figure 9.f(y) vsy in MCNPX calculation without shielding

A general feature of most microdosimetric distribusiasthe fact that both the
lineal energy, y, and its distributioffy), span a rather large spectrum of values. (Rossi

and Zaider 1996) Based on the fact that:

f(y)dy = [yf(y)ldlog(y)
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therefore the area delimited by any two valueg isfproportional to the fractional
number of events that have lineal energy in that rahgevalues wheliyf(y) is plotted
againstiog(y) (Rossi and Zaider 1996).

Therefore figure 10 was generated to get a better illustratilow y value.

Lineal energy is in log scale.

yf(y) VS. ¥y

3. 50E-01

3. 00E-01 A
2. 50E-01 AR N%
2. 00E-01 . M

3 J— —small
. 1.508-01 P | !mh- large
1. 00B-01 a@m'
5. 00E-02 |
0. 00E+00 :
1. QOE+00 1. O0E+01 1. D0E+02
y (kev/u m)

Figure 10.yf(y) vsy in MCNPX calculation without shielding

Since**’Am-°Be has a large proportion of high energy neutrons, there big
difference between the two detectors’ spectra. A l@amergy neutron spectrum can be
produced by placing a plastic shield between the deteaiathameutron source. The
energy depostion distributions for the two detectorsudh 2.54cm of polymethyl

methacrylate shielding are shown in figure 11 and figure 12.
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Figure 11.f(y) vsy in MCNPX calculation with plastic shielding

To get a clear comparision between two spegf(g) vsy plot was

generated for the MCNPX calculation with a plastiekting.
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Figure 12. yf(y) vsy in MCNPX calculation with plastic shielding
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From figure 11 and figure 12, it is seen that the smallexctiat has higher
probabilities at largg value ( around 100kgun™). That means the larger detector will
underestimatéy) for low energy neutrons, therefo@evalue for the low energy
neutrons will be underestimated in larger detectors.

Figure 13 is the expansion of the spectrum at y value bettleevum™ and

100kevpm™.,

yily) VSy

6.00E-01

5.00E-01 ’
5. 00E-01 \ﬂ‘
5 ﬂ]\fv ) \ | —small
3 00E-01 LT

W ——large
2.00E-01 ﬁﬁlf
1.00E-01 = )
u—'—'-'-_"’/

0.00E-+00 .
1.00E+00 1.00E+01 1.00E+02
y(Kevium)

Figure 13.yf(y) vsy in MCNPX calculation with plastic shielding-expand

Since thé*'Am-°Be source spectrum included in MCNPX doesn't include gamnsa ray
these calculations do not simulate the low lineal gnewgnts produced by the gamma

rays emitted by a real source.
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CHAPTER IV

EXPERIMENTAL PROTOCOL

The experiment setup to meast(y9 for neutrons in two simulated sites consists

of detector, preamplifier, amplifier, and multichanareélyzer (MCA), which is shown

in figure 14:

1 0mmm proportional counter

presm.—"|

plifi&
2mm proportional
Jﬂcuunter

A mlifi AL
plifier
L

Amplifier ADC

Armplitier - AL
Amplifier | apc

Figure 14. The composition of detectors, preamplifiers, amplifiersA&d
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As shown in figure 14, a single preamplifier is used @mhedetector. Each
preamplifier was built on two printed circuit boardsonder to fit conveniently into the
vacuum chamber. There are two amplifiers for eaclhctiaten order to cover the range

of 0-1000kewum™ with a resolution of about 0.04k@wn* for events up to 25kevm™.

IV.1 Preamplifiers
The diagram of the preamplifier is shown in figure 15 Tésistors are in the
units ofQ, the capacitors are in the unitspdf, and the voltages are in the units of volt.

This design was originally developed by Radika (privaternamication).

h-.'-i::ll":'ﬂ'f PULSE

)

Figure 15. The preamplifier circuit
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I\V.1.1 Design of preamplifiers
As illustrated in figure 14, the preamplifiers are dividet two parts to be fitted
into the vacuum chamber. Figure 16 is the picture of thiew® parts of the

preamplifiers.

Figure 16. The two parts of the preamplifiers

Eagle software was used to design the circuit boaglels a schematic
capture and printed circuit board design package which isfussedly and has a
freeware version to download. The useable board ar¢hefdreeware version is
100*80mm and only two signal layers (top and bottom) can &é. us

The feedback and test capacitors are made up of 3 paratles on the circuit
board as shown in figurel7. The copper lines were madesaethlite board to
decrease the noise. The rexolite board was orderedGrbet plastics. The copper was

etched by Acu-line Corporation in Washington State.
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> N
>¢z

Figure 17. The incoming signal and the feedback capacitor for the preamplifier

In the small detectoC; =0.6pf andC,=0.5pf. In the large detectaC; =1.2pf
andC,=1pf. The output signal should be similar size of tipat signal since the
preamplifiers are charge sensitive and the feedbackeahddpacitors are approximately
equal.

The following is how to calculate the noise level fioy preamplifier:

For the small detector,

Test pulse voltag¥ = 3x10%V

Test capacito€ = 0.6x10"F

So the total charge @ =1.8x10" Coulombs

In the MCA, the test pulse is in channel 620.

That means 0.3x15C/Channel

The noise channel is in channel 6 for the high gain, isasitconverted to the low
gain, the noise is: 6/25channelsx0.3%X0/Channel =7.2xI&coulombs

1e =1.6x10"Coulombs

So the noise for the small detector is 7.2%¥10.6x10™electrons=50 electrons

For the large detector,
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Test pulse voltage= 3x10%V

Test capacito€= 1.2x10"F

So the total charge @=3.6x10" Coulombs

In the MCA, the test pulse is in channel 268.

That means 1.3x16C/Channel

The noise channel is in channel 12 for the high gairf,isesiconverted to the
low gain, the noise is : 12/25channelsx1.3¥0@Channel =6.2xI8coulombs

1e=1.6x10"Coulombs

So the noise for the large detector is 6.2X106x10'°=400electrons

IV.2 Detectors

I\VV.2.1 Electrical design

When the distance between the anode and cathodedsirireecylindrical
detector, the electric field is constant except faf effiects. The gas gain is higher for
ions produced in the end region (Braby et al. 1995).

The end effect was solved by installing a pair of field sutye each side of
detector in this research project. The field tube is &kl potential which is equal to the
voltage that would exist at that surface without thelftabes in an infinitely long
cylinder (Braby et al. 1995). Figure 18 shows the basic elesnoéia proportional

counter.
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Cathode

AN

Cround

Iegatrve High
Anode wire Woltage

Figure 18. Basic elements of a proportional counter

The electrical field at radius r between the anodetlamdathode in figure 18 is:

-V
rinlb/a)

e (r)
Where V= voltage applied between anode and cathode
a= anode wire radius
b= cathode inner radius
r=the distance between the electrical field poirthtbanode center
In order to keep the electric field constant, ibé&dftube should be connected to
the high voltage which will exist at the point wotlt the field tube. In our case, for the
small detector:
a=0.0005"
b,=wall =0.093”

b, =Field Tube= 0.0325"
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1n(0:0325
(HV) fieldtube_ ""0.000 =80%

my, 0.093

In(ig

0.000

So for the voltage divider, the field tube should get 80%ehigh voltage for
the small detector.
For the large detector:
a=0.0005"
b;=wall =0.345 “

b, =Field Tube= 0.0325"

1n(0.032
(HV) fieldtube_ " “0.000 =64%
my, 0.345
In(
0.000

So for the voltage divider, the field tube should get 64%ehigh voltage for
the large detector.

The field tube should be connected to get the right geltln this case the field
tube for the small detector should get 80% of the hatage, which is
80%x580=464volts; the field tube for the large detector shoul@4$é of the high

voltage, which is 64%x600=384volts.

I\VV.2.2 Mechanical design
IV.2.2.a Geometry of the detectors
The choice of the detector geometry is the essdmstktep in the design of a

low pressure proportional counter. Detector geometryldhHmidetermined primarily by
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the requirements of the measurements to be made,Hag & profound effect on both
mechanical and electrical design, so some comprorarseisevitable. Cylindrical
detectors simplify mechanical design as well as electidesign, and may be easier to
use in confined spaces.

It is slightly easier to mount the cylindrical deteatwide a vacuum chamber,
and to make direct connections to the preamplifier bectngsend of the detector is the
full diameter. (Braby et al. 1995)

Materials which are often used for chamber materiahnainum, stainless
steel, and plastics. In this research the stainles$\stas used to build the vacuum

chamber. The detector wall assemblies are showgunef19.

Lare Detector

Figure 19. Two different site sized proportional counters

The proportional counters and preamplifierswere mouintedvacuum chamber

which is shown in Figure 20.
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Detectors

o

Figure 20. Vacuum and proportional counters

The tissue equivalent plastic serves as the cathodledatetector. Both ends of
the wall assembly are connected to the high voltageigfir a circular copper traces on
the preamplifier boards. The anode was made pfr?&iameter stainless steel wire. In
each detector, two springs were soldered on the two gfatitte preamplifier boards to

give to the tension to keep the anode straight thrthegldetector.

IV.2.2.b The gas in the detectors

The propane gas was picked as the detector gas in thasalegeoject. The gain
for propane gas doesn't fluctuate as much as it does $aetexjuivalent mixtures when
the temperature and the water content changes in th@emént. Propane doesn’t have
high electron attachment coefficient, so the gas nligltipon, which depends on the free
electrons migration, doesn’t fluctuate much. The gaspgamanently sealed within the

vacuum chamber which contains the proportional count@esvacuum chamber was
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sealed by an Indium wire gasket. Indium is a chenaiflgahent with chemical symbol In
and atomic number 49. This rare, soft, malleable andydasible metal makes a very
reliable seal between the vacuum chamber and its dgrdium 2008)

Two proportional counters are placed in one vacuum chaiologt the same gas
pressure and environment. The filling gas pressure is 20 Teimtdate 0.5 um with a
10mm diameter detector and 0.1um tissue equivalent witna @ameter detector.

In order to simulate a tissue equivalent plastic with itleps and site sizedby
propane gas with densipy and site size diametes,dhe local energy deposition should
be the same, which means

dE: ridi= dE r 2d2

ridX: r 2dXz

The mass stopping power for the tissue equivalent and prgparere
approximately the same, so we cangdi=p.d,.

In this research project, the gas pressure can be daltutethe following way. In
order to simulate 0.1um tissue equivalent by 2mm diantéepropane gas density

should be

_ P4,
d,

ry

(p2=1g/cm3,d;=10-4mm,d;=2mm). That means the propane density should be 5 x10
ccl. The density of an ideal gas is equivalent to 22.4 literk™ at standard temperature
and pressure. Propane molecular weight is 44g &le the density of propane at

standard temperature and pressure is
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449 1
22 4liters  22.% 1tcc

=2x10°g /cc

at 760 torr. The pressure should be

_5x10°
2x10°

atm= 2.5x 10° atm= 18.8orr

to get the right simulation in this research case.

I\VV.2.3 Calibration procedure

The calibration was made based on the test pulse. ¢-issttthe multichannel
analyzer the input pulses of 2mV, 4mV and 8mV were ud&dchanged the LLD and
ADC conversion gain to get the pulse in reasonableasideto ensure that the channel
number is proportional to the input pulse size. The tese pulsshow up at one single
channel in multichannel analyzer.

To calibrate the MCA, we identify the largest channeékghthe counts drop as
the proton drop point, which is 100kgm™ for tissue equivalent materials. Proton drop
point is the signal produced when the proton has the bigtyggting power, which is

shown in figure 21.
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PROPANE

4

Stopping Power (MeV cm™/g)
p—
=

0 | L1 111111l | | i | L1 L L1111l

10 - 0 2
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Energy (MeV)

—
=

—— Total Stopping Power

Figure 21. Proton stopping power in propane (NIST 2008)

In this research, the propane is used to simulate tiasdethe highest stopping
power of the proton is 1000Mev éty, which equals 100kevm™.

The high voltage for the small detector was set at 58@/the high voltage for
the large detector was set at 600V. For the proton drayp, @ilow gain MCA level, the
channel corresponding to the maximum energy depositiorpbgtan, for the small
detector, was 100 and the corresponding channel for the d@tector was 200. Since
the proton drop point happens when the stopping power is 1@miié\ﬂn which case

the lineal energy is 150kexm™. So the calibration factor for the small detectat.5
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and the calibration factor for the large detector is 0.7ke’ channel for the low gain.
The high gain was set at 25 times the low gain, so tifedain resolution was 60@wm’

! channet for the small detector and 30gm™ channel for the large detector.

IV.3 Experiment results
The?Am-°Be source is a cylindrical source and the detector iséieay from

the source. The position of the source, shielding andtdete@s shown in figure 22.

Shielding

Figure 22. The position of the shielding and detectors
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Figures 23, 24 and 25 are experimental results without thgddnielding.

Figure 23 illustratef(y) vsy at the low gain part at MCA.

f(y) VS y —low gain— no shielding

0.1 ¢
0.08
~ 0.06 ‘\ ~ small
prorf 0. 04 = large
0. 02 \
0 JLI-——I_I——

0 100 200 300 400 500
y (kev/ 1 m)

Figure 23. f(y) vsy in the experimental results without shielding

As described in section I11.4,¥fis in log scaleyf(y) vsy plot is shown in figure

24,
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yf(y) VS y —low gain— no shielding

yf(y)

0.1 1 10 1

00 1000
y (kev/ 1 m)

Figure 24. yf(y) vsy in the experimental results at low gain MCA without shielding

If the high gain MCA results are included, which meanscthents at y value

lower than 10kev pihare also included, the distribution in figure 25 is oletdin
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yf(y) VS log y
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1
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— ngo|
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[ | J
s ” ——small
Ht f 8] arge
0.1 1 10 100 1000
y(kev/Hm)

Figure 25. yf(y) vsy in the experimental results without shielding

Figure 23 illustrates the same conclusion as figure 22aw&e of differences in
dead time in the high gain and low gain data, it was sacg$o make a correction of
1.1 to 1.8 in the counts per channel when merging the ghighagdilow gain data for
the large detector at y values between ke and 10kevum™. Since**’Am-"Be
source has large proportion of high energy neutron,amenot see too much difference
between the two detectors spectrums.

After putting a plastic shielding board between the soancethe detector, the
following two spectra, figure 26 and figure 27 were measured. &Rf@iincluded the

low gain MCA part data.
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yf(y) VS y-low gain-with shielding
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0:2 ’
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O ;

0.1 1 10 100 1000
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Figure 26. yf(y) vsy in the experimental results at low gain MCA with plastic shielding

From Figure 26, we can see the small detector has mdralplity of events at
large y value (around 100kev [finwhich means the small detector has a bigger
average y value. This is more clearly illustrated enftilowing figure 27.

Figure 27 included the high gain and low gain MCA data.
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yf(y) VS logy
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Figure 27.yf(y) vsy in the experimental results with plastic shielding

From figure26 and figure27, we can see the large detectohigbtx probability
at lowy values than the small detector and the small deteasohigher probability of
largey values. Most neutrons’ energy gets smaller afteplitic shielding, which has
highery value (around 100keMm). Because of the short range of the low energy
neutrons, some neutrons stop in the large detectdrislodse the LET is
underestimated by dividing the deposited energy by the chogthleFrom these two
figures, we can see the averggelue for the small detector is bigger than for thgdar
detector. Therefore the large detector underestimat&3 vakie and the absorbed dose

for the neutron source.
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CHAPTER V

CONCLUSIONS AND DISCUSSION

The purpose of this study is to find a way to get a bdtise estimation of the
low energy neutron dose distribution in a specific site. Traditional im site size
tissue equivalent proportional counter was proved to undestihe neutro value,
therefore underestimate the neutron dose equivalent. Teoedit site size tissue
equivalent proportional counters were made and used tareehe neutron dose
distribution in different sizes. MCNPX toolkit was ds® simulate the neutron and
proton transportation in tissue equivalent plastics anthgetheoretical results for the
dose distribution in different site sizes.

Based on the MCNPX calculation and experimental restitvas discovered the
large detector underestimate LET for low energy protbE3. was estimated by the
lineal energy and the lineal energy is smaller tharLt&T in a large site size. Comparing
the spectra between two site size detectors, the figsubithe site size method was
demonstrated.

There is some discrepancy between the MCNPX resudt&gperiment results.
One reason is that the Am-Be source in MCNPX sinaradoesn’t include the gamma
source part. Another reason is that MCNPX can't folfoare than £10° tracks in the
computer and the statistical error was relatively laBy#.both experimental and Monte

Carlo results were consistant with the site sie®ti.
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V.1 MCNPX statistical analysis

MCNX results were general reliable when the statestior is smaller than 0.1(X-
5 Monte Carlo Team 2003). In our calculation, after tlelification of the model, the
relative error is around 10% for the small detector andds%he large detector.
Therefore the MCNPX results in this research prageetgenerally reliable.

The following tabe is the standard for deciding if the MC\results are reliable.

Table 1. Guidelines for interpreting the relative erfar(X-5 Monte Carlo Team 2003)

Guidelines for Interpreting the Relative Erfor
Range oR Quiality of the Tally
0.5t01.0 Not meaningful
0.2t0 0.5 Factor of a few
0.1t0 0.2 Questionable
<0.10 Generally reliable
<0.05 Generally reliable for point detectors

V.2 Experimental statistical analysis
For the experimental data, the counts need to be dlfitven the channel we are
concerned with getting a statistical error less than.1®i#ice the statistic error is

obtained from the following formula:
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Since dead time due to high count rate at low y valuasslimaximum dose rate
during a measurement, several hours may be required o @btacounts at y=100keV
um™. In this research results, the counts are around 144 atvi@@Kefor the small
detector and the counts are around 287 at 10@kévfor the large detector. Therefore
the experimental data error is within 10%.

The number of counts in a channel depends on how widghémnel is. The raw
data for the large detector has channels 0.5k@V wide, but at y=100keym™, the
points overlap each other. At 100k@w™ resolution of 5 or even 10kevn™ would be
enough to show the curve shape. That is why we normalilgase the channel width
with increasing y. If 10 channels of data are grouped ircbaanel, the counting time
could be only 1/10 or the time to get the same statigiregision. But several hours are
still needed in most cases, especially in the casa Wigeneutron source was in plastic
shielding.

Future studies should extend the different site sizeyheqractical application.
Different site size detectors could be made to get arletenation of low energy
neutrons. The theory could also be explored in diffieparticle types to get more

accurate dose deposition.
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APPENDIX A

MCNPX PROGRAMS AND OUTPUT

Section I. MCNPX input programs

Section 1.1 MCNPX simulation for the whole geometryhwut shielding

ell card

-0.000059 -7 -9 10 $l arge detector

-0.000059 -13 -15 16 $snul | detector

-1.127 (7:9:-10) -11 -8 12 $A150 plastic

-1.127 (13:15:-16) -17 -14 18 $snall detector Al50 plastic

-0.000059 (-12:11:8) (-18:17:14) -1 -3 4

-8.03 (1:3:-4) -5 -2 6

-0.00191 (-6:5:2) -19

19

O~NOUITDWNEO
OFR BANWWNNO

surface card
cy 2.0
cy 2.5

ee

O©CoO~NOUITWNEO
©
<

o o1

oo
eoe
FNN

18 px -6.4
19 so 100
20 pz -8

node n h

IMPnh11111110

nps 1000000

c source definition

SDEF par=1 erg=dl SUR=20 PCs=0 0.5 -8 RAD=d2 ext=d3

SI1 HA4.14E-07 0.11 0.33 0.54 0.75 0.97 1.18 1.4 1.61 1.82 2.04&
2.25 2.47 2.68 2.9 3.11 3.32 3.54 3.75 3.97 4.18 4.39 4.61&
4,82 5.04 5.25 5.47 5.68 5.89 6.11 6.32 6.54 6.75 6.96 7.18&
7.39 7.61 7.82 8.03 8.25 8.46 8.68 8.89 9.11 9.32 9.53 9. 75&
9.96 10.18 10.39 10.6 10.82 11.03

SP1 D 0 0.0144 0.0334 0.0313 0.0281 0.025 0.0214 0.0198 0.0175&
0.0192 0.0222 0.0215 0.0225 0.0228 0.0295 0. 0356 0.0368&

0. 0346 0.0307 0.03 0.0269 0.0286 0.0318 0.0307 0.0333 0.0304&
0. 0274 0.0233 0.0206 0.0181 0.0177 0.0204 0.0183 0.0163&

0.0168 0.0168 0.0188 0.0184 0.0169 0.0143 0. 0097 0. 0065&
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0. 0043 0.0037 0.0038 0.0051 0.0062 0.0055 0.0047 0.0037&
0. 0028 0.0015 0. 0004

SI2 =02
SI3 =4

F8:n 1

E8 0 481 12
F18:n 2

E18 0 481 12

c naterial specification

ML 006012 -0.02 008016 -0.28 007014 -0.70 Sair

M2 001001 -0.7273 006012 -0.2727 $propane c3h8

M3 001001 -0.102 006012 -0.768 008016 -0.0592 007014 -0.036 &

020040 -0.018 009019 -0.017 $A150

M4 028058 -0.09 024050 -0.18 026054 -0.6981 014028 -0.01 012000 -0.02 &
006012 -0.0012 015031 -0.0004 016032 - 0. 0003 $stee

Section 1.2 MCNPX simulation for the large detectotheut shielding

Fi nal program1

cell card

2 -0.000059 -1 -3 4 $l arge detector propane
3-1.127 (1:3:-4) -2 -5 6 $large detector TEQC
1-0.00191 (2:5:-6) -7 Sair

0 7 $outside area

A WNEFELO

surface card
cx 0.5

cx 0.8

px 0.5

px -
px O
px -
so 6

c 8 pz -3

~NO OB WNEO

node n h p

IMP:n,h,p1110

nps 1e9

c source definition

SDEF par=1 erg=dl POCS=0 0 -3 VEC=0 0 1 DI R=1 RAD=d2 ext =0

SI1 H4. 14E-07 0.11 0.33 0.54 0.75 0.97 1.18 1.4 1.61 1.82 2.04&
2.25 2.47 2.68 2.9 3.11 3.32 3.54 3.75 3.97 4.18 4.39 4.61&
4.82 5.04 5.25 5.47 5.68 5.89 6.11 6.32 6.54 6.75 6.96 7.18&
7.39 7.61 7.82 8.03 8.25 8.46 8.68 8.89 9.11 9.32 9.53 9. 75&
9.96 10.18 10.39 10.6 10.82 11.03

SP1 D 0 0.0144 0.0334 0.0313 0.0281 0.025 0.0214 0.0198 0.0175&

0. 0192 0.0222 0. 0215 0. 0225 0. 0228 0. 0295 0. 0356 0. 0368&

0. 0346 0.0307 0.03 0.0269 0.0286 0.0318 0. 0307 0.0333 0.0304&
0. 0274 0.0233 0. 0206 0.0181 0.0177 0.0204 0.0183 0. 0163&

0. 0168 0.0168 0.0188 0.0184 0.0169 0.0143 0. 0097 0. 0065&

0. 0043 0.0037 0.0038 0.0051 0.0062 0.0055 0.0047 0.0037&

0. 0028 0.0015 0. 0004

SI2=00.4

F8:n,h,p 1
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E8 0 le-5 1le-3 1e-2 0.1 8i 1 89 10

c naterial specification

ML 006012 -0.02 008016 -0.28 007014 -0.70 S%air

M2 001001 -0.7273 006012 -0.2727 $propane c3h8

M3 001001 -0.102 006012 -0.768 008016 -0.0592 007014 -0.036 &

020040 -0.018 009019 -0.017 $A150

Section 1.3 MCNPX simulation for the small detectathaut shielding

Fi nal program1

cell card

2 -0.000059 -1 -3 4 $small detector air
3-1.127 (1:3:-4) -2 -5 6 $small detector TEQC
1 -0.00191 (2:5:-6) -7 Sair

0 7 $outside area

A WNEFEO

surface card
cx 0.1

cx 0.4

px O
px -
px 0.4
px -
so 6

c 8 pz -3

~NO OB WNEO

node n h p

IMP:n,h,p1110

nps 1e9

c source definition

SDEF par=1 erg=dl POS=0 0 -3 VEC=0 0 1 DI R=1 RAD=d2 ext =0

SI1 H4. 14E-07 0.11 0.33 0.54 0.75 0.97 1.18 1.4 1.61 1.82 2.04&
2.25 2.47 2.68 2.9 3.11 3.32 3.54 3.75 3.97 4.18 4.39 4.61&
4.82 5.04 5.25 5.47 5.68 5.89 6.11 6.32 6.54 6.75 6.96 7.18&
7.39 7.61 7.82 8.03 8.25 8.46 8.68 8.89 9.11 9.32 9.53 9.75&
9.96 10.18 10.39 10.6 10.82 11.03

SP1 D 0 0.0144 0.0334 0.0313 0.0281 0.025 0.0214 0.0198 0.0175&

0.0192 0.0222 0.0215 0.0225 0.0228 0.0295 0.0356 0.0368&
0.0346 0.0307 0.03 0.0269 0.0286 0.0318 0. 0307 0. 0333 0.0304&
0.0274 0.0233 0.0206 0.0181 0.0177 0.0204 0.0183 0.0163&
0.0168 0.0168 0.0188 0.0184 0.0169 0.0143 0.0097 0.0065&

0. 0043 0.0037 0.0038 0.0051 0.0062 0.0055 0.0047 0.0037&

0. 0028 0.0015 0. 0004

SI2 =00.1

F8:n,h,p 1

ES8 0 le-5 1e-3 1e-2 0.1 8i 1 89i 10

c naterial specification

ML 006012 -0.02 008016 -0.28 007014 -0.70 S%air

M2 001001 -0.7273 006012 -0.2727 $propane c3h8

M3 001001 -0.102 006012 -0.768 008016 -0.0592 007014 -0.036 &
020040 -0.018 009019 -0.017 $A150



Section 1.4 MCNPX simulation for the large detectathvlastic shielding

Fi nal program1

cell card

2 -0.000059 -1 -3 4 $l arge detector propane
3-1.127 (1:3:-4) -2 -5 6 $large detector TEQC
2 -0.99 -9 10 -11 12 14 -13 $plastic board

1 -0.00191 -7 #1 #2 #3 $air

0 7 $outside area

GRhWNEFLO

surface card
cx 0.5
cx 0.8
px O
px -
px 0.8
px -

6

0

CoO~NOOUITA,WNEO

node n h p

IMP:n,h,p11110

nps 1e9

c source definition

SDEF par=1 erg=dl POS=0 0 -3 VEC=0 0 1 DI R=1 SUR=8 RAD=d2 ext=0
SI1 H4. 14E-07 0.11 0.33 0.54 0.75 0.97 1.18 1.4 1.61 1.82 2.04&
2.25 2.47 2.68 2.9 3.11 3.32 3.54 3.75 3.97 4.18 4.39 4.61&
4.82 5.04 5.25 5.47 5.68 5.89 6.11 6.32 6.54 6.75 6.96 7.18&
7.39 7.61 7.82 8.03 8.25 8.46 8.68 8.89 9.11 9.32 9.53 9.75&
9.96 10.18 10.39 10.6 10.82 11.03

SP1 D 0 0.0144 0.0334 0.0313 0.0281 0.025 0.0214 0.0198 0.0175&

0.0192 0.0222 0.0215 0.0225 0.0228 0.0295 0. 0356 0.0368&

0. 0346 0.0307 0.03 0.0269 0.0286 0.0318 0.0307 0.0333 0.0304&
0. 0274 0.0233 0.0206 0.0181 0.0177 0.0204 0.0183 0.0163&
0.0168 0.0168 0.0188 0.0184 0.0169 0.0143 0. 0097 0. 0065&

0. 0043 0.0037 0.0038 0.0051 0.0062 0.0055 0.0047 0.0037&

0. 0028 0.0015 0. 0004

SI2 00.5

c SI3 =1

F8:n,h,p 1

E8 0 le-5 1e-3 1e-2 0.1 8i 1 89 10

c naterial specification

ML 006012 -0.02 008016 -0.28 007014 -0.70 S%air

M2 001001 -0.7273 006012 -0.2727 $propane c3h8

M3 001001 -0.102 006012 -0.768 008016 -0.0592 007014 -0.036 &
020040 -0.018 009019 -0.017 $A150

print

Section 1.5 MCNPX simulation for the small detectattwvplastic shielding

Fi nal program1
c cell card



2 -0.000059 -1 -3 4 $small detector air
3-1.127 (1:3:-4) -2 -5 6 $small detector TEQC
2 -0.99 -9 10 -11 12 14 -13 $plastic board

1 -0.00191 -7 #1 #2 #3 %air

0 7 $outside area

GO WNBE

surface card
cx 0.1
cx 0.4
px O
px -
px 0.4
px -
so 6
pz -

0

CoO~NOOUITA,WNEO

px O.
10 px -0.8
11 py 0.8
12 py -0.8
13 pz -1
14 pz -2

node n h p
IMP:n,h,p11110
nps 1e9

c source definition

SDEF par=1 erg=dl POS=0 0 -3 VEC=0 0 1 DI R=1 RAD=d2 ext =0

SI1 H4.14E-07 0.11 0.33 0.54 0.75 0.97 1.18 1.4 1.61 1.82 2.04&
2.25 2.47 2.68 2.9 3.11 3.32 3.54 3.75 3.97 4.18 4.39 4.61&

4,82 5.04 5.25 5.47 5.68 5.89 6.11 6.32 6.54 6.75 6.96 7.18&
7.39 7.61 7.82 8.03 8.25 8.46 8.68 8.89 9.11 9.32 9.53 9. 75&
9.96 10.18 10.39 10.6 10.82 11.03

SP1 D O 0.0144 0.0334 0.0313 0.0281 0.025 0.0214 0.0198 0.0175&

0. 0192 0.0222 0.0215 0.0225 0.0228 0.0295 0. 0356 0.0368&

0. 0346 0.0307 0.03 0.0269 0.0286 0.0318 0.0307 0.0333 0.0304&
0. 0274 0.0233 0.0206 0.0181 0.0177 0.0204 0.0183 0.0163&
0.0168 0.0168 0.0188 0.0184 0.0169 0.0143 0. 0097 0. 0065&

0. 0043 0.0037 0.0038 0.0051 0.0062 0.0055 0.0047 0.0037&

0. 0028 0.0015 0. 0004

SI2=00.1

c SI3 =1

F8:n,h,p 1

E8 0 le-5 1le-3 1le-2 0.1 8i 1 89 10

c naterial specification

ML 006012 -0.02 008016 -0.28 007014 -0.70 S%air

M2 001001 -0.7273 006012 -0.2727 $propane c3h8

M3 001001 -0.102 006012 -0.768 008016 -0.0592 007014 -0.036 &
020040 -0.018 009019 -0.017 $A150

print

prdnp 2j 1
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Section Il Part of the MCNPX output
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Section II.1 Part of the MCNPX output for the largéedéor without shielding

type 8
1

ener gy

. 0000E+00
. 0000E- 05
. 0000E- 03
. 0000E- 02
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00

pul se hei ght

NNPNNNNNOWWWWWRARRMMNOOUOIUOIOODODODODODOONNONOOOORRFRPRERPEPRPEPERPEPEPNMNNOPMOORLNOIOPR

. 00000E- 09
. 67445E-01
. 67000E- 07
. 46700E- 06
. 00510E- 05
. 91000E- 06
. 12200E- 06
. 14500E- 06
. 61900E- 06
. 20500E- 06
. 86300E- 06
. 66800E- 06
. 53700E- 06
. 39400E- 06
. 31700E- 06
. 23900E- 06
. 19900E- 06
. 02700E- 06
. 01500E- 06
. 57000E- 07
. 12000E- 07
. 76000E- 07
. 09000E- 07
. 88000E- 07
. 28000E- 07
. 40000E- 07
. 00000E- 07
. 66000E- 07
. 88000E- 07
. 18000E- 07
. 11000E- 07
. 18000E- 07
. 56000E- 07
. 10000E- 07
. 04000E- 07
. 43000E- 07
. 28000E- 07
. 01000E- 07
. 92000E- 07
. 88000E- 07
. 65000E- 07
. 13000E- 07
. 19000E- 07
. 06000E- 07
. 72000E- 07
. 81000E- 07
. 61000E- 07
. 48000E- 07
. 35000E- 07
. 08000E- 07
. 37000E- 07

distribution.

OO 0000000000000 00000000000000000000000000000000000R

. 0000

0000
0420
0201
0100
0130
0156
0178
0195
0213
0232
0245
0255
0268
0276
0284
0289
0312
0314
0323
0331
0338
0352
0356
0348
0368
0378
0387
0381
0402
0405
0402
0424
0443
0445
0475
0483
0499
0505
0508
0523
0565
0560
0572
0606
0597
0619
0635
0652

. 0693
. 0650



PO OOOVOVOVOWOOWWOWWWMMWOMMWONKWKWWWMWVIOONNNNNNNININOOOOODODOODOOOOOOUTITUITOTOTOTOTOTITOTOL A D

. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+01

t ot al

. 22000E- 07
. 89000E- 07
. 00000E- 07

67000E- 07

. 38000E- 07
. 26000E- 07
. 49000E- 07
. 15000E- 07

30000E- 07
24000E- 07

. 10000E- 07
. 80000E- 08
. 05000E- 07
. 80000E- 08

90000E- 08
20000E- 08

. 50000E- 08
. 80000E- 08
. 50000E- 08
. 40000E- 08

000O0OE- 08
50000E- 08

. 20000E- 08
. 10000E- 08
. 20000E- 08
. 60000E- 08
. 40000E- 08

70000E- 08
90000E- 08

. 50000E- 08
. 70000E- 08
. 90000E- 08
. 60000E- 08

40000E- 08
000O0OE- 08

. 30000E- 08
. 50000E- 08
. 70000E- 08
. 00000E- 09

00000E- 09
00000E- 09

. 00000E- 09
. 00000E- 09
. 00000E- 09
. 30000E- 08

00000E- 09
0000OE- 09

. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 67508E- 01

OO0 0000000000000 00000000000000000000000000000000000000

. 0671

0727
0707
0774
0851
0891
0819
0933
0877
0898
0953
1066
0976
1010
1060
1179
1155
1132
1155
1361
1195
1348
1387
1400
1387
1474
1508
1644
1601
1690
1644
1857
1961
2041
3162
2774
2582
2425
3333
3333
4472
3333
4082
3333
2774
3536
4082
5774
5774
3536
5000
5774
7071
0000

49
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Section 1.2 Part of the MCNPX output for the smabestor without shielding

tally type 8

cel |

ABADMDRMDIMDIMDIDEDRERDRPOWWOWWWWWWWWNNNNNNNNNNRPRERPRPRPRPRPRPRPRPRPOONOORMWONRER,ERERO

1
ener gy

. 0000E+00
. 0000E- 05
. 0000E- 03
. 0000E- 02
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00

pul se hei ght distribution.

. 00000E+00
.40732E-01
. 30000E- 08

61000E- 07

. 71400E- 06
. 02400E- 06
. 36000E- 07
. 69000E- 07

89000E- 07
00000E- 07

. 27000E- 07
. 27000E- 07
. 04000E- 07
. 61000E- 07

48000E- 07
30000E- 07

. 50000E- 07
. 84000E- 07
. 19000E- 07
. 71000E- 07

56000E- 07
49000E- 07
49000E- 07

. 32000E- 07
. 56000E- 07
. 38000E- 07
. 32000E- 07

46000E- 07
23000E- 07

. 23000E- 07
. 10000E- 07
. 28000E- 07
. 10000E- 08

02000E- 07
40000E- 08

. 20000E- 08
. 50000E- 08
. 60000E- 08
. 20000E- 08

30000E- 08
20000E- 08

. 10000E- 08
. 00000E- 08
. 00000E- 08
. 50000E- 08

50000E- 08
50000E- 08
40000E- 08

. 70000E- 08
. 00000E- 08
. 30000E- 08
. 50000E- 08
. 80000E- 08

OO 000 0000000000000 00000000000000000000000000000000000

. 0000

0000
1098
0526
0242
0312
0369
0419
0452
0500
0553
0553
0574
0619
0635
0659
0632
0737
0676
0765
0801
0819
0819
0870
0801
0851
0870
0828
0902
0902
0953
0884
1048
0990
1091
1179
1155
1231
1270
1260
1179
1280
1291
1291
1690
1348
1491
1250
1644
1581
1525

. 1690

1622



5. 0000E+00 3. 80000E-08 0. 1622
5. 1000E+00 2. 50000E- 08 0. 2000
5. 2000E+00 2. 50000E- 08 0. 2000
5. 3000E+00 2. 20000E- 08 0.2132
5. 4000E+00 2. 30000E- 08 0. 2085
5. 5000E+00 1. 90000E- 08 0. 2294
5. 6000E+00 2. 30000E- 08 0. 2085
5. 7000E+00 2. 40000E- 08 0.2041
5. 8000E+00 2. 10000E-08 0.2182
5. 9000E+00 2. 00000E- 08 0.2236
6. 0000E+00 1. 50000E- 08 0. 2582
6. 1000E+00 1. 50000E- 08 0. 2582
6. 2000E+00 2. O000OE- 08 0.2236
6. 3000E+00 1. 30000E-08 0.2774
6. 4000E+00 1. 00000E-08 0. 3162
6. 5000E+00 1. 30000E-08 0.2774
6. 6000E+00 1. 90000E- 08 0.2294
6. 7000E+00 9. 00000E- 09 0.3333
6. 8000E+00 1. 90000E- 08 0. 2294
6. 9000E+00 6. 00000E- 09 0. 4082
7. 0000E+00 1. 00000E-08 0. 3162
7. 1000E+00 1. 30000E-08 0.2774
7. 2000E+00 1. 40000E-08 0. 2673
7. 3000E+00 6. 00000E-09 0.4082
7. 4000E+00 9. 00000E-09 0.3333
7.5000E+00 6. 00000E-09 0.4082
7. 6000E+00 4. 00000E- 09 0. 5000
7. 7000E+00 8. 00000E- 09 0. 3536
7. 8000E+00 4. 00000E- 09 0. 5000
7.9000E+00 6. 00000E-09 0.4082
8. 0000E+00 1. 00000E-08 0. 3162
8. 1000E+00 8. 00000E- 09 0. 3536
8. 2000E+00 2. 00000E-09 0.7071
8. 3000E+00 5. 00000E-09 0. 4472
8. 4000E+00 6. 00000E-09 0.4082
8. 5000E+00 7. 00000E-09 0.3780
8. 6000E+00 1. 00000E- 09 1.0000
8. 7000E+00 3. 00000E-09 0.5774
8. 8000E+00 1. 00000E- 09 1.0000
8. 9000E+00 1. 00000E- 09 1.0000
9. 0000E+00 0. 00000E+00 0.0000
9. 1000E+00 1. 00000E- 09 1. 0000
9. 2000E+00 8. 00000E- 09 0. 3536
9. 3000E+00 1. 00000E- 09 1. 0000
9. 4000E+00 2. 00000E-09 0.7071
9. 5000E+00 2. 00000E-09 0.7071
9. 6000E+00 1. 00000E- 09 1. 0000
9. 7000E+00 2. 00000E-09 0.7071
9. 8000E+00 0. 00000E+00 0. 0000
9. 9000E+00 0. 00000E+00 0.0000
1. 0O000E+01 0. OOO0OE+00 0. 0000

t ot al 9. 40744E- 01 0. 0000

Section 1.3 Part of the MCNPX output for the largéedéor with plastic
shielding

tally type 8 pul se height distribution.



cel

QOO EBIEMDIEMIEDIMDRNWWWWWWWWWWNNNNNNNNNNRRPRRPRPRPRPRPRPPRPOO~NOOORWONRERPRRERERLO

1
ener gy

. 0000E+00
. 0000E- 05
. 0000E- 03
. 0000E- 02
. 0000E- 01
. 0000E- 01
. 0000E-01
. 0000E-01
. 0000E-01
. 0000E-01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00

. 09000E- 06
. 71375E-01
. 80400E- 06
. 36600E- 06
. 34300E- 06

16700E- 06
98000E- 07

. 32000E- 07
. 34000E- 07
. 02000E- 07
. 21000E- 07

98000E- 07
33000E- 07

. 21000E- 07
. 61000E- 07
. 61000E- 07
. 44000E- 07

28000E- 07
48000E- 07

. 82000E- 07
. 07000E- 07
. 52000E- 07
. 67000E- 07
. 55000E- 07

91000E- 07
32000E- 07

. 96000E- 07
. 80000E- 07
. 83000E- 07
. 77000E- 07

73000E- 07
62000E- 07

. 62000E- 07
. 16000E- 07
. 37000E- 07
. 09000E- 07

12000E- 07
32000E- 07

. 85000E- 07
. 95000E- 07
. 86000E- 07
. 79000E- 07

49000E- 07
42000E- 07

. 22000E- 07
. 59000E- 07
. 24000E- 07
. 27000E- 07

06000E- 07
25000E- 07
35000E- 07

. 16000E- 07
. 11000E- 07
. 50000E- 08
. 90000E- 08
. 90000E- 08
. 70000E- 08

COOOOOO0000000OLOO000000000000000OOLO000000000000OL0O000000

0303
0000
0235
0271
0207
0293
0317
0347
0369
0408
0401
0409
0433
0438
0466
0466
0475
0483
0472
0512
0496
0533
0522
0531
0586
0549
0581
0598
0594
0601
0605
0618
0618
0680
0650
0692
0687
0657
0735
0716
0733
0747
0819
0839
0905
0793
0898
0887
0971
0894
0861
0928
0949
1026
1060
1005
1222

52



5. 4000E+00 7. 90000E-08 0. 1125
5. 5000E+00 6. 80000E-08 0. 1213
5. 6000E+00 7. 00000E-08 0. 1195
5. 7000E+00 5. 40000E-08 0. 1361
5. 8000E+00 5. 60000E-08 0. 1336
5. 9000E+00 5. 40000E-08 0. 1361
6. 0O000E+00 4. 50000E-08 0. 1491
6. 1000E+00 4. 50000E- 08 0. 1491
6. 2000E+00 5. 60000E- 08 0. 1336
6. 3000E+00 6. 00000E-08 0. 1291
6. 4000E+00 5. 10000E- 08 0. 1400
6. 5000E+00 3. 40000E-08 0.1715
6. 6000E+00 2. 80000E- 08 0. 1890
6. 7000E+00 4. 00000E- 08 0. 1581
6. 80O00E+00 4. 10000E- 08 0. 1562
6. 9000E+00 3. 30000E-08 0. 1741
7. 0000E+00 3. 30000E-08 0.1741
7.1000E+00 2. 10000E-08 0.2182
7. 2000E+00 2. 70000E- 08 0. 1925
7. 3000E+00 3. 00000E- 08 0. 1826
7.4000E+00 2. 20000E-08 0.2132
7. 5000E+00 1. 90000E- 08 0. 2294
7. 6000E+00 1. 50000E- 08 0. 2582
7. 7000E+00 2. 10000E-08 0.2182
7. 8000E+00 1. 30000E-08 0.2774
7.9000E+00 2. 00000E-08 0.2236
8. 0000E+00 1. 50000E- 08 0. 2582
8. 1000E+00 1. 10000E- 08 0. 3015
8. 2000E+00 5. 00000E-09 0. 4472
8. 3000E+00 6. 00000E-09 O0.4082
8. 4000E+00 5. 00000E-09 0. 4472
8. 5000E+00 5. 00000E-09 0. 4472
8. 6000E+00 6. 00000E- 09 0.4082
8. 7000E+00 4. 00000E- 09 0. 5000
8. 8000E+00 5. 00000E-09 0. 4472
8. 9000E+00 9. 00000E-09 0.3333
9. 0000E+00 1. 00000E- 09 1.0000
9. 1000E+00 5. 00000E-09 0. 4472
9. 2000E+00 5. 00000E-09 0. 4472
9. 3000E+00 8. 00000E- 09 0. 3536
9. 4000E+00 4. 00000E- 09 0. 5000
9. 5000E+00 4. 00000E- 09 0. 5000
9. 6000E+00 6. 00000E- 09 0.4082
9. 7000E+00 4. 00000E- 09 0. 5000
9. 8000E+00 0. 00000E+00 0. 0000
9. 9000E+00 0. 00000E+00 0. 0000
1. 0000E+01 4. 00000E-09 0.5000

t ot al 4.71400E- 01 0. 0000

Section 1.4 Part of the MCNPX output for the smabledor with plastic
shielding

tally type 8 pul se hei ght distribution.

cell 1
ener gy
0. 0000E+00 7. 00000E- 09 0.3780



QOO oI OITORABSBRMBEMDIMDIAMDIMDIMDIMDIDOWWWWWWWWWWNNNNNNNNNNRRRPRPRPRPRPRPRPRPOONOORMWONRRERRE

. 0000E- 05
. 0000E- 03
. 0000E- 02
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E- 01
. 0000E-01
. 0000E-01
. 0000E-01
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7000E+00

. 81708E-01
. 20000E- 08
. 40000E- 08

33000E- 07

. 24000E- 07
. 54000E- 07
. 90000E- 08
. 14000E- 07

09000E- 07
02000E- 07

. 90000E- 08
. 90000E- 08
. 10000E- 08
. 50000E- 08

30000E- 08
10000E- 08

. 50000E- 08
. 70000E- 08
. 50000E- 08
. 80000E- 08

30000E- 08
70000E- 08

. 40000E- 08
. 20000E- 08
. 30000E- 08
. 80000E- 08
. 00000E- 08

50000E- 08
90000E- 08

. 60000E- 08
. 50000E- 08
. 70000E- 08
. 00000E- 08

60000E- 08
10000E- 08

. 30000E- 08
. 60000E- 08
. 90000E- 08
. 20000E- 08

40000E- 08
90000E- 08

. 50000E- 08
. 90000E- 08
. 10000E- 08
. 30000E- 08

60000E- 08
20000E- 08

. 70000E- 08
. 10000E- 08
. 80000E- 08
. 20000E- 08

50000E- 08
20000E- 08
90000E- 08

. 20000E- 08
. 60000E- 08
. 50000E- 08
. 00000E- 09
. 00000E- 08
. 50000E- 08

OO 0000000000000 000000000000000000000000000000000000000000000

. 0000

2132
1508
0867
0898
0806
1060
0937
0958
0990
1005
1005
1187
1026
1260
1048
1240
1222
1155
1213
1260
1222
1250
1270
1374
1213
1291
1348
1601
1667
1348
1325
1414
1474
1562
1525
1667
1601
1768
1715
1601
1690
1857
2182
2085
1961
2132
2425
2182
2357
2887
2582
2887
2294
2132
2500
2582
3536
3162
2582

54



POOOOOOOOOWOOLWOWOMWOWMONMWMWMMOWOMWVOONNNNNNNNNNOOODOODODOOOOOOO O OO U101

. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7T000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7000E+00
. 8000E+00
. 9000E+00
. 0000E+00
. 1000E+00
. 2000E+00
. 3000E+00
. 4000E+00
. 5000E+00
. 6000E+00
. 7000E+00
. 8000E+00
. 9000E+00
. 0000E+01

t ot al

WFRONORPRORFRPRORPRFPRONOORNEPNRPPRPUOBRMNPWLWOWOOONFRPROOORLR~NORRERPRERPERRE

. 10000E- 08
. 10000E- 08
. 20000E- 08
. 00000E- 08
. 20000E- 08
. 00000E- 09
. 00000E- 09
. 20000E- 08
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 40000E- 08
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E- 09
. 00000E+00
. 00000E+00
. 00000E- 09
. 00000E+00
. 00000E- 09
. 00000E- 09
. 00000E+00
. 00000E- 09
. 00000E+00
. 00000E- 09
. 00000E+00
. 00000E- 09
. 00000E+00
. 00000E- 09
.81711E-01

CRPOOORPORPORPPOOOORPRORPORPOOO0000000000000O00CO0000O0

. 3015

3015
2887
3162
2887
3536
3780
2887
3333
3333
3333
2673
3780
4082
4082
4082
5774
3536
5774
5000
7071
5000
4472
0000
0000
7071
0000
7071
0000
0000
0000
7071
0000
0000
0000
0000
0000
0000
0000
0000
7071
0000

. 0000
. 0000

55



56

APPENDIX B

ORIGINAL DATA

Section I: Data set 1 f6f’Am-°Be neutron source without Shielding-4hrs

Large Detector, High Gain

hkhkhkkhkhkhhkhkhhhhhhhhhkhhhhhhhhhhhdhhhdhhhdhhhdhdhddhdddhrddrrdxkx*x

e SPECTRAL DATA REPORT  ****x*

khkhkkhkhkhhkhhhhkhhhkhhhkhhhhhdhhhdhhhhhhdhhhdhhhdhdhddhdddhrddrrd*x*x

*kkk*k SaerIe ID * Kk k k%
El apsed Live tine: 12090
El apsed Real Ti ne: 14400
Channel | ------ | --ee | --e e | --ee | --ee | --e e | --ee | --ee
1 0 0 0 0 0 0 0 0
9: 15 2 0 0 0 0 574 3751

17: 7713848 8802874 6557979 4842653 3565542 2618313 1917106 1403196
25: 1032603 763258 566577 427832 324925 253892 199742 160320
33: 131071 109572 93908 80790 71714 64349 57621 52838
41: 49067 45381 42119 39677 37789 35763 33745 32637
49: 30912 30093 28633 27580 26867 25523 25006 24128
57: 23208 22663 21959 21286 20905 20258 19622 19120
65: 18537 17995 17498 17181 16915 16375 15904 15530
73: 15143 14758 14441 14108 13791 13391 13231 12817
81: 12950 12128 12199 11972 11725 11372 11392 11178
89: 10871 10631 10509 10420 10232 9914 9861 9556

97: 9693 9304 9345 9259 8947 8690 8775 8748
105: 8594 8455 8217 8060 8105 7927 8026 7787
113: 7638 7540 7426 7328 7160 7163 7138 7029
121: 6951 6912 6549 6811 6570 6673 6383 6315
129: 6268 6131 6221 6222 5898 6026 5847 5859
137: 5731 5801 5613 5605 5512 5565 5535 5510
145: 5286 5265 5206 5189 5068 4999 5008 5128
153: 4838 4787 4683 4750 4696 4662 4639 4638
161: 4480 4458 4593 4453 4470 4374 4290 4215
169: 4274 4176 4016 4104 4149 4067 4065 3883
177: 3908 3903 3848 3834 3912 3743 3670 3724
185: 3669 3535 3582 3595 3499 3526 3480 3408
193: 3408 3413 3333 3402 3334 3191 3197 3190
201: 3167 3192 3174 3012 3026 3009 3070 2979
2009: 2861 2857 2881 2952 2808 2815 2789 2819
217: 2783 2700 2718 2610 2671 2559 2608 2601
225: 2606 2525 2420 2453 2509 2489 2421 2371

233: 2288 2376 2286 2199 2208 2186 2200 2155



241:
249:
257:
265:
273:
281:
289:
297:
3065:
313:
321:
329:
337:
345:
353:
361:
369:
377:
3865:
393:
401:
409:
417:
425:
433:
441:
449:
457:
465:
473:
481:
489:
497:
5065:
513:
521:
529:
537:
545:
553:
561:
569:
577:
5865:
593:
601:
6009:
617:
625:
633:
641:
649:
657:
665:

2082
2073
1748
1696
1555
1428
1273
1188
1107
1026
909
848
793
781
726
660
625
610
636
599
567
579
507
535
515
535
480
495
513
476
490
447
450
407
466
434
437
409
405
422
414
373
375
397
348
358
369
329
376
326
344
343
317
338

2135
2020
1835
1628
1585
1369
1237
1171
1064
964
905
828
791
772
743
726
672
628
652
597
623
570
536
524
515
535
476
458
484
481
474
462
466
454
460
436
438
425
412
391
405
374
385
384
370
355
339
336
330
354
373
360
345
333

2061
1966
1735
1628
1545
1421
1214
1227
1168
985
945
870
792
769
717
645
643
618
583
544
558
582
507
521
525
499
488
496
468
485
482
465
437
431
438
450
425
392
390
422
418
430
378
397
375
396
364
335
379
372
348
366
350
309

2109
2010
1776
1712
1553
1348
1215
1162
1041
965
957
817
803
784
771
731
623
639
622
573
539
526
548
518
497
501
533
466
462
470
456
455
472
393
432
422
430
417
429
389
373
390
396
378
368
348
364
362
362
344
367
333
323
325

2101
1917
1722
1605
1526
1286
1268
1150
1102
938
914
854
757
742
739
688
706
603
666
556
573
552
490
588
499
489
485
468
495
470
452
467
462
451
450
442
435
419
377
378
403
395
382
383
374
386
358
372
372
324
328
340
319
353

2042
1849
1784
1579
1513
1349
1166
1102
1010
942
892
832
767
768
670
692
600
611
571
566
572
514
515
508
562
493
488
477
488
463
460
448
427
412
427
448
420
398
383
408
384
372
399
380
386
368
380
337
371
338
318
337
300
315

2041
1874
1746
1551
1400
1286
1227
1146
1081
1019
877
814
742
733
725
691
638
571
595
542
555
583
548
521
482
498
521
477
489
465
463
419
400
428
428
393
426
421
443
406
402
372
365
404
370
388
364
368
371
332
340
349
279
326

57

2021
1838
1716
1573
1503
1321
1204
1081
1111
977
896
813
742
722
671
636
640
578
567
571
546
546
535
494
538
463
520
479
481
462
418
458
460
434
421
423
379
427
433
372
341
386
410
401
405
365
355
387
362
320
344
366
369
334
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673: 329 342 368 301 302 316 353 278
681: 315 311 332 325 309 342 355 287
689: 344 280 299 303 325 303 316 299
697: 344 301 317 314 309 305 320 298
705: 324 330 275 302 319 331 290 285
713: 287 306 267 326 308 293 290 300
721: 281 311 303 259 306 301 291 295
729: 279 258 269 331 275 283 293 271
737: 319 280 265 286 320 307 277 288
745: 260 273 311 278 248 267 292 280
753: 261 272 308 286 248 294 286 276
761: 267 275 262 287 277 283 296 286
769: 293 259 268 273 271 277 246 263
777: 257 270 288 267 240 256 280 255
785: 276 264 277 236 285 261 256 256
793: 274 261 253 280 259 255 241 239

Large Detector, Low Gain

hkhkhkkhkhkhhkhkhhhkhhhhhhhhhhhdhhhhhhdhhhdhhhdhhhdhdhddhdddhrddrrd*x*x

rHA K SPECTRAL DATA REPORT  *****

hkhkhkkhkhkhhkhkhhhhhhhhhhhhhhhhhhhhdhhhdhhhdhhhdhdhddhdddrddrrdx*x*x

* Kk k k% SaerIe ID * Kk k k%

El apsed Live tine: 14394

El apsed Real Ti ne: 14400
Channel | ------ |------- |------- |------- |------- |------- |------- |-------
1 0 0 0 0 0 0 0 0
9: 0 0 0 0 0 0 0 405
17: 13085 12443 11908 11181 10872 10260 9858 9411
25: 9055 8777 8320 7895 7619 7141 6983 6662
33: 6277 6012 5712 5355 5141 4953 4644 4524
41: 4333 4111 3978 3674 3527 3305 3214 3135
49: 2950 2811 2664 2528 2503 2306 2269 2176
57: 2116 1971 1845 1798 1681 1718 1669 1580
65: 1571 1418 1420 1352 1344 1208 1223 1168
73: 1112 1064 1059 1060 973 950 941 920
81: 860 801 775 777 743 815 729 743
89: 695 679 664 649 629 595 602 552
97: 557 514 513 559 504 491 481 476
105: 460 454 415 414 387 422 411 358
113: 332 352 333 334 370 343 334 295
121: 301 298 268 287 299 263 259 226
129: 274 240 264 267 267 265 260 211
137: 209 217 226 216 222 230 180 198
145: 235 185 202 198 191 190 177 170
153: 167 190 149 176 174 170 146 150
161: 136 150 140 152 155 147 159 128
169: 127 137 129 119 165 114 127 136

177: 121 121 131 122 115 117 124 115
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617: 5 3 2 2 0 3 3 2
625: 4 0 2 3 1 3 1 2
633: 3 1 2 3 2 4 1 0
641: 5 1 2 0 2 2 3 3
649: 5 2 3 0 5 3 2 2
657: 1 1 1 3 5 2 1 1
665: 2 1 0 2 4 4 1 1
673: 0 2 3 3 3 2 2 3
681: 1 2 0 1 1 0 1 2
689: 1 1 1 1 1 1 3 3
697: 2 1 1 1 3 2 3 2
705: 3 0 2 3 1 0 3 1
713: 1 2 1 3 1 1 1 1
721: 2 0 2 1 3 5 1 0
729: 4 1 0 2 1 1 1 0
737: 1 1 2 2 1 4 1 2
745: 1 1 1 2 1 0 2 1
753: 2 1 2 2 0 0 2 1
761: 1 1 4 2 0 2 1 1
769: 3 0 0 1 2 1 0 2
777: 2 0 1 0 1 0 3 1
785: 2 0 1 1 1 0 2 1
793: 2 0 0 2 0 0 1 1

Small Detector, High Gain

hkhkhkkhkhkhkhhhhkhhhhhhkhhhhhdhhhhhhdhhhdhhhdhhhdhdhddhkhddhrddrxd*x*x

rHA K SPECTRAL DATA REPORT  *****

hkhkhkkhkhkhhkhkhhhhhhhhhhhhhhdhhhhhhhhhdhhhdhhhdhdhddhhddhrddrrdx*x*x

* Kk k k% SaerIe ID * Kk k k%
El apsed Live tine: 12886
El apsed Real Ti ne: 14400
Channel | ------ |------- |------- |------- |------- |------- |------- |-------
1 0 0 0 0 0 0 0 0
9: 0 0 0 0 0 3 8264 189562

17; 3531877 2985029 2149289 1510012 1036599 694629 454206 293516
25: 187572 120001 76628 51426 35098 25553 19573 15934
33: 13460 11789 10656 9657 8967 8491 7929 7425

41: 7151 6586 6359 6016 5777 5377 5097 4936
49: 4745 4460 4287 3980 4040 3760 3704 3534
57: 3455 3443 3293 3234 3083 3106 2947 2882
65: 2890 2670 2646 2510 2442 2340 2328 2325
73: 2280 2145 2139 2084 2044 1953 2017 1923
81: 1928 1795 1801 1823 1738 1782 1639 1676
89: 1604 1613 1636 1539 1525 1523 1564 1469
97: 1458 1386 1313 1395 1319 1343 1241 1291
105: 1250 1244 1275 1248 1197 1217 1158 1174
113: 1118 1144 1058 1117 1054 1061 1021 1060
121: 1005 988 1006 1025 1011 949 972 934

129: 920 926 923 931 887 952 876 911
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77
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79
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63
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78
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549
511
423
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569:
577:
5865:
593:
601:
6009:
617:
625:
633:
641:
649:
657:
665:
673:
681:
689:
697:
705:
713:
721:
729:
737:
745:
753:
761:
769:
777:
785:
793:

Small Detector, Low Gain

khkhkkhkhkhhkhkhhhkhhhhhhhhhhhdhhhhhhhhhdhhhdhhhdhdhddhkhddhrddrxdx*x*x

El apsed
Channel
1:

9:

17:

25:

33:

41:

49:

57:

65:

73:

81:

89:

97:
105:

57
60
71
70
49
60
48
49
60
55
50
51
42
44
28
45
43
47
31
28
23
28
25
40
30
27
34
22
21

*kkk*k

66
64
60
53
49
58
40
60
53
42
41
44
40
44
37
32
29
42
42
35
39
32
41
32
38
28
26
31
32

SPECTRAL

59
59
71
53
58
46
60
52
54
40
61
48
40
46
40
40
40
35
45
27
27
40
40
37
44
33
30
26
26

62

66
59
69
58
58
59
53
52
46
47
47
46
34
43
27
38
38
44
40
30
35
34
43
35
29
31
40
34
37

khkhkkhkhkhhkhhhhkhhhhhhkhhhhhdhhhhhhdhhhdhhhdhhhdhdhddhdddhrddrrd*x*x

* Kk k k% SaerIe ID * Kk k k%
El apsed Live tine: 14206
Real Tine: 14400

76 62 57 57
64 50 56 50
50 54 47 50
53 51 49 62
54 67 53 65
50 49 55 57
64 56 45 56
48 63 50 52
42 47 47 43
35 49 40 33
41 58 40 45
50 37 51 37
41 41 36 46
39 41 40 37
62 31 48 47
34 33 43 35
43 41 48 39
33 32 37 35
45 29 31 32
36 32 31 31
36 33 35 35
34 32 35 26
24 37 29 44
35 24 43 24
41 33 28 40
36 34 24 27
29 20 27 29
34 29 29 24
32 26 28 30
DATA REPORT  ****x*
9318 8631 7824 7152
3962 3456 3150 2878
1838 1644 1480 1432
917 847 751 792
570 475 467 461
314 289 239 279
215 215 171 160
153 123 140 117
114 106 101 79
86 83 75 73
72 62 51 77
51 63 47 57
29 30 39 31
31 29 25 16
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201: 666 720 675 650 709 669 674 649
2009: 646 603 633 651 664 587 665 656

217: 619 646 571 623 610 617 608 561
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425:
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449:
457:
465:
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481:
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521:
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537:
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569:
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125
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55

556
551
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473
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455
419
395
381
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277
289
288
269
276
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252
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213
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152
131
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113
120
118

95
105
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77
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71
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73
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63

70

69
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56

53

558
546
496
534
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506
481
407
417
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385
358
344
342
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320
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288
281
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240
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215
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193
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175
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134
137
121
109
120
111

93

88

88
101
109

75
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73
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68

63

67
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56

68

576
550
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506
440
444
436
443
384
428
357
384
326
343
325
317
298
262
256
244
228
244
216
208
199
207
189
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162
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133
143
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108
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79
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78
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76
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87
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67

57

68
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66
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482
512
441
462
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471
384
343
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349
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287
315
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242
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237
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219
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92

89

98

72

92
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88

62

68

69
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56

64

74

529
545
532
518
495
456
445
424
433
352
364
337
344
317
313
299
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246
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140
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76
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79
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58
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657:
665:
673:
681:
689:
697:
705:
713:
721:
729:
737:
745:
753:
761:
769:
777:
785:
793:

Channel
1
9:

17:
25:
33:
41:
49:
57:
65:
73:
81:
89:
97:
105:
113:
121:
129:
137:
145:
153:
161:

75

50
52
70
61
39
53
44
47
46
41
51
46
36
46
43
46
40
33

63 69 48 52 69 51 62

63 63 56 56 60 65 54

52 55 58 51 56 51 63

50 55 40 60 61 63 57

56 56 53 55 41 55 62

48 51 49 48 45 39 50

54 54 52 49 50 47 56

51 48 55 40 48 49 45

43 44 54 40 46 39 43

45 41 52 47 35 43 48

52 49 44 49 48 34 50

47 37 36 32 48 46 34

48 45 44 49 57 43 47

59 37 38 35 43 44 33

44 50 46 39 38 54 35

48 42 43 51 41 43 38

45 39 53 50 38 57 33

43 44 29 33 41 43 49

Large Detector, Low Gain
khhkkkhhhkkhhhkkhkkhhhkkhhhkhdhdxkddhhdhdxddhddhdxddhddhxddhx*dhkx*dx*%x%
*okok ok ok SPECTRAL DATA REPORT  ****x
khhkkkhhhkkhhhkkhkkhhhkkhdhhkhdhdxkddhhdhdxddhddhdxddhddhdxddhx*dh*x*dx*%x%
* Kk k k% Sanple ID *kk k%
El apsed Live tine: 14399
El apsed Real Ti ne: 14400

_____________ |------- e [

0 0 0 0 0 0 0

0 0 0 0 0 0 0

1898 1826 1763 1623 1476 1442 1467

1197 1131 1091 950 919 883 851

768 704 627 603 585 645 573

466 449 458 393 414 383 388

321 300 296 280 306 261 269

234 216 208 182 201 175 190

137 171 128 154 143 149 150

120 129 120 115 94 95 115

99 81 96 100 91 86 95

68 80 75 60 66 64 71

67 59 63 54 51 64 48

44 56 47 54 53 37 45

48 42 35 47 54 41 40

31 38 40 36 30 33 28

27 30 33 20 28 32 36

27 31 21 24 29 23 32

25 18 21 24 25 18 23

24 16 21 18 27 14 23

20 14 11 19 14 13 13

17 13 13 18 13 8 13

169:
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77

6009: 0 0 1 0 0 1 0 1
617: 1 0 0 0 0 0 0 0
625: 0 0 0 0 0 0 0 1
633: 0 0 0 1 1 0 0 0
641: 0 0 0 0 0 0 1 0
649: 0 0 0 0 0 0 0 0
657: 0 1 2 0 1 0 0 0
665: 0 1 0 2 0 0 0 0
673: 0 0 0 0 0 1 0 0
681: 0 0 0 0 0 1 0 0
689: 0 0 0 1 0 0 1 1
697: 0 0 0 0 0 0 1 1
705: 0 0 0 0 1 0 0 0
713: 0 0 1 1 0 0 0 0
721: 0 0 0 0 0 1 0 0
729: 0 0 0 0 0 0 0 0
737: 0 0 0 1 0 0 0 0
745: 1 1 0 0 0 0 0 1
753: 0 0 1 0 0 0 0 0
761: 0 0 0 0 0 0 0 0
769: 0 0 0 0 0 0 0 0
777: 0 0 0 0 0 0 0 0
785: 0 0 0 0 1 0 0 0
793: 0 0 0 0 0 0 0 0

Small Detector, High Gain

hkhkhkkhkhkhhkhkhhhkhhhhhhhhhhhdhhhhhhhhhdhhhdhhhdhdhddhdddhrddrxdx*x*x

rHA K SPECTRAL DATA REPORT  ****x*

hkhkhkkhkhkhkhhhhhhhhhhkhhhhhdhhhhhhdhhhdhhhdhhhdhdhddhhddhrddrrdx*x*x

* Kk k k% SaerIe ID * Kk k k%
El apsed Live tine: 11544
El apsed Real Ti ne: 14400
Channel | ------ |------- |------- |------- |------- |------- |------- |-------
1 0 0 0 0 0 0 0 0
9: 0 0 0 0 0 7 26549 640909

17: 8950408 7777295 6097027 4700189 3575488 2683971 1989366 1466240
25: 1074592 788117 579933 430225 325905 250602 198838 160088
33: 132855 111952 94690 82037 70627 61125 52987 45590
41: 39561 34130 28900 24616 20852 17460 14327 11778

49: 9620 7753 6171 4836 3946 3073 2462 1954
57: 1528 1319 1132 909 769 697 638 551
65: 511 477 435 387 398 357 356 350
73: 278 322 265 299 289 339 240 266
81: 267 217 229 242 208 212 197 238
89: 214 214 213 201 196 180 166 183
97: 180 174 178 183 194 143 160 154
105: 147 186 143 146 158 131 153 158
113: 122 104 132 148 136 117 140 133

121: 104 116 108 104 129 116 121 115
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Channel
1
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17:
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N
~N~NhO

[

[
PWOAONNORARNPFRPPPORARRPDARFRLPOIUTWOUOUINNOR

NFPO~NONOONONREFEPRUINOOFR WOWOOWLONNUIO OO WO

REPORT *xxxx

*kkkh*k

4 11 6 5 4
10 5 8 11 3
7 9 5 8 3
8 7 8 3 4
12 12 7 11 4
7 1 9 10 6
8 4 8 7 9
4 7 3 7 4
9 7 6 5 4
6 4 2 11 6
7 7 6 13 7
4 5 6 11 7
7 2 7 3 5
4 3 7 10 5
6 8 8 8 5
1 3 2 4 5
4 7 7 4 4
5 8 8 5 7
7 3 1 1 8
3 5 5 3 2
3 6 2 5 8
3 3 4 4 9
4 4 4 6 1
5 5 1 3 9
4 8 2 5 6
1 3 7 4 8
0 4 2 5 4
4 5 2 2 2
1 4 4 4 4
7 2 3 7 9
Small Detector, Low Gain
khhkkkhhhkkhhhkkhkkhhhkkhhhkhdhhdxkddhhdhdxddhhdhdxddhddhdxddhx*dhk*x*dx*%x%
*okok ok ok SPECTRAL DATA
khhkkkhhhkkhhhkkhkkhhhkkhhhkhdhdxkhdhhdhdxddhddhdxddhddhdxddhx*dhk*x*dx*%x%
*okok ok ok Sanmpl e |1 D
El apsed Live tine: 14336
El apsed Real Ti ne: 14400
79 493 1065 1184 1010
825 779 724 626 559
357 316 276 239 205
150 142 159 137 108
97 79 77 88 76
55 55 51 41 50
39 40 53 46 39
28 24 35 36 25
17 23 29 27 23
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WONPEARRORRUIONWANNWOOONN~NWOONONNRANOO
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Section IV: Data Set 4 for Am-Be neutron source Wildstic Shielding-24hrs

Large Detector, High Gain

hkhkhkkhkhkhkhkhhhkhhhhhhkhhhhhhhhdhhhdhhhdhhhdhhhdhdhddhdddhrddrrdx*x*x

*kkk*k

SPECTRAL

DATA

REPORT

*kkkh*k

khkhkkhkhkhhhkhhhkhhhhhhhhdhhhdhhhhhhdhhhdhhhdhhhdhdhddhkhddhdddrrdx*x*x

*kkk*k

Sample 1D

*kkkh*k



Channel |
1:
9.

El apsed Live tine:

El apsed Real
0 0
6 0

Ti me:

0

0

0

0

0
2078

17 khkkhkkhkkhkh khkhkkhkhkk *khkhkkhkhk hhkkhkhkhkhk khhkhkkhkhkkkh kkhkkhkkhkk *kkhkkhkkkkhkx

25: 6586258 4998934 3776726 2851481 2145915 1616190 1218638

33:

41:

49:

57:

65:

73:

81:

89:

97:
105:
113:
121:
129:
137:
145:
153:
161:
169:
177:
185:
193:
201:
209:
217:
225:
233:
241:
249:
257:
265:
273:
281:
289:
297:
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313:
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329:
337:
345:
353:
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369:
377:
385:
393:

703316
133795
63658
30952
17932
13169
11172
9180
7964
7005
6193
5743
5019
4543
4233
3822
3341
3306
3031
2990
2679
2491
2414
2240
2204
2066
1967
1936
1825
1784
1671
1608
1531
1524
1410
1348
1278
1296
1200
1124
1130
1074
1073
1023
969
847

538624
118172
58719
28452
16999
12788
10690
9124
8024
6786
6077
5386
4967
4578
4257
3753
3537
3300
3088
2961
2667
2576
2438
2293
2260
2090
2050
1853
1875
1712
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1603
1463
1472
1431
1346
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1207
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1101
1077
1071
929
923
904

417345
106641
53569
26390
16181
12664
10578
8846
7869
6867
6133
5540
4961
4344
4047
3679
3488
3270
3019
2840
2685
2528
2326
2256
2178
2079
1942
1850
1831
1745
1670
1543
1475
1496
1484
1338
1280
1271
1205
1122
1129
1079
1006
1020
959
913

329679
96824
48809
24426
15880
12246
10466

8937
7580
6574
5989
5367
4654
4335
3977
3735
3452
3162
3071
2864
2749
2513
2450
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2211
2095
2007
1897
1879
1668
1670
1525
1563
1510
1336
1324
1259
1160
1219
1152
1153
1062

994
1005

950

937

264490
88682
44361
22390
14941
12085
10199
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7524
6581
5701
5157
4757
4358
3908
3739
3396
3227
2901
2734
2743
2412
2461
2246
2088
2009
1944
1833
1756
1752
1668
1501
1445
1461
1439
1384
1289
1299
1185
1105
1124
1106
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926
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216181
81523
40584
21197
14420
11842
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8457
7575
6579
5799
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4749
4328
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3271
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2617
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1734
1704
1632
1563
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1529
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1091
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74961
37159
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6423
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2785
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1026
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0
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2269
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217
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186
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863
770
728
766
662
692
634
643
573
566
474
516
472
447
437
402
432
366
365
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315
297
280
291
295
277
246
206
225
256
232
241
195
233
220
201
201
173
193
206
164
160
179
147
168
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140
167
151

898
846
774
747
764
681
651
588
604
602
576
535
438
447
465
431
391
402
369
337
324
330
288
291
288
291
278
262
220
233
253
217
172
208
183
196
177
189
180
192
198
201
178
167
148
171
160
162
143
159

851
817
787
730
773
652
641
627
567
558
523
517
471
466
469
426
428
394
347
342
349
321
303
313
282
296
291
273
222
227
244
218
204
186
214
210
191
189
182
195
173
172
145
203
156
175
151
151
157
168

849
816
815
729
729
655
658
613
626
565
569
561
480
437
443
425
438
395
380
358
318
323
312
289
272
278
264
255
220
249
225
224
219
219
232
194
185
189
199
182
179
151
171
170
140
174
162
162
161
171

852
831
812
771
723
650
658
629
587
592
526
503
485
477
446
490
421
367
381
331
336
311
300
285
287
266
269
265
255
228
230
205
206
173
202
199
180
177
211
172
171
184
155
173
147
168
168
159
167
153

813
777
784
756
682
709
676
631
579
547
543
509
482
500
421
449
424
402
352
350
307
301
287
274
268
259
290
230
259
245
239
232
213
221
201
210
179
224
170
184
223
177
188
170
166
157
159
174
145
156
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861
825
789
742
691
648
642
600
635
576
522
522
497
439
436
420
383
360
352
337
298
298
321
302
277
277
241
239
234
239
225
235
199
214
205
178
180
181
179
185
176
167
164
154
156
173
160
144
178
167



Large Detector, Low Gain

Channel
1
9:

17:

25:

33:

41:

49:

57:

65:

73:

81:

89:

97:
105:
113:
121:
129:
137:
145:
153:
161:
169:
177:
185:
193:
201:
209:
217:
225:
233:
241:
249:
257:
265:
273:
281:
289:
297:
305:
313:

hkhkhkkhkhkhhkhkhhhkhhhhhhkhhhhhhhhhhhdhhhdhhhdhhhddhddhddddddrxd*x*x

e SPECTRAL DATA REPORT  ****x*

hkhkhkkhkhkhhkhkhhhkhhhhhhhhhhhhhhdhhhhhhdhhhdhhhdhdhddhdddhrddrrd*x*x

*kk k% SaerIe ID * Kk k k%
El apsed Live tine: 53996
El apsed Real Ti ne: 53999
e | --e e |- | --ee |- | --e e | --ee |-
0 0 0 0 0 0 0
0 0 0 0 0 0 0

6850 6791 6469 5975 5606 5282 5075
4421 4225 3911 3814 3579 3312 3244
2831 2701 2494 2376 2252 2018 2031
1772 1670 1668 1572 1419 1393 1299

1190 1225 1102 1013 1034 935 917
896 823 785 746 687 759 677
620 593 604 604 531 528 523
451 505 449 413 397 415 393
407 361 346 327 299 325 313
310 272 265 280 246 275 269
263 246 280 228 225 219 187
201 203 213 208 188 175 188
152 185 163 167 156 136 145
150 138 138 133 122 126 121
117 118 112 123 98 110 116
120 103 105 95 77 84 88

96 80 86 87 87 86 79
71 86 67 81 67 66 69
54 47 52 61 65 48 50
50 50 49 39 41 39 36
32 41 39 32 35 37 34
25 24 31 22 30 28 31
20 19 29 26 27 16 25
23 16 13 13 11 13 14
24 17 9 12 16 5 16
16 9 7 14 2 12 10
5 8 12 11 12 14 8
7 7 7 11 12 14 10
11 10 9 12 3 7 12
13 8 6 10 5 9 6
14 13 5 7 9 10 7
5 9 8 10 5 11 8
10 9 8 6 5 5 8
6 4 7 5 8 12 9
7 3 6 6 7 8 4
9 6 8 7 10 6 9
3 7 4 8 6 4 4
5 6 5 6 7 2 5
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753: 0 1 2 0 2 2 0 1
761: 0 0 0 1 0 1 0 0
769: 1 1 2 0 1 2 0 0
777: 1 0 0 0 0 1 0 2
785: 0 2 0 1 1 0 2 1
793: 1 0 1 0 0 0 0 0

Small Detector, High Gain

khkhkkhkhkhhkhkhhhkhhhhhhkhhhhhdhhhhhhdhhhdhhhdhhhdhdhdddhdddhrddrrdx*x*x

rHA K SPECTRAL DATA REPORT  *****

khkhkkhkhkhhkhkhhhkhhhhhhkhhhhhhhhhhhhhhdhhhdhhhddhddhdddhrddrrd*x*x

* Kk k k% SaerIe ID * Kk k k%
El apsed Live tine: 50118
El apsed Real Ti ne: 54000
Channel | ------ |------- |------- |------- |------- |------- |------- |-------
1 0 0 0 0 0 0 0 0
9: 0 0 0 0 0 15 16748 372413

17: 4431606 3079643 1998622 1295357 842592 545713 356050 231539
25: 152048 101793 69408 48386 34880 26028 19791 15423
33: 12091 9798 7912 6413 5520 4794 4249 3693

41: 3417 3181 3000 2818 2688 2520 2478 2255
49: 2156 2095 2091 2013 1921 1797 1793 1741
57: 1738 1698 1628 1567 1512 1514 1401 1401
65: 1370 1369 1225 1316 1227 1162 1085 1150
73: 1100 1017 1074 1076 986 997 961 945
81: 929 907 835 827 897 863 844 780
89: 784 786 730 737 730 670 753 712
97: 678 653 672 620 602 620 628 612
105: 574 576 580 557 547 537 545 549
113: 524 527 514 503 497 530 474 478
121: 475 461 428 481 438 419 497 427
129: 397 427 426 423 422 412 383 382
137: 397 369 400 356 364 373 375 368
145: 359 323 360 347 363 357 318 315
153: 320 316 289 306 357 329 314 313
161: 284 322 278 272 282 274 279 271
169: 283 254 286 298 241 297 279 263
177: 251 267 265 257 256 249 229 210
185: 241 241 232 233 250 226 247 238
193: 242 253 234 228 254 258 208 220
201: 233 196 213 235 199 193 194 220
2009: 197 202 230 193 209 193 189 197
217: 183 203 180 186 188 198 188 207
225: 181 188 198 206 173 171 170 178
233: 158 167 174 156 163 165 167 176
241: 171 158 176 157 139 155 161 167
249: 168 154 173 167 133 145 189 152

257: 147 161 138 145 144 153 153 143



265:
273:
281:
289:
297:
305:
313:
321:
329:
337:
345:
353:
361:
369:
377:
385:
393:
401:
409:
417:
425:
433:
441:
449:
457:
465:
473:
481:
489:
497:
5065:
513:
521:
529:
537:
545:
5583:
561:
569:
577:
5865:
593:
601:
6009:
617:
625:
633:
641:
649:
657:
665:
673:
681:
689:

143
142
139
146
117
128
136
85
106
89
90
86
92
77
81
77
73
59
64
63
50
56
74
54
42
53
48
56
46
42
45
47
37
37
41
27
33
23
30
33
39
29
27
18
30
22
23
28
39
34
29
17
19
23

138
142
148
121
123
113
113
97
94
107
108
92
51
83
69
92
71
70
60
68
60
59
45
60
48
69
53
55
50
34
45
42
30
35
28
39
38
35
26
27
34
26
26
24
22
25
22
22
25
27
19
27
27
28

129
126
141
129
116
103
128
101
99
112
112
84
83
94
72
77
77
69
77
52
58
49
53
51
52
41
48
45
41
33
40
49
39
36
36
31
22
37
24
32
35
30
16
27
29
28
23
30
22
23
24
25
25
21

139
130
122
122
113
98
110
114
94
100
92
92
92
73
72
72
61
63
57
68
53
45
60
46
44
38
50
51
42
52
39
40
35
30
26
27
28
29
40
33
25
37
18
21
37
23
28
24
29
24
13
28
22
24

131
131
132
119
136
115
106
101
115
109
87
73
76
69
79
74
68
71
64
51
55
59
59
60
47
37
54
47
53
35
30
37
39
55
31
29
36
27
37
29
26
31
27
27
16
28
27
34
24
21
25
18
25
24

145
126
125
126
110
107
109
100
93
76
81
87
90
77
68
84
64
55
71
66
67
64
49
53
43
40
42
49
54
25
38
35
34
34
31
32
30
28
43
22
22
37
35
28
23
17
22
24
26
27
28
17
10
19

140
147
113
107
128
113
96
93
106
89
103
81
73
77
61
83
67
74
74
61
49
65
51
43
51
43
62
38
46
39
45
35
32
40
44
29
34
32
25
32
29
34
27
18
18
26
34
32
18
39
17
24
22
14

87

129
140
149
129
111
113
104
112
104
85
86
99
98
72
81
71
73
54
81
66
62
49
46
51
51
50
32
43
38
30
43
52
41
32
41
29
31
32
29
27
33
18
28
24
25
25
14
18
25
22
22
17
14
26



697:
705:
713:
721:
729:
737:
745:
753:
761:
769:
777:
785:
793:

Channel
1
9:

17:
25:
33:
41:
49:
57:
65:
73:
81:
89:
97:
105:
113:
121:
129:
137:
145:
153:
161:
169:
177:
185:
193:

88

26
19
20
13
15
16
26
18
21
23
22
24
11

24 22 11 18 20 19 13

16 22 17 22 23 26 16

20 15 25 17 23 19 18

11 19 22 11 18 25 17

12 21 19 15 20 15 17

21 16 21 14 16 17 18

16 16 19 20 18 13 18

15 21 16 20 18 19 21

17 17 15 16 16 13 19

15 15 17 18 19 14 15

17 18 15 28 11 19 11

18 21 19 17 13 14 11

21 18 15 10 14 18 15

Small Detector, Low Gain
khhkkkhhhkkhhhkkhkkhhhkkhdhhhdhdxddhhdhdxddhddhdxddhddhdxddhx*kdhk*x*dx*%x%
*okok ok ok SPECTRAL DATA REPORT ****x
khhkkkhhhkkhhhkhkkhhhkhdhhkhdhhdkhdhhdhdxddhddhdxddhddhdxddhx*dhk*x*dx*%x%
* Kk k k% Sanple ID *kk k%
El apsed Live tine: 53950
El apsed Real Ti ne: 54000

113 1910 4199 4486 4206 3841 3724

3165 2958 2727 2468 2225 1968 1745

1378 1231 1127 962 906 785 751

579 610 583 492 451 420 429

339 345 332 328 296 315 220

199 237 206 188 180 163 156

163 159 137 126 146 140 129

143 102 93 103 103 92 90

80 94 73 68 70 88 69

61 66 63 49 48 45 45

51 37 44 50 44 38 40

32 34 35 36 33 33 45

35 31 26 32 28 25 22

23 23 30 30 26 22 26

24 16 20 24 17 14 14

16 25 20 14 10 15 22

20 23 21 15 14 21 11

17 13 12 8 12 10 9

8 17 12 10 14 10 10

6 9 13 14 10 3 7

5 7 3 4 2 6 8

5 2 5 4 6 6 4

4 3 5 8 1 2 4

4 4 4 5 4 1 7

2 4 3 0 1 6 5

3 3 2 5 1 1 3

201:

WhOUOINWOOWLN O
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