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ABSTRACT 

A lOO-mg 252Cf neutron activation analysis facility is used 
routinely at the Savannah River Laboratory for multielement anal
ysis of many solid and liquid samples. Applications include 
analysis of metal alloys, coal, fly ash, sediments, rocks, vege
tation, inks, and many aqueous process solutions. 

An absolute analysis technique converts counting data 
directly to elemental concentration without the use of classical 
comparative standards and flux monitors. This absolute technique 
predicts elemental neutron capture reaction rates from multi
energy 2- and 84-group cross sections and calculated neutron 
fluxes for different source-moderator-sample arrangements. 

With the totally automated pneumatic sample transfer system, 
cyclic irradiation-decay-count regimes can be pre-selected for 
up to 40 samples, and samples can be analyzed with the facility 
unattended. An automatic data control system starts and stops 
a high-resolution gamma-ray spectrometer and/or a delayed-neutron 
detector; the system also stores data and controls output modes. 

Gamma ray data are reduced by three main programs in the 
IBM 360/195 computer. In the first program, the 4096-channel 
spectrum and pertinent experimental timing, counting, and 
sample data are stored on magnetic tape. In the second program, 
the spectrum is then reduced to a list of significant photopeak 
energies, integrated areas, and their associated statistical 
errors. The third program assigns gamma ray photopeaks to the 
appropriate neutron activation product(s) by comparing photopeak 
energies to tabulated gamma ray energies. Photopeak areas are 
then converted to elemental concentration by using experimental 
timing and sample data, calculated elemental neutron capture 
rates, absolute detector efficiencies, and absolute spectro
scopic decay data. 

Calculational procedures have been developed so that fissile 
material such as light water reactor plutonium and natural uranium 
can be analyzed by cyclic neutron activation and delayed-neutron 
counting procedures. These calculations are based on a 6 half
life group model of delayed neutron emission; calculations include 
corrections for delayed neutron interference from 170 . Detection 
sensitivities of .:::.400 ppb for natural uranium and 8 ppb 
~0.5 (nCi/g)] for Z3'Pu were demonstrated with lS-g samples at 
a throughput of up to 140 per day. 
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Over 40 elements can be detected at the sub-ppm level in 
the 100-mg 252Cf facility. Precisions and accuracies of ±10% 
for most elements were demonstrated in extensive multielement 

. analyses of standards which include rock standards from the 
U.S. Geologic Survey, and coal and fly ash standards from the 
National Bureau of Standards. 
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INTRODUCTION 

The usefulness of neutron activation analysis (NAA) as a 
multielement analytical tool has been demonstrated over the past 
thirty years. During 1950-1970, many publications described 
successful use of NAA in the trace analysis of samples for 
geology, biology, archeology, chemistry, and criminology appli
cation. For multielement activation analysis, either complete 
exhaustive chemical separation and counting of products or some 
type of gamma ray spectroscopy is used. With the earliest 
spectroscopic technique of gamma rar absorption, resolution was 
extremely poor. In 1948, Hofstader pioneered the development 
of NaI (Tl) scintillation crystals; this development opened a 
new dimension in gamma ray spectrometry. Further improvements 
in the early 1960's included Ge(Li) detectors which made high
resolution gamma ray spectrometry possible. 2 With NaI detectors 
and early Ge(Li) detectors, energy resolution was very poor 
compared to today's standards, and elements were separated by 
chemical group before counting. By the early 1970's, the 
technique of NAA, once regarded as the ultimate method of trace 
analysis, was in a recognized decline.' This decline was caused 
by development of better instrumental techniques and by a limited 
understanding of basic NAA principles. The users of activation 
analysis assumed that NAA was basically a chemical technique, 
and therefore its development was hindered because advances in 
the basic physics of the technique were ignored. Neutron activa
tion analysis is a nuclear technique, not a chemical technique. 
In fact, the most serious limitation has been the low sample 
throughput of NAA because chemical separations were required. 

The basic physical principles of NAA, though understood for 
30 years, have been used mainly for teaching purposes and have 
not been incorporated into routine analytical procedures. Most 
activation analysts use the standard comparative technique basic 
to all analysis techniques. In these techniques, a standard of 
almost identical matrix and similar trace constituents is analyzed 
simultaneously with the sample. The comparative technique 
requires estimates of sample composition, preparation, packaging, 
irradiation, and counting of both samples and standards; sample 
throughput is necessarily reduced. With the standard comparative 
technique, the analysis procedure is reduced to a determination 
of counting ratios because the following basic factors are 
eliminated: 
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• Uncertainties in radioactive decay parameters such as half
life and absolute decay abundance. 

• Variations in effective element response to the particular 
irradiation conditions and sample matrix. 

• Changes in neutron flux and energy distribution which 
accompany changes in reactor power level and fuel burnup. 

In recent years, major advances have been made by nuclear 
chemists and physicists in the measurement of multigroup cross 
sections and in the development of neutron shielding and neutron 
transport codes used to calculate isotope production in reactors. 
Significant advances have been made in the measurement of 
spectroscopic decay data and in the determination of decay 
schemes for most isotopes. Because of improvements in the 
efficiency and resolution of Ge(Li) detectors and associated 
electronics, separations can be done electronically rather than 
chemically. 

The sensitivity and multielement capabilities of neutron 
activation analysis made it a highly desirable technique for 
use at Savannah River Laboratory. Because production reactors 
were not a convenient source of neutrons for activation, large 
£52Cf sources available in the laboratory were used to develop 
neutron activation analysis. However, the relatively low 
thermal neutron flux (a factor of ~lOOO below that available 
from a small reactor) limited elemental sensitivities and ham
pered diversified applications because of low sample throughput. 

A facility at the Savannah River Laboratory was first 
designed for a l7-mg 252Cf source. Analysis capabilities of 
this facility were later expanded when this source was replaced 
by four 25-mg .52Cf sources. An absolute technique (eliminating 
comparative standards) was also developed which uses accu
rately known neutron capture cross sections' and the constant 
spectral and spatial distributions of 252Cf neutrons calculated 

5 from neutron transport codes. Sample throughput was further 
increased by using automated sample handling and data reduction 
procedures and tabulated spectrometric data.' The rapid sample 
transport system also improved detection sensitivities of 
certain elements by using cyclic activation and counting regimes. 
These regimes were designed for analysis of elements with neutron 
capture products with half-lives ~60 sec. Other design features 
were included in the facility to increase sample throughput and 
to compensate for the relatively low flux of isotopic neutron 
sources. These features include 18 irradiation tubes in two 
concentric rings around the source, a D20 moderator annulus to 
increase the thermal flux in 9 of the irradiation tubes, provi
sion for irradiating sample volumes up to 11 cm', a shielded 
counting room, and high-efficiency detectors. 
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This report is written in four main parts: 1) a complete 
description of the facility; 2) a discussion of the principles 
and techniques developed for the facility; 3) a section 
describing practical application of these principles and tech
niques, and 4) appendices describing the computer programs 
developed and currently used in the 252Cf facility, 
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DESCRIPTION OF FACILITY 

IRRADIATION TANK ROOM 

The current neutron activation analysis facility (Figure 1) 
contains four nominal 25-mg 252Cf sources near the bottom of a 
1/4-inch stainless steel tank which is 12-1/2 ft deep and 4-ft 
in diameter. The tank (Figure 2) was constructed from two 
cylindrical sections and a hemispherical bottom section seal
welded together. A l-ft-thick concrete shell surrounding the 
tank supports the tank and prevents loss of tank water to the 
ground in the unlikely event of tank rupture. The interior of 
the tank is painted with white epoxy for improved visibility. 
The doubly encapsulated 252Cf sources are attached to a four
position zircaloy source holder assembly extending approximately 
two feet up from the tank bottom. Figures 3-5 show the primary 
(inner) and secondary (outer) zircaloy source capsules. Figure 6 
shows the irradiation tank assembly. 

Control 
Console 

To 

Sample Un loader 

Annula,_..f.';#> > 
Tonk 

100mg 
25ZCf Sources 

1ft 
Concrete 

4 Way Sample 
Diversion Box 

Auto 
Loader 

FIGURE 1. 252ef Neutron Activation Analysis Facility 
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FIGURE 2. Source Tank 
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A cylindrical region of deionized light water of 4.68-cm 
radius surrounds the source (Figure 7). A seal-welded stainless 
steel annular tank containing DzO surrounds the HzO region. The 
outer diameter of the DzO annulus is 22.77 cm, and the wall thick
ness of the tank is 0.1588 cm. Fittings on the tank permit 
addition and removal of DzO, HzO, or air for adjustment of the 
neutron energy spectrum. Figure 8 shows the annular tank and the 
four-position source holder. Nine stainless steel sample irra
diation tubes are located within the H2 0-moderated region. Three 
of these sites are connected to a pneumatic, rapid sample transfer 
system designed for short half-life studies and cyclic irradiation 
and counting procedures. Nine additional drop tube irradiation 
sites are within the annular DzO tank. All irradiation sites are 
stainless steel tubes of 2.S4-cm outer diameter and O.0089-cm 
wall thickness. 

Capsule 
Expulsion 
Air Line 

I. )5;:-- Existing Tank 

,"",i;ffl!r-- Capsule Expulsion 
Air Line 

Drop Tube (9) 

Annular Moderator 
Tank 

Drop Tube (6) 

Drop Tube (9) 

Four 25mg 
252Cf Sources 

FIGURE 7. Neutron Activation Analysis Facility 
with 25ZCf Sources in Position 
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FIGURE S. Annular Moderator Tank and Four-Position 
Source Holder 
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S;:unples to be irradiated are heat-sealed within high-density 
polyethylene containers called rabbits of '011 em' internal volume. 
Samples are introduced to the irradiation site either manually or 
automatically fhan the pneumatic sample transfer system through 
2. 8S --cm·--outer diameter 1'e1ycthylene transfer tubes. These tubes 
spiral <1e;;11 W;] l'(1 from the worK ing level to the stainless steel 
irradiation tubes (Figure 9). The polyethylene transfer tubes 
arc clamped to the stainless steel irradiation tubes at about 
'10 em from the sources to prevent radiation damage to the 1'01),
ethylene. 

FIGURE 9. Po lyethyl ene Sampl e Transfer Tubes 
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The source tank is filled with 1100 gallons of distilled 
water for moderation and radiation shielding. This water is 
circulated continuously through a mixed-bed cation-anion demin
eralizer and filtration system (Figure 10) to prevent buildup 
of radioactive activation products within the moderator. The 
ion exchange bed is monitored continuously for gamma and neutron 
radioactivity which would result from a breached source or sample. 
The neutron monitor alarm automatically shuts off the moderator 
circulation pump. The neutron monitor and a beta-gamma air 
activity monitor are connected to the building alarm panel. 

A four-foot square table with a stainless steel framework 
and acrylic sides and top covers the tank. The tank cover is 
vented to the laboratory exhaust system. Shielded floodlamps 
with a l2-V DC power supply provide underwater lighting in the 
source tank. 

The source tank room contains a sample transfer control 
unit, an automatic sample loader, an unloader, a four-way sample 
diversion unit, and sample preparation equipment (Figure 11). 
Sample preparation equipment includes a Class 100 clean bench 
and a Class 100 fume hood. Polyethylene irradiation containers 
(Figure 12) are heat-sealed with a pneumatically operated sealer 
(Figure 13) which moves a resistance-heated wire coil over the 
threaded end of the rabbit. Then the containers are automatically 
pressed into an aluminum cooling block. 

COUNTING ROOM 

Irradiated samples are counted in a concrete-shielded vault 
of 4-ft wall thickness. Within this vaUlt, secondary lead 
shields of minimum 2-inch thickness surround the two Ge(Li) 
gamma ray spectrometers, a NaI detector, and a BF3 delayed neutron 
detector. The dual BF3-Ge(Li) spectrometer system within the 
vault is shown in Figure 15. The dual counting system is part of 
the automated sample transfer system and is activated automatically 
through the data storage control module. 

Instruments for data acquisition are adjacent to the 
shielded counting vault (Figure 14). A Canberra Model 8100 
mUltichannel analyzer receives gamma ray spectra from irradiated 
samples. Accumulated spectra are transferred to nine-track 
magnetic tape with a Canberra Model 8531 magnetic tape controller 
and a Wang Model 7 tape transport. 
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FIGURE 13. Sample Sealer 
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FIGURE 14. Data Storage Facility 
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FIGURE 15. Shielded Dual Gamma Ray, Delayed Neutron Detector 
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RAPID SAMPLE TRANSPORT SYSTEM 

Analysis times can be decreased for many elements by detecting 
short-lived ($60 sec) neutron activation products. Cyclic neutron 
irradiation and counting of these short-lived products also improves 
sensitivities, especially those for fissile materials. 

To effectively use the short-lived products for activation 
analyses, a pneumatic rapid sample transfer system (rabbit) was 
constructed. This system includes several features which were 
not available commercially. Main system specifications assumed 
a sample volume of 10 ml and a transit time of ~1.5 sec. The 
key features of this system are: 

• Completely automatic sequencing of each rabbit throughout 
the system. 

• Automatic self-loading and unloading of samples without 
operator attention. 

• Accurate preselection of irradiation, decay, and counting 
intervals. 

• Recycle capabilities (up to 100 times) for identical 
irradiation, decay, and counting regimes. 

• Simultaneous sequencing of two samples (dual mode) through 
identical regimes by using two sample irradiation positions 
and one counting position. 

• Completely automatic control of the multichannel analyzer 
for accumulating gamma ray spectra, storing data on magnetic 
tape, and automatically routing spectra into the appropriate 
analyzer memory location for dual mode operation. 

• A data control interface which allows the counting mode 
(delayed neutron and/or gamma counting) to be preselected 
and allows delayed neutron data to be automatically routed 
to a scaler and gamma data to a multichannel analyzer. 

• An automatic system abort mode (with audio and visual alarms 
and system depressurization if a rabbit should fail to com
plete a selected path). 

• Visual display of the next function to be undertaken by the 
control unit and current location of all rabbits in the 
system. 
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• A display indicating the number of cycles completed for each 
rabbit being irradiated and digital readout of the irradiation, 
decay, and counting times. 

• Air-cushioning of samples upon arrival at all locations within 
the system. 

• Exhaust of all air used within the system to laboratory 
exhaust system. 

The transport system is shown schematically in Figure 16. 

V9 

V4 Loader 

Irradiation 
Tubes 

P5 

Unloader 

v = Air Valves 
PI-P6 = Photocells 

P-2 
F====i====j Detector 

FIGURE 16. Schematic of Rabbit System 
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FIGURE 17. Sample Transport Control Unit 

Figure 17 is 11 photograph of the sample transport control unit. 
The transport system con~d.st$ of the following hardware in 
addition to the control llnit: 

.. Th'o irradiation tubes which aTe used to t x'anSpoI"t and p05i tion 
the samples nea:r the four sources. 

.. An automatic rabhit loader. 

.. An automat.ic rabbit unloader . 

.. A detection end observed by Ii :;c·(U) deth:toT and/or" delayed 
nelltrcm detector . 

.. A four·way sample divertc!' which connects the detector site 
to t.llo other portions of the system. 

• Two air valves, VS and \/6 ~ \.;hich (l,,-:.tuatc the switching in 
the four-way di veTtor . 

• Four l.im.it switches wh:L::h verify the state of the four-way 
di veTter. 



.. Four air valves, V4, V8, V9, and VIO, which propel the 
rabbits from location to location . 

• Three loading valves, VI, V2, and V3, which load samples into 
tho system one at a tj.me; and a ball valve, V7, \;hieh unloads 
samrl es after sequencing at the unloader . 

.. Six photocells PI-P6, which signal rabbit passage at key 
locat:ions. 

Sequencing is accomplished with stepping relays. Table 1 
lists timers in the functional control unit. All timers are 
crystal··controlJ cd asci llators, "hieh provide both high ac"uracy 
and stability in the timing of analysis regimes. A single-cycle 
regime (load, irradiate, count, and unload), proceeds as follows: 

TABLE 1 

Timers in the Functional Control Unit 

Punc?'t/&on 

'1'1 Irradiation timer for Tube II 

'1'2 Delay timer for Tubes II and 12 

T3 Counter timer 

'1'4 Irradiation time for Tube 12 

.. Valves 1. and 2 (VI and V2) sequence, one rabbit is dropped 
beyond opening of V4 verified by a signal from photocell J 
(PI), and analyzer memory is cleared. 

• V:\ seal s the loader end of the transport 1 i.nc and permits 
Vol tL) he activated. The rabbIt is then propelled through 
the previously positioned four-way div!"rter box (V5 and V6 
off verified by LI-L4) to the detector site. 

It A signal from P2 confirms passage of the rahbit, actuates 
V5 (which selects irradiation tuhe n for next path), and 
?~rl~i,ts actuation of V8 (which f:i res the rabbit toward the 
. 2CI SOllTce thTough nradlatl0n tube Ii). 

.. A P3 signal closes VB and starts the irradiation timer (T1) . 

.. At: end of TJ, V9 is actuated, P3 starts decay timer T2, and 
1'2 doses V9 and opens VS and V6 (which selects unloader 
for next path), 
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• At end of T2, the analyzer or the scaler-timer and count
timer T3 are activated by the Data Control Module. 

• At end of T3, the analyzer or scaler-timer records or prints 
out counting data. VB is actuated (PS signals closure of V8 
and opens V7; P6 signals closing of V7). 

• At the end of the analyzer or printer readout, the control 
unit is automatically reset to the beginning of the next cycle. 

• After the next rabbit is loaded, V4 clears the analyzer 
memory. 

If a rabbit should get stuck in the system, no signal will 
be received by the photocell at the destination. If this signal 
is not received within IS sec after valve firing, the control unit 
alarms (audibly and visual1y) and shuts off the main air supply. 
No additional action can be taken by the system without operator 
intervention. 

As described above, a single rabbit irradiation uses only 
one function at a time, i.e., one irradiation tube (and timer), 
decay timer, or detector (count timer). In the dual mode of 
operation, two rabbits may be analyzed concurrently, if the sum 
of the times on T2 and T3 is less than the time on Tl. In con
current analyses: 

• Rabbit 1 is loaded into the system and moved to irradiation 
in irradiation tube II (and starts TI), and Rabbit 2 is 
immediately loaded into the detector site. 

• .Just before Tl counts down, Rabbit 2 is moved to irradiation 
tube 12, and the irradiation timer (T4) for tube T2 is started. 

• When Tl counts down, Rabbit 1 is transferred to the detector, 
and T2 and T3 are started. 

• When T3 counts down, Rabbit I stays at the detector until just 
before T4 counts down. Then Rabbit 1 is transferred back to 
irradiation tube 11 for its second irradiation (or to unload 
at the end of the regime). 

• When T4 counts down, Rabbit 2 is transferred to the detector, 
and T2 and T3 are started. 

• The system is now in the same configuration as in Step 1, and 
both rabbits can now be recyCled. 
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The data are routed into the appropriate location in the 
analyzer memory depending on the status of T1. If Tl is counting, 
Rabbit 2 is at the detector, and the spectrum is stored in one 
part of memory. If Tl is not counting, Rabbit J is at the detector 
and the spectnllil is stored in another part of memory. Both spectra 
,n'(; retained in memery llntU Rabbit 2 is unloaded. Whon Rahbit 2 
1.5 unloaded, the analyzer output mode begins. 

DETECTION APPARATUS 

Gamma- ray Detectors 

Most act ivation products .H'e gamma -·ray emi t t er$,; therefore-., 
emphasis :1.5 pJaced on detecting these gamma-·ray~;.; with efficiency 
and with highest ,·('solution. Tw} practic'''] detector types cur
rent] y available commercially are Nal and Ge CUi. Nal detectors 
have higher efficiency and lower resolution than C;c'(Li) df>tectors. 
Ce(Lii detectors are normally used except i-\'flCn the gamma-ray 
encl'gy is very high (>4 MeV) or when only one element with a 
simple (1 or :: stE'ps) gamma-ray decay scheme is only weakly 
ac, 1:i vated. 

Many laboratoripg use Ge(Li) detectors for activation 
ana:! s; hm,,;evcT, the comparative technique uses only the ratio 
of det('cLrr responses. With the absolute technique used .-It SRi..!~:; 

TlcutTon activation analysis facility, the detector must he 
aecur:-lt.c1 y (',':-11 ibTHted for detector efficiency vs e-neTgy for 0nch 
>;;1mple··df't:e,~toT arrangement used (such a~:; s31nple",detector 
distance and sample size). 

l ' ,. 2 5 2 ('t' T'irJO Ce(Li) detpetors aTe currently U${:'l In tr1t' .' neutron 
;'-l.ctlva_tion a:nalys1.s facility. One detector ,is a Canberra Tndus~ 
tries k detector of 15% efficiency relative to a 3x3-inch NaT 
detectn1' and of 2.04 keY FWHM (f;,Jl width at half-maximum) 
resolution H.t 1332.495 keV. This detector is used exclusively 
for drop tul)c sample counting, and -1 t has three det('ctor-samplt~ 
arrangement.s for which absolute efficiency vs.energy calibratjons 
have been performed (identifiE'd a5 POSjtiOl1S (ll, 04, and (5). 
The QtheT d(,tcctOY .is a Princeton Gamma Tee_h'*"* detpctoy of 161! 
efficiency and a :resolution of 1.88 keY FWHM at 1:532.495 he\!. 
This detCl.::tor is used exclusivelv in the rabbit svstem, and it 
has tJ..-W detector--sample arrangcm~nts fOT which ab~olute efficienc)--' 
VS. energy ca1.ibrations have been made (positions 03 and 06). 

Canb"rra Industries, ~leriden, eN 
P-rinceton Gumma Tech, Inc., Princeton, NJ 
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These absolute efficiency curves are stored as EFFCAL data files 
on disk with the IBM 360/195 computer. The EFFCAL data files 
are listed in Appendix, Table A-6. 

The absolute efficiency vs. energy curve for each detector
sample arrangement is determined in a two-step process. First, 
the general shape of the curve (log efficiency vs. log energy) is 
determined by counting nuclides such as 182Ta, 169Yb, 125Sb, 133 Ba , 
and 166mHo. These isotopes have complex decay schemes which yield 
a distribution of abundant gamma rays with well-known energies and 
relative intensities. Second, National Bureau of Standards Refer
ence Materials (absolute gamma ray standards) are counted to 
determine several absolute log energy vs. log efficiency points. 
The relative and absolute data are combined to produce an efficiency 
curve for each counting arrangement. 

When one of these nuclides is used as a calibration.source, 
the efficiency calibration curve is determined as follows: 1) 
spectra are accumulated with at least 10,000 net counts in the 
photopeaks, 2) the photopeak areas are determined in the same 
manner that any sample spectrum is analyzed, 3) the relative 
detector efficiency is calculated by dividing the relative gamma
ray intensity by the photopeak area, 4) for each source, the log
arithm of the relative efficiency is plotted against the logarithm 
of the gamma-ray energy, 5) these plots are superimposed and the 
best single relative curve is constructed, 6) because no single 
theoretical function adequately describes the data, the curve 
is drawn by hand and not determined by computer least squares 
analysis. 

A certified calibration source converts the relative 
efficiency curve to an abSOlute curve. One of the best sources 
is available from the National Bureau of Standards (NBS 4243E). 
It consists of a solution containing accurately known quantities 
of lOsed, 57CO, 139Ce, 203Hg, 113Sn, 8SSr , 137CS , 60 CO , and BSy' 

This solution is packaged in a container identical to those used 
for samples, and spectra are collected. Absolute detector 
efficiencies are determined for these gamma rays. The relative 
curve is then scaled so that it best intersects with these 
absolute points. 

For computerized data reduction, these efficiencies are 
listed for selected energies. The computer interpolates the 
efficiency for a desired energy by using a second-order least
squares fit to the four nearest log efficiency-log energy points. 

Table A-6 lists the absolute efficiencies used in the 252Cf 
facility. The first block contains the selected energies, and 
the second block contains the corresponding reciprocal of the 
absolute counting efficiency. 
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NaI Detector' 

A Nal detector is a1 so used for ganuna-ray detection for 
sped fie analyses. For oxygen analysi s. the 6. 2-MeV gamma-ray 
from the l6O(n,PJ lbN(Tl/2 ~ 7.11 sec) activation reaction 
product is the most sensitive indicator. For such analyses, a 
:\x:l-inch NaT detector* with 6.5', resolution at 662 keY is u5('d 
with the rabbit system. For analyses where only one clement is 
activated and it product emits only one gamma-ray, the Nal detector 
in the secondary shielded vaul t provides maximum galluna-ray 
dl'tect:ion sensi t1 vity and lowest POSS1 ble detect ion 1 imi t. No 
absolute a.ctivation analyses aTe performed routine1y with the 
Na I detector. 

Oe1ayed Neutron Detector 

Many samples from plant processes require analysis for 
fissile isot_opes such as 235U, 2391'11, and natural uranium. -111e 
most specific and sensitive method for such analyses is to 
detect heta-delayed neutron decay. A high-effid_ency (12% abso
lute) assembly was designed and constTucted to detect neutrons 
with energy distributions characteristic of beta-delayed neutron 
emitters. Twelve tubes (92?, 1 aBh at 70 cm pressure) are sym
metrically arranged around the sample. High-density polyethylene 
is USE'd to thermaEze the neutrons for most efficient detection. 
The average delayed neutron has an energy of Cu5()() keY; thus, only 
4.12 em of moderator is required between source and detectors. 
In the shielded facility, the neutron detector background averages 
only" counts/min. Cyclic irradiation and delayed neutron count
ing are optImized for analysis of different Figs; Ie materials. 

SAMPLE PREPARATION FACILITIES AND PROCEDURES 

llecause of the sensitIvity of activation analysis, samples 
are prepared for irradiation in a clean environment. A clean 
bench and a clean fume hood (Agnew Higgins) provide a Class 100 
environrn(;ut foy sample preparation. 

Samples are weighed on an auto-taring, rapid-readout 
Mettler Model 11-64 balance with a sensitivity of 10 lJg over a 
160-g range. Solid samples are weighed into pre-cleaned poly
ethylene rabbits; liquid sanlples are pippctted. 

Frequently, the physical forms of samples are changed be
fore irradiation. These changes include: 

" Bin'on, Incorporated, Cleveland, OB. 
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• Grinding of samples to reduce particle sizes. 

• Blending of small samples. 

• Freeze drying of biological samples. 

• Compaction of samples into pellets (especially freeze-dried 
samples) . 

• Moistening of all powdered samples with enough water to com
plete the 10-cc voll~e followed by vortexing to ensure 
complete mixing. 

All of the above are done in a clean environment. 

Ion exchange concentration procedures were developed 
especially for analysis of very dilute solutions. These 
procedures involve batch-contacting of 1 liter of the dilute 
aqueous solution with equal equivalent amounts of mixed cation
anion exchange resins. Detection sensitivities are improved 
100-fold for almost every element dissolved in the water -!'Y 
direct activation analysis of the resin. With this technlque, 
5 ppb of natural uranium in water can be detected. The resin 
was specially purified by BioRad Laboratories, Richmond, CA. 
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BASIC PRINCIPLES OF 252Cf NEUTRON ACTIVATION ANALYSES 

ABSOLUTE ACTIVATION ANALYSIS 

One of the uni.que features of the '52.C[ neut:ron activation 
analysis facility is that it can perfonl! rapid multielement 
analyses without the routi.ne use of comparative standards. In 
the absolutE' technique, the master equation of activation analysis 
is llsed to relate a measured detector response to the multielement 
cnncentration of the sample. Many factors enter into the absolute 
cakulation of detector response. These factors indude absolute 
d,ceay data, sample weight, experimental irradiation, decay, and 
counting times; absolute detection efficiency; and, most. important., 
elemental neutron capture reaction rates, which are calculated 
fyom measured flux and cross section da.ta. 

During irradiation of a sample, th(' instantaneous change in 
the number of atoms of some actt vat,'d product spedes (N) present 
iu the sample is: 

dN • 
dt ~ (rate 01 producti.on) - (rate of decay) r - AN (1) 

where 

" decay constant of the product, sec- j 

r producti.on rate, atoms/sec 

lnregrating this equation over the irradiation time (from 0 to 
I,) yields 

rS (2) 

where 

Il irradiation time, sec 

N, ~ number of product atoms present at '1'1 

S ~ [1· exp(-\Tll]; the irradiation saturation factor 

I f the sample i.s removed from the neutron flux at II and then 
allm4cd to decay duri.ng time, T2., the number of atoms remaining at 
the end of I. i.s 
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where 

rSD 
= -A-

D = exp(-AT2 ); the decay factor. 

(3) 

At the end of T2, the sample is counted for a time, Ts. 
At the end of Ta, the number of product atoms remaining is 

(4) 

The number of atoms which decayed during the counting period is 
given by 

where 

where 

rSDC 
Nz [1 - exp(-AT,)J = -x-

C = [1 - exp(-ATs )], the counting fact.or. 

The number of counts G observed by the detector is 

G = Eli1N 

E the absolute detector efficiency for the gamma 
ray counted 

I the absolute decay abundance of the radiation, 
number of gamma rays emitted per decay, 

(5) 

(6 ) 

Thus, the number of counts observed for an activated species 
found in a single irradiation-decay-count cycle is given by 

G 
ElrSDC 

A 

CYCLIC ACTIVATION AND COUNTING 

(7) 

Cyclic activation and counting is used to enhance the 
sensitivity of analyses of short-lived species. Because the 
production and decay rates are the same at saturation, and 
because saturation is achieved quickly for short-lived product 
species, detection sensitivity does not increase when the 
irradiation and counting intervals are increased beyond a few 
half-lives. In fact, for analysis times which are much larger 
than the product half-life, a significant gain in detection 
sensitivity 1s achieved by cyclically activating and counting 
a sample several times during the analysis. 
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As in Equations 2-4, Tl, T2, and '1'3 are the irradiation, 
decay, Hnd counting intervals, respectively, If T. is defined 
at the dine required to transport the sample from the counteT 
back into the neutron flux, then the total time required for 
each cycl e is 

(8) 

FOT the first cycle, G counts aTe recorded, For the second 
cycle, G counts are accumulated from the second irradiation, 
and Gexp( -ATe) COUllts are accumulated from the activity remain-
ing from the first irradiation, For the third cycle, G counts 
are acculUulated from Irradiation 3, Gexp(-fiTcl counts are accu
mulated from Irradiation 2, and Gexp( -fiTcl exp(.-fiTc) counts are 
accumulated frem the activity remaining from the first irradiation. 
The number of counts accumulated during the counting time for 
each eye} e is 

Cyele 

1 
') 

:; 

<I 

where 

Counts 

G 

G + GQ 

G + GQ + GQ2 

G + GQ + GQ2 + GQ' 

M-l G+GQ+ .. ,.GQ 

The total time required for the cyclic analysis is 

(9) 

Thus, aftor M cycles, the tetal number of counts K collected 
is the sum of the counts for each cycle, or 

K ~ ~!G + (M-l)GQ + (M-2)GQ' + 

G [M + (M-I)Q + (M_2)Q2 + 

The finite series in brackets may be ex.pressed as the difference 
between two infinite series (which are each ex.pansions of ana
lytical expressions) as follows: 

- 43 -



2 M-l M + (M-l)Q + (M-2)Q + •••• Q M QO-qM) 
I-Q - (1-0) 2 F (10) 

Replacing this series by F yields 

K = GF 

By substitution, the number of counts recorded during a cyclic 
irradiation and counting regime is 

K = E IrS D C F 
Ie 

(11) 

For a fixed total analysis time TA, K would be maximized 
when the irradiation and counting times are equal (TI = T 3) and 
when the transit times T2 and Tt, are zero. For a given total 
analysis time TA and finite values for T2 and T" there is a 
particular number of cycles for which K is a maximum. The 
analysis procedure is optimized with this equation for a given 
isotope. 

A maximum total analysis time is usually determined by the 
number of samples to be analyzed within a certain time period. 
'6mSc , with an 18.7-second neutron capture product, is a good 
example to demonstrate the effect of optimized cyclic activation 
and counting regimes. The maximum analysis time is assumed to 
be 200 seconds, the irradiation and counting intervals are assumed 
to be equal, and the sample transfer times are assumed to be 
1.0 second. The curve in Figure 18 shows the relative number of 
4GmSc counts as a function of the number of cycles calculated 
from Equation 11. The experimental response was determined with 
a scandium standard; the response is normalized to the calculated 
curve. The optimum number of cycles is about 4; thus, the 
irradiation and counting intervals for maximum sensitivity is 24 
seconds for the assumed analysis conditions. 

Cyclic Sensitivities 

Table 2 compares interference-free detection limits calcu
lated for elements which yield short half-life neutron activation 
products suitable for analysis when irradiated. For single-cycle 
manual irradiation, the calculation was based on the most sensitive 
isotope that can be produced by activating that element regardless 
of half-life. The maximum analysis time allowed was 190 hours. 
For lOO-cycle automatic irradiation, the calculation was based on 
the cyclic activation product indicated. The maximum analysis 
time allowed was 16 hours. For the elements fluorine through 
cobalt, the advantages of cyclic acti vatian are that both ana lysis 
time and detection limits are greatly improved. For other elements, 
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FIGURE 18. Re1ative Detector Response for Cyc1ic 
Activation of Scandium 

TABLE 2 

Sensitivity of Cyclic Activation with 17 mg "'Cf Source 

CyaZic Aati.vation ,;~r..,(i ta ('lie le _ !1anua f _ 100-Cypte A~-i.toma'tic 
E'lement ?r>odu(;!t L/i-m'tt J lJC! ~Nme~ r;1' Lirrrtt" lJg Time .. hr' 

r 11.1-s 20p 800 (},7 

In 14.2- s ll€Tn 20 0.8 

Se 17.S-s 77mSe 0.9 190 ll.6 1.1 

Dy 1.24-m 16. SIDDy 3 26 0 2 4 '1 , , 

Gd 3,67~·m 1£ ICd !() 26 .l 12 

C1..l 5,1-m Heu 80 26 5 16 

Co 10.5-m flOme;) 0.6 19() 0,1 16 

Sc 18.7-5 t,.«mSc 0.02 190 0.3 1.1 

lh: ll.4-m 8()Br 0.2 5·j 0.4 1.6 
<,.35U Delayed Neutron 1. :, O. I 0.0.\ 1.2 

Ag :;:4.6,~s ItOAg 60 0.6 1.0 1.4 

Rh 42-5 1 ()"Rh 600 0,1 20 1.4 

Al 2.24-m 28A1 60 0.5 2 7.5 

V .3.76··m 'J2: V 3 O.Y 0.09 13 

T1 S.7T-·m ·>1 Tl 250 1.3 J() 16 

Nb 6,27-m '1 4mNb 3400 1.5 130 H) 

Cl R,7-m 1.9Ca SOOO 2.0 290 16 

Mg 9.4-m 2.7f.jg 1700 2,2 lOO 16 
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the particular experimental requirement on analysis time or 
detection limit will determine whether cyclic activation is 
used. For both scandium and bromine, the analysis time is 
greatly reduced, but the detection limit is somewhat higher. 
For silver through magnesium, the analysis times are increased, 
but the detection limits are improved. All calculations in 
Table 2 assume a 17-mg 252Cf source and a flux of 3.5 x 10 6 

n!(cm 2 sec). 

MASTER EQUATION 

A master activation analysis equation can be derived from the 
rate of production shown in Equation 11, r, which may also be 
expressed as 

r : nR (12) 

where 

n = number of parent (target) atoms present in the sample, 
and 

R = specific neutron capture reaction rate leading to the 
product [captures!(sec-atom)]* 

The number of target atoms in the sample of weight, W in grams, 
containing P parts per million of that element is 

where 

n = P W B No 
10 6 A 

B isotopic abundance of parent nuclide 

A = atomic weight of parent nuclide 

No Avagadro's number 

Substituting Equations 12 and 13 into Equation 11 gives 

K = No PWBEISCDFR 
lOG AI.. 

(13) 

(14) 

* The ability to predict the specific neutron capture reaction 
rate by calculation is the basis of the absolute technique and 
is discussed in later sections. 
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sol \,' l.ng for P 

S D C F 
1 
R (l 5) 

Equation IS is the master activation analysis equation. As 
with !!lost equations which are deri.ved for nuclear processes, 
shnpl i fying assumptions have been made to reduce the complexity 
of the expression. The a.ssumptiolls implied in the preceding 
derivation and the range of applicability of this master equation 
arc 3S follows: 

" The fraction of target nuclei activated during the total 
irradiation is very small, i.e .. , tal'get burnup is neglected. 
Thi s assumption i.s realistic if nRTl «1 (which is true ex
cept for very high neutron fluxes, very large cross sections, 
and/or very long irradi,ations). 

!II HuHiple neutron captures an- neglected, :i .e., product burnup 
is ncoglected . 

• R is constant over the total in~adiation tim€". This assumption 
may -not be valid fOT reactor activation hecause both the neutron 
flux magll1 tude and energy distribution ch.ange as a functi.on of 
powcr level and fuel burnup, For isotopic neutI'QJ1 sources, this 
condition is met if the total irradiati.on time' is a small frac
tion of the source half-life. In the lOO-mg '.2Cf facility, a 
maximum irradL:.ttion time of 14 days is normal; therE'fore, the 
de~rease i.n flux is <1% duri.ng irradiation . 

• The detector and a::;so(:iatl~d electronics have negligible dead 
time. This condition can he met by using small samples or by 
counting the sample at 10\11 detection efficiency. If these steps 
are undesirable, there aTe el(>ctronic procedures which allow 
for dead timf' compensation . 

.. The time of transit of samples into and out of the flux is very 
short compar(>d to the irrad.Iation time. 'n,i5 condition is 
g('n('rally met wi th manua I irradiat i on because on ly I ong-l:l ved 
species f_iTe heing considered. Using the rabh-i t system, transit 
t.imes are reduced by increas ing the' transport: velocity, 

In rrra.cticc, Equation 15 is solved by computer. As dis-
cussed earlier, specific neutroDocapture renction rates~ R, are 
c-d \...'u l.uted -from the moderated 2:; '"ef fission ncutTon spe(';trum~ 
;.~n important feature in the absolute tc<chnique. 

SPECIFIC NEUTRON CAPTURE REACTION RATES 

Each flth:leus ha.s a neutron captul'e cross section, 0, \<Jhich 
is an (~ffcctive area of interact ion \.;ith a point neutron moving 
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at some speed s. The number of neutrons passing through (into 
and out of) an area per unit time is the flux 9. The specific 
neutron capture reaction rate can be expressed as the product 

R = a 9 

Both a and 9 are functions of the neutron speed, such that 

R =f [a(s) 9(S)] ds 

The flux may be expressed as a speed distribution 

¢(s) = n(s) 5 

Where nCs) is the number of neutrons per unit volume having 
speed s. 

Thus 

R = f [a(s) n(s) 5] ds 

(171 

(18) 

(19) 

To date no analytical functions accurately describe either 
a(s) or nCs) for any real experiment. Two approaches to approxi
mating R have developed: 1) multigroup summations, and 2} ana
lytical function approximations. 

Multigroup (84-group) Summation 

Equation 19 may be expressed by a sum of many integrals over 
small regions of 5 by 

M si+l 
1: J [a(s) n(s) 5] ds (SI 

i=l S. 
1 

o' s = 00) (20) , m+l 

If M is large and the neutron distribution is smooth between 5 i 
and 5 1+

1
, each rate may be expressed by 

where 

[21 ) 

9. = the flux in group i [number of neutrons!(cm'-sec) with 
1. speeds between s i and S i + l' and 

a. the average cross section over the neutron speed range. 
1 

Each 0i is obtained by weighting 0(5) by some function of s for 
each speed group. In practice, 0(5) is calculated from a measured 
smooth cross section component and the measured resonance parameters 
superimposed on this smooth component; a(s) is then weighted by the 
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mIcroscopically smooth flux distr.ibution (in 84 speed groups) 
suppLied for the rate calculation. The 84-group approximation 
assumes that the flux distribution l';'thin a speed group is micro
,;copically smooth and that the cross section retains .its resonance 
fIuctuat ions. The description of the microscopic cross section 
,'cqllires a large numher of parilmoters for each nuclide. Unfor
tunate] y, only a limited number of nuclides has been studied in 
dotail sufficient to provide all these data; even more unfortunate 
i.e; the fact that, of the well-studied nuclides, only a few of 
into'est to activation analysis have their parameters coded into 
the computer data libraries. The multigroup description of the 
neutron flux distribution will be discussed later. 

Analytical Function Approximations (2-Group) 

The second approach to calculating the specific neutron 
capture rates i.s to divide R into two components, .i.e., 

5 
o 

! roes) n'[(5) sJ ds + 
sl 
! [lO(s) nEts) sds] (22) 

o So 

Where Rr and RE are the thermal and epithermal components to the 
rate, and So is the speed of the neutrons at the thermal/ 
epitbermal boundary (caned the cadmium cutoff energy). 

By approximat:ing the thermal and epithermal fluxes and the 
cross secti.on by analytical expression, R can be expressed as, 

R = aO'r • CPT + b-o • ¢ E E (23) 

which cOlltil.ins only two parameters for the cross section, 01' and 
"1':. two parameters for the flux distribution, QT and QE, and two 
con,tants a and b. The analytical fUllctions which are normally 
assumed arc Ii sted below: 

.. Tll" thermal flux 11T(s) is Maxwellian, Le. 

4m 52 
n ('J - ex!' (-5

2/s
T

2
) T . ". ... .fIT 'S:~3 

where 

T moderator temperature, OK 

11l;;; neutron mass, g 

k Boltzmann constant 

ST = thE IIlost probable thermal speed 
("h,n'" dnT(s)/ds = 0) 
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• 1 The cross section is proportional to 5' l!v) 

0(5) = 

where 

o S /5 o 0 

(usually expressed as 

(25) 

So is some standard speed, usually 2200 mls (sT at 293°K) 

°0 is the i cross section at So (usually (2200) 

• 1qe epithermal flux is proportional to ~ (usually expressed 
as l such that S 

E 

[er(s) n (5) 51 ds k K r (26) 

where 

r is the so-called resonance integral, which is the average 
epithermal cross section weighted by the 1 flux spectrum, 
and S2 

o/E the epithermal flux (5)5
0
), and 

El 1 1 
S = In -E (if 0/ " -2 and o(s) " -) 

05 5 

Wi th these assumed functions, the two-group specific neutron 
capture reaction rate R is 

where 

( 

T 112 

ex = i -,t) 
0.0603 if Eo 

0.886 if T • T • 293"K 
o 

0.625 eV; El 10 MeV, or 

e = 0.0597 if Eo • 0.4 eV; El • IO MeV 

(choice of Eo depends on the values used to determine 
o/E and I) 

- SO -

(27) 

(28) 



The applicabili ty of the two-group technique to calculations 
of R for nuclei in real fluxes is reasonable within rather strict 
limi tations: 

.. Epithermal resonances should he small and evenly spaced (in t) 
for maxi mum RE accuracy . 

., Nuclides with resonances below Eo ~subcadmium resonances) will 
not be properly calculated, i.e., .3~Pu • 

., The epithermal flux must be proportional to fr to properly 
account for the epithermal contribution to R. (An additional 
approximation which treats B as a variable may be used for non-
1 fluxes.) 
E 

.. Reactions which have thresholds [most neutron-induced reactions 
except (n,Y) reactions] cannot be treated by the two-group 
approximation. 

NEUTRON FLUX CALCULATIONS 

To accurately predict absolute neutron capture reaction rates, 
the moderated neutron energy spectrum and f1 tlX at the sample 
irradiation site must be calculated. As described earlier, these 
flux and spectrulll calculations and the multigroup (2 or 84) cross 
section data form the basis of the absolute technique used in the 
25lCf acti vat ion analysis fac.i1i ty. The rest>1 ts of the neutron 
energy spectral calculations will first be di scussed for the 
ori.ginal 17-mg 252Cf facility with all H20 moderator and then for 
the more-complex lOO-mg 252Cf facility with IbO/D20 moderator. 

The 17-mg 25"(f Facility 

The neutron transport code ANISN' was used to calculate the 
neutron spectI'\1m in 84 energy groups for the l7-mg 252Cf facility. 
Mod i fication of this calculat ion provided the thermal and epi
thermal flux in the 2-group reaction rate method. ANISN assumes 
one-dimensional spherical geometry in calculating neutron trans
port into and out of moderator and tank material zones (distances) 
surrounding the source. ANISN also accounts for scattering and 
absorption in each energy group in these zoneS. The details of 
ANISN are outside the scope of this report; however, the results 
consist of tables of unit neutron fluxes at each zone for each of 
the 84 energy subgroups. In the design of the source tank hard
l1are, care was taken to approximate the spatial geometry assump
tion :i.n ANISN: a point source surrounded as nearly as possi.ble 
l1ith a sphere of moderator. Samples contained in the hexagonal 
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array of polyethylene irradiation tubes were fixed between solid 
polyethylene rods to displace air. The source-to-sample distances 
(center-to-center) for the two concentric rings were 3.81 cm and 
10.16 em. The results of the 84-group neutron spectrum calculation 
for a single source surrounded by a sphere of water at 29SoK is 
shown in Figure 19. Key features are: 

• The large thermal Maxwellian centered at 0.0525 eV (0.0263 ev 
if plotted ~ vs E). 

• The ullmoderated fission spectrum centered at about 2.3 MeV. 

• The slightly non-liE epithermal distribution (especially for 
the 3.81 em distance. 

For the two-group approximation, which assumes a cadmium 
cutoff energy of 0.632 eV and a maximum fission neutron energy 
of 10 MeV, the thermal flux is obtained by summing fluxes ~i in 
the energy groups below the cadmium cutoff energy. The epithermal 
flux is obtained by summing fluxes ~i in the energy groups above 
the cadmium cutoff energy. Plots of ~T and <PE and the ratios of 
<PE/~T for an all-HzO-modersted system are illustrated in Figures 
20-22 for the 17-mg Z52Cf facility. For these calculations, a 
total source emission rate of 3.51 x 10 10 neutrons/sec (15 mg of 
25zCf) was used. Note the steep decline in the epithermal-to
thermal flux ratio with a minimum of 0.24 at about 15 em. The 
steep decline in flux with distance results in a thermal flux 
dropoff of "-25% and an epithermal flux dropoff of 33% across an 
aqueous sample (2.5 em diameter). 

ANISN calculations were also performed for hypothetical cases 
in which the H20 moderator was replaced with spherical regions 
(30 em radius) of D20 and H20. The calculated changes in ~T and 
~E/<PT with distance for D20 and air are shmm in Figures 23 and 
24. H20 is the most efficient moderator; however, it has a 
larger absorption cross section than does D,D; therefore, a 
higher thermal flux is observed at distances close to the 25ZCf 
source (0 to 10 cm) for an all-H20-moderated system. Because 
the absorption cross section is lower for DoD, the decrease in 
thermal flux with distance is less, and useful sample irradiation 
region around the source is greater. Figure 24 shows the softer 
(lower ~E/~T ratio) spectrum achievable with the DlO-moderated 
system at greater distances from the sources. For example, for 
fhO, the minimum ratio is 0.24 at "-'15 em where ~T "-2.5 x 10 7 

n/(cml-sec l
). For D20, at 30 em from the source, the flux ratio 

is "-<l.OB; however, the thermal flux is still "-'3 x 10 7 n!(cm 2-sec). 

In the 17-mg 252Cf facility, absolute thermal neutron flux 
was determined by irradiating gold wires. Measurements were made 
across the first irradiation position at distances of 2.72, 3.18, 
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:5.81, 4.4S, and <1.90 cm and at the center of the second and third 
ir:raciiaU.on tubes at 10.16 and 20.32 cm. Results of these measu:re
ments and of integral measurements for standard gold solutions 
agreed within ±:I~b of those calculated by ANTSN at the 3.81-cm 
irradiation position. Agreement was HO% at the seldom-used 
il'rIJdiation distances of 10.16 and 20.32 cm. Appendix B sum-
lllari 2('S the calculation of flux depression factors for the gold 
wires used in these experiments. Figu'I'Ei 25 summarizes results of 
the thermal flux measurements. 
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FIGURE 25, Changes in Calculated and Measured Thermal 
Fluxes with Distance from Source 
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Compal'ison of Caloulated and b'xpe:rimentaZ- Reaation Rates 

Two-group reaction rates were calculated from Equation 28 
for 17 elements (Table 3). 

with a = 0.886 (using T = 293°K) and 

SO.023 (as experimentally determined using Au and Co 
standard solutions to account for the non-1:. epithermal 
spectrum and the unmoderated neutron peak Eat 0.,2.1 MeV) 

As described earlier, the 84-group reacti.on rates were calcu
lated for nine elements from 

84 
R = l: 

i = 1 

TABLE 3 

(5. 
1 

eEJ ¢. (E) 
1 

(84-group) 

Calculated and Measured Neutron Capture Rates for the 17 mg 2SlCf Facility 

Ca!aul.ated 
Capture CrJ.v&ures/ {se(H";I) F)xpex'"£'men ta tet 

m.errumt. P"f't)du('t R4-(J!'ouP (J-(,r-::'1!q) Capt!.<f'(:f;l/ (s<i:~-mg) 

Au 1", Au 1.27 x .1 0 5 L 20 x lOS l.Z2 1 0 ~ (il t) 

Al 2 SAl 1 .45 x 10' 1.48 x IO~ ! AS x 10.1 U5%) 

Dy 16 SDy 2.46 , 10' 2,8;:- x 10' 2.21 • ] 0' (;5%) 

Co &OCo 1.10 x J 0' 1.13 , lO~ !.B 10 5 ("! 2%) 

'" "fjMn 4.07 x 1 0' ,f,2·1 x J O' 3.84 lO~ UH.) 

A, HAs 1.44 10' 1.35 x 1 O~ 1 .:'\7 x 10" (:t1%) 

V 52V .$6 , 10" J ,66 10" 1.66 , 10' (.t 2%) 

12 SI B.2b , 10' 9.76 X 10:1 (f.5~. ) 

N::t ~ ~N:) 3.99 IU' :\,63 \0 ' (~l\l 

K "K 5.02 x 10' 5.27 x 1 () 1 5.45 10' (±6%) 

Zn 6'lnlZn 1,50 x 10) ! ,SO X 10 1 (i9~;J 

'" "flo 4,B x lOl 4.45 102 (17%) 

Cd ll\:d l.OS 10 3 0 95 x \0 ' (~ 2'\,) 

Etl l'S? ffiEu 2.89 x 10"- .. 79 x 10(' (1..3%) 

Hg 1 ~1Hg 2. 10 10" 2,17 x lO£ (.! I.~.) 

Se 77ffiSe 4. ]S x 10" 3.94 .X 10" l:!'3%) 

Se "!O·S~ 1.30 , 10 5 .46 x lOS 1.42 x lOs ( tS%) 

a. Uncertainties represent only cOll."'1ting $tati.stic$, 
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The ()2200 values and resonance integrals I were taken from 
the recommended values of the Ch.art of the Nuclides, 1972 edition. 7 

The multigroup cross section data, aieE), were taken from the 
ENDF-B cross section library. 

For experimental measurements, 17 elemental standard solutions 
were prepared. During sequential irradiations, all other irradiation 
tubes were removed to approximate more closely the assumption of 
spherical moderator arrangement. Sample irradiation, decay, and 
counting intervals were carefully timed, and a calibrated detector 
was used for absolute counting. Results are shown in Tahle 3. 
Eighty-four group reaction rates were calculated for those nine 
isotopes for which multi group cross sections are available. In 
general, the results of the 2-group method are as reliable as 
those of the more-sophisticated 84-group technique. However, the 
limitations of the two-group approach listed earlier must be con
sidered. Except in the cases of gold and arsenic, >90% of the 
total reaction rate is the result of thermal neutron capture. 
The simple two-group approach to the calculation of neutron capture 
reaction rates appeared adequate for the particular experimental 
conditions within the l7-mg 252Cf facility in which q,E/q,T is about 
1.0. Thus, only two-group reaction rates are used in the IOO-mg 
252Cf facility. 

In the 17-mg 252Cf facility, six irradiation tubes in a 
hexagonal array were located around the 252Cf source. The 
presence of these tubes and of samples located within them reduce 
the thermal flux somewhat by displacing moderator. Quantitative 
measurements were performed to determine and to correct for this 
effect. The net effect of the presence of the other five irra
diation tubes containing aqueous samples was to reduce the 
calculated thermal flux by 11% and the epithermal flux by 3~,. 

These flux reduction factors were used in the data reduction 
programs used for routine analysis in the 17-mg Z 5 2Cf fad Ii ty. 

The lOO-mg 252Cf facility 

To take advantage of the rapid moderation of H20 and the 
low absorption cross section of D20, an H20-D 20 moderated system 
was installed in the IOO-mg 252Cf facility. As shown in Figures 
6 through 8, the first concentric ring of 9 irradiation tubes is 
located in the H,O-moderated region, and the second ring of tubes 
is in the [)20 region. This arrangement was based on ANISN 
calculations :in an attempt to increase the thermal flux at the 
second ring of irradiati.on sites over an all-H20-moderated system. 
However, because stainless steel is used in the moderator tank, 
the expected increase was only partly reali zed. 
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ANISN Calculations 

The one-dimensional ANISN code again was used to calculate 
the thermal and epithermal neutron fluxes and the neutron energy 
distribution in 13 energy groups at the sample irradiation sites. 
Figure 26 is a scaled drawing of the H20-020-moderated system 
showing the locations of the rotating four-source holder 
(Zircaloy-2), the H20-moderated region containing the first ring 
of irradiation sites, and the annular D20 tank containing the 
second ring of irradiation tubes. For one-dimensional ANISN 
calculations, the distance zones of the different construction, 
moderator, and sample materials are assumed to be concentric 
spheres. Thus these calculations only approximate the complex 
three-dimensional array. 

FIGURE 26. Arrangement of Irradiation Tubes and Sources 
in lOO-mg 252Cf Facility 
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Two basic sets of calculations were performed. The first 
set of calculations assumed ideal systems; a spherical source 
and spherical regions of moderator were assumed. The stainless 
steel in both the moderator tank and the sample irradiation 
tubes were not included in the calculations. The second more 
realistic set of calculations included the effects of stainless 
steel. In all calculations, the actual .source neutron emission 
rate (2.53 x lO") neutrons/sec) was used. 

Figure 27 shows the calculated change in thermal flux with 
distance for an ideal all-H20-moderated system surrounding the 
zircaloy 252 Cf source holder (Case 1). This curve is superimposed 
on several other curves for reference purposes. 

Figure 28 shows the results of ANISN for an ideal 112.0-DzO 
moderator system (Case 2). Actual D20 tank dimensions and the 
0.692 em radius of the zircaloy source holder are shown. The 
effects of stainless steel and of an aqueous sample in the outer 
ring are not included. As expected, the flux is increased by 
'070% in the DzO-moderated region (outer ring sample irradiation 
site) over that expected from an all-HzO-moderated system. 

Figure 29 shows ANISN results for an ideal H20-D zO moderator 
system using actual tank and source dimensions. The effect of an 
aqueous sample located in the second ring irradiation site is 
included (Case 3). The thermal neutron absorption within the 
aqueous sample itself (outer ring sample region of 10.01 to 
12.32 cm) reduces the net increase in thermal flux at the center 
of the sample (11.19 em) to "060 9& over the all-HzO-moderated system. 

Figures 30 and 31 show the calculated ratios of thermal fluxes 
for Case 2/Case 1 and for Case 3/Case 1; shaded areas indicate the 
locations of the two irradiation rings. Flux ratio values greater 
than one indicate a thermal flux enhancement relative to the a11-
fhO-moderated system. Averaged over the entire inner sample 
irradiation region (4.69 to 7.05 em), the effect of adding 0,0 
to the inner ring is negligible because neutrons from the D,O 
region do not reflect back into the H20 region. However, the net 
flux gain in the outer ring is significant even when the absorbing 
effect of the aqueous sample is included (Case 3/Case 1). Table 4 
summarizes these calculated results at the center of two rings of 
irradiation sites for the ideal systems. 

The second, more realistic, set of calculations include the 
effect of the stainless steel irradiation tubes and annular tank 
wa 11 s. Again, because of the one-dimensional limitation of the 
ANISN flux calculations, simplifying assumptions were made. 
Because of the staggered arrangement (Figure 26) of inner and 
outer rings of irradiation tubes, flux ratios for inner and outer 
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irradiation tubes were calculated separately. In all calculations, 
however, the steel walls of the D,O tank were included. Table 5 
lists the regions, distance intervals, materials, and explanations 
of these regions shown schematically in Figure 32. Regions 4 and 
9 are the inner and outer ring sample irradiation positions. 
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FIGURE 27. Calculated Thermal Flux for Ideal System with 
H20 Moderator (Case 1) 
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TABLE 4 

Flux Calculations for Ideal Systemsa 

Case 1 Case 2 Case J 
Imw.p Ring vuter> ldng Innel' Ring Out-el' Ring Inner IHng 0-0. ter> INng 

¢T 2.09 x 10' 5,33 x 10' 2.05 x 10' 9.19 x la' 2.08 x 10' 8.51 x 10' 

1)[ 9.51 x 10' 1.44 X 10' 1. 07 x la' 3.27 x 10' 1.03 x 10' 2.25 x la' 

0.27 0.52 0.35 0.50 0.26 

a. Case 1, alI H2.0 moderator; 
Case 2, H20-O l O moderators; and 
Case 3, H20-D20 moderator and outer ring aqueous sample. 

The effects of stainless steel were not included in these calcul ations. 

TABLE 5 

Regions, Distances and Materials 
in the lOO-mg "'ef Facility (see Figure 32) 

fi'e[.t£on InteY'!.lat> c~m Mate:t'··i.al ExpZa:natiot! 

0 - 0<6922 Zircaloy 251Cf source holder 

" 0.6922 - 4.602 H2O thO !>ioderator Around 252Cf Source " 

3 4.602 4.691 Stainless Steel Near-Wall Inner Irradi.ation Hing-

4 4.691 7.054 h20 Aqueotl 50 Sample Inner Ring 

5 7.054 - 7.143 Stain less Steel Par-Wall Inner Irradiation Ring 

(, 7.143 7.301 Stainless Steel Near-Wall of lmnular Moderator Tank 

7 7.301 9.921 D20 D,O Moderator 

S 9.921 10.0] 0 Stainless Steel Near-Wall Oute-r Irradiation Ring 

9 10.(110 - 12.372 H2O Aqueous Sample Outer Ring 

10 12.372 12.461 Stainl(~$5 Steel Far-Wall Outer Irradiaton Ring 

11 12,461 22.460 f}zO D2.o Moderator 

1 2 22.460 22,619 Stainless Steel Far-Wall Annul ar Moderator Tank 

13 22.619 H2O H2O Shielding and Moderator 
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FIGURE 32. Schematic of Regions Surrounding 'Stef Sources 
Used in ANISN Calculations (see Table 5) 

Figure 33 (Case 4) shows the change in calculated thermal 
flux with distance for the inner irradiation ring for an all
H"O-moderated system. (Regions 1 through 6 are as indicated in 
Table 5; however, the outer ring is not considered and regions 
7 through 11 are assumed to be H20). Flux depressions are seen 
in Figure 33 for the near and far walls of the inner ring and 
for the moderator tank wall. A net loss of 'V30% in thermal flux 
at the inner ring compared to the ideal Case 1 (superimposed) 
occurs because of neutron absorption in the steel walls. 

Figure 34 (Case 5) is the calculated change in thermal flux 
with distance for the inner irradiation ring of an HzO-D20-
moderated system (i. e., Regions 7 through 11 are 020). As shOlm 
in Table 6, replacing the H20 with 020 does not raise the thermal 
flux significantly at the inner ring. The stainless steel reduces 
the thermal flux 27.3., at the inner ring compared to Case 2. 
Figure 35 shows the calculated ratios of thermal fluxes (Case 5! 
Case 4). Averaged over an entire inner ring volume, this ratio 
does not deviate significantly from one; thus the flux-enhancement 
is no greater with D20 moderator than that with H20 moderator. 

Figure 36 (Case 6) shows the calculated change in thermal 
flux with distance for the outer stainless steel irradiation 
ring for an all H20-moderated system. Compared to the ideal 
case, the thermal flux is reduced by 'V30% [from 5.33 x lOB to 
3.75 x lOB neutl'on!(cm 2 -sec)] by inClusion of the stainless steel. 
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FIGURE 33... Calculated Thermal Flux for Inner Ring in Non-Ideal 
System with H20 Moderator (Case 4) 
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TABLE 6 

Flux Calculations that Include 
Effects of Stainless Steel a 

Case 4 Case 5 Case 6 Case? 
(Inner Ring) (Inner Ring) (Outer> Ring) (Oute' Ring) 

¢T 1,46xIO~ 1.49x109 3.75 x 10e 5.15 x 108-

¢E 9.80 x lOll 1.10 x l0 9 1.48 x 108 2.25 x 10 6 

. ¢Ei4>T 0,67 0.74 0.40 0,44 

a. Case 4, all H20 moderator and aqueous sample inner ring; 
Case 5, H20~DzO moderator and aqueous sample inner ring; 
Case 6~ all H20 moderator and aqueous sample outer ring; and 
Case 7, H20~020 moderator and aqueous sample outer ring. 

Cadmium cutoff energy is 0.414 eV. 

u 
$ , 

N 

E 
u 

" c 

,; 
.2 
..... 

" E 
~ 

'" .<: 
I-

10'°r---.---.--.---r--.----,---, 

10' 

108 

Moderator Tonk Woll 

....--For WoH Outer Riog 

Distance, em 

Moderotor Tank 
Wall 

FIGURE 36. Calculated Thermal Flux for Outer Ring 
in Non-Ideal System with H20 Moderator 
(Case 6) 
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Figure 37 (Case 7) shows the calculated change in thermal 
flux with distance for the outer stainless steel irradiation ring 
for the l-lz0-D20 moderated system. Compared to Case 6, the D20 
increases the thermal flux at the center of the outer ring over 
an all-H20-moderated system by "'37%. Compared to Case 2, the 
combined effects of the stainless steel and thermal neutron 
absorption within the aqueous sample itself reduce the thermal 
flux by 44% [from 9.19 x lOa to 5.15 x 10· neutrons/Cern -sec)). 
Compared to Case 3, which is identical to Case 7, except that 
no stainless steel was assumed to be present, neutron absorption 
by the steel reduces the thermal flux by 39%. 

Figure 38 shows the thermal flux ratio of Case 7/Case 6. 
A gain in thermal flux of "'30% over the outer ring sample region 
is seen for the H20-D20 moderator system. 
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FIGURE 37. Calculated Thermal Flux for Outer Ring 
in Non-Ideal System with H20-D20 
Moderator (Case 7) 

- 71 -



10r-----r-----~----~----~----_r----~----_, 

o 10 20 30 40 50 60 70 

Distance, em 

FIGURE 38. Calculated Thermal Flux Ratio in Outer Ring in Non-Ideal 
System with H20 t1oderator (Case 7/Case 6) 

Pure gold wires and gold wires within cadmium tubes of 
O.002-inch-diameter were irradiated at the center of both the 
inner and outer rings of irradiation sites. During these 
measurements, the other tubes were fi lled wi th polyethylene. 
The irradiated wires were dissolved and counted with a calibrated 
detector. The net thermal-induced 198 Au sped fie acti vi ties were 
ohtaim'd by subtracting the measured epithermal specific activities 
of wires irradiated inside the cadmium tubes. The saturated gold 
activity (thermal) A t!lt' at the end of irradiation is then related 

f· 1 Sd to the thermal lux)y 

( 30) 
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where 

N, 9 ,! = Number of gold atoms in each wire 

( :rr 1'-)'/2 = 0 886 at 298°K 
-1 T • 

o 

°2200 = 98.8 barns 

Fth = thermal flux depression factor = 0.976 

The measured thermal neutron fluxes with the fJ,O-D20 moderator 
system for the center of the inner and outer irradiation rings 
(5.87 em and 11.19 em) were (1.21.t.0.l0) 10" and (4.25 ;:O.20) 10 8 

ncutron/(cm 2-sec) using the gold wire technique. 

Because of the limitations of the one-dimensional ANISN flux 
calculation, the calculated thermal fluxes for Case 5 and Case 7 
only approximate experimental conditions. The experimental-to
calculated thermal flux ratio is 0.812 for the inner irradiation 
rings and 0.825 for the outer irradiation ring. This discrepancy 
is caused by limitations of the calculational techoique. When 
calculating the thermal flux in the inner ring, the effect of 
stainless steel outer irradiation was not considered. When 
calculating the thermal flux in the outer ring, the effect of 
stainless steel inner tubes was not considered. The effect of 
one ring on the other as well as the effect of adjacent steel 
irradiation tubes could account for most of the observed flux 
depression. 

EVALUATION OF THE H20-020 SYSTEM 

Three separate methods are used to evaluate the HzO-DzO 
moderator system. First, the ANISN calculations (Table 4) for 
ide>a] systems (Case 1 and Case 3) indicate no net thermal flux 
increase in the inner sample irradiation zone compared to an 
al1-lhO-moderated system [2.09 x 10 9 compared to 2.08 x ]0" 

neutron/(cm 2-sec)). In theory, however, the H20-D20 moderator 
system is advantageolls because the thermal flux in the outer 
smnple irradiation zone is increased significantlY, In practice, 
the stainless steel construction material offsets this advantage. 
Stainless steel was selected as the construction material for 
the irradiation tubes and annular tank because it is readily 
available and structurally strong and because more ideal 
materials, such as zircaloy and aluminum, are more difficult to 
fabricate. Calculationally, inclusion of the steel is shown to 
reduce the thermal fluxes compared to the ideal systems by 0.,29 9, 

for inner rings and 39% for outer rings (compare Case 5/Case ] 
and Case 7/Case 1). Calculationally, however, inclusion of 
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stainless steel does not affect the gain in thonnal flux in the 
outer sam~le ring for the H20-D20 moderator system [gain is 
3.75 X]O to 5.15 x lOs neutron/(cm"-sec)] for a net gain of 
37% (Case 6jCase 7). 

The benefit of the H20-D,O moderator also has been demon
strated experimentally. The experimental ratio of thermal fluxes 
(outer-to-inner) was 0.351 compared to that calculated from the 
ideal all-lhO system of 0.255. The calculated ratio including 
the effect of steel of 0.346 agrees well with the experimental 
value. Results of the definitive experimental flux measurement 
using gold solutions with H20 and DzO in the outer ring indicate 
a gain of 28.3% in thermal flux, the absolute thermal fluxes are 
3.40 x 10 8 neutron/(cm 2 -sec) for HzO and 4.33 x 10 8

, neutrons/ 
(cm 2 -sec) for DzO. Thc·experimental flux measurements indicate 
that [)20 reduces the thennal flux in the inner ring by about 3%. 
The measured thermal flux in the inner ring for the all-H20 
system was 9.6 x lOsneutrons/Ccm 2-sec) compared to 9.3 x lOs 
neutrons/Ccm 2 -sec) for the dual systems. 

An alternate construction material such as aluminum would 
have been better than stainless steel in the HzO-DzO moderator 
system. 

OPTIMIZED FISSILE MATERIAL ANALYSIS WITH CYCLIC NEUTRON 
ACTIVATION AND DELAYED NEUTRON COUNTING 

Several laboratory programs, including the National Uranium 
Resource Evaluation program, require rapid, specific, and 
sensitIve assays of natural uranium and other fissile isotopes, 
e.g., 233U, 239,2'+lpu, and 245 Cm . Automat.ed neutron activation 
analysis based on cyclic neutron activation and delayed neutron 
counting was developed using the 17-mg zszCf facility. Procedures 
have been optimized for as many as 200 samples/day. Sensitivities 
are ::0.5 ~pm for natural uranium and ::::10 ppb for z,spu in the 
lOO-mg 25 Cf facility. Cyclic irradiation and counting procedures 
are used to improve analytical sensitivity for measuring short 
half-life (Sminute) activated species. 

Delayed Neutron Analysis 

A rigorous mathematical optimization for assaying fissile 
material by cyclic neutron activation analysis is not yet possible 
because the factors that determine neutron detector response for 
a particular fissile isoto~e are complex. The fission process 
itself is complex. For 23 tl, fission is known to yield over 50 
beta-delayed, neutron-emitting precursors, each with a charac
teri stic hal f-Ii fe and delayed neutron emission probabil ity. 8, 9 
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The fission yield of each of these precursors is dependent on the 
mass of the fissioning nucleus (especially those products with 
lighter mass), charge distribution characteristics, and on the 
energy of the incident neutron on the fissioning nucleus. An 
additional mathematical complexity is the growth and decay of 
isobark short-lived fission products that decay br delayed 
neutron emission; examples 10 are 92,93 Kr, 92,'::t3 Rb, 14 ,1td Xe , and 
141, I', 2CS. A final complexity in estimating the delayed-neutron 
detector response is the effect of the different neutron energy 
groups emi ttod from the different activation products."' II 

Delayed neutron emission has long been a matter of great 
importance in reactor control and design. Although a large 
number of delayed-neutron precursors have been identified, 
reactor kineticists are in almost universal agreement that a 
simplified six-group treatment is adequate for treatment of the 
phenomena. Effort~ to identify other delai?d groups and to 
refIne the group YIelds reported by Keepln . have not resulted 
in significant revision of the six-group theory.13-15 

Optimization of Cyclic Analysis Procedures for Fissile 11aterial 

The six-group model of delayed neutron emission is used to 
optimize procedures for cyclic analysis of different fissile 
materials. The multigroup flux calculations were combined with 
ITIultigroup fission cross sections from the ENDF-B library' to 
calculate specific saturated fission rates for each fissile 
material, Rf. The thermal neutron flux and the specific fission 
rates ('fable 7) were shown experimentally to be accurate to 
withi.n ±5:?o. 

The number of counts recorded in a cyclic irradiation and 
cClIlnting procedure for a single, short-lived activation species 
is 

K 
EIrS[)CF 

A 

where r is the saturated production rate for the particular 
product being measured and F is the cyclic gain factor. 

(11) 

In the six-group model of delayed neutron emission, the 
specific saturated rate of production of each of the six half
life, delayed-neutron groups ri is given by the product of the 
specific fission rate Rf and the delayed neutron group yields 
Yi listed in Tables 8 and 9. 

r· 1. 
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TABLE B 

TABLE 7 

Calculated Specific Fission Rates in the z5~Cf Facility 

Fission Rate~ a 
Iaot-ope (fisciona/(sea-mg) 

tHU 3.99 x lOs 

,,! Su 4,44 x 10' 

U8U 1.14 x 10' 

Natural U 3.3l x 10 3 

ll~PU 6.21 x 10' 

Zlt° pu 4.97 x 102 

t41pu 7.90 x lOs 

a. Calculated from 84-group neutron flux and ('.ross 
section data. The thermal and epithermal flux 
values (O.632~eV cutoff) are 3,53 ~ 10$ n/(cm 2 -sec) 
and 3.22 x 10 8 n!Ccm 2 -sec), respectively. 

Oelayed-Neutron Half-lives and Yields for Thermal Fission of lHU. 23SU, 2UPU, and H1Pu 

II ~() 235z! 2H1Pu 

J1alf-Life~ Y1:eld~ l!atf-Life~ 'fie z'd", Half-Life .. YietJ~ 
Group sec % aea % sea % 

55.0 0.057 55.72 0.052 54.28 0.021 

20.57 0.197 22.72 0,346 23.04- 0,182 

5.00 0.166 6.22 0.310 5,60 0.129 

4 2.13 0.184 2.30 0.624 2.13 0.199 

0.615 0.034 0.61 0.182 0.618 0.052 

6 0.277 0.022 0.23 0,066 0.257 0.027 

Total 0.66 1.58 0.61 

TABLE 9 

Delayed-Neutron Half-Lives and Vi olds 
for Fast Neutron Fission of <'.~tlU and 210npu 

238U z!tcPu 
HaZf-Lij''e~ -y-:;~ ;',":1;" l!atf-Li fe ~ ---:n e z(l~-

Group BeG % aea % 

52.38 0.054 53.56 0,022 

2 21.58 0.564 22.14 0.238 

3 5,00 0.667 5.14 0,162 

4 1.93 1.599 2.08 0.315 

0.49 0.927 0.51 0.119 

6 0,17 0.309 0.17 0.024 

Total 4.12 0.88 
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Hal-f-Life~ 
sec 

54.0 

23.2 

5.6 

1.97 

0 43 

'1ie7.d~ , 
[LOlS 

0.365 

D.275 

0.620 

0.290 

1-57 



Table 10 lists these specific saturated emissi.on rates for 
delayed neutrons calculated for natural uranium, plutonium, and 
specific isotopes i.rradiated in the 25 2Cf activation fad Ii ty. 

From Equation 11, the neutron response for the ith delayed 
neutron group is 

where 
r.S.C.D.E 

G' 
1. 1 1 1 

and 1. A' I 

Pi 
M Qi (l_QiM) 

l-Qi - (l-Qi)2 

Neutron detection efficiencies for all groups are assumed 
equal. The detector response Rd actually recorded is the 
sum of the six groups: 

6 

Z 
i = 1 

TABlE 10 

Specific Saturated Delayed-Neutron Emission 
Rates Calculated for Fissile Isotopes 

Delaued NeutY'Dr'. EmiscJ'iOr1. Rate by Croup. Neutroni' (s<!2..:!!!fil 
I8otoP'? 1 2 Z 4 

J. :l3U 227 786 662 734 

23St} LH ] 536 1376 2769 

2. )8
U 0.061 0.64 0.76 1.82 

Natural U L 72 11.82 10.66 21 .75 

2npu 1.30 1131 80] 1236 

21<Opu 0,1 1.4 1.0 1.9 

l"lpU 119 2883 2173 4898 

LWR Pu a 
122 1077 763 1189 

0;. Assumed Pu isotopic concentrations: 

Mass No. 

2$8 
239 
240 
241 
2,l2 

Atom % 

1.2 
59.2 
23.7 
11.9 
4,0 
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136 88 

BOB 293 

1.05 0.35 

6.85 2.45 

323 168 

0,7 0 

2291 

317 157 

(32) 

(33) 
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The delayed neutron omission rates for specific groups listed in 
Table 10 are combined with Equations 33 and 34 to calculate the 
group responses Ki and detector response ReI as functions of 
different experimental parameters. 

Figures 39-44 shOl' del ayed neutron detector responses 
calculated for samples containing 1 mg of fissile material 
analyzed in the l7-mg 2s2Cf facility by the cyclic technique. 
Calculations are based on the six-group model. 

Effect of Transit Time on Detector Response 

Figure 39 shows the group response Ki for each of the six 
groups and the expected measurable response ReI (the sum of the 
six groups) for a cyclic irradiation and counting regime for 
natural uranium. The total analysis time is 600 sec, and the 
sample transit time is 0..25 sec. Figure 40 shows the effect of 
increasing the transit time to 1.0 sec. The major difference 
is that the response from the 2.30 sec delayed-neutron group is 
less because of an increased decay during transit in the latter 
case. The calculated detector response Rd (Figure 41) for a 
range of transit times for natural uranium is based on an 
assumed total analysis time of 600 sec. 

Optimization Parameters 

Table 11 shows the percentage of the detector response, by 
group, at the optimum number of cycles for different transit 
times. Table 12 summarizes the optimum experi.mental parameters 
for natural uranium analysis. As the transit time :is increased 
from () .25 sec to 2.50 sec, the optimum number of cycles decreases 
from 83 t.o 20 and the detector response decreases from 6048 to 
2868. The overall detector response Cfable 11) is controlled 
largely by the 22.72,6.22, and 2.30-50<: half-life groups. The 
55.72 :::cc group does not make a major contribution even for the 
c.SO-sec transit time. The relative contribution of the 2.30 sec 
group decreases rapidly with increasing transit time. Table 13 
lists the optimum experimental parameters for cyclic analysis 
of different fissi I e isotopes. 

Figure 42 compares the calculated detector response Rd for 1 mg 
of the common fissile isotopes. For these calculations, a transit 
time of I. 0 sec and an experiment time of 600 sec were assumed. 
Although the thermal fission cross section for 239pU is 742 barns 
compar~d to 580 harns for 2 >SU, the detector response is much 
higher for 235U because of the high delayed neutron group yields 
for this isotope. 
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FIGURE 39. Calculated Group Response and Detector Response 
for Natural Uranium for Transit Time of 0.25 sec 
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FIGURE 40. Calculated Group Response and Detector Response 
for Natural Uranium for Transit Time of 1.0 sec 
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TABLE 11 

Changes in Calculated Detector Response with Changes in Sample Transit Time 
for the Optimum Number of Cycles for Natural Uraniuma 

CaZeuZated !J8tect'jr' Re8pon.8e~ % Total- for Eac:h Gr'o~ 
Hdf-Uf85 D,CO-Bee (].25-see O.50-sec i). ?5-8eC 1.M-seC! 

,Jroup M,YJ 'c-ruYt-si t t-ranei t -Gl'W/.$£ t transif; c1'aYlsi t 

55,72 3.11 S.tS 4.00 ,1-29 4.55 

22.72 21.39 25.33 27 ,-.12 29.33 3] .08 

6.22 19,29 22.48 23.98 25.17 26.17 

2.30 39,36 42.00 :$0,72 38.67 36.44 

0.61 12.40 0.61 5.95 3.67 2.45 

6 O. Z;, ·L43 0.S2 0.20 0.08 0.04 

a. Total experiment time is 600 sec. 

1. 2S-sea - - -i. 50:'see ------1. ?5=8ec 2.00=sec: -------1C2-;S::..s@o 2. 50-sec 
tranwit tY\vl8i t transit transit tr>ansit transi t 

4.7S 5.04- 5.30 5.61 5.87 6,15 

32.40 34.28 35.98 37,94 39.60 41 A7 

26.80 27 ,69 23,34 28.91 29.27 29.53 

34.52 32.05 29.73 27.08 24.91 22,64 

1.71 1.50 0.90 0.65 0.46 0,24 

0.03 O.O.! 0.00 0.00 0.00 0.00 



TABLE 12 

Optimum Experi menta 1 Conditions for Cyclic Analysis of Natural Uranium (1 

Trtrrwit T·ime ... 
a 0.25 0.50 O. ?5 1.00 1. })t; 7.bO 7. ?b 2.00 sec-

Cycles 83 57 45 38 :n 30 2.7 2·1 

Irnadiation -
b count interval. 

sec 3.36 4.76 4.92 6.89 7.84 8,25 9.36 10.50 

Neutron 
detector 
response R

d
, 

cotmts 6048 5202 4719 4298 3955 3667 3424 3213 

il. Equal transit times to and from the detector are assumed, 

b. Equal irradiation and counting times are assl.nned. 

TABLE 13 

Optimum Experimental Conditions for Cyclic Analysis 
of CO!'mlOn Fissile Materials 

t{=tc' 
, 

~e.tet3t(!l"'t 
:w',~p<.miJe" 

Isotope Cyales Sf'(! Fd, {wunt$ 

2HU 33 8.09 234,100 

uSu 38 6.89 553,300 

~ 3!ipu 3S 7.57 .313,700 

2 ~ IpU 41 6.32 887,800 

LWR Pu 37 7.11 2B6.600 

ex' Equal irradiation and counting intervals. 

b One-milligram samples (lnd an experiment time 
of 600 sec are assUIlleJ; t~'anslt time is 1.00 sec. 
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FIGURE 42. Relative Detector Response for Fissile Isotopes 

Comparison of Calculated and Measured Detector Responses 

Samples of approximately 1 mg of enriched (97.66',) 2, 5u 
were cyclically irradiated and counted in the l7-mg 252Cf 
facility for comparison with the calculated detector response 
curves. The pressure of the pneumatic sample transfer system 
was adjusted to give transfer times of 1.0 ±(J.1 sec. A total 
analysis time of 6()() ±lO sec was maintained by adjusting 
irradiation and counting intervals, according to the number of 
cycles used. Results are shown in Figure 43. The experimental 
point.s were adjusted for sample weight and counter efficiency. 
Agreement is excellent except where large numbers of cycles 
were used. Comparison of curve shapes (Figure 41) calculated 
for various transit times indicates an actual experimental 
transit time of about 1.1 sec. 

- 84 -



/Calculated 

" 

Experiment Time = 600 sec' 
,TranSit Time = 1.0 sec 
L ______ .... . ........ __ .~ __ ............. ___ .... ----' 

1 
104L-____ ~--~~--~~--~~----~--~~--~~ o 25 50 75 100 125 150 175 

Cycles 

FIGURE 43. Comparison of Calculated and Measured Detector 
Responses for Cyclic Analysis of 235U 

Oxygen-17 Interference in Analysis af Low-Level Aqueous Samples 

For cyclic determinations of low-level quantities of 
fissile materials in aqueous or oxygen-containing matrices~ un
desirable background from delayed neutrons produced from 1 0 
by the fast-neutron reaction must be considered. 

l7OCn,p) 17N 13- ) 110* ~ 160 + n(delayed) 
4.4 sec 

The threshold neutron energy for this reaction is 8.2 MeV. The 
average cross section for the fast-neutron reaction of 170 has 
been measured in the 252Cf facility with l1O-enriched (37.1%) 
water. If a detection efficiency for delayed neutrons produced 
in this reaction is assumed to be the same as for those produced 
in fission, and if the fast neutron flux ¢F (En> 7.8 MeV) is 
1.0 x 10· (as calculated by ANISN), the measured average cross 
section an,p is 1.7 mb. 
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Equation 11 may be used to calculate the 170 interference 
at any irradiation location in a cyclic analysis if the fast
neutron flux is known. The saturated rate of production of 
delayed neutrons from the 170 reaction is 

R = 0.95 Dn,p QF (36) 

As an example, Figure 44 and Table 14 summarize the calculated 
170 effect for a hypothetical 10-ml sample containing 10 ppm 
natural uranium analyzed in the 252Cf activation facility. The 
experimental counter background of 8 counts/min was used to 
calculate background counts. Equations II and 34 were used to 
calculate counts from liO, and the counts from natural uranium 
were calculated as described previously. Transit times of 1.0 
sec were assumed. 

~" c 
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20~O----~----4~O~--~6LO----~80~--~I~OO~---1~20~--~140 
CyCles 

FIGURE 44. Calculated Detector Response for Aqueous Samples 
Containing 10 ppm Natural Uranium 
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TABLE 14 

Delayed-Neutron Signal-to-Noise Ratios for Cyclic 
Analysis of Natural Uranium in Aqueous Solutiona 

Counts Counts Signal-
[J'om BaokgJ'ound [J'om to-Noise 

Cycles 17 0 Counts UJ'anium Ratiob 

1 0.14 39.9 7.8 0.56 

5 0.68 39.3 27.2 1.7 

10 1.34 38.7 37.2 2.1 

20 2.18 37.3 46.8 2.5 

30 2.45 36.0 50.7 2.7 

40 2.47 34.7 51.6 2.7 

50 2.39 33.3 50.6 2.7 

100 1.63 26.7 36.8 2.3 

150 0.93 20.0 21.8 1.7 

a. Equal counting and irradiation intervals; 
transit times = 1.0 sec. 

h. The signal-to-noise ratio is defined as: 
S / N = coun t 5 from uran i um/2 l~s-'um--of~c-o::-u-'n-t::-s-:--f"'r-o:-m--:a:-;lc;lC-:sC:o-u-'rC:c-:e-=-s 

1~e calculated signal-to-noise ratio (Table 14) = (ratio 
of calculated uranium counts)!2 (sum of neutron counts from all 
sourcesJ~. Signal-to-noise ratios greater than one indicate 
that 10 ppm of natural uranium i.s detectable at the 2eY confidence 
level. 

Identical calculations were made for the 100-mg 252Cf 
facility to determine detection sensitivities for natural 
uranium (0.5 ppm). For analyses near the detection limit, the 
170 interference is calculated and removed from the detector 
response as a background contribution. 
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COMPUTER DATA PROCESSING 

The master equations of activatIon analysis has been derived 
previously. This equation includes cyclic considerations and is 
included in this section for reference; the elemental concen
trati.on in ppm is given by: 

p = ~ • A 10
6 

EW B No 
A 1 

ISCOF R 

The K/EW term depends on experimental parameters: 

K photopeak area, counts 

E detector efficiency for the particular gamma ray 
energy 

W = sample weight in grams 

The A'lO B IB'No term depends on the target nuclei: 

A = atomic weight of target 

B = isotopic abundance of target 

No = avogadro's number 

(37) 

The AjISCOF term involves timing information and decay parameters 
of the product nucleus: 

I 

s,c,o,r 

decay constant, sec- 1 

ganUlla ray abundance 

irradiation, counting, decay, and cyclic factors 
previously defined. 

The ljR term depends on the cross section of the induced reaction 
and on the neutron flux and energy distribution at the irradiation 
site. 

The specific rate R is the specific neutron capture reaction 
rate in captures/(sec-g). 
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Data are reduced sequentially by programs in the computer, 
the last of which solves this master activation analysis equation. 
The data reduction flow sheet is illustrated in Figure 45; boxes 
denote program names and all-capital names refer to tape or disc 
data files. 

TRANSCRIBE 

The first step in the data reduction flowsheet is the 
accumulation of the gamma ray spectrum in the 4096-channel 
multichannel analyzer memory. Baseline and gain adjustments are 
normal] y set at 2.00 channels/keV. The accumulated spectrum is 
then transferred to the nine-track magnetic tape along with an 
identifier tagword. The tape containing the spectra of all 
samples counted during a one-day period and a header record are 
transferred by TRANSCRIBE to a temporary numbered storage tape. 
The header record contains other experimental information 
eventually used by program SIFTER to solve the master equation. 
The header information is supplied manually by the facH ity 
operator on a standard FORTRAN coding form. This operator
supplied experimental data is in a coded format listed in Table 15. 
The output of TRANSCRIBE is manually checked to ensure that the 
correct header record was attached to the spectrum. A sample 
TRANSCRIBE output is shown in Table A-I. 

As indicated in the flowsheet, ADDER and COpy may be used 
to assemble a master storage tape and a duplicate tape for perma
nent retention of all gamma ray spectra and of header records for 
every sample analyzed. 

RAGS 

Program RAGS 16 sequent.ially analyzes the gamma ray spectra 
stored on the temporary storage tape and writes the peak energies, 
peak areas, and the 2IT statistical uncertainty in the peak areas, 
and the header record onto disk data file RAGOUT. The hard copy 
output from RAGS may be examined manually before execution of 
SIFTER. Table A-2 is a sample RAGS output. 

SIFTER 

The origin and content of each disk data fi I e used by SIFTER, 
as shown in the data reduction flowsheet, are considered below. 
These data libraries are stored in EDIT library disk space and 
are call ed as needed by SIFTER. After RAGS has operated on the 
gamma ray spectrum, the RAGOUT file has all of the experimental 
information required for qualitative and quanti tative analysis 
by SIFTER. 
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Gamma Spectrum Header MASTER TAPE 2 

l! $ TRANSCRIBE I COpy 

l 
STORE TAPE -I ADDER I • MASTER TAPE 

LI ------~.OR~.~------~t 
t 

Enenn Cali broHoM ---o{~R~A~G~SCJ I 
I RAGOUT 

n¥CoptlJft Crots Section Param.ters RPO-l \ 

84-Group Cross Section 

SIGMAF 
Litero ture ------I--::--::---::-~:..:::__-_:_-_:_-...I 

Sym , Rxn) 2:~t 84-Group CrO$$ SecfiOf'l 

EFFCAL 

Detector EffIcIency Calibration 

FIGURE 45. Data Reduction Flowsheet 

TABLE 15 

Coding Format for Header Records 

Column 

1,2 

3,4 

5,6 

7,8 

9,10 

11,12 

15,14 

15-18 

19-22 

23-27 

28-,,1 

32,33 

34,35 

36-37 

78,79 

In.formation Type 

Year 

Month 

Day 

Hour 

Minute 

Second 

Counting Arrangement 

Counting Time 

Decay Time 

Sample Weight 

Irradiation Time 

&ampZ-e 

760331144600 Count Start Occurred 

at 14:46:00 (2:46:00 p.m.) on 

March 31, 1976 

(01 - OS) 

(3003 ~ 3.00 x 10 3 sec; 

(1305 " 1.30 x 10' sec) 

(12343 " 1. 234 x HJ' mg) 

(1003 " 1.00 x 10' sec) 

Nu.mber of lrradiation-
Counting Cycles 

Irradiation Tube (12 ";; Ring I, Tube 2) 

Comments 

Tagword 
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EDIT Data Files 

GAl>lDAT file (Table A-3) contains the spectroscopic decay 
data for all gannna rays emitted by each possible neutron acti
vation product as well as by other commonly observed fission 
product nuclides. These data were obtained from Reference 6; they 
include product nuclide symbol, half-life, and the tabulated gamma 
ray energies and absolute decay abundances listed in decreasing 
order of abundance. 

FLUX file Cfable A-4) is a library of normalized 2-group and 
84-group neutron fluxes for each source/moderator/sample configu
ration. The 2-group (thermal and epithermal) fluxes used in the 
IOO-mg 252 Cf facility were measured experimentally at each of 
the two rings of irradiation sites. The 84-group fluxes (used 
only in the 17 -mg 252 Cf facility) were taken from the ANISN 
computer code. 

SIGMAI' file (Table A-5) contains data specific to the 
particular nuclear reaction forming the product nuclide. The 
fHe includes the product nuclide symbol, the reaction symbol, 
the target isotopic abundance and atomic weight, and the 
tabulated 2200-m/sec cross section and resonance integral for 
the reaction. Cross sections listed in 84-group format are 
included when available. 

EFFCAL file (Table A-6) contains the absolute detector 
efficiency vs. energy calibration data measured experimentally 
for each numbered detector-sample geometry. The reciprocal 
of the absolute efficiency is listed for each energy for count
ing arrangements used in the lOO-mg 252Cf facility. 

SIFTER Flow Diagram 

Figure 46 is a simp1 Hied flow diagram of SIFTER. After 
initialization, the RAGOUT data file containing header infor
maUon, peak energies, areas, and uncertainties from the first 
spectl1lm are read into SIFTER. The peak energies found by RAGS 
are matched to a tabulated set of self-consistent and accurately 
measured photopeak energies of isotopes commonly produced in 
samples by neutron irradiation. The photopeak energies in 
RAGOUT are refitted by the least squares method to this con
sistent set. lf the counting geometry contained in the header 
record IC1'O matches that in an EFFCAL file, the photopeak areas 
are multiplied by the inverse of the efficiency as interpolated 
by a least squares energy fit from the data stored in EFFCAL. 
If a calibrated counting arrangement was not used, the efficiency 
is set to one. Next, FLUX file is searched for the appropriate 
flnx for the irradi.ation position. No match means that the 
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absolute neutron capture rate cannot be calculated, and a 
dis!Cmin-g) value is calculated. If a tube match is found, the 
flux is corrected for decay of 252Cf from the calibration data 
to the date of activation. Next, the first isotope ISO listed in 
the GANRJAT file and its spectroscopic decay data listed in order 
of decreasing decay abundance are read. The photopeak energy 
ENy of the most-abundant gamma ray in ISO is searched against 
the list of RAGOUT refitted energies Ey. When a match is 
found, ENy = Ey±O.3 MeV, the S,C,D, and F terms are calculated 
from the li.sted half-life in G,"J1DAT, from the experimental 
irradiation, decay, and counting times, and from the number of 
irradiation cycles listed in RAGOUT. If no gamma ray match is 
found, the next-mast-abundant gamma ray listed in ISO is 
searched against RAGOUT. This indexing continues through the 
gamma ray list of ISO. At the end of data for the ISO, the 
next isotope listed in GAMDAT is read, and the energy match is 
continued. If a gamma match has been found and the S,C,D,F 
terms have been calculated, the dis!Cmin-g) is calculated and 
printed out if flux data are absent. If flux parameters are 
available, the SIGMAF file is searched for a match between ISO 
and the first reaction product symbol ,)50. A match signals a 
RATE calculation using the normalized 84-group fluxes and cross 
sections. If 84-group data are not available, 2-group fluxes and 
cross sections are used, If neither mul tigroup nor 2-group cross 
section data exist, the R~TE is set to one, and a relative con
centration is printed, Calculations for RATE = 1 indicate that 
a comparative standard must be run for that element. 

At this point, all of the experimental and tabulated infor
mation required for the calculation of the concentration and 
the uncertainty of the neutron capture parent of ISO is avail
able. This concentration (ppm), its uncertainty, the nuclide 
symbol, the reaction s}~bol, and the RATE calculation comment 
(Rate = 1, 84-group or 2-group) are printed out (Table A-7). 

Often a particular nuclide can be produced by neutron 
reactions such as (n,p), (n,a), and (n,y) reactions on different 
parent nuclides. SIGMAF file includes all possible production 
mechanisms for each product JSO. To account for these reactions, 
the entire STGMAF file is searched for all possible symbol 
matches. Very little fast neutron (n,p) or (n,a) cross section 
data are available for inclusion in 84-group format; therefore, 
a RATE = I calculation normally signals possible interference. 

The end of the SIGMAF file signals the search against RAGOUT 
of the next-most-abundant gamma ray in the product ISO. The 
process is continued until the end of the list of possible gamma 
rays for the product ISO is reached, and then a new ISO is searched 
in the same manner. This searching loop continues until the end 
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of the GAMDAT file is reached. Next a listing is made of each 
refitted RAGOUT photopeak energy Ey, photopeak areas corrected 
for efficiency, percent uncertainty in the area, and all nuclide 
symbols which had a gamma ray matching that energy (Table A-7). 
This latter listing provides a quick check and demonstrates whether 
all si.gnificant gamma rays were accounted for in the search pro
cedure and also whether legitimate interferences between isotopes 
have occurred which would render the calculated concentration 
questionable. 

Following this listing, the next spectral analysis RAGOUT 
block is read and the entire process repeated until all spoctra 
have been scanned. 

Interpretation of SIFTER Output 

Interpreting SIFTER outputs is not always straightforward 
because: 1) the same product nuclide can 1oe' formed by different 
reaction mechanisms, e.g., "'Na(n,y) Z"Na and 27Al (n,(x) 24Na; 
2) most nuclides have more than on", intense gamma ray and multiple 
values for the calcul ated coneentrat ion. (for example. G °eo emits 
ganuna rays of 1333.495 and 11 72.210 MeV); :I) somE' judgment is 
required to determine whether the experimental timing conditions 
allow for a particular product to be present; 'n poor counting 
statistics may skew a peak so that the peak-centered energy 
calculated by RAGS does not match (:':0.3 MeV) the gamllia energy 
listed in Gfu',1DAT; S) double-escape and single-escape peaks are 
not recognized as such; 6) no ~artitionin~ Of activity among 
isomers is made (for example, . 52 Eu and j 2M· Eu both contribute 
to the intensity of the 121.78- and .344.31-KE'V gamma ray photo
peaks); 7) statistical fluctuations in thE' spectrum may occasionally 
be analyzed as a photopeak and indicates matched nuclide that may 
not actually be present in the sample; 8) .if tabulated cross st'ctions 
are not yet available for reaction, the rate :is set to one and no 
concentration can be calculated for that element; 9) concentration 
values of the same element taken from multiple counts of a parti
cular sample must be edited to arrive at a single best value. 

These limitations to a straightforl1ard interpretation cur
rently require that SIFTER outputs be examined by trained personnel 
and that judgments made in the final intorpretation. 

Table .\-7 and Table A-8 are SIFTER outputs of a freeze-dried 
vegetation sample. The header record information at the top of 
the output indicates that the spectrum tagword is 26 and that the 
analysis was performed at 11:17 p.llI. on 3/17/76. The count time 
(eT) decay time DT and irradiation times TIl< are indicated in 
seconds. The sample weight Wt, count geometry IGlOO, irradiation 
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tube nUB and the number of cycles rCYC are also shown. The 
sample description is listed next as well as the number of 
statistically significant photopeaks NPK. The photopeak 
energies (not refitted) found by RAGS are listed in the seven 
columns in order of increasing energy. The RAGOUT energies 
which matched an abbreviated list of self-consistent energies 
for common activation products are listed. A third-order, 
least squares energy refit was performed on the 18 matched 
photopeak energies. The columns in Figure A-7a are: product 
nuclide symbol, the refitted experimental gamma ray energies, 
the reaction symbol [for example, GO = (n,y), AO = (n,~), 
PO = (n,p), and Gl = (n,y) reaction leading to the first 
mestastable state of the product isotope], the concentration 
(ppm) and statistical error, and a comment denoting the method 
of calculating the specific neutron capture rate. 

Table A-lO lists each photopeak energy, peak area (corrected 
for efficiency), percent uncertainty in peak area, and the 
symbols of products having energy matches to that photopeak. 

Many of the difficulties in interpreting SIFTER outputs are 
evident in these two tables. For example, the 3l2.90-keV photo
peak has never proven reliable for the analysis of potassium, 
probably because the absolute gamma ray abundance is incorrect. 
The 102.70-keV photopeak attributed to 81mSe is actually the 
103.20 keY photopeak of !S'Sm. The five 8'Sr ppm values must be 
weighted to arrive at a best value; however, such multiple energy 
matches provide unequivocal evidence of the presence of bromine. 
The 487.40* photopeak listed for tellurium is actually the 
487.10-keV peak from l,oLa. (The asterisk indicates a relative 
gamma ray abundance and a relative ppm value.) The I21.78-keV 
photopeak is the result of decay of both l5'Eu and 152MI Eu which 
results in an abnormally hiyh concentration of both. The 328.50-
keY 19'Ir peak actually is 4uLa. All other values are judged 
correct. 

Data reduction program development in progress includes a 
routine to calculate "less than or equal to" values for elements 
not detected based on experimental parameters and on an inter
polation of backgrounds between the two nearest real photopeaks. 
The GAMDAT library will be updated to contain a completely se1£
consistent set of photopeak energies which will eliminate many 
false energy matches. Finally, SIFTER will be replaced with 
RICHES, 17 a program designed to output a single best value for 
each element detected based on all counting data (multiple 
spectra, isotopes, and gamma rays) from each sample. 
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Analysis of Test Mixture 

An earlier version of SIFTER was used as the basic data 
reduction routine in the original l7-mg 252Cf facility. To 
verify the applicability of the absolute technique to complex 
mixtures, a test mixture supplied in 1973 by the USAEC as part 
of an evaluation of activation analysis using 252Cf sources 
was analyzed. This test mixture had been analyzed previously 
at Savannah River by classical comparative standard methods. 
The first analysis was performed before the pneumatic rabbit 
system was operational, and the results were based on counting 
of normally used longer-Ii ves (>2 minutes) activation products. 
After installation of the rabbit system and development of 
SIFTER, the test mixture was analyzed again using automated 
absolute activation analysis (AAAA). 

Results and comparison of the two techniques are sununarized 
in Table 16. The precision and accuracy of ·AAAA. is equivalent 
to the comparative technique. The analysis time for the absolute 
technique, however, is reduced because: 1) comparative standards 
were not prepared, irradiated, and counted; 2) the pneumatic 
transfer system permits analysis based on short half-life product 
isotopes; and 3) data reduction time using SIFTER is much less 
than normal reduction time for comparison to standard data. 
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TABLE 16 

Analysis of Test Mixture 

Conaentration, ppm 

Element 
AbsoZute 

Comparative (AAA) 
USAEC 
Reported 

Se 

v 20 ±1 

Al 420 ±40 

Cu 130 130 

Co 140 ±8 

Me 3200 ±300 

Mn 5.8 ±0.8 

As 81 is 

Eu 0.94 ±0.06 

Na 731 ±9 

Hg 985 ±25 

Zn 935 ±45 

Cd 2092 ±44 

Average 
Deviation ±10% 

Preparation, 
Irradiation 
Time 30 days 

Counting, 
Data Analysis 4 days 
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870 ±10 840 

17 ±1 20 

330 ±20 370 

60 ±30 95 

150 ±S 140 

3300 ±100 2910 

4.5 ±O.S 5 

72 ±2 70 

0.88 to.06 0.9 

630 tID 690 

900 ±100 930 

680 ±110 930 

2100 ±80 2330 

±11% 

2 days 

1 day 



RESULTS AND APPLICATIONS 

This section discusses results of the application of AAAA 
to many known multielement standards. Some unique applications 
of AAAA to Savannah River programs are presented. For comparison 
purposes, only those samples analyzed in the 100-mg 252Cf facility 
(since July 1975) are considered here; however, many samples were 
analyzed with quite similar results with the 17 -mg 252Cf source 
(.July 1973 - .July 1975). The results shown in this section were 
edited from actual SIFTER outputs as described in the previous 
section. 

SOLID STANDARDS 

Standard Coal (NBS Standard SRM-1632) 

Two 10-ml samples of standard coal from the National Bureau 
of Standards (NBS) were weighed into sample irradiation containers. 
This material was used as received in finely ground and blended 
forms. Enough distilled water was added to displace all air from 
the containers. The first sample was irradiated (la-sec) and 
counted (IO-sec) cyclically (40 cycles) for delayed neutrons 
(natural uranium analysis) and for short-lived gamma activities 
(45MSc , "l7MSe , 2BAI , 52 V). The other sample was irradiated for 
2 weeks, and then gamma counts were taken after decay periods of 
60 seconds, I day, 7 days, and 14 days for medium-lived and long
lived species. Results of the absolute analysis are shown in 
Column 4 of Table 17. The concentration values certified by 
NBS are indicated as well as the values found by comparative 
analyses conducted by four separate laboratories using classical 
instrumental reactor neutron activation analysis (INAA). AAAA 
results are as precise and accurate as those reported by INAA 
using high flux [10 12 to 10 13 neutrons/(cm 2 -secl] irradiations 
and comparative standards. 

Standard Fly Ash (NBS Sample SRM-1633) 

Table 18 summarizes the results obtained by AAAA for the 
standard fly ash. As with the standard coal, agreement between 
INAA and AAAA values is quite good. Another very important 
factor involved in the absolute technique which must be con
sidered is the effect of the matrix. Based on a comparison of 
11 key elements measured by AAAA and INAA in NBS samples SRM-1632 
and SRM-1633, the increase in self-absorption between the coal 
and fly ash is $4%. The 11 key elements are major constituents 
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TABLE 17 

Analysis of NBS Coal Standard SRM-1632 

Al 

Fe 

K 

Mg 

Na 

Cl 

So 

1i 

V 

Cr 

M-l 

Co 

Zn 
As 
Br 
Sr 

B. 

Sb 

Cs 

La 

Ce 

8m 

Yb 

U 

Eu 

Ga 

Dy 

Se 

Concentration 
IIBS 

.... ------ wt % -------..... 

0.87 to.03 

1.85 to.!3 

0.84 '0.04 

0.28 '0.03 

0.20 to.OS 

1.62 ±0.13 

0.89 '0.03 

0.30 to.02 

0.82 10.20 

•• ~------ ppm --------.... 

800 

35 ±3 

20.2 to.5 

40 ±3 

6 

37 ±4 

5.9 ±O.6 

414 ±20 

890 ±12S 

3.7 ±0.3 

1040 1110 

36 ±3 

19.7 ±0.9 

43 ±4 

5.7 ±0.4 

30 ±10 

6.5 ±1.4 

19.3 11.9 

161 116 

350 130 

3.9 ±1.3 

1,4 iO.l 

10.7 '1.2 

19.5 ±l.0 

1.7 ±0.2 

0.7'.0.1 

1.41 '0.07 

0.33 '0.03 

3.4 ±O.2 

380 ±3 

800 ±SO 

3.98 ±0.04 

995 1100 

33 ±3 

18.5 '1.7 

43 ±l 

6.0 ±0.02 

52 ±4 

4.7 ±O.S 

IS ±I 

170 :1:20 

310 '30 

3.8 ±0.2 

3.5 .:!:l.3 

8.3 '0.2 

26 ;;5 

1.4 to.l0 

I.OW.2 

1.34 ±O.SO 

0.30 '0.10 

5 :t1 

1.0 iO.l 

3.1 ±O.6 

a. Value reported by Instrumental Neutron Activation 
Analysis Round Robin, ,J. M. Ondov, et a1., Anal-. 
Chern. 47, 1102 (1975). 

b. Value fOlmd by absolute activation analysis at 
SRI,. Uncertainties based on counting statistics 
only. 

- 99 -



TABLE 18 

Analysis of NBS Fly Ash Standard SRM-1633 

CQnaent:rat:icrn 
Etemen t NBS tNAA 

Fe 6.::: :':0.3 

1,8 :':OA 

12,7 :\:0,5 

21 :1:2 

4.7 '0.6 

AAAA 

6.3 :':0.1 

6.3,!:O,3 

10.4 to.6 

Mg 

Al 

51 

Ca 

K 1.61."':·0.15 1.51 :!:O.05 

Na 

50 

Mn 493 0'7 

Co 38 

As 61 ±6 

Sr 1380 

Sb 

Ba 

La 

S11\ 

Dy 

Hf 

\'I 

Cr 131 !2 

Br 

Ce 

Vb 

Ltl 

Zn 210 '20 

Se 9,4 t.O,5 

Cs 

TIl 

Ta 

e] 
11 

v 

3200 :':400 

27 ±1 

496 ;t19 

42 :':J 

58 ±4 

1700 :.t300 

6.9 1:0.6 

2700 :':200 

82 ±2 

12.4 to.9 

7.9 ±:O .4 

4.6 ±1.6 

127 1:6 

12 :!:4 

146 ±IS 

7 :!-3 

:!:O .1 

216- ±25 

10.2 11.4 

8.6 :n .1 

1.9 :!:O.3 

1.8 ±O.3 

42 ±10 

7400 ±300 

235 :tIS 
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2820 ±5n 

26.8 ."':-0.2: 

520 ±20 

38 ~2 

54 !3 

1340 '100 

7.4 ±O.3 

3200 ±4QO 

68 ±2 

1] :!:1 

9 ±2 

7.5 10.4 

6 t:1 

120 :i:S 

6 ±l 

176 14 

4.7 :':0.4 

4 :tl 

270 ±30 

8.7 ±1,8 

8.5 to.5 

1.2 ±n.2 

2.0 :':0.1 

40 18 

6000 ±400 

196 ilO 



and those elements which, by experience, have characteristically 
provided results which are both precise and accurate: AI, Fe, 
K, Na, Sc, V, Cr, Mn, Co, La, and Sm. The average difference 
for these elements between AAAA and INAA is 4.5% for the coal 
and 8.2% for the fly ash. These results and those reported 
below for wetted USGS rock standards provide evidence for the 
lack of major matrix effects. 

Rock Standards (USGS Samples GSP-l and BCR-l) 

Tables 19 and 20 summarize results of AAAA on wetted samples 
of standard (powdered) rock from the U. S. Geologic Survey (USGS). 
Results for most elements agree with those values selected as 
"correct." Again, no matrix effects are evident for these solids. 
The serious discrepancy in the magnesium concentration by AAAA 
for coal, fly ash, and both rock standards is caused by 27Mg 
produced by the fast neutron interference reaction 2?Al(n,p)27Mg 
and by the desired thermal neutron capture of magnesium. This 
interference as well as other potential interferences are flagged 
by the SIFTER output and require validity ~udgment. Another 
interference which has been noted is the 2 Si(n,p)2BAI reaction, 
which interferes with the analysis of aluminum in materials where 
the silicon/aluminum weight ratio exceeds "'100. 

LIQUID STANDARDS 

A series of dilute liquid elemental standards were analyzed 
by .A.AAA. The results aud the percent deviation between the 
standard value and that found by AAAA are listed in Table 21. 
No uncertainties are listed for the standards which were prepared 
from commercially-available atomic absorpt ion standards. 

These results and the results of the rock, coal, and fly 
ash analyses indicate that AAAA can be applied to many different 
solid and liquid samples such as other coals, fly ash, soils, 
vegetation, and process samples commonly submitted for analysis. 

ELEMENTAL DETECTION LIMITS 

TFIJCL, a version of the program SIFTER which solves the 
master activation program in reverse was written to provide an 
estimate of elemental detection sensitivities for samples 
irradiated and counted in the IOO-mg >52Cf facility. The 
detectahle limit was assumed to be the 100 net counts in the 
photopeak of the most-abundant gamma ray derived from the neutron 
capture produce of each element. In the caleulation, data files 
are the same as those in SIFTER, namely, EFFCAL, SIGMA, FILE, and 
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TABLE 19 

Analysis of USGS Rock Standard GSP-1 

OSGS Absolute 
Element Va1-uea Valueb,c 

a. Major constituents, wt % 

N. 2.08 2.04 +'0.04 

K 4.S9 4.9 t.O.6 

Fe 3.03 3.0 ·!:O.2 

Al 8.07 7.64 :':0.16 

F 0.32 0.32 ±0.10 

Ti 0.399 0.41 ±O.O3 

Mg 0.58 S.O :to.S 

b. Minor constituents. ppm 

Zn 98 150 ±30 

Ce 394 440 +.100 

La 191 180 ±10 

Co 6.4 7.6 ±.2,5 

Sc 7.1 7.2 :to,2 

Sb 3.1 3.3 ±o .9 

Hf 15.9 16.3 :t.Q,5 

V 52.9 SI ±6 

Eu 2.4 2.0 ±O.S 

C1 300 400 ±140 

Mn 3'>1 366 ±:30 

Dy 5.4 3.3 i} .5 

Sm 27.1 30 ±1 

Hg 15.5 II ±S 

Au 0.0016 0.024 to.ODS 

Cr 12.5 19 ±7 

Th 1.3 1.8 -to. 7 

T. 1.0 1.4 :to.5 

a. F. J. Flanagan, Oeoohimioa e t 
Cosffloahimio(1 Aot..a 3?, ]189 (197.». 

h. Value in ppm 1..U11ess otherwise 
indicated. 

c. Uncertainty based on counting 
statistics only. 
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TABLE 20 

Analysis of USGS Rock Standard BCR-l 

USGS Absolute 
Element Valuea Valueb,o 

a. Major constituents s wt % 

Na 2.43 2.53 ±0;05 

Mg 2.09 6.0 iO.3 

Al 7.20 6.7 :to.2 

K 1.41 1.44 :to.S 

1'i 1. 28 1.29 ±0.25 

MIl 0.141 0.155 ±0.001 

b. Minor constituents, ppm 

Ba 

V 

Co 

Oy 

Sr 

Sc 

La 

Sm 

Yb 

Lu 

Cr 

Ce 

Th 

Hf 

5b 

Nd 

Ta 

675 

399 

38 

6.3 

330 

33 

12.8 

6.6 

3.36 

0.55 

17.6 

53.9 

1.0 

4.7 

0.69 

29 

0.91 

600 1100 

405 ±IO 

33 ±10 

5.7 :to.7 

900 MOO 

40 :tl 

22 '4 

6 ±l 

4 ±1 

2.5 ±0.4 

25 ±S 

36 i5 

1,9 :to.3 

6 ±1 

1.3 to.S 

68 i20 

1.5 iO.6 

a. F, ,;. Flanagan, Geoahimica ef 
CJsmoohimiaa Aata 3?, 1189 (19731, 

b. Value in ppm unless otherwise 
ludicated. 

o. Uncertainty based on counting 
statistics only. 
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TABLE 21 

Absolute Analysis of Atomic Absorption Liquid Standards 

PeMenl; 
Standard AbsoLute DCLl"~a cion 
Value .. FaZi .• ,ii .. fr'orn 

EZement ppm ppm Standar'd 

Cs 97.9 100.3 :i:2.7 +2.S 

Sc 98.7 115.1 ±1.O +16,5 

Co 98.8 109.6 ±4.0 +10.9 

Se 96.7 97.9 ±g,g +1 . 2 

Cr 100.0 100 :£:5 0.0 

Ta 100.5 110 :t3 +9.5 

Ge 100 95 1.39 -5.0 

Oy 9.93 10 .. 1 :':1 ,() +1.7 

Mn 99.4 94 :!:l ·5.4 

Na 100.1 103 ±4 +2.9 

K 100.2 122 ±S +21 .8 

La 98.3 99 :1:3 +0.7 

As 99.1 104 :<:4 +4,9 

W lOS .6 93 ±2 -1l.9 

Sm 9.77 9.3 :t:o, 3: -4.8 

Ho 10.0 10.3 tl.O +3,0 

Yll 100.2 91 +19 -9.2 

Hg 99.8 130 "1:30 +30.3 

GAMDAT. The most-sensitive product isotope from each 
was selected from one of the four irradiation, decay, 
ing regimes listed in Table 22. The detection limits 
ference-free, and no effect of neighhoring photopeaks 
background under the peak of interest is considered. 
these limits have proven to be too low. As a rule of 
quantitative analyses in real samples usually require 
times higher concentration than those listed. 

SUMMARY OF ROUTINE ANALYSES 

element 
and count
are inter
or Compton 
As such, 
thumb, 
about 10 

The automated and absolute activation analysis technique 
has been applied successfully to many different types of samples 
generated in different Savannah River programs. Tn some programs, 
activation analysIs has been the only source of multielement data; 
in others, the technique is used in conjunction with other element 
analysis techniques to provide more-complete elemental analysis. 
These other techniques include inductively coupled plasma (ICP) , 
DC arc emissi.on spectroscopy, X-ray fluorescence, spark source 
mass spectrometry, and atomic absorption spectroscopy. 
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TABLE 22 

Interference.Free Elemental Detection Limitsa 

of the lOO-mg "'ef Facility 

li'Zement 

Eu, Dy 

Mn> In. 129 1, IT Au, 
Lu, HOt Sm, Re, ~l~p~ 

Na. Se, Co, Ga, Br, Ag, 
Sb, I. Cs> La, Pr, Tm. 
Yb. Ta, W. Pt, As, Se 

Ar, K, Cr, V. Cu, Cd, 
Ce, Nd, Gd, Th, E:f Hf, 
Hg, Ge, Sr, Nat. 

e1, Zn. Mo, Ru. Rh. 
Pd. Te, Ba, Os 

F, Mg, AI, 'fi, Ni, 
Sn, Rb, Y 

Ca, Fe, Zr 

?b, 0, S 

DetetJtion 
Limit, ppm 

<0.001 

0.001 - 0.01 

0.01 - 0.1 

0.1 - 1.0 

1.0 - 10 

10 - 100 

100 - 1000 

>1000 

a. Based on 100 counts in photopeak from 1S% 
efficient r~(Li) detector. IO-gram sample 
is assumed. The lowest detection limit for 
each element was selected from one of the 
listed regimes: 

IY'r'adiativ'n Decay COUltt 

Regime 1"i!oo Time Time Cyoles 

1 6 sec 1 sec 6 sec 50 

2 hr 5 min 30 min 

3 day hr 30 min 

4 7 days hr 30 min 

h. Based on the 25% efficiency of the delayed 
neutron detector. 
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Table 23 shows the types of samples analyzed and the range 
of elemental concentrations determined as a function of s~~le 
type. Many of the results were determined in the 100-mg 25 Cf 
facility. The results in Table 23 were part of a study of the 
effects of stack releases from a coal-fired powerhouse on minor 
and trace element contents of neighboring soil and vegetation. 

Many other routine analytical applications have been found 
for neutron activation analysis. Applications include: 

• Chloride content of various plastic tapes and oil s used at 
Savannah River. 

• 129r and 99Tc content of irradiated light water reactor 
fuels. 

• Uranium and plutonium content of plant process streams and 
waste. 

• Mercury content of fresh water fishes. 

• Elemental composition of plant radioactive waste sludges. 

• U/AI ratio measurements in reactor fuel fabrication studies. 

• Analysis of trace elemental content of streams following ion
exchange pre-concentration. 

• Stream pollutant source identification. 

• River sediment characterization. 
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TABLE 23 

Elemental Concentration Ranges Measured in Typical Samp1es 

Conoentration. ppm 

El-ement Coats 

Sc 3 - 5 

V IS - 30 

f>h 30 - 300 

As 5-60 

s - 30 

Ply Ash 

30 - 35 

150 - 300 

200 - 500 

20 - 500 

S - 100 Br 
Sr 

La 

Sm 

er 
Co 

100 - ISO 500 - 1000 

Ga 

Sb 

Cs 

Ce 

11> 

Yb 

Lu 

Hf 
'11\ 

U 

Se 

Nd 
Eu 

Tm 

5 - 10 

1 - 5 

1$ - 2S 

5 10 

5 10 

5 

5 

IS - 30 

0.1 

0.5 

0.5 

0.5 

1 - 5 

1 - 3 

40 - SO 

1 - 5 

20 - 40 

0.2 

so - 80 

10 - 20 

100 - 250 

SO - 100 

SO - 100 

5 - 50 

10 - 20 

100 - 300 

J - 5 

5 20 

3 5 

5 10 

10 - 50 

5 - IS 

300 - 400 

10 - 20 

150 - 250 

30 

Soii,e 

1 - 5 

10 - 30 

100 500 

0.5 

0.5 5 

10 - 50 

15 

10 

0.2 - 1 

0.5 - 5 

30 - 80 

0.5 - 2 

0.5 

0.5 1.5 

5 10 

20 

10 - SO 

] - 10 

10 - SO 

0.1 O.S 

'I'll. .. 0.2-0.41-2 0.51.S 

Me 

W 

Rb 

Dy 

Fel%) 

100 - 250 300 2000 100 300 

1 - 10 

20 - 50 

0.5 - 1 

20 - 100 

5 - 20 

150 - 300 

5 - 10 

0.5 - 2 

10 - 30 

1 - 3 

0.2 1.5 

Vege tatiol'/. 

0.3 - 0.2 

S - 10 

200 - 300 

10 - SO 

0.5 - 5 

0.1 - O.S 

1 - 15 

0.5 ~ 2 

0.1 

0.1 10 

0,05 - 0.10 

10 - ZOO 

0.03 - 0.15 

1 - 1 S 

ISO - 250 

S - 50 

Dl.dect1-0rl 
Se>1.oiti1)itt/" 

0,01 - 0.1 

0.1 -

0.001 - 0.01 

0.01 - 0.1 

0.01 - 0,1 

0.1 - 1 

0.01 - 0 

0.001 - 0,01 

0.1 - LO 

0.01 0.1 

0.01 0.1 

0.01 0.1 

0.01 0.1 

0.1 -

0.1 -

0.01 - 0.1 

0.001 - 0.01 

0.1 1 

0.5 5 

0.5 5 

1 - 10 

0.01 - 0.1 

0,1 -

< .001 

0,01 - 0.1 

0.01 - 0.1 

1 - 10 

1 - 10 

0.01 - 0.1 

to - 100 

<0.001 

0.01 - 0.1 

Na 
Al(%) 

Ti (%) 

K(\) 

Mg(%) 

Cll%) 

100 500 10 - 100 0.01 - 0.1 

0.5 0.007 - 0.09 0,001 0,01 

0.1 0,$ 

0.05 - 0.3 0.6 - 1.1 

O.S - 2 N,!). 0,4 

0.14 0,27 

0.001 0.01 

0,001 

0.001 

0.001 

0.01 

0.01 

0.01 

a. The calculated detection sensitivities refer to the lOO-mg Cf facility, 
values are interference free. 
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Table A-l. TRANSCRIBE Output 

14~9> 76 316 852 0 5 3. OE 02 b. Of a I I. SE 0 I 1.3E 06 1 1 HORTON VEt; SA 1ST cr 75-7521 lSPEC .. 'f0- 1 
2409; 76 31b. 852 0 5 I.OE 02 b.OE al I.SE OJ 1.1E Db I I HORTON VEG SA 1ST CT 75-7521 £SPEC.NO- 1 
34096 76 316 q 2 0 5 I.OE 02 b.OE .J! 1.6E 03 l.3E 06 I 2 HORTON VEG SA 1ST CT 75-7522 3SPEC.NO. 3 
44390. 16 316 911 0 5 I.OE 02 b.OE 01 1.7E 03 1.3E 06 1 4 HORrON VEt; SA 1ST CT 15-7523 ,,"SPEC.NO- ... 
54096 76 316 920 0 5 I.OE 02 b.OE 01 I.TE 03 I.IE 06 I 5 H)Rn~ VEt; SA 1ST :7 75-15?4 5SPEC.NO- S 
64-09b 76 316 929 0 5 .I.Of 02 6.OE 01 1.8E O. IdE 06 I 7 HORTON VEG SA 1ST CT 15-1525 6SPEC .. '40- " 7409; 76 H. 942 (} 5 3.0E 02 b.OE 01 1.20 03 1.3E 06 1 8 HOUON \l€G SA 1ST cr 75-1526 1SPEC ... NO* 1 
64090 76 J10 951 0 5 3.0f 02 6.0f JI t.3E 01 1.3E 06 110 H)~fJ~ VEl; S' 1ST CT 75-1527 8$PEC .. NO- 8 
9409; 76 316 10 5 0 5 3.GE 02 6.0E 01 1.4£ 03 1.3E 06 I II KORTON VEG SA 1ST CT 15-7526 9SPEC .. NO,. 9 

10409, 16 316 1018 0 5 3.0E 02 6.0E 01 l.bE 0; t.1E 06 I 12 HORTON \lEG SA 1ST CT 1S-1529 lOSP£C.IIO- 10 
114096 76 116 1027 0 5 3. 'JE 02 6.0E 01 1.2 E <H l.lE 06 It} HORrON VEG SA 1ST tT 15-1530 II SPE C. NO- II 
124~9; 16 316 1038 0 5 3.0f 02 6.0E 01 1.41' 03 I. Jf 06 I 14 HORTON VEG S4 1ST CT 75-1531 125PEC .. NO- 12 

...... 11409; 76 316 10~5 0 5 I.Of 02 '.OE 01 1.4E 03 1.1E 06 1 15 HORD~ VEG SA lST:r 15-7532 13SPEC .. NO" 13 ...... 144096 76 3\6 1052 0 5 3.DE 02 '.OE 01 1.3E 03 1.3E 06 i i. HORTON VEG SA 1ST cr 75-7533 14SPEC.NO- H 0 15409; 16 31. 1059 0 5 3.0E 02 b.OE 01 1.3E 03 1.3E 06 i 11 HORTON 'WEG SA 1ST <:'1 15-1534 !5SPEe.NO- 15 
11>40% 76 Jl 7 S 6 " 5 I.OE 03 I.Of J4 1.5E 33 1.IE 06 1 1 HJR f)~ VEG SA 2"0 CT 15-1521 16SPEC.IIO- 16 
174096 76 311 824 0 5 l .. OE 03 8.4E 04 1.6E OJ l~}E 06 I 2 HORTON VEG SA 2110 C1 75-7522 11SJ>EC .NO: 17 
ia409> 1& 317 842 0 5 1.0E 03 8.5E 04 1.7E 03 1.3E 06 I • HORTON VEG 54 2NO C1 15-7523 18SPEC.NO~ 18 
194'0% 16 311 990 5 t.OE 03 S.oE 04 1.1E H l.lE 06 1 5 HORTON VEG ,. 2'<0 CT 15-1524 195PEC.IIO: 19 
2)4)H 16 317 9ze 0 , I.OE 03 B.bE 04 I.SE OJ 1.3E 06 1 1 HORTON VEG SA 2NO CT 15-1525 205PEC.IIO- Z() 
21409, 76 317 946 0 5 I.OE 03 S.H 04 1.2E 03 1.3E 06 I 8 HORTH VEG SA 2N0 CT 15-752' 2ISP£C.NO- 21 
224096 16311 lu " 0 5 1.OE 03 6. IE 04 l.lE J3 l.lE 06 I 10 HORrON VEG S4 2~O CT 75-75<7 22SPEC.NO- 2Z 
23.'96 16 311 10Zl a 5 1.01' OJ a.8e 04 1.4< 03 I. Jf 06 III HOR TON \l€G SA 2ND C1 75-1528 23SPEC.>l0- 23 
244096 76 317 1041 <1 5 1.01' 03 a.aE )4 1.61' OJ 1.31' 06 1 12 HOUJ~ VEG SA 2~0 C T 75-1529 HSPEC.NO- H 
254096 16 317 1059 0 5 I. DE 03 8. dE 04 1.2E 0:; l.lE Ob 1 13 HORTON VEG SA 2NO CT 75-7530 25SPEC .'10. 25 
2.409, 16 311 lilT (> 5 I.OE 03 B.n 04 1.4E 01 1.3E 06 1 14 HORTON \l€G SA 2ND CT 15-7531 2&SPEC.NO- 26 
21409. 163171211 0 5 I.OE 03 1.2E 04 1.4E 03 l.lE 06 1 15 HQ'HOH VEl> 54 ;NO tT 15-1532 Z7SPEC.NO- 27 
234095 76 311 1229 (> 5 1.(F. 03 9.2, 04 l.lE 03 1.3E 06 1 I> HORTON VEG SA 2ND CT 75-7533 28SPEC."O- 28 
29409, 16 311 1249 0 5 1.OE 03 9.3E J4 1.3E )' t.3E 06 I 11 HJ~TJ.~ VEG 54 2~D CT 75-7534 29SPEC.NO- 29 



. , 
: 

u .... .. 
:!" 

.. ... 
N · N 

· ~ 

~ • 

W:.U t.U ..... '" .., .... .,. 
~~ ~ 
"' .. 

.. 
" W .. 
'" ~ . 
~ 

~ 
w 
: 
'" . .. 

. . 
"''" "'" ." ~ 

111 

.. 
" .. 
'" 

· ... 
" '" 

· ~ 

" • 

3! · • : 

. 
N 
~ • 

.. ... 
~ · ::: 

.. 
N 
~ · N 

• ;t 
'" 

. 
:::l 

.. 
N 



Table A-3. GAMDAT File 

CODE: 1 MEMBER GAMDAT 1 PAGE 

N 16 7.11000E 00 6 1.1 
6134.00 6.90-1 1112.00 5.00-2 2150.00 1.00-2 1720.00 1.00-3 8810.00 8.00-4 1.2 
1900.00 3.00-4 1.3 

F 20 1.11000E 01 1.4 
16H.l0 1.CO 0 1.5 

I';A 24 5.41OS0E 04 6 1.6 
BloB. 5310. Co--l 2753. '12 9.99-1 3861.20 6.10-4 996.60 1.00-5 4238.90 8.40-6 1.7 
2811.00 2.50-6 1.8 

MG 21 S."IOQOE 02 2 2.1 
843.80 1.20-1 1014.40 2.80-1 2.2 
AL 26 1.34580E 02 1 2.3 

1118.90 1.00 0 2.4 
S 37 3. 03600E 02 2 2.5 

3103.30 '1.91-1 3741.80 3.00-3 2.6 
CL 38 2.23080E 03 2 2.1 

2161.50 5.45-1 1642.40 4.00-1 2.8 
AR 41 6.58S00E 03 2 3.1 

1293.60 Q.91-1 1617.00 5.20-4 3.2 
K -.2 4.4b400E 04 7 3.3 

1524.70 1.80-1 31Z .90 2.00-3 1923.00 5.00-4 2440.00 4.00--4 600.00 2.00--4 3.4 
1020.00 1. S(}-4 900.00 1.80-4 3.5 

SC 46 1.24032< 06 3 3.6 
11~O.52 1.00 0 689.26 1.00 0 4.50 0.0 0 3.7 

SC 46to! I.Sl000E 01 2 3.8 
142.50 1.00-1* 4.10 0.0 0 4.1 
CA 49 5.2nOOE 02 11 4.2 

3084.40 9.21-1 lo0H.90 1.00-2 14C8.90 6.30-3 2311.70 4.90-3 4138.20 2.10-3 4.3 
222~. '10 1.90-3 856.10 1.30-3 1!44.50 1.10-3 981.30 8.00-4 1288.40 1.00--4 4.4 

143.20 3.50-4 4.5 
Tl 51 3.48000E 02 3 4.6 
31'1.80 9.00-1 928.50 6.00-2 608.40 1.30--2 4.7 
CR 51 2.3'1501E 06 4.8 
320.03 1.02-1 5.1 
V 52 2.25600E 02 4 5.2 

lH3.90 1. CO 0 1333.40 0.30-3 1530.60 1.50-3 935.60 1>.80-4 5.3 
CR 55 2dOOOOE 02 7 5.4 

1528.00 4.30-4 2252.50 3.70-5 126.00 2.00-5 1402.00 1.60-5 2240.90 4.60-6 5.5 
231>8.50 2.10-6 2268.10 1.30-6 5.6 

MN 56 9.31320E 03 7 5.1 
846.60 9.90-1 1811.20 3.00-1 2112.60 1.50-1 2523.20 1.60-2 2658.00 .... 60-3 5.8 

2960.40 2.90-3 3370.60 2.00-3 6.1 
FE 59 3.85344E 06 b 6 • .2 

1099.22 5.65-\ 1291.56 4.32-1 1'12.20 2.80-2 142.40 6.50-3 334.80 1.00-3 6.3 
10.00 0.0 0 6.4 

CO 60 1.65989E 08 4 6.5 
1332.48 I.CO 0 lH3.d 9.9<;1- 1 826.00 3.00-5 2158.00 5.CO-6 b.6 

CC bOM 6.30000E 02 4 6.7 
58.50 2.1 (}-.2 1332.48 2.00-3 826.20 1.00-5 2158.80 8.00-0 6.8 

CU 64 4.57560E 04 1 7.1 
1345.80 5.00-3 7.2 

fill 0; 9.Z1600E 03 9 7.3 
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Tab1e A-3. Continued 

CODE. 1 ~EM8ER G~MCAT 2 PAGE 

1481.90 2.57- 1 H 15. 50 1.54-1 366.30 4.18-2 16l3.50 4.83-3 1725.00 " .13-3 1.4 
5Cl.90 2 .. 9b-3 609.50 1.46-3 710.70 1.20-4 552.70;6.10-4 1.5 
IN 65 2.10816E 07 1 7.6 

IU5.52 5.07-1 1.1 
CU 1>6 3.00000E 02 2 1.8 

1039.00 9. (0-2 833.60 2.50-3 8.1 
iN b9M 4.91>800E 04 2 8.2 
438.10 S. SO-I 8.60 0.0 0 8.3 
CiA 10 1.26600E 03 " 8.4 

1050.50 1.60-3 1039.40 1.60-3 115.30 1.60-3 1215.00 2. CO-S 8.5 
GA 12 5.07600E 04 46 8.6 
SH.Ol 9.56-1 2201.61 2.56-1 629.86 2.5.2-1 2507.60 1.21-1 894.22 9.95-2 8.7 

2490.98 7.94-2 1050.69 6.89-2 600.85 5.45-2 1861.09 5.26-2 1596.65 4.30-2 8.8 
1464. CO 3.54-2 786.40 3.26-2 810.24 2.01-2 1276.75 1.56-2 1230.86 1.46-2 9.1 
1260.10 1.10-2 970.54 1.09-2 2109.50 1. CT- 2 1680.77 9.95-3 861.11 9.18-3 9.2 
1511.50 S.03-3 999.86 8.03-3 Il15.16 1.84-;;' 2849.10 4.78-3 1710.90 4.11-3 9.3 
135.90 3.13-3 381.20 2.68-3 939.35 2.5S'-3 2>15.60 2.39-3 1878.00 l.30-3 9.4 

1831 .SO 2.30-3 426.30 2.20-3 1561.90 2.01-3 289.3C 1.12-3 2214.50 1.53-3 9.5 
449.60 1.53-. 2621.00 1.43-3 InO.20 1.,,3-J 9.l4.10 1.~3-3 940.50 1.05-3 9.6 
~87 .90 1.05-3 419.10 1.05-3 336.30 l.e5-) 112.52 1.05-3 2030.40 9.60-4 9.1 

1711.30 9.60-4 9.8 
GE 75 4.9t.800E 03 1 10.1 
264 .80 1.00-1 199.20 1.80-3 418.60 2. SO- 3 it68.10 1.80-3 65.60 S.9()-4 10.2 
611.80 5.00-4 353.00 1.90-4 10.3 
GE 75M 4.890000 01 5 10.it 
400.70 0.0 0 304.00 0.0 0 136.00 O.C 0 121.10 O.t 0 96.70 0.0 0 10.5 
Sf 15 1.036800 07 16 10.6 
.264.65 5.73-1 136.00 5.63-1 279.53 2.48-1 121.11 1.61-1 400.64 1.12-1 10.T 

'16.13 3.21-2 198.60 1.39-2 303.90 1.32-2 66.46 1.01-2 511.60 3.60-4 10.8 
24.40 2.50-4 419.00 1.32-4 81.00 8.60-5 617.70 4.30-5 468.60 6.00-6 11.1 

all.70 1.00-1> 11.2 
AS 16 9.415lliE 04 47 11. ) 
,,<;>.47 4.10-1 1>57.20 5.69-2 1216.19 3.96-2 1213.25 2.22-2 554.45 1.48-2 H.4 

1228.13 1.28-2 563.87 9.40-3 20'17.52 6.98-3 665.62 4.02-3 2111.40 3.90-3 11.5 
1788.88 3.61-3 1439.53 3.49-3 1792.15 2.46-3 654.46 2..13-3 U29.88 1.48-3 11.6 

81>1.15 1.40-3 1454.07 1.23-3 112.17 1.19-3 140.25 1.11-3 571.90 9.80-4 11.1 
1219.76 8.1>0-4 882.76 7.00-4 2656.12 6.20-4 1238.31 6.20-4 IOS4.'" 6.20-4 U.8 
1091.13 5.30-4 2430.254.90-4 1204.20 4.10-4 908.89 4.10-4 850.84 4.10-" 12.1 
~15.n 4.l0-4 2517.83 3.10-4 1569. 11 3.10-" H1.92 3. 10-4 2610.46 3.30-<\ 12.2 

16a'l.35 3.30-4 1542.80 3.30-4 1534.02 3.30-4 980.15 3.30-4 165.56 3.30-4 12.3 
1Z7.00 3.20-4 2443.70 2.90-4 13l~.C8 2.90-4 1122 .00 2.90-4 811.39 2.90-4 12.4 
1>41.31 l.80-4 1174.58 0.0 0 12.S 
bE 17 'i.06800E 04 50 12.6 
264.40 1.00 0 211.00 5. 00-1 416.30 4.90-1 llS.be 4.80-1 558.50 3.40-1 12.1 
367.40 3.10-1 b32.40 1.90-1 114.80 1.60-1 ICSS.60 1.20-1 338.30 1.20-1 12.8 

Db8.00 5.10-2 1193.90 4."0-2 81l.Z0 4.60-2 146.20 3.00-2 209.00 2.90-2 n.l 
195.00 2.90-2 461.60 2. 80- ~ 475.40 2.70-2 762.10 .2."0-2 928.80 1.90-2 13.2 
'124.30 1.90-l 875.80 1.90-2 750.80 1.80-2 563.00 1.70-2 186.50 1.50-2 13.3 
767.1>0 1.50-2 673.1>0 I. ~o.:,Z , I> 14. 80 1.30-2 1512.80 1.20-2 1264.60 1.20-2 13.4 
91H .60 1.10 -2 824.00 1.00-2' 15<1.bO 9.50-3 1~99.60 9.10-3 2342.30 1.90-3 13.5 

1309.50 1.60-3 1319.70 7.00-3 124i1.10 6.90-3 lit94 ... 0 b.50-) 13 13.00 6.40-3 13.6 
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Table A-3. Continued 

CODE" ~EMBER GAMCAT 3 PAGE 

914.60 6.00- 3 1709.50 5.70-3 2017.90 5.60-3 2090.00 4.80-3 940.40 4.00-3 13.1 
795.60 4.00-3 1419.30 3.80- 3 1215.20 3.00- 3 2126.00 2.80-3 1296.20 2.80-3 13.8 
GE 17M 3.21600E 03 5 14.1 
215.50 3.91-1 159.10 2.11-1 1<;4.80 9.00-3 419.40 1.80-3 b14.30 8.20-4 14.2 
Sf 17M 1.75000£ 01 2 14.3 
161.60 5.00-1 il.lO D.O 0 14.4 
811 80 1.05600£ 03 II 14.5 
1>16.20 7.00-2 665.60 1.00-2 639.20 3.00-3 70 ... 30 2.00-3 1256.70 7.00-4 14.6 
812.00 3.00-4 687.40 1.00-4 617.00 1.00-4 1't.1 
8R 80M 1.59120£ 04 11 14.8 
H.OO 3. bo-I 616.20 7.00-2 665.60 1.00-2 "9.00 3.20-3 639.20 3.00-3 15.1 

104.30 2.00-3 1256.10 7.00-4 812.00 3.00-4 1>1:17.40 1.00-4 .. 71.00 1.00-4 15.2 
11.90 0.0 0 15.3 

Sf 81 1.L1600E 03 8 15.4 
215.80 1.00-2 289.90 1.90-3 829.00 3.70-3 566.10 2.~0-3 553.00 1.30-3 15.S 
539.00 6.20-4 1>50.40 2.60-4 180.00 9.40-5 15 ... 
Sf 81M 3.43800E 03 to 15.7 
102.70 1.00-1 215.80 1.00-2 289.90 7.90- 3 829.00 3.10-3 1146.00 3.40-3 15.8 
566.10 2.90-3 553.00 l.30-3 539.00 6.20-4 650.40 2.tO-4 180.00 9.40-5 16.1 
BR 82 1.27800E 05 33 16.2 
716.49 8.3)-1 554.33 1.05-1 619.09 4.33-1 698.35 2.19-1 1043.95 2.18-1 11 •• 3 

1311.43 2. 1S-1 821.81 2.43-1 1474.84 L." 7-1 221.41 2..36-2 183.90 2.31>-2 16.4 
1007.51 1.35-2 606.32 1.21-2 92.1H S.60-3 273.~8 8.50-3 1650.27 7.60-3 16.5 
lC81.35 6.40-3 952.12 3.10-3 295.00 1.50-3 73.00 1.30-3 1179.58 1.20-3 16.6 
B7.~O 1.20-3 1180.10 1.00-3 1072.51 Q.OO-4 2555.00 6.00-4 401.1l 8.00-4 ' 16.7 
100.90 1.00-4 735.62 6.00- 4 18 11.60 4. CO-4 111.10 4.CO-4 1950.50 3. OO-~ 16.8 

2056.00 2.00-4 1822.60 2.00-4 1170.79 2.00-4 11.1 
KR 85 3.38606E 08 1 11.2 
513.98 4.30-3 n.) 
SI! 85 5.63328E 06 4 11.4 
513.98 1.00 0 880.00 1.00-4 356.00 2.00-5 733.00 0.0 a H.5 
SI! 85M 4.06200E 03 3 17.6 
231.69 8.21-1 151.28 1.15-1 238.65 2.88-3 17.7 
118 86 l.bllUE 06 I 11.8 

1016.77 8.80-2 18.1. 
$1< d1M I.OllbOE 04 1 18.2 
388.40 8.l5-1 La.) 
liB 88 1.06800E 03 43 18.4 

1836.13 2.30-1 898.01 1.16-1 2671.99 2.56-2 1382.11 1.4'9-3 2119.8~ 5.05-) 18.5 
3009.82 3.84-; 3118.75 3.57- 3 2571.90 2.50-3 1179.72 2030-3 3486.76 1.80-3 16.6 

890.68 1.61-3 2111.79 1.39-3 4743.53 1.13-3 2734.17 1.03-3 1217.67 5. S0-4 lB.7 
1679.'10 5.00-4 1199.52 4.23-4 2388.00 2.90-4 2195.60 2.!O-4 48,..15 2.60-4 18.8 
1668.80 2.50-4 439.19 1.50-4 1257.20 1.40-4 6lS.27 1.40-4 4037.20 1.20-4 19.1 
2621.90 1.20-4 1021.30 1.20-4 H6.90 1.20-4 1297.00 9.20-5 431.90 8.50-5 19.2 
4853.90 8.30-5 3966.20 6.90- 5 3525.00 6.90-5 3011.60 4.60-5 1635.00 4.60-5 19.3 
1313.90 4.60-5 1239.50 4.60-5 417.00 3.90-5 3611.50 3.50-5 4633.50 2.80-5 19.4 
2199.00 2.30-5 1555.70 2.30-5 2797.40 1.60-5 19.5 

Y 90/<1 !.14840E 04 5 19.1> 
202.40 S.10-1 419.30 9.10-1 2315.00 4.00-3 682.00 0.0 a 14.90 0.0 0 19.7 
NB q"M 3.75600E 02 4 19.8 
811.00 2.00-3 703.00 2.00-5 41.50 0.0 0 16.50 C.C C 20.1 
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Table A-3. Conti nu.ed 

COO"" MEMBER GAMDAT " PAGE 

lP 95 5.65920E 0(, .2 20.2 
756.12 5. ,,<>- I 724.18 4.30-1 20.3 
NS 95 3.032c'tE 06 I 20.4 
765.19 9.90-1 20.5 
lR '17 6.12000E 04 38 20.6 
743.40 9.33-1 507.60 5.06-2 1146.00 2.66-2 355.40 2.31-2 6el.40 1.100-2 20.7 

1750.50 1 .. 35-2 1362.70 1.35-2 1021.30 1.35-2 254.20 1.26-2 1276.10 9.80-3 20.8 
703.80 9.30-3 80't.'O 6.50-3 513.40 5.60- 3 1851.60 3.50-3 85<0.90 3.30-3 21.1 
400.40 3.30-3 601.00 3.20-3 911.40 2.90-3 690.60 2.50-3 272.30 2.50-3 Zl.2 
112.00 2.40-3 829.80 2.20-3 i 18. 90 1.80-3 ('99.20 1.20-3 UIO.50 1.10-3 21.3 
3)0.40 1.10-3 211.00 1.00-3 474.00 9.00-4 294.90 8.CO-4 410.006.00-4 21.4 
707.00 5.00-" til.oO 5.00-4 304.00 "0.00-4 291."0 4.00-4 202.00 4.00-~ 21.5 
5S8.00 3.00-4 la3.CO 2.00-4 2203.00 0.0 0 21.6 
1'10 '19 2.4()064E 05 5 2101 
LSI.Ob 6.61-2 140.51 8.90-1 739.5d 1.31-1 '"0.58 1.96-2 366.43 1.45-Z 21.8 
/<\0101 8.15999E 02 50 22.1 
l'H .93 2.10-1 590.8, 1.94-1 1012.35 1.14-1 505.88 1.14-1 695.53 6.63-2 22.2 

2031.95 6.01-2 1532.11 5.52-2 1251.10 4.22-2 1010.00 3.84-2 9310.20 3.15-2 22.3 
!IoG.IU 3.60-2 817.38 3.13-2 113.02 3.11-2 80.92 3.00-2 195.942.16-2 22.4 
1303.92 2.39-2 2040.90 2.04-2 871.05 1.66-2 1355.60 1.62-2 1199.20 1.62-2 22.5 
11,13.56 1.57-l 1599.05 1.57-2 1018.90 1.48-2 't08.59 1.40-2 499.59 1.34-2 22.6 
1840.40 1.26-2 512.71 1.20-2 1382.15 1.11-2 642.70 1.10-2 1159.90 1.01-2 22.1 
606.31 9.$0-3 !l86.I>Z 9.66-3 1345.79 9.49-3 718.30 8.71-3 604.25 8.62-3 22.8 

14J3.4() 8.40-3 566.51 8.05-3 1418.0C 7.~5-3 398.85 7.86-3 515.15 7.29-3 23.1 
2088.40 6.75-3 333.10 6.57-3 883.25 6.44-3 1662.20 6.40-3 ""8.63 6.22-3 23.2 
U94.50 5.10-3 2113.70 5.52-3 421.'tl 5.23-3 212.00 4.30-3 101.80 4003-3 23.3 

RtJ 103 3.42!44E 06 U 23.4 
39.15 1.00 0 491.03 9.00-1 610.29 5.40-2 532.10 1.10-2 551.09 8.00-3 23.5 

"U.53 4.00- 3 443.82 3.60-3 194.88 2.60-3 2'tl.82 1.30-4 114.65 1.30 .... 23.6 
357.27 1.00-4 Zl.7 
POlO) 1.51l00E 06 .. 23.8 

39.70 7.00-it 351.00 6.10-4 496.70 1.40-4 20.10 1.40-4 294.10 1.10-4 24.1 
62.30 4.00-5 444.10 1.00-7 318.00 4.00-7 53.30 3.00-1 24.2 

RHHl4 4.3000OE 01 4 24.3 
555.80 2.00-2 1239.00 1.30-3 ISOO.aC l.00-5 19.20 O.C 0 ZO\.4 
RHI O~M l.<>4/,OOE 02 12 24.5 
51.40 4.10-1 97.10 l.6()-Z 17.50 2.50-2 556.00 1.80-3 710.00 1.30-3 24.6 

1"S.00 1.10-3 1100.00 3.00-4 1530.00 3.00-4 930.00 3.00-4 1239.00 2.00-4 2 •• 1 
31.80 C. C () 20.10 0.0 0 24.6 

RUIOS !.B64OE 04 l! 25.1 
124.20 4.45-1 469.40 1.15-1 1>16.30 1.50-1 316.50 1.02-1 262.80 6.55-2 25.2 
129.50 4.80-2 393.40 3.116-2 815.80 2.94-2 "1l.50 Z .30-2 499.30 2.21-2 25.3 
9MI.4() 2.00-2 656.20 1.93-2 H9.00 1.55-2 350.20 1.32-2 326.10 1.01-2 2!i.~ 
SIS.20 1.03-2 HO.90 7.25-3 1730.00 1.00-3 1580.00 1.00-3 1380.00 1.00-3 25.5 

1350.00 1.00- 3 25.6 
RtJlOb 3.17088E 0141 25.1 
511.80 2.05-1 621.809.16-2 1050.10 1.45-2 616.20 8.10-3 813.10 4014-3 25.8 

112a.00 3.83- J 1562. 00 1.46-3 429.7C 9 .. <0-4 1194.30 5.30-4 435.00 4.70 .... 21 •• 1 
t496.40 2.1>0-4 179('.70 2.50- .. 1062.10 2.40-4 1766.20 2.30-'0 1988.502.20-4 26.2 
H66.40 2.10-4 716.20 1.100-4 717.10 1.50-4 661.20 1.50-4 H80.60 1.40-4 26.3 
1119.!O t .40-4 1921.20 1.30- 4 1926.80 1.30-4 2406.00 1.20-4 1854.80 8.00-5 26.4 
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11>00.10 8.00-5 1592.10 6.00-5 1114.60 8.00-5 578.00 8.Co-S 2390. SO 1.00-5 26.5 
680.10 1.00-5 2311.60 6.00-5 230':1.40 .... 00-5 n08.10 6.00-5 2094.10 6.00-5 26.6 

1909.40 6.00-5 1189.00 6.00-5 114.60 6.00-5 2194.00 5.00-5 Zl93.20 5.00-5 26.1 
11(6.90 5.00-5 26.8 

AGlOS 1.44600E 02 13 21.1 
b32.98 7.16-1 433.96 2.22-1 616.66 1.16-1 1007.22 6.20-3 510.10 1.60-3 27.2 

144101 4 1.40-3 860.26 1.40-3 497.10 1.00-3 368.60 8.20-4 1106.00 7.30-4 21.3 
1540.00 4.10-4 383.20 4.00-4 931.12 2.40-4 21.4 

POLO') 4.64'120E 04 30 27.5 
66.04 3.80-2 44.70 7.60-4 311.40 3.40-4 641.30 2.60-4 781.40 1.20-4 21.6 

415.20 1.14-4 636.30 1.0;'-4 602.50 8.50-5 4D.00 7.00-5 309.10 5.20-5 21.7 
701.90 3.30-5 558.10 2.60-5 736.70 1.79- 5 701.00 1. t9-5 776.30 1.01-5 27.8 
134.20 1.40-5 145.10 1.20-5 423.90 1.01-5 390.60 9.90-6 103.90 9.90-6 28.1 
447.60 8.80-6 551.40 1..50-6 454.30 5.80-6 E22.90 2.00-;' 724.40 2.00-6 28.2 
266.30 1.50-6 862.50 1.40-6 395.60 7.00-7 10 10 .50 Z .60-7 966.30 Z.60-7 28.3 
POI09M 2.81400E 02 2 28.4 
188.90 5.80-1 21.00 5. SO-I 28.5 
AGilO 2." lODGE 01 13 28.6 
657.50 5.57-2 815.50 4.70-4 1125.80 1.90-4 818.20 1.10-4 295.30 9.50-5 28.7 

1674.30 8.90-5 1783.60 5.60-5 2004.40 4.40-5 1475.80 4.40-5 USI>.30 3.30-5 28.8 
1629.90 2.80-5 1421.402.80-5 1014.00 1.10-5 29.1 

AGILOM 2.16592E 07 50 Z9.2 
651.14 9.38-\ 884.67 1.47-1 937.48 3.32-1 1384.22 2.63-1 763.93 2.18-1 29.3 
706.67 1.59-1 1504.91 1.40-1 617.51> i.id-l ~18.02 7.10-2 68<1.83 1>.90-2 29.4 

1415.15 4.40-.2 144.25 '+.10-2 H6.78 3.10-2 620.Z4 2.50-2 1562.30 1.28-2 29.5 
667.90 7.00-3 867.003.80-; 1524.;0 3.00-3 21>0.20 Z .80-3 859.00 1.90-) 29.6 
626.10 1.70-3 1334.16 1.50- 3 132.60 1.40-3 <;97.16 1.30-3 120.00 1.10-3 2').1 

1443.00 1.00-3 365.10 1.00-3 2Zl.4U 1.00-3 219.50 9.40-4 9!l.60 9.00--4 29.8 
846.50 9.00-4 896.00 6.00-4 1252.00 5.50-4 1085.70 5.00-4 266.40 4.70-4 30.1 
386.60 4.00-4 11l7.40 3.10-4 396.70 3.40-4 lCl8.10 3. CO-It 229.00 3.00-4 30.2 

UlS.70 2.40-4 785. eo 1.110-4 1903.30 1.80-4 1184.60 1.80-4 1646.00 I. a0-4 30.3 
l580.10 1.60-4 01.50 9.40-5 1686.00 9.00-5 16b .00 9.00-5 565.50 9.00-5 30.4 
PDlll l.nOOOE 03 46 30.5 
580.10 1.00 0*1458.70 8.80-1*1388.40 8.500-1* 10.50 8.00-1· 650./00 b.So-l· 30.6 
59.')0 b.30-1· 376.70 5.50-1* 541.10 4.40-1* 623.20 3.90-1· 835.80 3.40-1* 30.1 

508.90 2.80-1*1120.20 1.80-1* 710.00 1.50-1* 298.80 9.10-2· 404.9C 8.60-2· }0.8 
476.70 S.00-2. 438.706.30-2*1002.20 6.00-2. 169.40 1>.00-2. 715.60 4.60-2· 31.1 
685.10 4.50-2* 955.10 4.00-2* 803.9C 4.00-2· 485 ... 90 4.00-2. 391.30 4.00-2· 31.2 

1514.10 3.10-2* 808.50 3.00-2*1542.40 2.90-2*1644.30 2.30-2" 552.90 2.00-2* 3L.3 
516.50 2.00-2· 478.50 2.00-2· 230.50 2.00-2* 31 .... 90 1.80-2· 657.10 1.10-2· ll.4 

I06I.to 1.50-2"1059.80 1.50-2* 920.50 1.50-2* 611.40 1.50-2" 746. CC 1.40-2" }1.5 
352.60 1.30-2* 1269.10 1.00-2*1026.60 1.00-2* 950.00 1.00-2· H9.20 1.00-2· 31.6 
494.20 1.00-2· 31.1 
~NII3 9.93599E 06 " 31.8 
391.40 1.00 O. 255.20 3.50-2' 646.00 1.50-3· 24.20 0.0 0 l2.1 
SN 113M 1.20000E 03 3 32.2 

79.30 6.00-3 25.30 0.0 0 24.20 0.0 0 32.3 
!NUl, 1. 19000E 01 " 32.4 

1300.00 " .lO-l 515.10 1.10- 3 747.S0 9.00-4 23.20 O.C 0 32.5 
I ",114M 4.21766E ()6 5 32.6 
18').90 1.11-1 558.30 4.65-2 725.20 4.55-2 1300.20 1.80 - 3 24.20 0.0 0 32.7 
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CDilS 1.92 168E 05 7 32.8 
521.90 2.15-1 49Z.30 8.10-2 260.90 1.85-2 231.'+0 7.(2-3 35.00 5.00-3 33.l 
210.00 1.10- 3 24.20 0.0 0 33.2 
! NIlI> 1.42000E 01 5 33.3 

1270.00 1.20-2 '+50.00 1.20-3 950.00 l.00-3 2200.00 2.00-it 2000.00 1. OO-it )3.4 
IN It"'>\! 3.2460OE 03 3Z 33.S 

1293.40 8.50-1 1097.30 5.57-1 417.02 3.Zrl HlldO l.~o-l 818.701.16-1 33.6 
1507.60 1.02-1 138.33 3.33-2 1153.60 2.itit-2 41>3.30 8.50-3 355.30 8.50-3 J3.1 
912.40 4.60-3 780.40 3.05-3 705.70 1.60-3 689.00 1.60-3 218.50 1.50-3 33.8 
262.80 1.30-3 303.60 1.20-3 730.70 1.05-3 630.90 7. S0-4 655. 10 1.30-'1 lit. 1 
932.20 1.00-4 2225.50 4.00-4 1536.30 4.00-4 811.90 4.00-4 Zit5.00 4.00 .... 34.2 
567.40 3.50-4 517.60 3.50-4 47't.60 3.50-4 536.00 3.10-it H".90 3.00-.. 34.3 

1012.30 Z.00-4 99.70 1.50-4 3it.4 
tOll1 1.2240OE 04 49 3it.5 
lB.31 1.99-1 1303.40 1.25-1 3H.51 1.25-1 1576.90 1.60-2 it 34. 23 1.50-2 14.6 
680.152.90-2 89.71 2.90-;>: 1052.00 2.30-2 831.19 1.60-2 112.;'30 1.30-2 3-10.1 

1562.50 1.10-2 945.10 1.10-2 2l0.90 1.00-2 1408.10 9.00-3 I3;H.90 9.00-3 34.8 
1142.50 9.00-3 12H .90 8.00-3 1260.00 1.20-3 1701.10 1.00-3 111&.90 1.00-3 15.1 
640.U 5.80-3 it63.09 5.80-3 11l.60 5.70-3 71.11 5.60-3 1291.10 5.20-3 35.2 

1682.40 5.00-3 1053.00 5.00-3 1212.80 ~. 80-3 1314.80 4.60-3 1229.20 ".10-3 35.3 
14S0.20 4.00-} 903.40 4.00-3 291.00 it.00-3 IHS.40 3.00-3 381.93 3.00-3 35. " 
1t25.Qa 2.40--3 1652.502.20-3 950.10 2.10-3 lItZ2.itO 2.00-3 US.70 1.80-3 35.5 
131>2.20 1.60-) 1035.50 1.60-3 699.90 1.60-3 ~ 19. 11 1.50-3 245.40 I. "0-3 35.6 
li20. 30 1.20--3 787.60 1.00-3 626.10 8.00-4 1521.30 4.CO-4 35.1 
rCU1M 9.aOQODE 03 20 35.8 

1234.50 2.52-1 1997.40 1.28-1 1066.00 1.06-1 51>'0."0 1.10-2 1029.00 5.30-2 36.1 
1432.10 5.20-2 860.40 4 .. 60-2 2322.90 3.6O-l 141.90 3.20-2 366.94 1.80-2 36.2 
931 .30 1.50-2 631.10 1.50-2 162.70 9.10-3 1365.60 8.40-3 461.10 6.3,)-;3 3&.3 
484.80 5.60-3 2417.00 4.90-3 2400.40 3.50-3 2090.00 3.50-3 611.30 2.it0-3 36.4 
SIHU l.35008E 05 9 31>.5 
503.90 o ... O-! 564.10 6.30-1 686.00 3.40-- Z 6n.80 3.21-2 1260.00 1.00-3 36.6 

I HO.OO 1.00-3 1140.60 6.60-3 1250.60 6.50-3 26.40 0.0 0 36.1 
SBllZM 2. S20GOE 02 4 36.8 
oJ.10 5.00-1 15 .. 30 1.10-1 26.40 0.0 0 26.00 O.t 0 37.1 

SN1H !.1l456E 01 3 31.2 
10119.00 6.00-3 1032.00 3.40-4 155.00 1.00-5 37.3 

SN1ZlM 2.40000. 03 " 37.4 
160.3010.00-\ 381.30 2.10-4 H2.l0 1.60-4 552.00 1.00-5 37.5 
rEIBM 1.0342IE 07 2 31.6 
159.00 ,1.41-1 88.50 9.30-4 31.1 
S8124 5.20128E 06 If> 31.8 
602.10 9.80-1 1691.00 4.57-\ 722.80 1.06-1 645.80 1.10-2 2091.20 5.20-2 311.1 

[3l>a.30 2 ... 5-2 713.702.26-2 1450.00 2.00-2 1045.10 1.8't-2 968.30 1.1l-1 38.2 
n15.'O 1.58-2 109.30 1.34-2 1298.00 1.30-2 190.80 1.00-3 1354.90 6 ... 0-1 38.3 
2260.00 &.00-3 38.4 

SIHi!4M 1 9.30000E 01 3 18.S 
645.00 2.00-1 001.00 2.00-1 505.00 2.00-1 38.6 
SlI124M2 1.21aOOE 03 " 38.1 
645.00 Z.Oo-l 603.00 l.Oo-l 505.00 2.00-1 25.00 0.0 0 38.8 
51;125 6.3311>0E 05 41 19.1 

1066.60 8.8T-L 1088.90 4.29-2 822.60 3.87-2 915.50 3.16-2 2001.70 2.11-2 39.2 
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469.70 1.>6-2 HZ.OO 1.i.l-2 800.50 9.10-3 1067.40 9.30-3 1419.50 " .10-3 39.3 
1113.10 2.90- 3 lOll. I 0 2.80- 3 893.70 2. ~0-3 IUI.OO 2.30-3 350.90 2.30-3 39.4 
a75.20 l. SO-3 1805.10 1.50-3 934.10 1.20-3 l!51.30 1.10-3 9Z1.60 9.00-4 39.5 
1889.90 8.00-4 210.90 8.00- " 1349.40 6.00-4 2200.60 4.00-4 652.60 4.00-4 39.6 
lIb4.30 3.00-4 12,9.00 2.00-4 434.10 2.00-4 256.30 Z.CO-~ 1198.209.00-5 39.1 
28Z.90 9.00-5 1207.10 6.00-5 1110.70 6.00-5 684.20 6.00-5 524.30 6.00-5 39.8 

1591.20 5.00-5 1185.40 5.00-5 562.20 5.00- 5 311.IO ~.OO-5 1982.90 4.00-5 .0.1 
!5S7.50 4.00-5 1131.50 3.00-5 2227.00 2.00-5 398.00 5.00-6 363.00 't.00-6 'to.2 
286.00 't.00-6 386.00 2.00-6 40.3 
,8125 8.61504E 01 18 ItO.4 
421.90 3.04-1 600.60 1.81-1 635.90 1.15-1 463.40 1.01-1 176.40 7.10-2 'to.5 
b06.70 5.10-2 671.40 I. ao- 2 380.50 1.53-2 321.00 4.40-3 204.20 3.20-3 1t0.6 
443.30 3.10-3 117.00 2.80-3 172.50 2.50-3 208.10 2.40-3 4C7.9C 2. 00-3 40.1 
<21.10 1.30- 3 109.40 1.20-3 199.20 0.0 0 40.8 
TEl2SM 5.01110E 06 3 41.1 
35.50 7.00-2 109.30 3.00-2 27.50 0.0 0 Itl.2 

TEin 3.38400E 04 q 41.3 
411.90 9.10-3 360.30 1.30-3 202.90 5.70-4 215.10 3.80-4 H.B 2.90-4 41.4 
145.20 3.20-5 315.00 2.90-6 172.10 2.90-<'; bl8.60 1.30-6 H.5 
TEI21M 9.41759E 06 14 41.6 
417.90 9.10-3 57.63 5.10-3 360.30 1.32-3 88.Z6 1.20-3 202.90 5.10-4 4tl.l 
215. 10 3.80-4 658.90 1.30-4 145.10 3.20-5 593.30 Z.30-5 651.00 2.90-6 41.8 
375.00 2.90-6 112.10 2.90-6 619.00 !.30-6 628.60 9.00-7 ,}~Z.l 

! 128 1.498Z0E 03 " 102.2 
442.91 2.05-1 5210.102 1.91-2 969.4C 4.90-3 1139.70 1.20 .... 613.10 3.10-5 42.3 

1434.50 b.SO-1> 42.4 
TE 129 4.14000E 03 H 42.5 
27.80 2.30 O. 459.60 1.00 0* 487.40 1.90-1" 278.40 8.00-2*1084.00 1.90-2' 42.6 

250.60 5.60-2*1111.70 3.10-Z' 802.20 2.73-Z* 209.00 2.60-2' 281.20 2.10-2' 1t2.1 
624.40 1.20-Z· 531.80 1 .. 10-.2· 141.10 1.05-2" 833.40 5.90-3* 342.80 5.20-3. 42.8 
982.40 2.30-3*1268.00 1.60- 3. 551.50 1.50- 3.1264. 40 1.20-3*1233.00 1.20-3. 43.1 
71>8.90 1.20-3. 829.90 1.00-3* 559.70 1.00-3. 342.60 I.C0-3* 210.306.00-4. -\3.2 
1S4.90 3.00-4*1013.80 2.00-"*1003.6C 2.00-4* HI> .80 2.00-4*1282.10 1.00-4. 43.3 

1254.20 1.00-4' n5.80 1.00-4*1204.<0 6.00-5. 43.4 
TE 129M 2.69613E 06 46 43.5 

21.80 2.30 O. 459.60 1.00 0* 696.00 6.40-1" 487.40 1.90-1" 729.60 1.52-1" 43.6 
218.40 8.00-2*1084.00 1.90-2* 250.60 5.60-Z*II1I.70 3.10-2- 105.50 3.00-2· 43.1 
602.20 2.13-2* 209.00 2.60-2. 556.60 2.30-2* 281.20 2.10-2· 811.20 1.90"'2· H.S 
624.40 1.20-2. 531.80 1.20-2" 141.10 1.05-2* H4.90 1.30-3. 833.40 5.90-3. 4 •• 1 
34Z.80 5.20-3" 612.00 5.00-)*1022.60 4.10-3· 101.80 3.80-3*1050.40 3.70-3. 4Jit",2 
982.40 2.30-3*1260.80 1.60- 3' 551.50 1.50-3*1264.40 1.20-3*1233.00 1.20-3. 1t4.3 
1()8.9Q 1.20-)· 829.90 1.00-3" 105.60 1.00-3" 559.70 1.00-3" 142.60 1.00-3. 1t4.4 

1401.60 9.00-4· 270.30 ... 00-4* 794.90 3.00-"*1313.80 2.00-"*1013.80 2.00-4* 44.5 
1003.60 2.00-4. 116.80 2.00-4*1282.10 1.00-4·1254.20 1.00-4* 925.80 1.00 ..... 44.6 
1204.20 6.00-5. 1t4.1 

I 130 4.46400E 04 24 44.8 
536.10 1.00 0 668.40 9.40-1 139.40 8.10-1 418.00 3.30-1 1157.301010-1 45.1 
586.10 1.60-2 686.00 9.30-3 1272.10 7.80-3 966.80 7.10-3 510.90 6020-3 .5.2 
b03.60 6.00- 3 1096.40 5.00-3 1404. Ie 3.60-3 lllZ .00 2.30-3 a08.50 2.10-) .S.3 

IUz.50 1.80-3 817.30 1.60-3 8CO.50 7.00-4 1601.10 4.00-4 1547.10 4.00-4 45.4 
1501.10 4.00-4 1423.60 3.00-4 1202.90 2.00-4 148-1.40 1.00-4 45.5 
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! POM 5.52000( 02 5 45.6 
530.10 !.51-1 586.10 1.40-2 1615.00 5.60-3 llZZ.OO 2.00-3 48.20 0.0 a 45.1 
TeUI 1. SOOaGE 03 42 45.8 
149.80 6.77-1 452.40 1.80-1 1147.40 5.1>8-2 491.80 5.14-2 602.20 4.80-1 46.1 
991.40 3.59-2 948.50 2.23-2 &54.00 1.49-2 934.60 9. SO- 3 384.20 9.50-3 46.2 

1008.10 8.80-3 342.90 7.40-] 1294.80 6.40-3 1Z1.00 5.10-3 545.10 3.80-) ".3 
951.80 3.40-3 H198.70 2.10-3 841.90 1.90-3 298.30 1.80-3 696.00 1.10-3 ~6.4 
898.60 1.50-3 1501.00 1.20-3 1278.20 1.10-3 218.30 1.20-3 1421.50 1.10-3 46.5 
51>7.40 9.00-4 109.80 9.00-4 1351.60 6.00-4 1527.90 5.00-4 855.60 5.00~ ~ •• 6 
825.00 5.00-4 353.00 5.00-/t 221./t0 5.00-4 605.40 4.00-4 515.00 3.00-4 ".1 
496.00 3.00-4 "21.00 3.00-4 550.60 2.00-4 1652.00 1.00-5 1579.00 1.00-5 46.8 

!3()9.00 7. OO-S 402.00 1.00-5 41.1 
I 131 6.94656E 05 9 41.2 
3blt.SO S.20-1 631.00 6.80-2 28 .... 30 5.40-2 80.20 2.60-2 123.00 1.60-2 "'1.3 
503.00 4.(10-3 325.80 2.(10-3 177.20 2.00-3 29.80 0.0 (I 47." 
TEBZ Z.80800E 05 45 41.S 
.... 1.10 9. SO-I 228.20 6. ao-l 112.10 1.50-1 53.00 1.10-1 95/t.60 1.67-1 41.6 
522 .1>0 1.50-1 "30.20 1.35-1 1398.50 ".80-2 127.50 6.80-2 812.60 6.00-2 41.7 
611.00 6.00-2 505.10 4.70-2 1135.20 2.92-2 810.00 2.80-2 1311.10 2.2&-2 41.8 
650.1>0 l.20-2 621.00 2.08-2 1295.00 1.84-2 1442.60 1.35-2 1142.60 1.35-2 4'.1 

1289.90 1.30-2 262.80 1.30-2 2001.70 1.20-2 H6.50 1.20-2 1921.70 1.14-2 48.2 
II n.lO I. B-2 111.90 1.10-2 811.90 1.06-2 284.10 1.02-2 546.80 1000-2 48.3 
910.90 9.40-3 98/t.l0 6.50-3 446.10 6.40-3 864,"0 5.10-3 1034.60 5.04-) 48.4 
928.10 4.10-3 416.60 4.40-3 431.80 It.30-3 1757.00 3.20-3 1141.10 3.20-3 .... S 
240.80 2.30-3 1271.80 1.50-3 1476.70 1.24-3 1519.90 8.40-4 28.60 0.0 0 Its.6 
I 132 8.20S00E 03 39 48.1 
661.70 9.80-1 772.10 1.50-1 9S4.60 1.61-1 522.60 1.56-1 630.20 1.35-1 Its.8 

l398.50 ;'.80-Z 721.50 1.0.80-2 812.60 6.00-2 671.00 6.00-2 505.104.10-2 49.1 
1135.20 2.'12-2 810.00 2.80-2 13 71.10 2.28-2 650.60 2.20-2 6.Zl.00 2. (8-2 It9.2 
11~5.00 1.84-2 1442.00 1.35-2 1142.60 1.35-2 1289.90 1.30-2 262.80 1.30-2 It9.3 
lOOl.70 1.20-2 192 1.10 1.14-2 1112.20 1.1l-2 E17.90 1.06-2 284.10 1.02-2 ".4 

546.80 1.00-2 910.90 9.40-3 984.10 6.50-3 446.10 6."0-3 8U."0 5.10-3 49.5 
l(l"'.60 5.04- 3 928.10 4.10-3 416.60 4'''0-3 431.80 4.30-3 1151.00 3.20-3 49.6 
1141.10 3.20-3 1171.aO 1.50-3 IH6.10 1.24-3 1519.90 8.40-4 49.1 

! 133 1. 55999E 04 211 49.8 
529.50 8.70-1 815.30 4.50-2 1298.90 2.18-2 101.40 1.60-2 1237.51> 1.51-2 50.1 
510.40 1.50-2 851>.10 1.20-2 1060.80 1.1>0-3 10!>Z.80 5.00-3 769.10 It. 70-3 50.2 
163.40 4.40-3 910.50 3.80-3 618.00 3.10-3 "22.90 2.60-3 344.00 2.60-3 50.3 
820.90 1.10-3 1351.60 1.60-3 411.20 1.40-3 266.30 1.30-3 1061.10 8.10-4 50.4 
139.90 5.00-4 1590.10 4.40-4 608.00 4.00-4 1733.00 2.60-4 938.50 1.30-4 50.5 
893.20 1.00-4 814.00 1.00-4 8ltl. CO It. 00-5 50.6 
I H4 3.19200E 03 50 50.1 
SH.OS 'l.57-1 864.18 0.49-1 1012.88 1.49-1 595.40 1.ll-1 621.80 1.01-1 50.8 

1136.50 8.90-2 540.88 7.63-2 617.50 7.5t.-2 405.40 7.32-2 851.48 6.54-2 51.1 
1806.40 5.53-2 974.80 4.80-2 135.48 it. 35-2 1613.80 4.3l-2 166.60 4.11-2 51.2 
4H.30 It. 15-2 SitS. 10 3.96-2 H4l •• 0 2.61-2 1456.10 2.34-2 235.40 2.25-2 51.3 
H4.40 Z .16-2 628.13 Z.ll-Z 10100.00 2.04-2 730.10 1. 77-2 "88.90 1.42-2 51.4 
459.03 1.36-2 565.40 9.85-3 1103.00 9.28-3 1100.1>0 8.10-3 188.53 8. <oZ-) 51.5 
138.90 6.18-3 1470.30 1.46-3 139.20 6.81t-3 1131.00 6.26-3 816.60 6.26-3 51.6 
411.20 5. 4~-3 1542.60 4.88-3 1210.03 '0.18-3 319.78 It ... 5-3 350.90 /t.16-3 51.1 
511.00 4.01>-3 1644.30 3.92-3 1353.80 3.13-3 961.10 3.63-) 1159.10 3.20-3 51.8 
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162.58 3.15-3 211.43 2.39- 3 H91.40 2.34-3 2312.60 2.10-3 Hl9.20 1.11-3 52.1 
C5134 6.50703E 07 9 52.2 
604.60 ;.80-1 195.60 8.80-1 569.20 1.40-1 801.80 9.00-2 563.10 8.00-2 52.3 

1365.00 3.40-2 111>7.70 1.90-2 "75.30 1.50-2 1038.40 1. 10-2 52.4 
CSIHfoI 1.04400E 04 4 52.5 
127.10 1.40-1 131.40 0.0 0 31.00 0.0 0 10.50 0.0 0 52.6 
I 135 2.41200E 04 50 52.1 

1260.50 2.91-1 1131.60 2.21-1 526.50 1.13-1 Ib 18. 30 9.90-2 1 ... 58.10 9. lthZ 52.8 
1191.50 S. 30- 2 1038.80 7. 70-2 546.50 0.30-" 836.80 5.90-2 1106.10 4.30-2 53.1 
1124.10 3.90-2 H1.50 3.10-2 288.60 3.10-2 220.50 1.80-2 1101.60 1.50-2 53.2 
1566.80 1.20-2 ~72.10 1.20-2 2410.10 1.00-2 1503.10 1.00-2 1169.00 1.00-2 53.3 
2046.10 9.00-3 HI.90 9.00-3 1240.50 8.00-3 707.60 7.00-3 2Z56.70 6.00-3 53.1t 
1831.10 6.00-3 1368.20 b.00-3 531.00 5.00-3 434.00 5.00-3 H9.5C 4.00-3 53.5 
1921.60 3.00-3 1448.60 3.00-3 994.80 2.00-3 191.30 2.00-3 451.80 2.00-3 53.6 
429.90 2.00-3 414.80 2.00-) 290.40 2.00-3 264.30 2.00-3 229.80 2.00-3 53.7 
'J60.90 1.00-3 185.30 1.00-3 ,,89.90 1.00-3 402.90 1.00-3 1180.40 9.00-4 53.6 

1161.20 9.00-4 362. 00 9.00-4 305.60 9.00-4 808.10 6.00-" 679.30 3.00-4 54.l 
XEl35 3.30120E 04 12 54.2 
249.60 9.20-1 60B.60 2.60-2 408.20 3.40-3 158.50 2.60-3 358.60 2.40-3 54.3 
812.60 5.00- ... 131.90 5.00-4 654.60 3.00-4 199.90 2.00-'" 373.10 1.00-4 Sit.4 
513.30 6.00-5 1063.00 3.00-5 54.5 
(5131 9.52198E 06 3 5 .... 6 
6bl.64 8.51- I 32.10 5.70-2 36.50 1.30-.2 54.1 
8A131 9.S9800E 05 4 54.8 
496 •. 17 2.40-1 123.81 1.40-1 216.08 1.00-1 H).lit 1.60-2 55.! 
BAH71'! I.S3000E 02 3 55.2 
661.64 8.51-1 32.10 5.10-2 36.50 1.30-2 55.3 
BA139 'o.90leOE 113 23 55.4 
165.80 7.30-1*1420.50 1.00-2*1219.10 1.50-)*1254.80 1.00-3*1310.60 5 .... 0-4 .. 55.5 

1090.90 3.10-4*1256.10 1.10-4*1683.40 1.20-4*1215.50 1.20-4"1370.60 1.10-..... 55.6 
1536.30 I.CO-4*1595.70 9.30-5*1476.60 6.10-5*1518.302.00-5*1053.00 1.20-5* 55.1 
1105.50 1.00-5*1558.50 9.80-6 1920.1>0 3.00-6*139.1.40 3. C0-6*1381o 50 30 00-6. 55.8 
2060.10 2.00-6*1894.702.00-6*1154.50 2.00-0. 56.l 

84140 1.10506£ 06 to 56.2 
531.25 3.40-1 29.91 1.90-1 162.66 8.50-2 304.85 5.90-2 423.69 4.40-2 56.3 
4H.54 2.10-2 13.85 1.50-2 132.69 2.80-3 118.85 9.20-4 113.55 2.50-4 56.4 
lAl40 1.44792£ 05 38 56.5 

1596.40 9.60-1 481010 4.67-1 815.70 2.28-1 328.80 2.00-1 925.20 1.10-2 56.6 
86 r .90 5.50-2 151.90 4.30-2 2521.80 3 •• 0-2 432.60 2.90-2 919.10 .2.70-2 56.1 

1085.30 1.10-2 2348.30 8.60-, 266.50 5.40-3 131.10 5.20-3 951.00 5.00-3 56.8 
242.00 5.00- 3 lOI().40 4.30-) 510.90 4.00-3 l't .60 3.20-3 898.70 Z.70-) 51.1 
892.00 2.30-3 109.50 2.10-3 1416.0C 2.00-3 1(62.00 2.00-3 198.30 2.00-3 57 .2 
173.50 1.90-3 2547.80 1.00-) 1521.60 1.00-3 69.00 1.00-3 2698.90 1.00-4 51.] 

1877.30 7.00-4 653.20 4.00-4 398.00 ~.OO-4 6'1.10 4.00-4 3119.10 2.00-4 51.4 
2465.40 2.00-4 2494.00 1. lO-4 H 19. 7e 5.00-5 51.5 

CE IH 2.80368£ 06 2 57.6 
145.40 4.80-1 36.00 0.0 0 51.7 
PIU42 6.91199£ 04 I 57.8 

1575.50 3. 70-2 5801 
eEl .. ) 1.18800E 05 28 58 • .2 
293.26 4.1)-1 51.37 1.16-1 664.55 5.20-2 121.96 5.00-2 350.58 3. 30-2 58. ), 
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2H.56 2.00-2 490.36 1.90-./ 680.39 9.10-} 1102.98 3.60-3 581.28 2.~0-3 58 •• 
.. 3).02 1.30- 3 139.1>7 9.10-4 1002.91 1>.1>0-4 "47.21 6.60-. 1060.52 3.~0-4 58.5 
497.91 3.30-4 937.81 3.10-4 389.~9 2.90-" 809.93 2. So-4t 8C6 •• 6 Z.50-4 58.6 
55!>. 86 2.50-4 371.U 2.10-. lOll." 1 1.10-4 191.09 1.10>-4 132~.6) I.Zo-~ 58.1 
691.10 1.20-4 10~7.04 9.00-5 1339.92 3.10-5 58.8 
eel "4 2.45549£ 01 15 59.1 
Ul.53 1. t8-1 60012 1.54-2 6<;6.100 1.50-2 2166.50 1.30-3 40.93 5.00-3 59.2 

1469.20 2.90-3 33.51 1.50-3 53.91 9.00-4 99.95 3.80-4 1388.00 6.20-5 59.3 
613.80 Z.30-5 663.90 1.80-5 1115.00 1.10-5 625.00 5.00-6 2655.00 10.00-1 59.4 
NDiU 9 .... 8671£ 05 22 59.5 
'H.C)) 1 .... 9-1 531.100 9.00-2 319.10 1.30-2 "40.30 8.30-3 215.10 5.10-3 59.6 

686.70 5.60-3 398.60 5.50-3 120.60 2.80-3 78.00 2.00-3 595.10 1.80-3 59.7 
191.00 1.30-3 "89.60 9.00-4 410.80 9.00-4 2~9. 70 5.00-" !S4.00 5.00-4 59.8 
589.80 3.00-. 1180.20 2.00-4 312.60 2.00-~ 260.00 2.00-10 232.00 2.00-. 60.1 
no.oo 2.00-" 182.00 1.00-4 1>0.2 
N0149 6.48000£ 03 40 60.3 
211.30 2.30-1 114.30 1.60-1 270.10 9.20-2 654."0 8.1tD-2 ~23.50 8.10-2 .o.~ 
540.60 6.60-2 261.60 5.20-2 155.90 5.20-2 326.40 10.00-2 240.20 3."0-2 60.5 
208.10 2.50-2 74.30 2.20-Z 188.60 1.10-2 4'13.50 1.30-2 3'19.30 1.30-2 60 •• 

91.30 1.30-2 58.90 1.30-2 198.90 1.20-2 556.100 1.00-2 2~5.80 8.90-3 60.1 
268.10 5.90-3 3611.110 5.10-3 282.40 5.20-3 215.20 5.10-3 192.00 5.10-3 60 •• 
294.80 5.00-3 311.10 ..... 0-3 230.30 4.30-3 213.80 3.50-3 301.~0 ). 30-3 61.1 
258.10 3.30-3 384.10 2.90-3 273.10 2.00-3 122.30 2.00-3 630.20 1.90-3 61.2 
171.80 1.40-3 126.110 1.00-3 117.10 1.00-3 38.10 0.0 0 30.00 0.0 0 61.3 
N01,1 7.44000E 02 38 61.1t 
116.80 2.22-1 1180.90 1.00-1 255.70 1.1>0-2 138.90 4.30-2 115.10 ~. ZO-2 61.5 
HI>.20 4.00-2 423.60 3.60-2 197.50 3.Zo-Z 1122.60 3. CO-2 110.10 2.30-2 6106 
124.20 I. '10-2 678.00 1.50-2 85.10 1."0-2 139.20 1.20-2 300.60 1.10-2 61.1 
90.00 1.IO-Z 402.30 9.60-3 69.00 S.70-3 91".20 8.20-3 155.60 1.40-3 61.8 

585.20 1.40-3 841.10 6.50-3 658.60 .... 50-3 324.60 3.30-3 102.90 3.30-3 62.1 
81.80 3.30-3 239.50 3.00-3 238.10 3.00-3 183.10 2.50-3 58.30 2."0-3 62.2 

149.50 2.20-3 208.10 2.10-3 589.60 2.00-3 1119.10 2.00-3 191.20 1.80-3 62.3 
329.10 1.50-l 1291.80 1.30-3 38.70 0.0 0 62." 
EUI51 ... 11>551E 08 48 62.5 
121.18 2.54-1 3H.31 2."5-1 1408.02 1.98-1 ~1I4.01 1.32-1 1112.0. 1.2"-1 62.11 
178.61 1.20-1 10115.83 9.70-2 H4.66 11.80-2 661.33 3.80-2 ""3.9' 2.90-2 62.1 
Hl.n 2.00-Z 1.089.13 1..10-2 1299.20 1.60-2 1212.114 1.30-2 688.68 8.00-3 62.8 
JoT.GO 8.()O-) 1005.15 6.00-3 It,51.6 ... S.00-3 564.08 5.00-3 919.31 10.00-3 63.1 
1>18.111 4.00-3 581>.34 4.00-3 488.72 4.00-3 295.91 4.00-3 810.42 3.00-3 63.2 
719.34 3.0Q-3 1528 .. 2 2.00-3 12109.91 2.00-3 llC8.90 2.00-3 926.23 2.00-3 63.3 
11>4.86 2.00-3 963.36 1.00-3 841.53 1.00-3 6H.68 1.00-3 656.52 1.00-3 63." 
566:.64 1..00-3 503.50 1.00-3 416.06 1.00-3 329.41 1.00-3 1292.15 9.00-4 63.5 
HZ.S1 9.00-4- 168.90 8.00-10 901.2C 1.00-4 3H.81 1. CO-l, 211.05 7.00-" 63.6 
'H.6Z 1.00-4- 930.58 6.00-4 520.30 5.00-10 63.1 
EUl5ZMl 3. 34800E 0" ~8 63.8 
lH.18 2.20-1 3H.31 2.10-1 1408.02 1.10-1 1112.04 1.10-1 96 .... 01 1.10-1 6<1<.1 
71ij.81 t.00-1 1085.11) 8.00-Z 2"".60 6.00-2 661.33 3.00-2 H3.98 2.00-2 6<1<.2 
411.13 2.00-2 1299.20 1.00-2 1212.9" 1.OO-Z 10811.13 1.00-2 367.80 1.00-) 6"'.3 
686.1>8 6.00-3 1005.15 5.00-3 1457.6. 4.00-3 678.61 ".00-3 5811.3 ... ".00-3 6't.lt 
!OM.IlS 4.00- 3 520.30 4.00-3 919.31 3.00-3 119.34 3.00-3 "'118.72 3.00-3 64.5 
295.91 3.00-3 1528.12 .<.00-3 926.23 2.00-3 810.42 2.00-3 IH9.1I1 1.00-3 6 •• 6 
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!l C8. 90 1.00-} 903 .. 36 1.00-·3 841.53 1.00-3 164.86 I.C0-3 67 .... 68 1.00-3 64.1 
656. S2 1.00- 3 503.50 1.00-3 329.41 1.00-3 51>6.64 11.00-4 12112.75 8.00-'" 0 .... 8 
712.81 5.00-4 416.06 8.00-4 901.20 6.00-4 768.90 b.CQ-" 324.61 6.00-4 65.1 
211.05 6.00-4 251.62 .... 00-4 930.58 5.00-.. 65.2 
EU15ZMZ 5.1600OE OJ 3 65.3 

90.00 1.40-1 311.70 0.0 0 18.30 0.0 0 65.1t 
SM153 l.oH84E 05 28 65.5 
103.20 2.80-1 69.60 4.16-2 91. "0 7.29-3 83.40 2.10-3 75."0 1.71-3 65.6 
59.50 1.62-3 531.40 6.45-4 112.90 5.88-4 533.20 3.31>-4 539.10 1.1>11-4 65.1 

46l.bO l .. lto-~ 609.10 1.18-4 151.60 9.00-; 521.30 1.00-5 1>36.00 5.04-5 65.8 
555.Z0 5.00-5 "al.W 3.90-5 411.50 3.90-5 .. 24.30 3.1>0-5 450.00 3.10-5 1>6.1 
578.1>0 2.80-5 43S.00 2.110-5 5".10 1.1>8-5 68.20 1.20-5 598.20 0.0 0 1>1>.2 
596.90 0.0 0 41.50 0.0 {) 19.80 0.0 0 66.3 
EU1S4 2.66234E 06 50 1>6 ... 
123.01 3. SO-I 1214.49 3.36-1 723.24 2.02-1 100".15 1.10-1 873.16 1.17-1 66.5 
996.29 9.90-2 2"7.90 6.80-2 591.79 5.00-2 15/>.81 4.30-2 1596.70 1.10-2 66.6 
692.43 1.10-2 12 ..... 20 8.00-3 904. 10 8.00-3 582.03 8.C0-3 149 •• 20 6.00-3 66.7 
444.50 6.01l-3 845.40 5.00-3 815.50 ;.00-3 892.80 ".00-3 1128.50 3.00-3 06.8 
625.20 3.00-3 1140.10 2.00-3 850.10 2.00-3 551.60 2.00-3 418.30 2.00-3 61.1 
401.20 2.00-3 188.20 2.00-3 1241."0 1.00-3 1116.20 1.00-3 715.10 1.00-3 61.2 
616.S0 1.00-3 649.80 9.00-4 HS8.30 8.00-" 1l80.60 7.00-4 613.30 7.00-" 67.3 
4.;7 .90 7.00-4 924.10 6.00-4 5H.20 6.00-4 1538.00 5.00-4 518.205.00-4 1>7.4 
321.80 5.00-.. 391.20 4.0Q-4 HoO.30 3.00-4 232.10 3.00 .... 141.1.30 3.00-4 67.5 

IH6."0 2.01l-4 1290.40 2.00-4 404.20 2.00-4- 329.90 1.00-4 1"18.20 9.00-5 67.6 
SM155 1.18000E 03 21 67.1 
IO".3Z 7.25-1 41.50 I.H-1 245.73 3.90-2 141.41 2.30-2 141.40 2.30-2 61.8 
18.50 1.;10-2 26.M) .... 30-3 61.80 4.00- J "bO.SO 6.9()-4 1301.20 t..70-4 68.1 

228.10 6.60-4 664.00 6.10-4 138.60 6.00-4 169.10 !>.OO-It 161.50 4.80-4 63.2 
203.H) 4.5{)-4 1223.00 1.90-4 571.60 1.80-4 522.50 !. 50-4 631.20 1 •• 0-" 68.3 

1002.10 1.20-4 462.20 1.20-4 301.30 1.21l-4 5l0.l0 1.10-4 SH.90 1.00-4 68." 
90.10 1.00-4 41.50 0.0 0 68.5 

fU155 !.%522E 08 6 68.6 
86.54 3.20-1 105.30 2.00-1 60.01 1.28-2 26.50 1.28-2 "'.30 7 .... 0-3 68.7 
IS.9() 3.21l-4 68.8 

EU151> 1.H069E 06 50 69.1 
SH.60 9'(W-2 1l30.4() 8.10-2 88.90 8.00-2 2205.0C 7.00-2 646.20 7.00-2 I 69.2 

1242010 6.60-2 106".90 6.10-2 723.30 6.00-2 1153.30 5.90-Z 1153.90 5.60-2, 69.3 
1965.40 3.80-2 2186.30 3.10-2 2026.10 3.10-2 2097.20 3.00-2 960.30 2. 80-2 69.4 
944.10 2.48-2 2180.50 1.90-2 1937.20 1.90-2 599.50 1.70-2 1366.10 1.1.10-2 69.5 
Sol.OO 1.50-2 1816.50 1.30-2 U 70.00 8.00-3 105.10 b.80-3 1248.l0 5.1t2-3 69.6 
915.60 4 .. 54-3 11.83.60 3.10-3 969.70 3.51l-3 841.20 2.~1.I-3 434.30 2.40-3 69.7 

1681.90 2.25-3 490.00 2.03-3 1258.40 9.80-", 199.20 1.20-4 1211.20 0.0 0 69.8 
U6l1.00 0.0 0 1079.00 G.O 0 104<1.30 0.0 () 1040.30 0.0 0 1018.)0 0.0 0 70.1 
IOll.bO 0.0 () 985.80 0.0 0 865.9() G.O () 960.00 0.0 0 858.30 0.0 0 10.2 
1S1.40 0.0 0 109",90 0.0 0 585.80 0.0 0 293.10 0.0 0 H.OO 0.0 0 70.3 
GDU9 6.4801l0E (j4 IS 10." 
363.60 I. all-I 58.00 1.80-2 3"8.20 2.00-3 226.GO 1.60-3 581.10 5.51l-" 10.5 
305.60 5.40-4 79.40 3.60-4 290.20 2.40-'" 5511.90 1.10-4 617.10 1.30-4 10.6 
zlc.ao 9.00-5 114.20 0.50-5 236.90 5.50-5 1H.70 4.21l-5 536.70 1.80-5 10.1 
854.50 1.41l-5 1>16.30 9.00-6 44.50 0.0 0 10.8 
r B 160 6.U944E 06 34 H.I 
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CODf' MEMBER GAMOAT 12 PAGE 

H79.36 3.00-[ 298.56 2.11-1 966.15 2.41-1 1171.94 1.48-1 £6.19 1.37-1 71.2 
962.30 1.02-1 1271.85 7.40-2 191.04 5.22.-2 l15.65 3.93-2 13U.95 2.19-2 11.3 

1200.00 2.24-2 765.l~ 2.03-2 1U5.20 1.50-2 392.51 1.36-2 i003.2(. 9.80-3 71.4 
309.56 9.00-3 682.35 5.45-3 1102.90 5.00-3 331.32 3.30-3 811.95 i.74-3 n.5 

1251.40 S.40-4 486.08 8.00-4 1069.10 7.60-4 230.63 1.10-4 93.92 6.70-4 71.6 
146."9 1.80-4 319.45 1.40-4 3109.94 1.40-4 432.72 1.30-" 1285.90 1.10-4 11.1 
231.1>4 7.00-5 BOO. 00 5.00-5 111>.49 4.10-5 242.50 4.00-5 11.8 
GOlol 2.2200OE 02 15 12.1 
361.00 6.60-1 315.30 2.50-1 102.40 1.10-1 283.80 8.00-2 165.30 4.63-2 12.2 
160.60 2.21..-2 482.00 2.07-2 258.80 1.94-2 531.00 1.68-2 273.00 1.29-2 12.3 

51..60 8.50-3 105.50 6.47-3 71.60 10.10-4 133.10 0.0 0 44.50 0.0 0 72.4 
OYl6S 8.35199E 03 18 12.5 

94.70 4.00-2 361.50 1.10-2 116.00 1.00-] 633.00 7.00-3 279.60 6.00-) 12.6 
545.00 1.70-3 566.00 1.40-3 1080.00 1.00-3 621.00 1.00-3 575.00 8.00-4 12.1 
995.00 0.00-4 1056. 00 3.00-" 514.00 3.00-4 419.00 3.00-4 695.00 2.00-4 12.8 
588.00 8.00-5 501.00 6.00-5 47.60 0.0 a 13.1 
OYl6SM 1.55999E 01 7 13.2 
108.20 3.00-2 5l5.50 1.80-2 361.70 6.00-3 153.10 3.00-3 650.00 3.00-4 13.3 
750.00 1.00-4 46.00 0.0 0 13.4 
HOl66 9.61199E 04 10 13.5 

80.60 6.20-2 1380.00 9.30-) 1582.40 1.90-] 1663.00 1.20-] 1750.00 3.10-4 73.6 
1>15.10 3.00-4 106.00 1.90-4 186.10 1.50-.. 1830.30 '1.30-5 t,9.10 0.0 0 13.1 
HOl1>6M 3.18bB3E 10 32 13.8 
184.50 1.00 0 810.80 7.60-1 111.80 1.20-1 280.20 3.'10-1 752.50 1.60-1 1ft. 1 
4H.OO 1.60-1 80.60 1.40-1 830.80 1.20- 1 530.10 1.00-1 67e.40 7.00-2 14.2 
570.50 6.80-2 300.1>0 4.80-2 179.40 3.80-2 215 • .20 3.80-2 951.60 ·3.60-2 14.3 
451.60 3.50-2 365.90 2.90-2 465.00 2.00-2 691.00 1. '10-2 260.10 1.80-2 14.t, 

LZH.SO 1.20-2 594.80 1.20-2 815.90 1.1D- 2 HOl.40 8. CO- 3 1427.50 7 .. 00-3 74.5 
996.80 1.00-3 896.60 7.00-3 121.60 7.00-3 111.80 7.00-3 1283.30 4.00-3 14.6 

1~ n.()O 4.00-3 1141.60 4.00-3 74.7 
VBI,,9 2.76460E Db 16 74.8 
63.l2 40 .. 42:-1 197.91 3.61-1 111.24 2.18-1 109.18 1.81-1 130.53 1.11-1 15.1 

307.70 1.01-1 93 4 60 2.60-2 H8.20 1.91-2 261.00 1.11-2 20.75 2.40-) 15.2 
240.40 1.21-3 117.25 3.40-10 394.00 1.30-4 lSI. .66 8.10-5 625.00 3.100-5 75.3 
515.00 2.90-5 15.4 
1M170 1.12320E 07 2 15.5 

84.30 3.30-2 52.40 0.0 0 15.6 
ERiH 2. lOnOE 04 50 15.7 
308.20 6.44-1 295.90 2.89-1 111.60 2.05-1 124.00 9.10-2 116.60 2.30-2 15.8 
210.50 6.42-3 796.20 6.40-3 907.80 0.35-3 211.t,0 5.80-3 231.10 3.02-3 16.1 
615.10 2.85-) 312.00 2.57-3 670.10 2.52-3 183.80 2.40-3 HZ .20 9.16-4 76.2 
620.bO d.90-4 175.80 8.90-4 1019.110 8.30-4 912.80 1.10-4 85.606.00-4 16.3 
869.70 5.50-4 559.10 4.66-4 882.00 3.85-" 608.60 3.05-4 197.702.70 ..... leo.1t 
966.40 2.44-4 50l>.60 2.21-4 424.60 2.24-" 671.10 Z.20-4 3tl.OO 1. '17-4 16.5 
,IS.HO !. 11-4 547.60 1.67-4 609.00 1.65-10 693.20 1.50-4 705.80 1.20-4 16.6 
573.50 9.60- 5 286.50 8.00-5 1109.00 6.79-5 744.90 6.60-5 455.60 1>.00-5 1/, .1 
630.10 <;.00-5 4d 1.90 5.00-5 767.60 4.50-5 586.00 ".00-5 l395.50 2.80-5 16.8 

1220.50 2.80-5 1400.502.50-5 1219.90 2.50-5 1284.40 2,"0-5 495.40 2.00-5 17.1 
VB! 15 3.631>OOE 05 I> 17.2 
)96.32 6.98-2 282.52 3.25-2 113.80 2.02-2 144.86 3.60-3 131.66 1.10-3 11.3 
251.41 9.60-4 17 .4 
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HFl75 6.04800E Db a 71.5 
343.40 8.50-1 89.40 3.40-2 433.00 1.40-2 229.6C 6.00-3 113.80 3.00-3 77.6 
161.30 3.00-4 H6.90 0.0 0 54.10 0.0 0 17.1 
LUl76M 1.33200E 04 10 11.8 
88.35 8.45-2 H59.30 1.00-1> 1061.61 3.80-6 1138.26 1.10-6 936.42 9.00-7 18.1 

201.84 8.00-1 IUb.85 b.00-7 1204.85 4.00-1 1241.68 1.00-1 951.40 1.00-1 78.2 
vain 6.84000E 03 22 18.3 
150.39 I. 12-1 1080.10 4.12.-2 1241.40 2.90-2 121.62 2.90-2. 138.61 1.10-2 18.4 
941.70 '1.00-3 1199.10 6.00-3 899.20 6.00-3 1119.605.00-3 1028.00 5.00-) 18.5 

1230.10 3.CO-} 1109.00 2.00-3 141.17 2.00-3 179.}0 I.C0-3 268.80 1.00-3 18.6 
760.40 5.00-4 162.49 5.00-4 967.40 3.00-4 458.10 3.00-4 1214.80 2.00-" 18.1 
961.50 2.00-4 1336.40 1.00-4 18.8 
YBI11M 6.50000E 00 3 19 .. 1 
104.00 0.50-1 228.00 1.30-1 52.ltO 0.0 0 79.2 
win 5.79144E 05 1 19.3 
108. "0 6.10-2 113.00 2.80-2 321."00 1.00-3 2"09.70 9.00-4 11.60 1.00-4 19.4-
1l6.10 2.00-4 55.80 0.0 0 19.5 
HF178M1 4.l0000E 00 5 19.6 
426.37 9. 11- 1 325.56 9.26-1 213.44 1.9b-l 88.88 6.20-1 93.18 1.67-1 79.1 
HFl19M i.abOOOE 01 3 19.8 
214.30 9.40-1 160.60 3.QO-2 315.00 5.00-3 80.1 
HF160M 1.98000E 04 6 80.2 
332.31 Q.30-1 443.18 8.40-1 215.25 8.00-1 51.55 4. SO-1 93.33 1.70-1 80.3 
sao. 71 1.30-1 80.4 
HF1S1 3.1>7200£ 06 8 80.5 
482.00 8.60-1 133.02 4.30-1 345.85 1.40-1 136.25 6.10-2 136.68 1.80-2 80.6 
416.00 4.30-3 615.50 2.50-3 619.00 3.00-4 80.1 
I; !81 1.05002E 07 3 60.8 

6.21 9.80-3 152.50 9.80-4 136.25 4.10-4 81.1 
fual 9.93599E 06 33 61.2 
&7.80 4.10- i 1121.30 3.58-1 122I.ltO 2.17-1 1189. 05 1.66-1 100.10 1. ""-1 81.3 

1231.(H 1. 17-1 222.11 1.60-2 152.44 7.30-2 229.lZ 3.10-2 264.01 3.60-2 81.4 
119.39 3.10-2 156.39 2.70-2 84.7e 2.70-2 65.70 2.10-2 1001.702.10-2 81.5 
113.70 1. BO-, 1257.30 1.60-2 1289.10 1.50-2 198.40 1. S0-2 1151."001.00-2 81.6 
921.70 7.00-3 12 73.70 b.90-3 31.70 4.100-3 1113.20 ".10-3 959.10 4.00-3 81.1 
116.40 4.00-3 tl42.60 2.80-3 1313.80 2.40-3 42.70 2.40-3 1387.20 9.00-4 81.8 

1410.00 5.00-4 1453.00 4.00-4 125.40 2.00-4 82.1 
TAUlH 9.90000E 02 5 82.2 
171.59 4.00-1 141>.79 3.00-1 184.95 2.00-1 318.40 2.00-2 356.41 2.40-3 62.3 
W 183M 5.30000E 00 8 82.4 
107.90 1.90-1 52.60 1.10-1 99.10 9.00-2 46.50 8.00-2 160.50 6.00-Z 82.5 
102.50 4.00-2 210.30 1.00-2 59.30 0.0 0 62.6 
II 185 6.48864E 06 1 82.7 
125.40 1.70-4 8Z.8 
RE186 3.l0040E 05 7 83.1 
137.15 9.18-2 167.51 2.86-4 630.34 2.54-4 333.40 6.00-1 296.90 5.00-1 93.2 
773.28 2.00-1 476.42 0.0 0 83.3 
W lUI B.60399E 04 45 83.4 
685.10 3.20-1 479.50 2.1>0-1 72. 00 1.10-\ 134.20 1.00-1 618.20 7.40-2 83.S 
SSI.SO 6.00-2 172.80 4.80-2 601.20 1.60-2 625.40 1.30-2 418.20 1.00-2 83.6 
511. 70 7.70-3 466.90 6.00-3 864.60 4.00-3 1'05.20 3.40-3 473.80 3.00-3 83.1 
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CODE- 1 MEMBER GAMCAT 

431.50 3.00-3 819.502.80-3 
191.30 2.00-3 206.40 1.50-3 
211.60 7.00-4 135.60 6.00-4 
225.60 1.00-4 180.20 0.0 0 
128.00 0.0 0 122.50 0.0 0 
62.10 0.0 0 61.10 0.0 0 

REISS 6.U1200E 04 35 
155.00 1.00-1 633.00 9.00-3 

1610.00 1.00-4 113.2.80 6.00-4 
452.00 4.00-4 1803.00 3.00-4 

1957.00 1.00-4 1786.00 1.00-4 
961.00 1.00-4 881.00 1.00-4 

11''1.00 8.00-5 963.00 8.00-5 
1866.00 4.00-5 1230.00 4.00-5 
RE188M 1.12200E 03 6 
63.60 3.00-1 IOb.OO 2.10-1 
61.10 0.0 a 

OSl9l 1.HOS6E 06 
129.40 1.00 0* 47.05 
OS 191M 4.69080E 04 

H.38 0.0 0 
!Rl'l2 6.3'1SHE 06 22 
31<1.50 8.31-1 468.06 4.76-1 
61Z.45 5.18-2 588.51 4.44-2 
416.46 6.60-3 201.31 4.96-3 
136.35 1.33-3 1061.60 4.&0-4 

1090.40 1.)0-5 1378.50 1.00-5 
IR19ZHI 8.51999E 01 4 
58.00 3.92-4 316.50 1.01-4 

OSl93 1.1340OE 05 50 
64.90 6.32-2 138.89 4.27-2 

557.36 1.30-Z 73.58 1.30-2 
IOo.9~ <>.40-3 15.63 5.14-3 
25!.62 2.17-3 181.81 1.94-3 
288.19 1.42-3 96.82 9.90-4 
ZJ4.58 5.10-4 154.143.00-4 
~lO.30 1.66-4 524.98 1.60-4 
4S6.U 
'>18.35 
695.12 
IR 194 
323.50 
938.87 
569.39 
482.83 

1000.17 
!(l48.b5 
1191.40 
lISS.M) 
2!H.20 

rH95M 

1.10-4 357.109.90-5 
5.50-5 4[3.80 4.70-5 
2.80-5 333.30 2.80-5 

b.'lS399E 04 43 
1.30-1 293.,5 2.80-2 
5.10-3 300.11 3.50-3 
1.50-} 1622.40 6.9C-4 
5.90-4 1218.90 5.80-4 
4.40-4 497.00 4.00-4 
3.10-4 925.28 2.90-4 
2.00-4 532.00 z.oo-~ 
1.00-4 1670.10 8.10-5 
3.00-5 1924.33 2.90-5 

3.41328E 05 10 

529.60 
246.30 
223.10 
145.10 
U3.I0 
51.20 

2.00-3 
1.40-3 
6.00-4 
0.0 0 
0.0 0 
0.0 0 

418.00 6.00-3 
/)72.00 6.00-4 

1132.00 2.00-4 
1457.00 1.00-4 

321.00 1.00-" 
641.00 8.00-5 
971.00 4.00-5 

92."0 1.00-1 

308.lt5 
205.79 
489.04 
176.98 

2.98-1 
3.36-2 
3.96-3 
1.00-4 

295.95 2.15-5 

460.49 3.95-2 
321.56 1.28-2 
559.26 ... 86-3 
298.113 1.86- 3 
532.02 8.30-4 
874.36 1.90-4 
112.10 1.54-4 
440.95 9.20-5 
191.40 4.70-5 
201.50 2.80-5 

"45.32 
622.05 
593.12 

1175.42 
1342.41 
528.95 

156l.61 
2043.67 
1632.00 

1.13-2 
3.10-3 
6.80-4 
5.70-4 
3.70-4 
2.90-4 
1.80-4 
6.50-5 
2.60-5 
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302.20 2.00-3 
200.50 1.00-3 
760.00 3.00-It 
136.30 0.0 a 
106.50 O.C 0 
"9.20 0.0 0 

932.00 It.00-3 
485.00 5.00-4 

1150.00 2.00-4 
1176.00 1.00-4 
297.00 1.00-It 

1368.00 7.C0-5 
846 .00 ".00-5 

156.00 1.20-2 

41.85 0.0 0 

295.95 2.91-1 
48 ... 57 3.17-2 
684.52 2.1It-3 
110.09 6.60-5 

63.28 3.87-2 
381.46 1.'<1>-2 
361.81 2.96-3 
180.03 1.62-3 
1"2.13 1.50-4 
513.33 1.90 ..... 
319.04 1.38-4 
639.09 1.50-5 
8"8.85 4.30-5 
516.30 2.40-5 

1150.866.00-3 
1183.63 2.90-3 
509.70 6.50 ..... 
364.91 5. CO-lo 
699.00 3.60-4 

1807.50 2.70-4 
1488.00 1.80-4 
4n.00 6.00-5 

14 PAGE 

252.20 2.00-3 
239.109.00-4 
220.70 3.00-4 
132.20 0.0 0 
98.20 0.0 0 
36.20 0.0 0 

829.00 3.00-3 
1301.90 4.00 ...... 

8210. 00 2.00-4 
1019.00 1.00-4 
1322.00 8.00-; 
1111.00 1.00-5 

63.00 0.0 0 

169.50 2.00-3 

60 ... 40 8.07-2 
374.48 1.39-3 
283.26 2.29-3 
280.03 3.30-5 

13.01 3.24-2 
280.43 1.2"'2 
219.13 2.11-) 
#t8~. 25 1.10-3 
371.31 7.10-" 

98.70 1.10 ..... 
S!It.9S 1.10-4 
350.20 7.10-5 
891.26 2.80-5 
337.10 1.20-5 

530.10 6.00-3 
L469.22 1. 80-3 
690.30 6.40-10 

1293. 90 ~. 60-4 
1512.40 3.40-4 
1104.08 l.10-4 
1803.00 1.10-4 
ln2.20 4.00-5 

83.8 
84.1 
84.2 
84.3 
8".4 
84.S 
81-.6 
8 •• 1 
84.8 
85.1 
85.2 
85.3 
85. It 
85.5 
85.6 
85.1 
85.8 
86.1 
86.2 
86.3 
86.4 
86.5 
86.6 
86.1 
86.8 
87.1 
81.2 
81.3 
87.4 
81.5 
81.6 
87.7 
61.8 
88,,1 
88.2 
88.3 
88.4 
88.5 
88.6 
88.7 
88.8 
89.1 
89.2 
89.3 
/)11." 
89.5 
89.6 
89.7 
89.8 
90.1 
90.2 



Table A-3. Continued 

CODi:' I MEMBER GAMOAT 15 P"GE 

98.86 l.l'r I 129.74 2.83-2 30.88 1.95-2 239.21 5.60~ 211.28 3.80-4 90.3 
HO .50 2.90-4 no.os 0.0 0 19.94 0.0 0 28.40 0.0 a 19.80 0.0 0 90.4 
PTl97 b.48000E 04 3 90.5 

17 .35 6.Co-l 191.50 2.43-1 269.20 1.70-2 90.6 
HGl97 2.HOOOE 05 3 90.1 

11.35 2.41-1 1'll.50 8.90-3 268.00 6.00-4 90.8 
AU19S 2.32934€ 05 3 91.1 
41l.S0 9.41-1 615.88 1.05-2 1081.69 2.21-3 91. Z 
PH99 1. S6DOOE 03 31 91.3 
542.70 1.00 0* 493.50 3.60-1* 311.00 3.40-1* 185.80 2.30-1* 246.50.1.60-1. 91./0 
191.70 1.60-1· 714.10 1.20-1* 414.50 7.80-2* 961.10 1.30-2. 191.201.30-2. 91.5 
.. 68.00 6.80-2· 465.10 6.20-2. 323.60 2.60-Z* Z19.40 2.60-Z • 417.50 2.50-2. 91.6 
lItO.OO 1.20-2* 225.90 1.10-2* 425.10 9.40-3* 6104.30 5.20-3. 505.30 5.10-3* 91.7 
2911.10 4.50-3" 1>64.60 3.10-3" 152.60 2.80-3*1103.20 1.90-3· 890.60 1.10-3" 91.8 

1072.00 1.60-3'" 1"6.00 1.40-3. 835.30 1.30-3· 119.40 1.30-3" 186.20 1.20-3. 92.1 
609.80 1.00-3. 92.2 
H(20) ".04006E 06 I 92.3 
219.21 8.15-1 92.4 
Tl206 2.5Z000E 02 1 92.5 
803.30 5.50-5 '92:.6 
61ll0/ol S.20<t60E 13 6 92.1 
265.10 1.00 0* 304.80 5.40-1. 649.80 5.60-2· 344.00 1.40-2· 369.60 1.30-2* 92.8 
329.10 1.10-2· 93.1 
THlH I.B200E 03 44 91.2 

86.60 2.70-2 29.20 2.10-2 459.20 1.00-2 169.00 7.00-3 195.00 3.00-3 93.3 
670.00 2.50-] 890.00 1.40-3 935.00 0.0 0 815.00 0.0 0 816.00 0.0 0 93." 
805.00 0.0 0 1t .... OO 0.0 0 758.00 0.0 0 140.00 o.c a 125.000.0 0 93.5 
717.00 0.0 0 <>76.00 0.0 0 643.00 0.0 0 610.00 0.0 0 600.00 0.0 0 93.6 
596.00 0.0 0 >14.00 0.0 0 563.00 0.0 0 553.00 0.0 0 521.00 0.0 0 93.7 
514.00 0.0 0 499.00 0.0 0 491.00 0.0 0 "48.00 0.0 0 441.00 0.0 0 93.8 
"33.00 0.0 0 317.0C 0.0 0 3bO.00 0.0 0 251.00 0.0 0 210.00 0.0 0 94.1 
202.00 0.0 0 190.00 0.0 0 119.00 0.0 0 1bl.OO 0.0 0 153.CO 0.0 0 94.2 
H3.00 0.0 0 131.00 0.0 0 95.90 0.0 0 56.70 0.0 0 9~.3 

"Al33 2.33300E 06 I> 94.4 
311.89 3.40-1 98_4 1.35-1 300.12 5.80-2 340.41 3.90-2 415.78 1.60-2 91t.5 
398.41 1.30-2 94 .. 6 
NP139 2 .GlOOOE +05 5 94.1 
106.11 2.34-1 271.50 1.45-1 228.14 1.10-1 209.13 3.30-2 334.21 Z.10-2 9lt ... 8 
STOP 95.1 
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Table A-4. Flux File 

COllE· MEMBEP FLUXFL 1 PAGE 

00 3.480[-()3 6.120E-03 84 RING I 100MG 252Cf SOURCE 1.1 
3.696[-05 9.837[-05 1.937E-04 2.956£-04 3.925£-04 4.762£-04 4.415£-04 1.2 
4.448[-04 4.120E-04 3.737[-04 3.823E-04 3.10IE-04 2.329£-04 2.181E-04 1.3 
<.30IE-04 1.990E-04 1.777E-04 1.605£-04 1.459E-04 1.323£-04 2.417E-04 1.4 
2.190E-04 1.966£-04 1.873E-04 1.841£-04 1.821£-04 1.781E-04 1.141£-04 1.5 
1.700E-04 1.670E-04 1.638E-04 1.605£-04 1.753E-05 1.100E-05 7.019E-05 1.6 
7.531[-05 7.455E-05 7.373£-05 7.29IE-05 7.209[-05 7.12IE-OS 7.046E-05 1.1 
6.966[-C5 6.886E-05 6.806f-05 6.727E-C5 0.649£-05 6.571£-05 0.495£-05 1.B 
6.405<-05 6.398E-05 6.110E-05 1.325E-05 1.420E-05 ~.689E-05 5.121E-05 2.1 
5.646E-05 5.530£-05 5.640£-05 6.464E-05 1.930E-05 1.231E-04 1.861E-04 2.2 
2.QoO(-04 3.521E-04 4.161E-04 5.852E-04 6.134£-04 1.282E-04 1.434£-04 2.3 
a.027E-Oit S.3HE-04 8.413E-04 8.12IE-04 7.500E-04 6.5'12£-04 5.414E-04 2.4 
4.251E-04 3.043£-04 1.963E-04 1.099E-04 4.968E-05 1.548£-05 2.000E-06 2.5 
10 1.310E-C3 1.990£-03 84 RING 2 100MG 252CF SOURCE 2.6 
3.696E-05 9.831£-05 1.931£-04 2.956E-04 3.925E-04 4.162£-04 4.415£-04 2.1 
4.446£-04 4.120E-04 3.137E-04 3.823E-C4 3.IOIE-04 2.329E-0~ 2.181£-04 2.8 
2.301(-04 1.990E-04 1.777E-04 1.605E-C4 1.459£-04 1.323£-04 2.477f-04 3.1 
2.190E-04 1.966E-04 1.873E-04 1.847£-04 1.821E-0~ 1.7.87E-04 1011tlE-04 3.2 
1.700E-04 1.670E-04 1.638E-O~ 1.605E-04 1.753E-05 7.100E-05 7.619£-05 3.3 
1.5HE-05 7.455£-05 7.373E-05 7.291£-05 7.2C9E-05 1.121E-05 1.C46f-05 3.4 
6.966£-05 6.886E-05 6.806E-05 b.727E-05 6.649E-05 0.511E-05 6.495E-05 3.5 
6.405£-05 6.398£-05 6.ll0E-05 1.325E-C5 1.420E-05 5.689E-05 5.721E-05 3.6 
5.646£-05 5.530E-05 5.040£-05 6.464£-05 1.930E-05 1.231E-04 1.861E-04 3.1 
2.b60E-04 3.5l1E-04 4.161E-04 5.852£-04 6.134E-04 1.262E-04 1.43~E-04 3.8 
8.027E-04 8.3HE-04 8.413E-04 8.121E-04 7.5CCE-O,,+ 1>.592E-04 5.414E-04 4.1 
4.251€-C4 3.043E-04 1.963E-04 1.099E-04 4.968E-05 1.5"tOE-OS 2.000E-06 4.Z 

'1>;;9 It ... 3 
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Table A-5. Cross Section File 

CODE- MEMBER SIGMAF 1 PAGE 

N 16 Dib PO 0 9.976E-Ol I. bOOE 01 0.0 0.0 1.1 
f 20 fl9 GO 0 1.000E 00 1.900E 01 9.600E-21 1.100[-26 1.2 
Nil 24 NA23 GO 0 I.OOOE 00 .2 .299E 01 5.300[-25 3.100E-25 1.3 
Nil 24 Al27 AD 0 I.OOOE 00 2.698E 01 0.0 0.0 1 ." 
MG Z1 MG26 GO 0 1.IOlE-O 1 2.598E 01 3.800£-26 2.500£-26 1.5 
KG 21 Al21 PO 0 I.OOOE 00 2.698E 01 0.0 0.0 1.6 
Al 28 ALl7 GO a I.QOOE 00 .2 .69SE 01 2.310[-25 1.100E-25 1.7 
Al 28 5128 PO 0 1I.220E-Ol 2.798E 01 0.0 0.0 1.a 
Al 28 P31 AO 0 1. OOOE 00 3.097£ 01 0.0 0.0 2.1 
S 31 536 GO 0 1.500E-04 3.597E 01 1.500[-25 0.0 2.2 
Cl 38 un GO 0 2 .... 23£-01 3.697E 01 ".130f-Z5 ~.OOOE-25 2.3 
AR 41 AR40 GO 0 9.959E-Ol 3.996£ 01 6.400£-25 4.100E-25 2." 
K 4Z K4\ GO 0 6.700£-02 4.096E 01 1.460[-2'" 1.40CE-2" 2.5 
CA 49 CA48 GO 0 1.900E-03 'to 79510 01 I.LOOE-Z4 5.000E-25 2.6 
SC 46 5C45 GO 0 1.000E 00 4."'l6E 01 Z.600E-.U 8.60eE-24 2.1 
5C 4&1'1 5C"5 Gl 0 1.000E 00 4 .... 96E 01 1.100f-23 0.0 2.8 
Tl 51 TlSO GO 0 5.300E-02 4.99"'£ 01 1.790£-25 1.200E-25 3.1 
V 52 V51 GO 0 9.915E-Ol 5.09"'E 01 4.880E-Z'" 2.100E-2" 3.2 
CR 51 1:1'.50 GO a 4.350£-02 .... 995E 01 1.590E-Z3 1.600E-Z'" 3.3 
CR 55 eR5" GO 0 2.360E-02 5.39"'£ 01 3.800E-25 2.500E-25 3." 
MN 56 MN5S GO 0 1.000E 00 5.493E 01 1.330£-23 1.420E:"23 3.5 
MN 51. FE5& PO 0 1I.l70E-OI 5.593E 01 0.0 0.0 3.6 
FE 5'1 FE56 GO 0 3.100E-03 5.193£ 01 1. HOE-l4 1.100E-2" 3.1 
CO 60 C059 GO 0 1.OOOE 00 5.893E 01 3.100f-23 1.50CE-Z3 3.8 
co 601'1 C059 Gl 0 1.OOOE 00 5.893E 01 1.900E-23 1.500£-23 .... 1 
"II 65 "1164 GO 0 9.000E-03 6.393£ 01 1.490E-24 1.000E-2<o .... 2 
CU 64 CU63 GO 0 6.910(-01 6.293E 01 .... "00E-2" 5.000E-2" .... 3 
cu bb CU6S GO 0 3.090E-Ol 6.493E 01 l.110E-lit 2.200E-Z4 "." 
IN b5 INt." GO 0 ".890E-Ol 6.393£ 01 1.800E-25 I. "00E-2" 4.5 
IN 69M lIII6S Gl 0 1.860E-Ol b.192E 01 1.200£-26 2.000E-25 4.6 
GA 10 GAb? GO a 6.000E-Ol 6.893E 01 1.1COE-ZIt 1.60CE-23 ".7 
GA 72 GAll GO a " .OOOE-Ol 7.192E 01 4.700f-21t 3.100£-23 .... 8 
GE 15 GEl4 GO 0 3.1>40(-01 1.392E 01 5.200£-25 1.100E-Z'" 5.1 
Gt 11 GET'" GO 0 7.700£-02 7.592£ 01 1.600E-25 2. DOOE-Zit 5.2 
GE 15M GEl4 Gl 0 3.640£-01 7.392£ 01 1.600f-25 0.0 5.3 
GE 17M GEl!> (;1 0 7.700£-02 7.592£ 01 1.000E-25 0.0 5.4 
AS 16 AS15 GO a I.OOOE 00 7.492£ 01 4.400£:-24 0.100E-23 5.5 
Sf 75 SE 74 GO 0 '1.000E-03 7.392£ 01 ~.800E-23 6.000£-22 5.6 
SE 771'1 SEl6 Gl a 9.000E-02 1.592£ 01 2.100£-23 0.0 5.1 
Sf 19M SE111 Gl 0 2.350£-01 1.7'llE 01 3.000E-25 3.10CE-Z'" 5.8 
SE 81 SE80 GO 0 5.000E-OI 7.992E 01 7.000E-25 3.000E-25 6.1 
SE 81M 5E80 Gl 0 5.000f-Ol 7.992£ 01 1.300£-24 2.000£-2" 6.2 
BR 80 BR19 GO 0 5.069E-01 1.a92!: 01 1.080£-23 0.0 6.3 
BR 80M SR79 61 0 5.069£-01 1.892E 01 2."00E-24 3.600E-23 6.4 
SR 82 BRIH GO 0 4.93lE-01 S.09ZE 01 2.1001'-2'> 5.30e£-23 6.5 
R8 66 RB8S GO 0 7.~17E-01 8 .... 92£ 01 It.410E-25 7.000E-Z" 6.6 
R8 sa RSSl GO 0 2.783E-Ol 8.6nE 01 1.2COE-25 3.000E-24 6.1 
SR 85 51(84 GO 0 5.bOOE-03 8.l91E 01 8.900E-25 1.200£-23 6.8 
SI( 85M SR84 Gl 0 5.600E-03 6.391£ 01 5.900E-25 0.0 1.1 
5R 87M 5R86 (,1 G 9.900£-02 8.591E 01 8.400f-25 0.0 1.2 
Y 90M \89 (;1 0 1.000£ 00 8.891£ 01 1.000E-21 0.0 7.3 
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Table A-5. Continued 

COOE- MEMBER SIGMAF 2 PAGE 

lR 95 IRq ... GO 0 1.750E-01 9.391E 01 5.50CE-21o }.OOOE-25 7.'0 
lR '11 lR<J6 GO 0 2.800[-02 9.591£ 01 2.000E-26 S.OOOE-ZS 7.5 
N8 9 .. ", N69J Gl 0 1.000E 00 9.290£ 01 0.0 0.0 1.10 
MO '19 MQ98 GO 0 Z.4'oOE-01 9.791E 01 1.300E~25 6.600E-2'o 7.7 
MOlOI MOIOO GO 0 9.600E-02 9.991£ 01 2.000E-25 3.800£-2'0 7.8 
RU 91 RIJ96 GO 0 5.500£-02 9.591E 01 2.500E-25 6.000E-2'o 8.1 
RUlO3 RUIO;! GO 0 •• loOE-Ol 1.0191' 02 1.300E-24 'o.200E-24 8.2 
RUIO; RUI04 GO 0 1.1160E-OI I.O}9E OZ 4.700E-2S 4.600E-Z4 8.3 
RHL04 RHI03 GO 0 hOOOE 00 1.02U 02 1.}40E-22 1.100E-21 8.4 
RHI04M RH103 (,1 0 I.COOE 00 1.029E 02 1.100£-23 S.OOOf-2) '.5 
PDI03 1'0102 GO 0 1.000E-02 1.019E 02 5.000E-24 0.0 8.6 
PDI09 I'D 108 GO 0 2.670E-Ol 1.079£ 02 1.119E-23 2.030£-22 •• 7 
P0109M PRIOe GI 0 Z .61GE-Ol 1.019£ 02 1.900E-25 3.000£-24 '.8 
POIU 1'0110 GO 0 1.180E-01 1.099£ 02 1.100£-23 2.000E-22 9.1 
A6108 AGI01 GO 0 5.183E-Ol 1.069£ 02 }.7COE-23 9.400E-23 9.2 
AGIlO 46109 GO 0 h817E-OI 1.089E 02 8.800E-23 1.400£-21 9.3 
AGl10M AGI09 GI 0 4.817E-Ol 1.089E 02 4.000£-24 7.000£-23 9.'0 
COl 111<1 CDllO GI 0 1.240£-01 1.099£ 02 1.000E-25 1.000£-24 9.5 
COli> COllI, GO 0 2.880£-01 1.139£ 02 3.000E-25 2.300E-23 9.6 
Wll5M C0114 (;1 0 2.880E-Ol 1.139£ 02 2.500E-26 0.0 9.7 
COIU CD1l6 GO 0 7.600E-02 1.159£ 02 5.000£-26 2.000E-25 9.8 
CO U 714 COll6 (;1 0 1.600£-02 1.159E 02 2.500E-26 0.0 10.1 
11'4114 COlll GO o 4.300E-02 I.lZ9E 02 3.000£-24 2.500E-22 10.2 
I N1l4~ cOin (;1 0 ~.300E-02 1.129£ OZ 7.800E-Z4 0.0 10.3 
INU6 COllS GO 0 9.570E-Ol 1.149£ 02 2.020E-22 3.300E-21 10.4 
INllbM! COllS GI 0 9.570E-Ol 1.149E 02 1.610E-Z2 2.10DE-21 10.5 
SNI13 SNlll GO 0 1.000e-02 1.119£ 02 1.000E-25 3.000£-23 10.6 
SNIUM SNlll (;1 0 1.000E-02 1.119£ 02 3.000E-25 0.0 10.1 
5NI20 ,NIZl GO o 4.700E-02 1.219E 02 I.S10E-2S 1.000£-24 10.8 
$NIHII SNl22 Gl o 4.700e-02 1.219E 02 1.OOOE-21 0.0 11.1 
SN125M $NIH (;1 o 5.800E-02 1.239E 02 1.300E-25 1.000£-24 11.2 
S6121 S6121 GO o 5. 730E-Ol 1.209£ 02 6.160£-24 2.050£-22 11.3 
>SlUM 58121 Gl o 5. HOE-Ol 1.209£ 02 6.000E-26 0.0 H.4 
S8124 S6123 GO o 4.270£-01 1.2Z9£ 02 4.040E-24 1.200E-22 U.S 
S1H241H S8123 Gl o 4.270E-Ol 1.2291: 02 4.000£-26 0.0 11.6 
5812"M2 S81l) Gl o 4.270£-01 1.229£ 02 2.000£-26 0.0 11.1 
TEl23M TE III GI o 2.400£-02 1.2191: 02 0.0 0.0 H.8 
TEllSM TEl2" GI o 4.600e-oz 1.239E 02 5.000E-26 0.0 12.1 
TUll TEIll> GO o 1.81OE-Ol 1.259E 02 9.000E-25 1.000e-23 12.2 
TEi21M TEl26 Gl o 1.810E-01 1.259£ 02 1.}00E-25 0.0 12.3 
TE129 Tf 128 GO 0 3.180£-01 1.21I1E 02 2.000E-25 1.500E-24 12.4 
TE 12 '1M TEllS GI 0 3.180£-01 1.219£ 02 1.600E-l6 8.000E-26 12.5 
TE 131 TE DO GO 0 l.450E-01 1.299£ 02 Z .OOOE-25 5.000E-25 12.6 
! 128 1121 GO 0 I.OOOE DO 1.269£ 02 6.100E-24 1.500E-24 12.1 
I 130 112'1 GO 0 1.000E 00 1.289E 02 2.100E-23 3.600E-23 12.8 
I 130M 11.29 (;1 0 I.OOOE 00 1.289£ 02 1.800E-23 0.0 13.1 
CSIH CSU3 GO 0 1.000E 00 1. 329E 02 Z.950£-23 4.300E-22 13.2 
CSI.HM CS133 Gl 0 I.OOOE 00 1.329E 02 2.500E-24 3.QOO£-23 13.3 
BAUI 8A130 GO 0 1.000E-03 1.30<;E 02 1.050E-23 3.000E-22 13.' 
oAI37M 8A136 Gl 0 1.800E-02 1.359E 02 1.IOOE-26 1.OOOE-25 13.5 
8A139 BADS GO 0 7.190£-01 1.319£ 02 4.000E-25 3.000£-25 13.6 
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Table A-5. Continued 

COOE= MEMBER SIGMAf 3 PAGE 

LAl~O LAB9 GO 0 9.99iE-OI 1.389£ 02 9.200E-24 1.I'oOE-23 13.7 
CH41 C€l40 GO 0 6.850E-OI 1.399E 02 5.bOOE-25 4.800E-25 13.8 
eEl") CE142 GO 0 1. 110E-01 1.419E oz 9. SOOE-ZS 1."'00E-24 1"'.1 
PlU4l PR 141 GO 0 I.OOOE 00 1.409£ 02 1.150E-23 0.0 14.2 
N0147 NDHb GO 0 1.720£-01 1.459E 01 1.300E-24 3.000£-24 14.3 
NO 149 N0148 GO 0 5.100E-02 1.""9E 02 2 .500e-24 1.000£-23 14.4 
N01H NO 150 GO 0 5.600E-02 1.499E 02 l.lOOE-Zit 1.700£-23 1"'.5 
514153 SMI52 GO 0 2.610f-01 1.519£ 02 2.040£-22 3.00C£-21 1 ... 6 
SM155 5/4154 GO 0 2.280E-Ol 1.539£ 02 6.000£-2'" 3.000E-23 1"'.7 
EVI5Z EUISI GO 0 4.780£-01 1.509E 02 9.000E-Zl 3.l00£-Zl 14r.8 
EU152Ml fUlSl Gl 0 4.laOE-01 1.509E 02 3.200e-21 0.0 15.1 
EVI52M2 EU15l G2 a 4.780E-Ol 1.509E Cl It.000E-2" 0.0 15.2 
EU154 EU 153 GO 0 5.220E-Ol 1.529E 02 3.800E-22 1.100£-21 15.) 
G0159 G0158 GO 0 2.470E-Ol 1.5791: 02 2."00E-Z4 6.0001:-23 15.4 
G0161 00160 GO 0 Z.nDE-Ol 1.599£ 02 1.700e-25 1.000£-23 15.5 
HllbO 18159 GO 0 I.DOOE 00 1.5119E 02 2.500E-Z3 It.50CE-22 15.b 
OYll>5 OVl64 GO 0 2.820E-Ol 1.639E 02 2.100E-21 4.000E-22 15.1 
OYlb5M OYl64 G I 0 2.820£-01 1.639E 02 1.800E-21 0.0 15.8 
HOlb6 H0165 GO 0 l.OOOE 00 1.649E 02 6.500E-23 1.000E-22 16.1 
HOlb6/4 H0165 G 1 0 1.000E 00 1.649E 02 3.000E-2" 0.0 16.2 
flU 71 ERl70 GO 0 I.S00E-Ol 1.699E 02 5.70010-24 ".OOCE-23 16.3 
TI'I170 1M169 GO 0 1.000E 00 L ."a9E 02 1.060E-12 1.700E-21 16 ... 
Y6169 YB168 GO 0 1.400E-03 1.679E 02 3.500E-21 3.000E-20 16.5 
YB17S '(8114 GO 0 3.180E-Ol 1.739E 02 6.500E-23 3.00CE-23 16.6 
,(BI17 YB 1 7t. GO 0 1.210E-01 1.759E 02 2.~OOE-24 8.000E-24 16.1 
YBinl'! Y8116 1>1 0 l.nGE-Ol 1.759E 02 0.0 0.0 16.8 
LUIIMI lUll5 01 0 9.7'>OE-ol 1.149E 02 1.600E-l3 0.0 11.1 
lU1H LU1l6 GO () 2.600E-Ol 1.159£ 02 2.l00E-ZI 1.000E-21 17.2 
Hf 1181'11 HfiH G1 () I.OSOE-Ol 1.169E 02 1.000£-2" 0.0 17.3 
Hf 179M 1 HF178 Gl o l.nGE-O! 1.119E 02 5.000£-2:> ".000E-22 17.'" 
Hf180M HF 179 01 o 1. 3110E- 01 1.189£ CZ 3 ... 00E-25 0.0 11.5 
HFl7S Hfl14 GO o l.l00E-OJ 1.739£ 02 4.000E-22 5.00(E-22 11.6 
HF 18l HF ISO GO o 3.510£-01 1.799£ 02 1.400E-21 4.000E-23 11.1 
TAUl TAISI GO o 9.999E-Ol 1.809E 02 2.100£-23 1.000£-22 17.8 
fAlS211 fAlSI Gl o 9.999E-Ol 1.809£ 02 1.000E-l6 0.0 18.1 
w 181 WISO GO o 1.300E-03 1.799£ 02 1.000E-23 0.0 18.2 
II 183M WlSZ G! () 2.630f-Ol 1.819£ 02 2.1'0£-23 5.90(E-22 18.3 
W 185 ,,184 GO o 1,"30E-Ol I.S40E 02 1.800E-24 1.500E-23 18.4 
W 187 11186 GO o 3.070E-0I 1.860E 02 3.800E-23 5.00CE-22 18.5 
RElS6 Rt165 GO o 3.750E-Ol 1.850E 02 1.100E-22 1.800E-21 18.6 
REISS REI.T GO o 6.2,OE-Ol 1.870E 02 7.500E-21 3.000E-22 18.1 
RHSSM RElS1 (;1 () 6.250E-01 1.810E 02 I.OOOe-24 0.0 18.8 
05191 OS190 GO o 2.640£-01 1.900E 02 1.300e-23 2.000£-23 19.1 
OSl91M 05190 Gt o 2.640E-0l 1.900E 02 9.000E-Z4 0.0 19.2 
0;193 OSln GO o 4.100E-01 1.920E 02 l.OlO€-2~ 5.00C£-2'" 19.3 
IRI'Il IRln GO o 3.740E-ol 1.910£ 02 '1.400£-22 4.oo0E-21 19.4 
lR191Ml IR I'll (;1 o 3.740£-01 1.910f 02 'o.OOOE-22 1.000£-21 19.50 
IRI94 IR193 GO 0 .... 2MIE-Cll 1.'HOE 02 1.1001:-22 1 .... 00E-21 19.6 
PTl'!5M PT194 Gl 0 3.290E-Ol 1.9.0£ 02 9.000E-26 0.0 19.1 
PH?? PT1'l1> GO 0 2.350£-01 1. '160E 02 7.500E-24 a.OODE-lot 19.8 
rTl99 PT198 co 0 7.200£-02 1.980E 02 3. 121 E-2'" 5.000E-23 20.1 
PTl99M PH98 01 0 1.200E -02 1.980E 02 2.100(-26 0.0 20.2 
AU198 AUI97 GO 0 1.000E 00 1.910. 02 9.880E-23 1.5601:-11 ZO.3 
HG197 HG19b CO 0 1.500E-03 1.960E 02 1.200£-22 6.0COE-22 20. It 
H(;t91M HG196 GI 0 1.500E-03 1.960E 02 3.000E-21 4.000E-22 20.5 
HGZ03 ~GZOl GO 0 2.970E-Ol 2.020E 02 5.000E-1'" 5.00CE-24 20.6 
TL206 flZ05 GO a 7.050E-Ol 2.050E 02 1.000e-25 1.000E-2" 20.1 
BlllOM 81209 (;1 0 1. OOOE 00 2.090E 01 1.900E-26 1.900E-25 20.8 
PA233 TH232 GO 0 1.0000-00 2.320E 02 1.400E-24 8.50CE-2) 21.1 
NPB9 U238 GO 0 9.928E-OI 2.380E 02 2.700£-24 2.800E-22 21.2 
STOI' 21.3 
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Table A-6. EFFCAL Data Fi 1 e 

COOl:' MEM8ER tHe AL PAGE 

00 <HeAL ENERG! E S 1.1 
20.00 25.00 30.00 35.00 40.00 45.00 50.00 001 1.2 
55.00 60.00 65.00 70.00 15.00 80.00 85.00 002 1.3 
90.00 95.00 100.00 1l0.00 120. 00 130.00 140.00 003 1.4 

150.00 165.00 180.00 200.00 225.00 250.CO 300.00 004 1.5 
350.00 400.00 500.CO bCO.OO 100.00 aoo.oo 1000.00 005 1.b 

1200.00 1400.00 1600.00 2000.00 2500.00 3000.00 3500.00 OOb 1.1 
01 FLUSH DROP TUBE EFfiCIENCY 1.8 

H7.4 208.3 128.2 86.~5 60.24 44.44 33.90 031 2.1 
26.32 21.98 18.52 Ib.61 15.38 14.39 13.st 032 2.2 
13.07 H.83 12.66 12.82 13.H 14.29 15.27 033 2.3 
16.26 17.10 19.~2 2l.H 24.)9 27 .25 32.89 034 2.4 
38.46 44.44 56.18 67.51 80.00 S2.59 11 .... 94 035 Z.5 

131.00 158.70 181.80 ZZ4.10 211.00 321.90 381.100 036 2.6 
03 I-INCH RABBIT EFFICIENCV 2.7 

1000. 540.5 333.3 222.2 153.80 111.1 65.5 031 2.8 
65.19 54.35 46. ~I 42.19 40.49 40.00 40.00 Oll 3.1 
40.49 40.98 41.49 42.92 44.84 46.51 48.78 033 3.2 
51.55 55.60 59.50 65.80 14.10 82.00 98.00 034 3.3 

Ho.30 132.80 166.10 198.00 230.40 263.20 321.90 035 3." 
392 .20 454.50 520.80 053.60 840.30 994.20 1139.00 036 3.5 

04 EfFICIENCIES fOR fAR POSI TlON 3.6 
6250.00 3077 .00 1754.00 1064.00 114.30 481.80 350.90 041 3.1 

263.20 204.10 161>.70 US.IO 125.00 U9.00 116.50 3.8 
HI>.30 116.30 119.00 125.00 135.10 140.80 151.50 " .1 
161.30 115.40 188.70 208.30 232.60 256.40 303.00 4.2 
3'04. SO 392.20 416.20 514.40 645.20 HO.I0 888.90 4.3 

1041.10 1204.80 1351.00 1661.00 2041.00 2361.00 2140.00 4.4 
05 6M3 POLY SPACER DISTANCE 4.5 

540.50 307.10 161.80 125.00 88.89 64.52 50.00 4.6 
38.46 31.25 25.64 22.lZ 20.41 19.42 18.81 052 4.1 
13.52 18.69 18.94 20.00 21.51 22.73 24.10 4.8 
25.64 21.18 )0.30 33.90 38."6 42.55 51.28 5.1 
59.10 68.96 85.11 102.00 119.00 135.10 170.90 5.2 

206.20 240.90 274.00 341.90 425.50 512.80 606.10 056 5.3 
06 CLOSE RABBIT PGT OETECTOR 5.4 

606. 310. 250. 115.00 130.00 100.00 80.00 5.5 

64.10 52.60 44.40 38.50 34.50 H.70 29.60 052 5.6 
27.10 26.50 25.80 25.20 25.80 2b.70 21.80 5.7 
29.00 H.lO ::13.60 36.80 40.80 45.20 54.LO 5.8 
59.50 12.50 91.10 112. 00 134.00 152.00 181.00 6.1 

l22.00 <58.00 294.00 361.00 444.00 562.00 610.00 056 6.2 
99 DEFAULT EfFS 6.3 

1.00 1.00 I.CO 1. 00 1.00 1.00 1.00 991 ... 4 
1.00 1.00 1.00 1.00 1000 1.00 1.00 992 6.5 

1 .. 00 1 .. 00 1.00 1. 00 1.00 1.00 1.00 993 6.6 
1.00 1.00 1.00 L.OO 1.00 1.00 1.00 994 6.1 
1.00 1. 00 1.00 1.00 l.OO 1.00 1.00 995 6.8 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 996 1.1 
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Table A-I. SIFTER Output 

n;- 20 3/1711 ... It:1I: ,) Ct- 1.J}}s:' 01 0T- 8.8JO£ J4 T IP-
li]P T1~"j veG SA 2\i1 r T t ';'J- 1'j II ,. Nf'K-

.,t.H'1J 7'l.d 7') l,;}4 .f')<) 1 H~~t}') 14).3",0 3D.Be 
401.4·40 S';4. 1i~0 t 1-1~ 69-) M'B.'1"lQ 7'1Ll.lO au .2"8<,) 
1141.350 ,1:;.9.)6'} 104'** ~3,1 l !18.u<}O 1~u".?10 1416.6bO 

1S91.14<) 
~4 r:.>cI U69. 7 7'J t }6~. ':J~{; 
M4TCH l'SZb.2'lJ 1'}24.eHd 
~T;:-1 ~47_35) [\46.151 
IU r:;>t )?4. &6.) 55-l. H4 
jltATC~ ()l';;~b'~N 611.<).<)$ 
1t4 r:>t 693.96.} b9d~3,)9 

1It4r'l-i 111.1tO 116.502. 
MUCH ;:JZ~.Sti., 8n .eo~ 
MAT;:-t tJ44.8,,) 1043.913 
144.1'0/ Uld.b9u 1.311.44<J 
"'ArCH IP~.~~} t414 • .<t5J 
"4 r:'t< H9.66:) 328.760 
MATtH 'ttl' .44() 481.0)9 
"'4TtH :H~.2a} an.ns 
N4 T:l-< 15'H.14i} iS9"".l/G 
MATCH 70.81') 1.".}~b6f\ 
IlIA f;;"i 1;)4t. -, ::l) l)3.t10 
iIIIU:H 123.360 1.21. TIB 
ORllf:P:" 3 \lJMS'-" " .. I N; 1 100'<l!; lS2CF SJUH.f 
N<\ 24 U·bi.!~~U NA .23 r,,) 3.78&= 01+1- 5. 3,} 1E 00 PPM Z GP 
1\" H tH'J.7d All , ., t> .49f}~- t 5+1- 9.09jE-16 Q.ATE %1.0 

• 41 1 :'24. 1\) K41 OJ 4.112£ 03+1- 4.250E 02 pp~ l foP 

• '< .H2 .'~i1 '<, ($\} 2.528': 04+/- 7. !I.l )f 03 ?PM 1 r,p 
fit .. , .... ~h:, .':Iv 1#1\5j GJ ;\.417~ 02+1- &.,HH Ot pj)~ 2 GP 

•• So 84b. 6J H56 P'J 1.41.4-":-12:+1- 2.'HH-U RATE "i.O 
SE ,1/1t {n.n )!;fH Gl fI.65lr 09+-1- 6.;) UE OE PP14 2 GP 
8R 62 7 r.,. ,..-1 ~~gl ;0 l.374;: Jl+I- 1.17,,.£ OJ PP"l l GP 

" d2 ':154.33 i'i1O',H -;,) 1. :;.9-.f 01+1- 1..!J,8>Jf: (1) PPM 1 r;p 
SA. 52 t.>19. H ~~81 r.'} 1.38 .... ~ Ol.1- 1.11 J!: 00 ppw; 2: f.P 

•• 62 o<.i!!.H ~R&l jO !.)ol~ 11+/- 3.Z1JE OV pp~ 2: GP 
!H 62 1.)43.~S }\~€l ';,) 1. 23~ .)1+1- 4.15;3£ no PP"I Z GP 
TE129 .97 .u*' TEl,t·} '" ) .45qlt <'J'i+-/- 4. HlC 03 .pP'~ l. GP 
I l3' 847. O~ 7. 4 fJd';; t,) +1- t.31::=j,f- to !)P"'/(,~ AT T') 

LAl4) 15%.4:} LA 1 lq "','} !. 31~ 1,)+-/- q~S51F-(1l PPM l GP 
LA.l't) !tdL 1,; l!\CH ;1 6,,'3011:: 0)+1- 7 ,,!}rl3~-ut f>P~ ,2: GP 
LA HI} dl'J.1i) lAlHr;.) q. Ri37(:: 00+-/- 2.lt .. U 00 PP" 2 GP 
LAH) ;inl .!,} tAl H G,} 7~113f (IO+!- L J. H~ Oil pp~ 2 GP 
f;,.H~.( Ul.11 :: 'J1::)l \~u -,..,+11'7-11-t/- l.aPl:-Ol PP"1 2 GP 
EJ b,:>" 1 t2l. n ':'1) l ~ 1 (--; 1 J.~(;,2t-;)2·/- l~2::t_~E-02 ppf>f 2: iiI' 
$--11 ~i3 1 .);, • ) J SH')2 OJ 1 .. '167" 00./- 7.ItH{:'-02 PI'''! 2 GP 
S'4l ~3 b".:, ) S"41'} 2 OJ 1.JJ2E ·)J~/- J.tiH5~-Ol PI).10\ 2 (P 
t ~ 1 q'~ ;\l~.>J !~ l':n (~v ? ~ 29 2f -)0+ /- 1. {oOE -C 1. PP"I , Of 
PA.l .}.} .! 11 • 'l-J THl. \L ;J b.~("J:: ul)"'l- l.d8J6 00 ;)0,,\ 2 GP 

l.lSQE J6 KlT- 1..H6;: {)3 t:;~O- S {TU~-l~ ICYC- 1 
II 

329.060 
826.51) 

1520 .. 210 



Table A~7. Cont1nued 

,a.118 1.5SQF. 05 3 eJi 0 
69.2'32 ".02ttE ., 38.10 I S~153 

1934U6 L .52 \£ "4 6.97 3 S' 81" S"'il S 1 'NIH" 
1;')7 .. a,9 t .H2!: 0) 4Z.l1 1 " 1AJ~ 12l.010 z. 2"'b~ 03 ~"t. lq > EUl~2 FUlS2 ~l 
112.H9 t,h1l81!:. a, la.ltR z " 42 I>AlH 
32:6 .. & . .\0: 1..431~ a. 15.97 2 LA140' tlt191t 
4"0..821 "i.9iJ,SE O. ll. .. 55 2 THl<,i lA!4() 
;5i"'.,Z~H 4.3531: o~ 11.1.00 I "' .2 
019. litO 2. 121~ 04 17.13 2 6R az ltGIOI:J 
691J.ItOl 1..-47lF o. n .. hI I 0' 82 
lh .. 52b ~.ftJ3F O. 12 .~ 3 1 S' ., 
815 .. 672 l.03es:: o. 24.33 2 Ar.l13 LA14J 
e,Zl.lf94 1.181)1: o. 3Z.H 0 
8~~.n9 1,,4711: ,,. 17.19 2 "" 50 I 134 
SIb8 .. ,H 1 'l. "SSE 03 It..Ob , 

1()4] .. ~ 86 1 .. 3ZH 14 34.52 I OR 82 
1.317 ..... }0I,. l.i;'~ 04 )fI.3 J 0 
llttS .. r.3Z b. 351~ 04 lIt.Ol 1 o. " lU').lS5 S .. 3bge 03 48.41 0 
152\. .. b28 l. n 2 Zr;! 05 to.35 I • 4' 
!.S9b .. fJ55 7.0blE O. 13.01 1 LAHO 
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APPENDIX B: Calculation of Flux Depression Factors 

TIle gold wires used in the flux mapping experiments in the 
17 -mg 25 "Cf aeti vation fad li ty were 20 mil in diameter and 1/2 
inch length; each weighed about 50 mg. Both bare wires (sur
rounded completely by H20 and polyethylene) and wires within 
cylindrical cadmium pillboxes (30-mil-thick) were activated at 
seven different distances from the 252Cf source. Because of the 
thickness of the wires, a correction factor for both thermal and 
epithermal (resonance) flux depression was required. 

The flux depression factor is defined here as the measured 
specific activity of the wire relative to the specific activity 
of a wire of infinitely small diameter. In calculating this 
factor, the wire of radius R was assumed to be activated in the 
same manner as a foil of thickness R. Thermal flux depression 
factors for these experiments were calculated for a thick l/v 
detector in a Maxwellian spectrum. Resonance flux depression 
factors were calcUlated for both cadmium-covered l/v detector 
foil and for a thick detector foil with Doppler-broadened 
resonance in an isotropic l/E flux. 

THERMAL FLUX DEPRESSION 

Tbe thermal flux depression factor was calculated according 
to the method of Baumann. 18 For a slab l/v detector such as gold 
in an isotropic Maxwellian flux, the thermal flux depression 
factor, F, is given by 

F ~ 1 - 2EdKYo) 
2 KYo 

Yo is the product of the atom density of the foil per unit area 
and the microscopic absorption cross section per atom. Yo thus 
expresses the foil thickness in units of absorption mean free 
paths evaluated at the most-probable veloc:i ty of the incident 
flux. The effective foil thickness" is KYo and allows the 
Maxwellian average flux depression value to be expressed in 
terms of equivalent monoenergetic cross sections which would 
give identical flux depression values. The En(xl mathematical 
functions are defined in Reference 20. For the particular 
conditions in this experiment, 
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and, from Reference 19 

6.022 x 10 23 

196.97 g (98.8 cm") = 0.148 

K = 1.045 so that E = 0.379 at (KYo) = 0.155 

Solving for the thermal flux depression factor, 

F = 1-2 (0.379 - 0 781 
2 (0.155) - . 

RESONANCE FLUX DEPRESSION 

The cadmium cutoff ene·rgy, Ee , an activated gold cadmium 
30-mil-thick wier inside a cylindrical pi llbox is calculated 
from Reference 20 for 2/3 beam and 1/3 isotropic flux to be 

2/3 (0.47S) + 1/2 (0.625) = 0.52 eV 

The gold absorption cross section in the resonance region 
may be considered to be l/v upon which large resonances are 
superimposed. Therefore, RI total = RI 1/ v + RI res ' 

This cutoff is actually not sharp, and the cadmium itself 
shields some of the epithermal resonances of the gold crOSS 
section. A correction factor given by Martin'O for this effect 
is about 1%. 

Calculation of the resonance flux depression factor F in
cludes depression factors for the I/v portion Fl/v of the epi
thermal cross section and for 48 separate resonances, Fres. The 
epithermal activation of gold is dominated by the large resonance 
at 4.90 ev. The method of Baumann l9 was used in these calculations. 
For the case of thick resonance detector foils in an liE isotopic 
flux, the effect of Doppler broadening is included by the parameter 

where 

D 4 Em Eo 
v;;; A r2 

Em = the temperature of the absorber (in electron vol ts), 

Eo ::; the res.onance energy, 

r the total resonance width, and 
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A the ratio of the mass of the absorber atom to that 
of the neutron. 

The changes in resonance flux depression factors F with foil 
thickness Yo in absorption mean free paths at the peak of the 
resonance have been reported for different values of e. The 
total resonance integral is the sum of l/v portion, R1/v plus 
the contributions of each individual resonance ER1res. The 
resonance integral for each resonance is found from the peak 
absorption cross section Omax and from reported resonance 
parameters. 2' 

RI res 
1T 0max fy 

2Eo 

where 

°max 
2.6036 x 10 6 fy fy 

Eo -r-'- g 

The average epithermal flux depression factor F for the 
gold wire was found to be 0.1446 from 

F 
CRT) i Fires + RI l/v Fl / v 
(all resonances) (Rltotal) 

Individual resonance integral and flux depression contri
butions to the total resonance integral and to the average flux 
depression factors are summarized in Table 2. 

The l/v flux depression factor was calculated for a l!v 
detector in all isotropic liE flux from 

0.95 

Because,. Yo ~ 0.0325, 

then K 0.956 (2/3 beam + 1/3 isotropic) 

and KYo 0.0311 

Interpolating from Table 121 gives E3 = 0.4852 

The l!v portion of the resonance integral is given by 

RI 11v 

10 Mev 
= f 

0.525 ev 
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