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FIELD-TRLALRESULTS FOR PRE-FLIGHTNON-NUCLEAR
VER1FICATIONIN ~ FORCENEn FLIGHTTESTS

by
Paul E. Fehlau

ABSTRACT

The nuclear-explosive-like assembly (NELA) verification
program provides last minute confirmation that NELA test
units do not contain nuclear materials when they are
launched for flight testing. The program, which is funded
through the Weapons Quality Division of DOE’s
Albuquerque Operations OffIce, uses instruments developed
and maintained by Los Alamos in field operations conducted
by San&a and Air Force personnel. During the period
covered here, the goal was to evaluate the instruments in
the field and to further develop them for possible routine use
by Air Force personnel. A review of more than a year’s data
from field measurements using two generations of neutron
verification instrument shows that the measurements agree
well with expected results. Reference measurements of real
weapons are proportional to similar in-plant confirmation
measurements by Pantex Plant personnel using different,
less portable instruments. Results for NEIA Joint Test
Assembly verification have al) been close to background
results and well below the corresponding results fur real
weapons. The two instrument failures that occurred were
recognized at the time of failure. The few personnel failures
that occurred were a result of insufficient time for training
and a lack of comprehensive written procedures.

I. INTRODUCTION

Special nuclear material (SNM) confirmation techniques examine some attribute of a
material or item to assure that the material or item is the expected one. When the
attribute can be quantified, the confirmation procedure is called verification and involves
measuring the attribute for comparison to a recorded value for the same or similar item.
Many confirmation procedures are used during the manufacture, storage, transportation,
and deployment,of a nuclear weapon. Similar nuclear-explosive-like assemblies (NELAs)
undergo the same and possibly more confirmation steps to ensure that they are indeed
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non-nuclear and do not contain SNM. The non-nuclear verification instrument discussed
here is a neutron detection instrument that is sensitive, readily portable, and easily used to
make a final, non-nuclea” verification of a NELA Joint Test Assembly (JTA) just before
launch.

For many years, p:’e-flight verification at a launch site was possible only if someone
from the DOE Pantc: Plant was present with a set of the Plant confirmation equipment,
which measures characteristic neutron and gamma-ray emissions of SNM. More recently,
some segments of the military adopted pre-flight ~’edificationwith portable radiation
measurement eouipment as part of launch safety procedures. A few years ago, the Weapons
Quality Division of DOE’s Albuquerque Operations Office began to enco~wageuniversal
pre-flight verification of JTAs at the launch site using radiation measurements. At the
time, Los Alamos had already developed a hand-held instrument for radiation
measurement that could be modified for making neutron or gamma-ray confirmation
measurements. Los Alamos commercialized the concept in two types of instrumentl’2:
(1) the Jomar Systems’$JHH-01 gamma-ray verification instrument; and (2) a neutron
verification instrument now available in three commercial versions, the TSA Systems’~::{:
PRM-470N and NNV-470, and the Jomar JI-IH-22neutron verification instruments.

The Jomar JHH-01 gamma instrumcmt and a modified, neutron health-physics
instrument were first used to evaluate verification with hand-held instruments at Pantex;
the instruments produced results that were proportional to the results obtained with the
routinely-used Pantex confirmation instruments. When the Jomar JHH-22 became
a~?ailable,the neutron and gamma-ray instruments were used to begin an Air Force
pre-flight verification prog-ralx,using Sandia and Air Force personnel to make verification
measurements. Early experience with the two types of instrument led to selecting the
neutron instrument for routine use. The basis for the choice of the neutron instrument was
that it is less complex, easier to maintain, and simpler to operate, making it more suitable
for routine field use. A m(,dified version of the neutron instrument was designed and
renamed the TSA NNV-L?70to reflect its use for non-nuclear verification. The modified
design incorporates cha’~gesto meet the perceived needs of the Nr Force application, such
as being operable in thz dark while wearing heavy gloves. The program continued with the
JHH-22 and PRM-47(’N instruments, and the new NNV-470 was included when it became
available. This rcpor~,examines the results of the first extensive period of neutron
verification of JT.4s by Sandia and Air Force pemonnel.

II. THE NEUTRON VERIFICATION INSTRUMENT

Neutron emission is the radioactive attribute of plutonium that offers the most
convenient means to confirm its presence. Xeutrons can easily penetrate most materials to
give a signature of plutonium presence at the s~lrfaceof an assembly or other package.

Jomar Systems, Inc.. 110 Eastgate Drive, Los Alainm, NM 87544 (505) 662-9811
,.,::: TSA Systems, Ltd., 1S20 Delaware Place, Longmont, CO 80501 (303) 65 !-6117.

2



t

Neutron backgrounds are naturally low, and sources of neutrons other than plutonium are
unlikely to be present at Air Force launch sites. Hence, a significant number of neufrons
detected during verification would most likely indicate the presence of plutonil~mand,
therefore, a real weapon instead of a JTA.

Figure 1 shows the Los AJamos neutron wwification instrument in its latest commercial
version, the NNV-470. It uses a moderated, 2.5-cm-diam, enriched lithium iodide [6LiI(Eu)l
scintillator to convert gamma rays and neutrons to light, which is then conveTtedto current
and voltage pulses. The instrument has a voltage-level discriminator to select the large
pulses produced by neutrons fur measuremc’nt and an LCD to display the measurement
results. The measurement result (the numb~r of neutrons counted by the instrument)
determines whether or not plutonium is m-esent.

F 1 T ‘ h . N i a h h i d t d
a : t en x i t m i r af t m b p f r
m n o . V

For JTA verification, the in trument nwasures neutrons for a unselected time period of
20 s. X’cn nuclear verification mcasllrcment restl!~? ~re usually well below 20 counts in a
20-s qoss meas~rement. As each resulf is displa} cd, tll[ instruml$ntbeeps and starts a
new :neasu -erner $while holding the lai ,t r~:sultIn its displav. This permits making
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several measurements and recording the results during confirmation:*.Verifying normal
operation of the instrument and measuring background intensity arc also part of
contirrnat.ion.If a neutron source for verifying operation is not avai}ablc, the instrument
has a second check mode that can be used. The check uses a second voltage-level
discriminator set vm-~”low so that gamma rays can also be detected.

IIL W~:-tC- VERIFICATION MEASUREMENTS

\/e~~;,.,l;i3n mea5ul.ementS al-e u5t1al]~,made at the position of maximum resPonsc on

each item i’he instrument is placed at that position with its bottom in contact with or as
close as ruies allou- to the surface of the JTA In many cases, a felt spacer is used to avoid
contact. The follo\\’iilgis a sequence of steps for making verifir$~tionmeasure rncnts.

1.

2.

3.

4.

5.

6.

Before starting measurements, switch the instrument on long enough to begin
displaying numerical results, then check it for normal operation with a radiation
source.

Once normal operation is verified, measure and record background at a short
distance (3 to 6 ft) from the item to be ~’erifixl al~dwith the operator’s body
between the item and the instmment. Other shielding by objects or people around
the instrument is not permitted, nor are neutron sources permitted to be Iwarby.

Place the instrument and properly orient it at the measurement position while
observing and recording three ccunt \“alues.

Repeat the background and source nlcasurements to be sure nothing about the
instrument or environment has chtinged.

Calculate the net verification result b}’ subtracting the ilveragc background from
~efore and after the verification measurement from the a!erage of the verification
measurements. Net results of 20 or less indicate a non-nuclear item.

If the results appear normal, this completes \(rification. If there is an unexpcct.ed
result, all the measurements in the sequence can )Wrepeated, and a second
instrument is normally available to provide an independent verification.

IV. THE FIELD REFERENCE MEASUREMENTS

Verification compares a measurement result with a predetermined reference
measurement result. IMostreference measurements for the Air Force program were
obtained at the weapon stations of the Air Force bases visited for pre-flight JTA
~“erification.Other reference measurements were made whenever an opportunity arose,
which sometimes led to measuring real weapons used in the other armed services. The.
rcfcrencc measurements included bare warhead measurements, measurements of \v~]”llei\(ls

in <hippin; nnt,Iincrs, nnd measurements of warheads loaded in missiles and launchers,



We plotted the reference measurement results against values for the ::amc weapons from
the data base of Pantcx confirmation measurements. The plot in Fig. 2 g:vcs the average
measurement value for each case; error bars represent the experimental standard deviation
(when three or more measurements are available).
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I Fig. 2, the error bars for the Pantex plant measurements are often much larger than
the error bars for the field measureme,lts. The reason for this is that the plant background
can bl’ highly variable because (Jfthe presence of’ other nearby weapons; background
~’ariation is usually less during field mcasurcmcnts.

The dark circles plotted in Fig. 2 represent rcstllts for bare warheads. The hnvcst point
plotted on the line has itc lower error bar at about 90 counts ~per 20 s). Hence, the decision
point of 20 mentioned earlier reasonably separates real weapons from JTAs. The open
triangle represents a result for a warhead in a shipping container plotted against the
corresponding Pantex result. The open diamonds are for a warhead in a missile and
launcher plotted against the Pantex result for the bare warheid These arc all zhove the
lowest point plotted on the line.

V. THE FIELD BACKGROUND AND JTA MEASUREMENTS

[n the preceding section, the :“eferencc measurements turned out to be wcli above the
number 20 used as the decision threshold for verifying a JTA. Hence, the miss probability
for detecting a real weapon should be small. The field background and .JTA rneasurcmcnts
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give evidence that the nuisance-alarm probability of misidentifying a true JTA as a real
weapon is also small. Table I summarizes background measurements obtained while
verif~’ingdifferent types of JTA. The largest background measurement result was 5, and it
occurred only once in 454 background measurements (usually six but sometimes only three
background measurements were made during each verification). Table 11summarizes the
corresponding JTA verification measurements. The largest gross JTA result was 7, and it
occurred only twice in 257 verification measurements (usually 3 JTA measurements were
made during each verification). It seems unlikely that any JTA verification result would
exceed 20, even if the background were not subtracted for some reason.

Tahi~ I. Summary of Background Results

I I I
Number of \ Average (counts) Std Dev (counts) Results Equal to 5
Measurements

78 0.29 0.68 0

57 0.78 I 0.93 0

24 0.96 1.4 0

76 0.65 0.84 0

24 I 0.38 I 0.65 I o

81 I 0.77 I 0.84 I 1

Table II. Summary of JTA Gross Results

Number of
Measurements

Average (counts) Std Dev (counts) Results Equal to 7

58 0.82 1.45 0

43 0.86 1.13 0

9 0.78 0.44 0

39—
12 ::0 +-++--1--+-

42 0.78 0,93 0

54 1.74 1.56 1



In the tallles, the a~”eragcsof the JTA measurement results are oft.cn larger Lhanthe
background res:dt averages. However, the standard detiiai.ioilsarc large enough to gi~c
little ~~iltid~ncc in the difference. But if there were a crue dif’ferencc in t.iit.LIveritgcs,it
could result from measuring cosmic-ray-produced neutrons in t!io JTA or neutrons emitted
by any depleted uranium in the JTA, or it could be an a:.!ifact, possibly one caused by
preferentially recording larger results when measuring a JTA.

~. sLTM~~y OF THE MEASUREMENT REsuLTs

From the data a~.ailable,it appears that the threshold of 20 can he used to separate
JTAs from real u’arheads t~ithouta serious chance of missing a real warhead or
misidentifying a JTA. Using the single value of 20 eliminates the need for transferring a
catalog of specific results for each warhead to the launch site. The single value also
decreases the chance of making one type of error: using the wrong reference value for the
particular JTA being verified.

A [ o c aa t r o r M t i ) I o k
u ’t r en l et U g t l p r f a r

w eh b m There may bc other circumstances in the future for which the
distance between the verification instrument and a real weapon or .JTAcould be greater
than we have experienced so far. In that case, the corresponding reference measurement
\“aluecould be significantly lower than 90, Other containers or missiles could also
significantly reduce reference measurement vi~lucs. We mllst continue to accumulate these
results in the field to cover new situations.

We must also continue making and recording source, backgrollnd, and JTA
measurements to serve as a form of measurement control that will allow us to be certain
that instruments or measurement techniques do nut change and begin to give numerical
results that are different than we ha~’ethus far experienced.

VII. SUMMARY OF OTHER RESULTS

Two instruments failed during the tim( period examined here (the failures were
recognized at the time that they occurred). One failure was in the first JHH-22 prototype
unit, in which the mechanical attachment of the scintillator to the photomulti~;icr failed.
The second failure was in a PRM-470N battery pack, which might normally be replaced
periodically as part of a maintenance program.

Shortcomings ir. the performance of the individuals who conducted the verification
measurements were also infrequent. Those that occurred were caused by a lack of sufficient
training time. In some cases, a lack of familiarity with the procedures led to not recording
enough information to avoid later confusion. Typical omissions were not recording the
instrument serial number, the JTA or weapon identification number, or the information on
the exact position at which the verification measurement was made.
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The instruments were occasionally returned to Los AIamos for recalibration during the
period reviewed here. During recalibration, the instruments measured a test source
assembly designed to give a net verification result of about 100. The net test i-e.suitsfor
different instruments ranged from 83 to 120. The range for net test source results by
particular instruments at different times was much smaller. Hence, we can expect the
variation in verification resuIts for different instruments (or the same instrument at
different times) to be relatively small compared to the gaps between the decision threshold
of 20 md the lowest reference result for a real weapon or an average net JTA
measurement result.
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