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Abstract

This document is an environmental assessment of a sys- direct exposurc of the public to scattcred or leakage ra-
tem designed to detect the presence of explosives in diation from the source and to induced radioactivity in
checked airline baggage or cargo. The system is meant to baggage items. Under normal opcration and the most
De installed at the concourse or lobby ticketing areas of likely accident scenarios, the environmental impacts that
U.S. commercial airports and uses a sealed radioactive would be created by the proposed licensing action would
source of californium-252 to irradiate baggage items. not be significant.

The major impact of the use of this system arises from

'
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1 INTRODUCTION

1.1 Background

The Federal Aviation Admxmstratlon (FAA) became in-
volved in developing an efficient explosive detection sys-
tem in the mid-1960s. Development efforts were initially

based on various technologies including vapor detection:

by olfactory (e.g., canines) and instrumental (chromatog-

raphy) means, x ray radiography, and several nuclear

methods. Although 'several of these technologies ap-
peared promising, none of the early efforts yxcldcd satis-
factory results.

As a result of a rash of hijacking incidents in the early
1970s, Congress recognized the need to increasc the over-
all sccurity of the U.S. airspace and airport system. In the
Anti-Hijacking Act of 1974, Public Law 93-366, FAA was
assigned the responsibility for research and development
in aviation $ccurity. In the late 1970s and 1980s, FAA
sponsored several programs to develop and demonstrate
a prototype explosive detection system using thermal
neutron activation (TNA) analysis. The initial attempts at
developmg prototype systems showed that explosive dc-
tection using TNA analysis was technically feasible, but
scanning times were oo long for practical applications.

In September 1985, FAA awarded Science Applications
International Corporation (SAIC) a contract to develop a
second-generation, improved TNA explosive detcction
system (EDS) that could screen a larger number of bags
and, in general, was more suitable for the operational
screening of baggage (SAIC, 1988). Since 1985, one dem-
onstration prototype and six other smaller production
models have been, or are in the process of being, built for
FAA. To test the explosive detection capabilities of these
models, simulated explosives whose elemental composi-
tion and shape and, therefore, system response were simi-
lar to those of actual explosives specified by FAA were
used. These simulated explosives have been valicated by
tests in the laboratory by comparing them with actual
explosives (SAIC, 1988). Tests of the latest production
model, EDS-3, showed that the system could clear alt L ut
3 to 5 percent of the bags that did not contain explosives.

In 1988, the U.S. Nuclear Regulatory Commission (Com-
mission or NRC) began assessing the environmental cf-
fects of installing and operating the prototype TNA sys-
tem (Model EDS-2) at the ramp level of an airport. This
included asscssing scenarios for possible internal expo-
sure of both workers and passengers, possible exposure of
passengers or other members of the public who may con-
sume irradiated food items packed in luggage, anticipated
radiation doses, possible cxposure resulting from mal-
functions of the TNA system, and several types of plausi-
ble accidents. In FFebruary 1989, the NRC issued a license
to FAA to use the prototype on the ramp level of interna-

tional airports, SAIC developed Model EDS-2, which
was originally designed as a one-of-a-kind prototype,
into the current: production system (Model EDS-3),
which optimizes radiation levels, cost, bulk, weight, and
complexity. This system, licensed for ramp use in
August 1989, uses less than half the amount of califor-
nium-252 (Cf-252) and only one-quarter the radiation
shielding than did the original prototype.

The findings of the NRC environmental assessments
associated with these two models were summarized and
published in the Federal Register (54 FR 33636) on
August 15, 1989 (NRC, 1989). The NRC concluded that
the environmental effects of normal use of the TNA
system in baggage- or cargo-handling ramp arcas would
be insignificant.

1.2 Description of the Proposed Acti'on

By letter dated August 22, 1989, FAA‘(thc licensce) sub-
mitted a proposed amendment to its existing NRC Li-
cense No. 29-13141-05 to operate a TNA explosive de-

- tection system for routine screening of checked baggage

in the lobby or concourse arcas of international airports.
For concoursc installations, additional shielding is added
onto the sides of the EDS-3 near the source, underneath
the outer pancls (see Section 3.1). This new TN A system
has been designated as EDS-3C and has been issued
Certilicate of Registration CA-590-D~118-S (California
Department of Health Services, 1990). It is estimated that
these systems (or their cquivalent) will be installed at
more than 200 major airports in the next 5 years and will
be used to screen luggage on international flights (U.S.
Department of Transportation, 1989). The term “con-
course arca” refers to the arca that is used in conjunction
with passcnger ticketing and baggage check-in operations
and is usually located in the main terminal arca. The
proposcd action involves the following:

(1) Modification of cxisting concourse arcas (or con-
struction of new ones) to allow installation of an
IDS-3C. If existing concourse space is insufficient,
this could include additional construction of struc-
tural supports or the rebuilding ol the ticketing
arcas for operation of the system,

(2) Installation of one Cf-252 source in an EDS-3C,
containing 150 micrograms (ug) [80 millicurics
(mCi)]. 'This includes transportation of the source
within a shielded cask to the EDS-3C from outside
the airport.

Since most systems will be placed in existing airport facili-

tics, cach site will dilfer in terms of site-specitic consid-

crations, such as distances from the ticket counters to the

EDS-3C, occupancy statistics in the airport, number of

NURTLG-1396



1 Introducztion

- passengers, waiiing time for tickets and boarding passes,

and vehicular traffic. For this assessment, actual design
and construction information from six internationa! dir-
ports in this country was used to crcate a “model airport”
for calculating radiation dose and estxmatmg the effect of
possible accident scenarios.

1.3 Previous Environmental
Assessments and Supporting
‘Documents :

Sevcml environmental docmmentq have been prepared
that are specific for the previous FAA license application
for SAIC Models EDS-2 and EDS-3. FAA submitted an
cnvironmental report in support of the first. prototype
device in February 1988 and a revised report for public
rclease in June 1988. In September 1988, Idaho National

NUREG-1396

Engineering Laboratory (INEL) assessed for the NRC
the environmental effects of the EDS~2 in the “Environ-
mental Assessment for Explosive Detection Systems Us-
ing Thermal Neutron Activation for Airline Baggage In-
spection” (INEL, 1988). On August 15, 1989, the NRC
staff published a Finding of No- ngmfxcant Impact in the
Federal Register (54 FR 33636), which provided the evalu-
ation and summary of the environmental effects of using
the EDS-3 at the ramp levels of airports (NRC, 1989).
Finally, SAIC submitted to the NRC an environmental
report related to the proposed EDS-3C for concourse

installation in October 1989 and a revised report in re-

sponsc to NRC questions in December 1989 (SAIC,
1989). For further technical details with respect to previ-
ous assessments, see the documents that are contained in
Docket Number 030-30885 at NRC’s Region [ Public
Document Room, 475 Allendale Road, King of Prussia,
Pennsylvania 19406.



2 NEED FOR THE PROPOSED ACTION

The need for improved baggage sceurity persists. Since
1985, more than 425 lives have been lost, several aircraft
have been destroyed, and international comtmerce has
been disrupted. The nature of the sccurity threat today is
far diffcrent from (and far more dangerous than) that in
the early 1970s when screening of passengers and luggage
first began. Previously, the primary threat was hijacking.
Currently, it is sabotage by international terrorists seck-
ing to influence the behavior of governments through acts

of violence against commercial aviation (U.S. Housc, of
' Reprcscntwtlws 1989).

Although the first six TN A systems are owned and oper-
ated by FAA, the subsequent widcspread use of these
systems would be by the airline carricrs rather than FAA.
On September 5, 1989, FAA published a final rule that
would require, by amendment under Scction 108.25 of
Titlc 14 of the Code of Federal Regulations (14 CFR), that

each aitline carrier use an explosive detection system that
has been approved by the FAA Administratcr to screen
checked baggage on international flights (sce U.S. De-
partmént of Transportation, 1989). So far, the only explo-
sive detection systems that have been approved are Sci-
ence Applications International Corpor‘mon (SAIC)
Models EDS-3 and EDS-3C. Once this 7 ule is enforced,
an estimated 200 to 400 TNA gystem; will have to be
licensed in both this country and abroad. FAA, in its
continuing program to collect opcrating data in various

airport environments, has requested the NRC to evaluate

the TNA system in one of four possible areas on the
concourse level of airports: (1) behind the check-in pre-
counter, (2) in front of the check-in counter, (3) at a

check-in area, and (4) at a curbside location ncar the
concourse level.

Even though the EDS-3 is currently licensed for use at
the ramp level of airports where baggage is sorted for
loading aboard plancs and has been shown to have a high
sensitivity for detecting explosives in baggage, there has
been some difficulty in resolving false positive (“nui-
sance” or “lalse”) alarms on a small pereentage of all bags
inspected. These alarms are presumed to be real until
they are proven to be false. Various methods are used for
resolving the problem of false alarms, but the method
currently used is to open and hand scarch the bag, which
(under FAA repulations) must be done in the presence of
the passenger. At John FF. Kennedy (JI'K) International
Airport, where the EDS-3 has been in operation since
September 1989, the only way to do this is by paging and
locating the passenger in the terminal, having the passen-

~ger come to the TNA arca, and hand inspecting the lug-

gage in question. At JFK Airport, it hastaken up to 1 hour
to locate a passenger and resolve the alarm problem At
many proposed airport sites, the only practical way to
screen luggage for explosives is 10 locate the system so
that it is ncar the arca where the baggage is checked in (at
the concourse level) so that the passenger is immediately
available to give his or her consent to dpen bags that cause
an alarm. This environmental asscssment addresses the
expected environmental cffects associuted with the pro-
posed operation of and the construction that might be
nceessary for SAIC Model EDS-3C at concourse loca-
tions of international airports in the United States.

y¥ NURLG- 1306



3 EXPLOSIVE DETECTION SYSTEM MODEL EDS-3C

3.1 Description of the Concourse
System

Model EDS-3C is shown in Figures 3.1 and 3.2, Baggage
isloaded onto a conveyor, passes over one source contain-
ing 150 pg (80 mCi) of californium-252 (Cf-252), and then
leaves the system at the opposltc end. The Cf-252 doubly
encapsulated sealed source is located inside a moderated
assenubly containing heavy-metal panels to shicld against
the direct gamma rays from the source. The principle of
opcrduon is based on the property of nuclei of elements
in baggage absorbing the moderated neutrons and emit-
ting gamma rays with cnergics characteristic of a particu-

lar element, such as nitrogen, which is a major constituent

of all common explosives. By using many detectors and
acquiring data in short time slices, the system is able to
generate an image of the nitrogen distribution. The high-
nitrogen density allows the system to distinguish explo-
sives from benign high-nitrogen nmtcrmls like wool or
sitk.

Figure 3.3 shows the EDS-3C completely assembled with
the exterior pancels. The mechanical structure is made of
aluminum channels and beams welded together, with a
welded-on outer sheltof S-mm (3/16-in.) aluminum. Alu-
minum was chosen becausc of its low interaction rate with
neutrons and therefore minor production of activation
gamma rays, as compared with other choices such assteel,
The structure is filled with moderators of low atomic
number (mainly paraflin loaded with boric acid) and is

Rau.. tion Shielding

N

Wi

Shielding

then cast into place. Sheet metal pancls, not shown on the
scetion drawings, cover the entire system for cosmetic
purposcs.

The TNA system consists of three major picees of equip-
ment: the diverter, the XENIS (x ray enhanced neutron
inspection system), and the EDS-3C.'The EDS-3C is the
only picce that is too heavy to be placed directly on the
floor without supplemental structural support. The over-
all area needed for the installation of the EDS-3C, the
diverter, and the XENIS is approximately 41 m2 (438 ft2),

"The TNA system consists of three modular sections with a

gross weight of 12,700 kg (28,000 1b) to facilitate transpor-
tation. The end scctions weigh 2,720 kg (6,000 1b) each,
are supported on four legs, and impose a uniform load of
17 kilopascals (kPa) | 353 pounds per square foot (psf)] on
the floor arca below the unit. ‘The center section wcxg,hs
7,260 kg (16,000 1b), is supported on cight legs, and im-
poses a uniform load of approximately 22.4 kPa (467 psf)
on the floor area below the system. These three sections
are secured together at cach installation site before the
source is inserted. Figure 3.4 shows the dimensions of
Model EDS-3C. For concourse installations, additional
shiclding is added on the sides of the syqtcm necar the
source, underncath the outer pancls (Figure 3.5). This
model (EDS-3C) has additional shiclding consisting of
plates of lead |0.64-cm (1/4-in.) thick] and polycthylene
lapproximately 2.5-cm (1-in.) thick]. These plates occupy
hollow spaces in the outer pancls, which are made of

Detectors

Doors ﬁ\ - T

S~

Computer

I\\\\W
\;XA

L\
A

Ct-252 Source

L

7,

/ ' /)
/ Power Supply /
Zi

Bagoage

i

Radlation Shielding

\\— Moderating Assembly

Figure 3.1 Lengthwise section of EDS-3C
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3 Model EDS-3C

-

} 2.24m

 Gamma Detectors

u——-—.

Baggage Space
Outer Shell =

Ct-252 Neutron
Source

" Source ‘
‘fransfer Tube -—/
| Moderating

Assembly with
Gamma Shleld

Retracted Source Position ‘ \_ ‘
: ‘ ‘ ' Pb Gamma Shielding

Figure 3.2 Cross-section of EDS-3C at source

Figure 3.3 Perspective view of EDS-3C
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3 Model EDS-3C

L 383m R
. ]k
A
B [
‘ 2.24m
1.2Tm
-l | ——
\
— y
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C1-252 Source ‘
l ‘ 1.76m
' 1 132m ‘
ﬂ . v
L. C B N C 3 . C9 -
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Figure 3.4 Dimensions of EDS-3C

Figure 3.5 Schematic for additional shielding for EDS-3C. ,
Shaded areas show location of added shielding.
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3 Model EDS-3C

14-gauge steel. This shiclding significantly reduces the
exterior dose rate. Llownward shielding has also been
added in the moderating assembly. The spaces above and
below the ends of the baggage cavity coutain detector
electronics, the system computer, electronics cooling
equipment, electric distribution components, conveyor
belt motors, and pulleys.

Three pivoted panels of borated polyethylene and lead at

each end of the systems attenuate the radiation emitted

from either end of th¢ EDS-3C (see Figure 3.1). The end
panelsare 10 cm (4 in ) thick and swing about vertical axes
with return springs. The four inner panels hang from a
horizontal pivot point with a cam-spring arrangement
that allows them to b pushed up easily by the baggage. If
the spring mechanisin were to fail, it would fall in the
closed position because of the weight of the panels. Indi-
vidual position sensors for each panel arc coupled to an
indicator light on the main panel to show that the doors
are closing when there is no baggage.

3.2 Properties of Californium-252

Californium-252 (Cf-252) dccays by both alpha emission
and spontancous fission and has an effective half-life of
2.646 years. The dcminant decay mechanism is alpha
decay, and the alpha emission rate is about 32 times that
for spontancous {ission. A 1-pg sample of Cf-252 will emit
1.97x107 alpha particles and undergo 6.14x108 spontanc-
ous fissions per secor-d (Knoll, 1979). The neutron energy
spectrum peaks at about 1.0 megaelectronvolt (MeV),
although a significant number of ncutrons have energies
as high as 8 or 10 Me¢V. Cf-252 emits 2.34x10'2 neutrons
per second per gram and 1.3x1013 photons per second per
gram of material, ex:lusive of internal conversion x rays.
No beta radiation has; been reported from the decay proc-
css. The beta radiation associated with the equilibrium
fission nroducts during spontancous fission is easily ab-
sorbed and docs not contributc significantly to dose rates
(E.IL du Pont de Nemours and Company, 1971).

The neutron fluence rate at 1 m (3.3 ft) for 1 g of Cf-2521is
1.9x107 neutrons/ cir2-s, the absorbed dose rate in tissue
is 2.84 grays (Gy)/hr (284 rad/hr), and the dose equivalent
is 24 sieverts (Sv)/hr (2400 rem/hr).

For the EDS-3C, a 150-pg doubly encapsulated, sealed
neutron sourcc (Frontier Technology Model 100 serics or
Amersham Model CVN.CY6)is used (California Depart-
merit of Health Services, 1989). The source is mechani-
cally attached to the ¢nd of a Teleflex cable and is held by
a locking compound. The cable is approximately 5 mm
(3/16 in.) in diameter, and the source adapter is 9 mm
(3/8 in.) in diameter. T'he source can be withdrawn manu-
ally to a retracted position, which lowers radiation levels
in the baggage cavity to allow routine in-cavity mainte-
nance or to release a baggage jam.

NURIEG-1396

3.3 Safety Features

The following safety features have been incorporated in

the concourse veision of the EDS-3 (i.c., EDS-3C):

~® The outer shicld doors are key locked when the

EDS-3C is unattended.

®  The outer shield doors are interlocked so that if the
system operator removes the computer system key
before locking the shiclded doors, an alarm is
sounded.

® In casc of a baggage jam, the source can be with-
drawn manually to a retracted position, allowing re-
trieval of luggage stuck in the cavity while the radia-
tion ficlds are lower.

®  The sourcc is always confined within scveral layers
of shiclding, and a locked panel covers the Teleflex
cable to which the source is mounted.

®  Atamper-indicating scal is used (see Figure 3.6) to
show if tampering has been attempted.

® A baggage activation monitor checks all baggage
passizig through the TNA system for excessive radia-
tion Ievels. This monitor is equipped with both audi-
ble and visible indicators. The sensitivity is adjusted
toa level that will ensure that any bag that has a sur-
face dose rate of more than 5 pSv/hr (0.5 mrem/hr)
will trigger the monitor.

¢  Apermanent “Radioactive Material” sign with iso-
tope identification and dated source strength is lo-
cated at the locked panels that cover the source
cable.

e  Caution signs indicating a high-radiation arca arc
placed at the entrance and exit of the system. A
“Caution—Radioactive Materials” sign is placed on
top of the system.

®  Additinnal shielding barriers are used in any insta!-
lation where the public might otherwise be exposed -
to the radiation ficld from the cxit and entrance of
the TNA system.

e  Asign will be prominently displayed informing pas-
sengers that their luggapge will be screened with-a
new type of detection system to detect the presence
of plastic explosives. Passengers will be advised to
remove needed items from their luggage belore
EDS-3C screening. Passengers will not have access
to luggage contents once the luggage has gone
through the EDS-3C and has been banded with



3 Model EDS-3C

EXT

ENTRANCE

|

. a)

Figure 3.6 Tamper-indicating papet scal.
(a) Placement, (b) full-size sample

tamper-resistant security tape. In addition, hand-
outs will be available for those members of the pub-
lic who request more information.

In addition, several internal safety features have been
added:

e  Alogbook is used to record all routine maintenance,
transfer of the source, retraction of the source,
opening of computer and high-voltage access doors,
personnel entering the baggage passageway (includ-
ing duration), baggage jams (including reasons for
jams), inspections, emergencies, and breakage of

9o

tamper-indicating seal by the operator during han-
dling of the source or by actual or atiempted
tampering.

A special shielded cask designed to reduce external
radiation fields during transfer is used to move the
source to or from the EDS-3C.

Environraental monitors arc used to monitor possi-
ble radiation doses in the area.

One ion chamber gamma ray survey meter and one

neutron rem meter will be kept at each site for use
by the TNA operators.
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4 ENVIRONMENTAL INTERFACES

4.1 System Locations

In lobby (concourse) installations, the TNA system is
proposed to be installed at or near the ticket counter of an
interhational airline, or atl a terminal’s curbside check-in
area. For each of the scenarios, an airline baggage han-

dler will feed the baggage into the system. As each bag -

leaves the system, the computer will identify each bag
with a “clear” or “alarm” signal from the TNA system. In
case of an alarm, the bag will be passed through the
EDS-3C again. If the bag still alarms, the bag will be
removed to a sccure area and will be opened by the
security attendant with the consent of the passenger. If

the passenger does not consent, he or she will not be

- allowed to board the airplane.

The desirability of lobby installation stems from the FAA
requirement to have the passenger present when his or
her luggage is hand scarched. In the ramyp installation, as
explained carlier, there is no convenient way 1o contact
the passenger when a piece of luggage causes the TNA
system to alarm, perhaps 30 minutes or more after initial
check-in. Current methods used to locate these passen-
gers at JFK International Airport have taken on the aver-
age approximately 1 hour.

Figure 4.1 shows the TNA system attached to an x ray
inspection system labeled “XENIS” (x ray enhanced neu
tron inspection system). The TNA system consists of a
standard commercial baggage and cargo inspection sys-
tem coupled to an image processing computer. X ray
image information is combincd with the nitrogen distribu-
tion irnage information from the EDS-3C in a separate
computer, which correlates the information so that adeci-
sion can be made regarding the presence or absence of a
bomb (CAIC, 1989). This combination of technology has
cut the false-positive rate in approximatcely half. XENIS
-also produces a combined image that can assist a trained
security operator in resolving many of the remaining -
alarms, thus further reducing the number of passcngers
whose bags must be opened. The use of XENIS adds
about $150,000 to the total cost of the installation, as well
as requires additional space.

The following four locations for lobby installations arc
evaluated in this asscssment:

(1) Behind the check-in counter

(2) Inf{ront of the check-in counter

(3) Pre-check-in area

4 Curbside area

ftee 1.8 $ 49m

1.8m Dasirable

- : 51m +| 06m Minimum

GGAGE DIVERTE
EXIT STAGING TABLE —-\ BAGGAG R

XENIS SYSTEM

EXPLOSIVE DETECTION SYSTEM
“\| {STAGING TABLE
.

S

TNATY

1 [ﬁ kM

\—— DIVERTER RECEIVER CHUTE

3m Clearance

11.6m —

24m Clearance
for Installation

For Installation
TOP VIEW
CLEARANCE PERIMETER ]
T .
] T 28m
l 19m
Ll‘;;g;;n?n o | 7771L]
T
SIDE VIEW

Figurc 4.1 'TNA explosive detection system with XIENIS and diverter
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4 Environmental Interfaces

4.1.1 Behind the Check-In Counter

In this scenario, the TNA system would be placed behind
the counter (probably behind airtine personnel) where
the passengers check their baggage and get their airline
tickets. Figure 4.2 shows one proposed setup for United
Airlines at San Francisco International Airport. While
the passenger's passport, ticket, and scat assignment
were being checked, the baggage would be placed on a
conveyor belt, which has two 90° turns, and enter the
'TNA system. If the TNA system alarmed, the passcnger
would be asked to step to the end of the counter where
the inspection station is located to have the baggage
opened. The passenger would not receive a boarding pass

until the baggage had been cleared. For international

check-in, which takes approximately S minutes per person
at the counter, onc TNA system could service about
20 check-in positions,

This scenario, in some respects, is similar to that for the
ramp EDS-3, which has been in operation at JFK Inter-
national Airport since Scptember 1989, Passengers
would still not be permitted to be next to the maching, but
would, however, be deC to view the EDS-3C from the
ticket counter.

Passenger Check-in Area

T

4.1.2 In Front of the Check-In Counter

This scenario is similar to the one described in Section
4.1.1, except that the entrance to the EDS-3C would be
in the public area in front of the check-in counter (Figure
4.3), while the exit of the EDS-3C would be behind the
ticket counter. Passengers would hand their luggage to a
TNA airline attendant who would place it on the conveyor
belt entering the TNA system. The passengers would
then wait in line at the check-in counter, check to make
surc that their bags had passcd the TNA check, and be
issued boarding passes. If a piece of luggage did not clear
the TNA system, the passcnger would be available to
witness a hand inspection at a ncarby inspection counter.

Members of the public could stand immediately next to
the TNA systcm unless a barricr was crected, which
would increase the TNA system’s already considerable
size. A variation of this approach would be to have the
body of the TNA system behind the counter with only the
entrance in front of the counter; this probably would be
more difficult and expensive to integrate into an existing
airport.

An advantage of this scenario over the one described in
Section 4.1.1 would be that two airlines with adjacent
ticket counters could both use th~ TNA system to screen

-

inspection

gC:[)WLL
g
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Figure 4.2 Behind the cheek-in counter—proposed setup for United Airlines at
San Prancisco International Airport (e indicates location of an agent)
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4 Environmental Interfaces
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Figurc 4.3 In front of check-in counter

Tuggage. In this case, two airlines could share the respon-
sibility and cost of operating the TNA system. Although
two airlines could also share the TNA system as illus-
trated in Figure 4.2, it would be much more difficult.

4.1.3 Pre-Check-In Area

In this scenario, the EDS-3C would be placed in an open
arca ncar the terminal entrance and check-in locations
(Figure 4.4). When the luggage was cleared by the TNA
system, the attendant at the exit would band it with
tamper-resistant sccurity tape and return it to the passen-
ger. The passenger would then take it to the check-in
counter of the appropriate airline, where it would be
checked in for delivery to the aircralt.

Passengers whose bags were being inspected would come
to the entrance of the 'TNA system, walk alongside as the
bags were going through, and wait at the cxit of the sys-
tem. Bags resulting in an alarm would be opened at a

station ncar the exit, perhaps at a table placed there for
that purposc. In addition, other members of the general
public or airline ernployees might come close to the TNA
system as they walked about the terminal. ‘

An advantage of this scenario is that many airlines could
usc this one system for screening international luggage.
Passengers typically must arrive scveral hours before
their scheduled flight is to depart, thercfore allowing
plenty of time to have their checked Tuggage screened. If
passengers allowed cnough time for this screening proc-
ess at the beginning of their travel plans, there most
probably would be no significant scheduling delays.

Scveral disadvantages are also foreseen in regard to this
scenario. Since the passengers would have access to their
luggage immediately after TNA screening, they would be
exposed 1o the potentially radioactive contents for a time
depending on the scheduled departure. If a flight was
cancelled after a passenger's fuggage was scanned by a
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AIR TERMINAL ENTRANCE
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Figure 4.4 Pre-check-in arca

TNA system, the passenger would have the slightly -

activated luggage for a longer period than during any of
the other scenarios. This additional dose has been calcu-
lated and is assessed in Section 5.4.3.3. ‘

4.1.4 Curbside Area

For this installation, the TNA system would be placed
along the departure curb of an airport, similar to where
curbside check-in for domestic flights is now permitted.
Because the TNA system could be located in an area that
would not be sheltered from the elements, it would have
to be enclosed within' a small vuilding (as is currently
down with the 1XDS-3 at JFK International Airport). In
addition, this enclosure would have to be protected from
vehicular traffic in the arca adjacent to the system. Figure
4.5illustrates the type of barriers and setup that would be
required for this option. Vehicle barriers and Jersey walls
(conerete median barriers) similar to those used in high-

NLJR]*}(‘:—I3‘\)()

way construction would be used in these installations
(Figure 4.6). The passengers would still hand their lug-
gage to an airline baggage handler (“sky-cap”), wait for
the clear signal from the TN A computer, and then receive
their claim checks after the lupgage left the system. In
case of an alarmed bag, the passenger would be available
to witness a hand inspection, if necessary.

Passengers would come within several fect of the TNA
syster when they delivered their bags and, depending on
the design of the installation, might walk alongside the
system (as discusscd in Section 4.1.3) to the exit. Alterna-
tively, they might wait for a clear signal necar the inspec-
tion station. Other members of the public might also pass
near the system, but probably fewer than those in the
pre-check-in scenario.

- The TNA system is affected by temperature and humidity

14

in much the same way as any other electronic cquipment
might be. Internal thermal design considerations have
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Figure 4.5 Curbside check-in

resulted in the specification of ac circuits, fans, ducting,
and thermostatically controlled heaters (SAIC, 1989).
Rapid changes in temperature (such as a stream of sub-
zero air directly into the scanning chamber) could result
in some damagce of the detector or temporary malfunction
of the computer equipment. A small building, such as the
one built for the EDS-3 at JFK International Airport,
would be suitable for protecting both the operating per-
sonnel and the EDS-3C from the clements. Asin the case
of any construction, buildings will have to be in compli-
ance with local building codes and any other regulatory
requirements.

4.2 Demography

There are two types of workers who could have contact
with the EDS-3C: those who would work directly with the
EDS-3C (such as the operators and baggage handlers)
and those whose duties would bring them infrequently
near the EDS-3C (such as airline ticketing agents, super-
visory personnel, and baggage cart drivers).

For purposes of this document, the public is defined as all
those who are not workers as defined above, Thisincludes
all passengers and those members of the general public

15

who may be at the airport, as well as employces who work
at the airport but who do not normally frequent the main
ticketing arca of the airport.

The population density in the vicinity of the EDS-3C at
concoursc installations of airports will vary with location.
However, the number of passengers whose baggage is
screened by conventional x ray cquipment is known. The
following list shows the number of people screcned annu-
ally at eight major international airports in the United
States (see SAIC, 1988):

Airport People screened

22.6 million
14.9 million
89.7 million
69.8 million

San Francisco
JFK

Los Angcles |
Chicago-O'Harc

Miami 12.7 million
Detroit 31.3 million
Dallas-Ft. Worth 70.4 million -
Dulles 6.6 million
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Barrier system to be two phased. Phase one would consist of a
deflecting shield such as is used to separate opposed lanes of
traffic,

In cross section.

Phase two would be fluid-filled, collapsible barrels such as are
used to absorb the impact of a motor vehicle. Both these sys-
tems are currently in common use on California highways.

Curb

rd

/_ «—— FPhase one barrler
<—_/ Phase two barrier

-— EDS enclcsure

‘Figure 4.6 Barricr system to protect TNA operating
pcrsonnc] passengers, and others from intrusion
by motorized vchicles

The number of domestic and international passengers
enplaning in the United States during the years 1985
through 1987 has continued to increase, as shown below
(U.S. Burcau of the Census, 1989):

Number in millions

Percent
Passengers 1985 1986 1987 increase
Domestic 357 394 416 14.2
International 25 31 19.4

25

If thesc trends continue at this rate, an estimated
38 million international passengers could travel in 1990,

The number of passengers traveling through each airport

daily can be estimated by dividing the total number of

passcngers dcparling by the number of large airport
“hubs.” A large hub is onc at which at lcast 1 percent of

the total revenue passengers using all services and all .

NURIEG-1396.
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operations of U.S. certificd route air carriers enplane
(U.S. Bureau of the Census, 1989). From 198/ statistics,
we can estimate the number of passengers in an average
airport to be:

448,913,700 departing passcngers

=16,032,600 passengers/yr
28 large hubs

The average number of passengers on a daily basis would
be approximately 44,000 (16,032,600/365). Although only
a small fraction of these passengers would be going on
international travel, many of these passengers could pass
near the EDS-3C. The radiological impacts of the
EDS-3C located on the concourse level of airports are
discussed in Section 5.4. .

4.3 Source Transport

The average distance from the supplier of Cf-252 sources
(located in Ohio) to various airport locations is approxi-
matcly 1900 km (1200 mi), Because Cf-252 has an effec-
tive half-life of 2.646 ycars, periodic replacement of the
source is necessary to maintain the desired neutron



" fluence in the EDS-3C chamber cavity. On the basis of

the estimated frequency of replacing one Cf-252 source
annually, one truck shipment per EDS-3C would be ex-
‘pected on'local and interstate highways cach year, Since
local roadways going to and from cach airport arc cur-
rently heavily traveled by cargo and industrial traffic, an
additional truck shipment per ycarduc to IDS-7 C opera-
tion is not expected to be noticeable in existing traffic on
local roads leading to the interstate highways. Since the
estimated operational lifetime of the TNA systems is 15
years, a total of 15 shipments is anticipated for each sys-
tem. Eistimatces of trangportation accidents involving ship-
ments of radioactive material arc discassed in Section 6.

4 Environmental Interfaces

4.4 Seismology

Scveral of the airports that would be slated for a TNA
system arc located in carthquake areas. ‘The most likely
effect of an earthquake on the EDS-3C would be the
shifting of the three major scctions of the TNA system
slightly apart, which could result in gaps in the system’s
shiclding, 'To prevent this, each joint is ticd together by
four joining plates attached by six large bolts. A TNA
system was assembled and operating at SAIC's Santa
Clara, California, facility during the October 17, 1989,
Loma Pricta carthquake, which measured 7.1 on the
Richter scale. No cffects on the TNA system were ob-
served, and the integrity of the source was maintained.
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5 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION

5.1 Methoddlogy

5.1.1 Regulations and Dose Criteria

The NRC promulgates regulations and establishes stan-

" dards for protection against radiation arising out of activi-
ties conducted under licenses issued by the Con.mission,
These requirements as set forth in Title 10 of the Code of
Federal Regulations (10 CFR), Part 20, state:

Persons engaged in {licensed] activi-
ties...should, in addition to complying with
the requircments sct forth in this part,
make every reasonable cffort to maintain
radiation exposures, and releases of radio-
active . iluents to unrestricted arcas, aslow
as is reasonably achicvable. The term “as
low as is reasonably achicvable™ means as
low as is reasonably gchicvable taking into
account the state ol technology, and the
cconomics of improvements in relation to
bencfits to the public health and safety, and
other societal and sociocconomic consid-
erations, and in rclation to the utilization of
atomic cnergy in the public mterest.

Currently, 10 CFR Part 20 is lu:in;;{rcviscd and will incor-

poratc the most recent guidance from the International

Commission on Radiological Protection (ICRP). This
new guidance incorporates detived limits for intakes of
radionuclides that have been developed using updated
mctabolic and dosimetric models (1CRP Publications 23,
28, and 30). Radiation doses calealated in this environ-
mental assessment rellect the new ICRP guidance per-
taining to external and internal dosimetry.

Maximum allowed values of radiation dose that may be
received by workers in restricted areas (EIDS-3C opera-
tors and assistants in this case) and those in unrestricted
arcas (other non-TNA workers, passengers, and mem-
bers of the public) are provided by the NRC in the current
10 CEFR Part 20;

Restricted areas mSv/yr (rem/yr)

Whole body; head and trunk; active
blood-forming organs; lens of
eycs, or gonads S0 (5)

750 (75)

300 (30)

Hands and forcarms; feet and ankles
Skin of whole body
Unrestricted areas
Whole body (current regulations) 5 (0.5)

Whole body (proposed regutations) 1 (0.1

19

The dose equivalent (M) from cxternal exposure from
sources of ionizing radiation depends on the absorbed
dose (D), the cffective quality factor (Q), and other modi-
fying factors (N) that may be specificd:

H=DxQxN
where |
H is in units of sievert (or rem)
D is in units of gray (or rad)
N is the product of any other modifying factors

The quality factor allows for the cffect of higher energy
deposition along particle tracks produced by various ra-
diation types such as neutrons, alpha particles, x rays, or
gamma rays. In ICRP Publication 21, a value of 2.3 is
given for Q for ithermal ncutrons. In 1985, the ICRP, and
in 1987, the National Council of Radiation Protcction and
Measurements (NCRP Report 91) recommended that
the quality factor for ncutrons be increased by a factor of
2asaninterim measurc pending full review. Report 40 of
the International Commission on Radiological Units
(ICRU) indicates that an increase by a factor of 2.5 is
justified for ncutrons, but states that further review is
appropriate,

Because the EDS-3C is expected to be deployed at U.S.
carricrs at airport locations worldwide, scveral interna-
tional regulatory agencics that have adopted a neutron
quality factor of 20 will use this cnvironmental asscss-
ment as a reference for licensing this system at airports.
Consequently, although the current NRC policy is to use
a ncutron quality factor of 10, in this asscssment a quality
factor of 20 is used for both international agreement and
added conservatism.

5.1.2 Exposure Pathways

Individuals who may rcccive radiation exposures duc to
normal operations arce divided into two major categories:
EDS-3C workers and members of the general public. The
personnel assigned to operate the BEDS-3C will be spe-
cifically trained for TNA system operations. ‘These per-
sonnel will consist of the operator and other technical
agsistants, such as baggage handlers and trained sccurity
specialists, Training for the TNA operators will consist of
lectures and courses in radiation physics, radiation safety,
biological ¢ffects ol radiation, instrumentation, radiation
control, and operating procedures during normal and ac-
cident conditions, Each TNA operator will have to pass a
radiation safety examination covering all of these items.
Other TNA workers will load and unload the bags on and
off the EDS-3C, These workers will be supervised by a

MNUREG-1396



S Enviconmental Impacts

TNA operator and will receive a more basie radiation
safety training course that is commensurate with their
limited duties. ‘T'his type ol training is consistent with the
training speciticd by 10 CEFR Part 19, “Notices, Instruc-
tions, and Reports to Workers; Inspections.” Pach indi-
vidual who caters a restricted arca under such circum-
stances that he or she receives, or s tikely to receive, a
dose inany calendar quarter in exeess of 25 pereent of the
values specified in 10 CIFR 200101(a) will be required to
wear personnel dosimeters, Because the only personnel
that might reccive a quarterly dose inescess of 25 pereent
wilt be the EDS-3C operators, they will be the only TNA
cmployees required to wear personnel dosimetry (neu-
tron and gamma). ‘The 'TNA operator will be the only
authorized user who may manipulate the source, perform
the passage maintenance, and extract jammed baggage.

Non-T'NA workers, passengers, and members of the
public could be exposed to the fow levels of radiation that
might exist around the TNA system. ‘There are three
major exposure pathwaye tethe publics exposure of
persons on the concourse level near the EDS-3C, direct
radiation exposure of passengers to beta or gamma liclds
from tuggage that has been through the HDS-3C, or
internal dose (o passengers or other members ol the
public who consume a food or other irradiated item that
was contained in the reclaimed luggage. Bach of these
exposure scenarios is evaluated indetail in Secetion 5.4.3,

5.2 Construction Impacts

The EDS-30 site area will be designed and moditicd so as
o minimize construction impacts. All airport construe-
tion activities to accommndate the system witl comply
with Tederal, State, and local regulations poverning,
health and salety during construction, as will all opera-
tions in connection with the transportation, storage, and
use of radioactive material, Work will be monitored by
the airport authority at cach site location, who, in most
casey, also will be the governing authority issuing the
initial construction permit,

A structural engincering study will be required to ensure
that the weight ol the EDS-3C can be accommodated
sidely onthe concourse level of airports. Airport passen-
ger departure and arrival arcas are gencerally built to a
much higher live-load rating than the clevated floors
within the airport terminal, - However, because  the
clevated-floor structure of airport terminals varies be-
ciuse ol substantial differences in design, the structural
requirements could change significantly from airport to
airport. The exeeptionally heavy loading of the EDS-3C
combined with the requirement to place these systems on
the concourse fevels of airports creates the greatest vari-
able in the design of an installation,

Using the information from the structural engineer-
ing study, a design team: should develop coneeptual
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documents addressing public access control, seeurity, ar-
chitectural, mechanical, and clecteical requirements of
the project (Peacock, 1989). Once the coneeptual design
package has been compicted, it should be submitted to
the owner, the primary user (the airline carrier), and the
airport authority for initial review and approval. I the
conceptual design is approved, the lingl design docu-
ments and contract can be drawn up, These documents
should inctude drawings, specifications, cost estimates,
and stractural cadeulitions showing the method of distrib-
uting the toad and/or reinforcing the floor structure.,

5.2.1 Site Requirements

Lobby or concourse TNA systems can be placed at virtous
locations, us ¢ ussed in Section 4.1 Targe, open ticket-
ing arcas on the pround level of an airport are desirable
for concourse use ol the 1HDS-3C because of the consid-
erably reduced cost ol installation, Because present ir-
por facilities have not been planned for g system as targe
oras heavy as the EDS-2C, finding o suitable location in
an existing airport may be difficutt, Most instaliations will
require sipnificant floor-loading studies before a site is
selected and, in some cases, may even require building a
[acility specilically constructed for the system (curbside
seenario),

In addition to the requirements above, the surlace under
the system must be horizontal and level (o within about
O mm (174 in.) so that the system's modular compounents
an fittogether and align properly, Additional space must
also be provided near the BEDS-3C to store the cask and
the additional radiological instrumentation that would be
necessary in case of an cimergency.

For installations at existing facilitics, it may be neeessary
to build up the surlace with cement grout to ensure that
the cask will roll casily and alipn with the source-toading
positions, ‘

Transportation of the baggage from the EDS-3C to the
baggage holding arca for loading onto aireralt alse must
be provided for, This may require additional space Tor
baggage carts near the BEDS-3C or near the ticket
counter. 'There also must be a 2-m (0.6-11) clearance on
the side of the EDS-3C where the source is inserted for
aceess  the source cask,

If the 1EDS-3C is located over an odeupicd area, it may be
necessary 1o add neutron and gamma ray shiclding, cither
between the EDS-3C and the floor or o the ceiling
underncath, The shiclding shall be sulficient enough to
bring the dose rates o less than 1 pSv/hr (001 mremi/Zhr)
on the ceiling of the fevel below the BDS-3C 1 a foad

distribution platform is incorporated into the design of

the concourse installation, then this shiclding shoutd be
incorporated o it



5.2.2° Land Use

At the proposed Dulles International Airport site, the
TNA system will be installed at the United Alrlines inter-
national ticket counter, As shown in Figure S.1, the
XENIS and the EDS-3C are at right angles to on¢ an-
other in order to “fit" the EDS-3C into an existing ticket
counter arca. A ncarby utility room will.serve as a storage
facility for the cask and the associated survey cquipment
needed for the BDS-3C.

Additional construction needed at the United Airlines
Ainternational ticker counter will affect nearby passenger
tralfic patternsto some degree because of its close prox-
imity to the seeurity arca, It is anticipated that cssential
rigging equipment such asair dollics or forklifts could be
moved into the terminal building during a week night or
on a weekend when traffic is at a minimum. If all the
necessary requirements have been met and construction
has been completed, the moving process should take no
more than 2 to 3 days.

5.3 Nonoperational Impacts

5.3.1 Transportation

The components ol the EDS-3C will be shipped individu-
ally and will be assembled at the location where the sys-
tem witl be used. No radiation exposure to workers or to
members of the public will result from cither the ship-
ment or assembly ol the system because the radiation
source will not have been ingtalled in the gystem, The
C1-252 source will be shipped in one shictded cask. Fol-
lowing assembly of the EDS-3C, the source will be trans-
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ferred from the cask (sce Figure 5.2) tothe system, Radia-
tion cxposure to individuals could oceur during transport
of the Cf-252 source and during its installation or opera-
tion at the airport,

Avcerage estimated radiation doses to the truck drivers,
who might spend 24 hoursat a distance of 2 m (6.6 {t) from
the cask, arc about (0,16 mSv (16 mrem) per driver per
delivery, ‘Transportation regulations under 10 CFR
TL50(3) () clfectively restrict the radiation dose to
0.02 mSv/hr (2 mrem/hr) in any normally occupied parts
of the vehicle, In addition, there can be no loading or

“unloading operations between the beginning and the end

of the transportation, Assuming that there are two drivers
per truck and that the used source is returned yearly to
the. manufacturer, yearly replacement of the source is
expeeted to result in a collective dose to the drivers of
Ox10-4 person-8Sv (0x10-2 person-rem) per TNA system, If
the average distance from the cask to the driver was
increased to 3 m (9.8 f1), the expected collective dose
would decrease to 2.8x10-4 person-Sv (2.8x10-2 person-
rem). ‘The dose to an individual member of the public
during transpostation of the source [rom the manulac-
turer 'to the site would be less than 10 pSv (1 mrem),

§.3.2  System Installation and Source
Transfer

The source transport cask (see Figure 5.2) is constructed
ol steel, welded together, and fitled with a composite
neutron and gamma ray shicld of water-extended polyes-
ter with lead surrounding the source position. Tu is a
DOT-7A cask certified by the ULS, Department of 'F'rans-
portation that is 0.75 m (2.5 {t) in diameter and (.84 m
(2.75 1) tong.

o =3 =51 . ot 4——— \ -t -——— e -t
P/ X-RAY

(MODEL EDS-3C)

" WAITING AHEA

I BAG WELL SCALES
-

= = ==

UAL TICKET UAL TICKET

COUNTERS COUNTERS
L ] R S———

Figure 5.1 Proposed HDS-3C

at Dulles International Airport
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Figure 52 EDS-3C source transport cask

To transfer the source from the cask to the system, a
special platform has been manufactured that helps guide
the source into the EDS-3C (Figure 5.3). A polycthylene
adapter with a conical hole fits into a recess in the end of
the cask and is bolted onto the system for transfer. The
cask is then rolled onto the platform and locked into

position against the side of the EDS-3C, which engages

the adapier with the cask recess. The source is transferred
to the EDS-3C by pushing the Teleflex cable into the
system until it stops. Atter the source is in the system and
the cask and transfer adapter arc removed, a flexible
plastic tube is inscrted over the cable and clamped into

place. Its inner diameter is slightly greater than the di-’

ameter of the cable but less than the diameter of the
source, Atits longest length, it just reaches the “retracted
source position” and thus scrves as a stop to prevent the
source from being retracted too far. Sce Appendix A for
further details associated with the installation of and the
radiation safety operating procedures for the EDS-3C.

The expected radiation doses outside a shipping cask
loaded with a 150-pg source of Cf-252 are shown in FFigure
54. The nearcest point that a member of the public could
get to the cask during source transfer would be approxi-
matcly 3 m (10 ft), which would correspond to a dose rate
of less than 10 pSv/hr (1 mrem/hr).

5.3.3 Radiation Exposure During
Maintenance

When the EDS-3C is in the operating mode, the source
will reside in a bismuth gamma ray shield and will be
surrounded by a ncutron moderator and absorber. If the

NUREG-1396
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opcrators must get inside the EDS-3C to perform main-
tenance, the source wiil be placed in a retracted position.
In this position, the source will be surrounded by a mod-

erator and a 25.4-mm (1-in.) lcad gamma radiation shicld.

The radiation dosc to EDS-3C operators from clearing a
baggage jam is. cxpected to be less than 0.05 mSv
(§ mrem). Experience with the EDS-3 at JFK Interna-
tional Airport indicates that baggage jams are rare and
the vast majority of these jams can be cleared without
entering the cavity. In the past 6 months of operation at
JFK International Airport, it has not been neeessary to
enter the passageway o dislodge jammed luggage.

Major maintenance work, such as repairing a broken con-
veyor, replacing Nal(T'l) detectors, ‘or repairing interior-
cavity materials, requires partial disassembly of the TNA
system. For these types of repairs, the Cf-252 source will
be removed from the system and will be placed in its
shipping and storage cask. Once the source is removed
from the system, radiation exposure during maintenance
work will be minimal,

5.4 Operational and Radiological
Impacts

5.4.1 Neutron Dose Contours

‘The thermal neutron flux inside the shiclded TNA system
was mapperd using small helium-3 (He-3) detegtors with a
small (0.2-pg) Ct-252 source substituted for the normal
150-ug source. Flux maps were measured and then cor-
rected for actual source strength, ‘The detectors were
calibrated against activation loils using the American
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Socicty for Testing and Materials method (ASTM, 1989).
‘The low-energy epithermal flux was measured in some of
the same map locations using a cadmium foil-wrapped
He-3 detector; it was nominally 3 percent of the thermal
value (see SAIC, 1989). The thermal flux peak was about
8x104 ncutrons/cm?2-s for the 150-pg source. The fluence
impinging on a item as it travels through the center cavity
at15em (6 in.) per second was determined by integrating
the mapped flux; it was calculated to be 4.5x105 neutrons/
cm? The fast neutron fluence was estimated by calculat-
ing tiw uncollided flux and integrating along the path of
the item being scanned; it was calculated to be 2.5x105
neutrons/cma,

‘The neutron fluence calculated with the source in the
operating position provides the basis for estimating the
integrated neutron flux to which the baggage would be
exposed. The measured fluence values were used in esti-
mating the activation products in baggage contents using
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the calculated activation rates from Erdtmann's Neutron
«lctivation Tables. Tables 5.1 and 5.2 show the potential
activation products, activities, and dose rates for baggage
contents containing 1-kg (2.2-1b) masses of various ele-
ments. Only reactions that produced initial activitics
greater than 0.001 becquerel (Bq) (2.7x10-8 pCi) per
gram of element are shown. The value of 6.001 By/g was
chosen because that is the amount of induced radioactiv-
ity equal to one-hundredth of that contained naturally in
food (see Section 5.4.4).

A cursory glance at these tables shows that the vast major-
ity of isotopes are rare earths and elements unlikely to be
found in suitcases except in trace quantitics. After only a
30-sccond delay, the largest remaining isotopes are
Sc-46m, V-52, In-116m(1), and Hf-179m, with an average
dose rate of 0.18 uSv/hr (18 urem/hr). All tables listing
activity, dose rates, and total committed doses are in the

NURFEG-1396
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Figure 5.4 EDS-3C shipping cask dosc rates
]

International System of Units (91) (i.c., gray, sicvert, and
bccqucrcl) (II”RU Report 33). For corrcspondmg, tables
using the English system of units (i.c., rad, rem, and
microcurie), tec Appendix B. Figure 5.5 shows the
isodose contours (with loading and vnloading platforms)

that arc based on dose ratc measurements. Additional -

dose rate and fluence information can be found in Appen-
dix C.

It should be noted that 1 sievert (Sv), the Stunit for dose,
is equal to 100 rem (R), the English unit. In addition, the

becquerel (By) is cqual to 1 disintegration per second,

and 1 microcurie (pnCi) is equal to 3.7x104 Bq.

Activation foils provided and analyzed by the National
Institute of Standards and Technology (formerly the Na-
tional Bureau of Standards) were used to measure the
baggage passage ncutron flux in the prototype TNA sys-
tem, Model EDS-2. The results (sece Appendix D) were
consistent with the determination of the thermal neutron
fluence calculations in Tables 5.1 and 5.2.

5.4.2 Radiation Exposure of Workers

Workers such as operators, baggage handlers, and trained
sccurity screencrs may be exposed to radiation from

NURLEG-1396
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EDS-3C oper ‘ons because of possible ncutron activa-
tion of items iv oo ogage or from the small radiation ficld
in the area they occupy. Workers may be cxposed to
radiation via four differcnt. pathways: exposure during

normal operation to lcakage radiation from the Cf-252

source in the immediate area of the EDS-3C, direct ra-
diation exposure to beta or gamma ficlds from luggage
that has been through the EDS--3C, exposure of sccurity
screeners resulting from hand inspection of “suspect”

‘irradiated luggage, and exposure during the tranefcr of

the source to or from a shipping cask.

The direct radiation ficldsaround the EDS-3C have been
mcasurced. Figure 5.6 shows that the total dose rates (neu-
tron plus gamma) in the arca occupicd during baggage
loading and unloading are all less than 3 pSv/hr
(0.3 mrem/hr) at any distance 30 cm (1 {t) from the sys-
tem. Atdistances greater than 1 m (3.3 ft), the total dose
rates are all less than 0.9 pSv/hr (0.09 mrem/hr). As an
cstimate, the average dosc rates from cach end at 30 ¢cm
and 100 ¢m (1 ft and 3.3 {t) were calculated to be 0.6 and
0.45 puSv/hr (0.06 and 0.045 mrem/hr), respectively. As a
result, the average dose rate for personnel would be
0.5 uSv/hr (0.05 mrem/hr).

If the EDS-3C is configured as shown in Figure 4.1, only
one baggage handler would be ncar the 'TNA syslt.m

\— 1 uSvihr
(0.1 mresmvhr)
TNA Model et 0.5 pSv/hr
EDS-3C - {0.05 mvernvhr)
<t~ 0.3 uSvhr
(0.03 mremvhyr)
1 1 |l 1 i 1 1 -
V] 1 2 3 4 5 6 7
Meters

Figure 5.5 TNA system for lobby installation with
isodosc contours
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Table 5.1 Potential activation products (for slow neutrons®*) of baggage contents
containing 1-kg (2.2-1b) masses of various elements

0.5-min delay 10-min delay . 60-min delay
Dose rate Dose rate Dose rate
- Half-life Gamma Activity (uSv/hr/kg  Activity (uSv/hr/kg  Activity (uSv/hr/kg
Product - Bg/ug (min) (MeV/Bq) (Bq/g) @ 30 cm) (Bqg/g) @30cm) (Bq/g) = @ 30cm)
H-3 8.42E-10 6.49E+06 - 3. 79E-11 - 3.79E-11 - 3.79E-11 -
N-16 3.50E-03° 1.19E-01 460E+00 8.56E-06 6.39E-08  8.05E-30  6.01E-32 0.00E+00 0.00E+00
0-19 3.51E-03  4.48E-01 1.O4AE+00 7.29E-05  1.23E-07 3.02E-11  S5.10E-14 7.77E-45  1.31B-47
- F-20 197E- 02 1.83E-01 1.64E4+00 133E+400 3.55E-03 3.17E-16. 8.44E-19 1.86E-98  0.00E + 00
Ne-23 243E+01 620E-01 1.45E-01  625E-01 147E-04 1.53E-05  3.60E-09 8.19E-30  1.92E-33
Na-24 1.80E+00 8.80E+02 4.12E+00 8.10E-02 = 541E-04 ~ 8.04E-02  5.37E-04 773E-02  5.16E-04
Mg-27 1L29E+00 9.46E+00 9.14E-01 S.G0E-02  8.29E-05  2.79E-02  4.14E-05 7.16E-04  1.06E-06
Al-28 272E+02 224E+00 - 1L.78E+00 1.0SE+01 3.03E-02 5.55E-01  1.60E-03 = 1.06E-07 . 3.07E-10
Cl-38 SSSE+00 - 3.72E401 149E+400 247E-01 S98E-04 . 207E-01  S5.01E-04 8.17E-02  1.97E-04
Ar-41 1.06E+01 110E+02 128E+400 4.75E-01 9.87E-04  4.48E-01  9.30E-04 3.27E-01  6.78E-04
Sc-46m 473E404 3.12E-01 142E-01 701E+02 161E-01 = 4.81E-07 111E-10  282E-55  6.49E-59
Ti-51 357E+00 S5.76E+00 3.50E-01 LSIE-01 8.59E-05 482E-02 274B-05  1.18E-04  6.68E-08
V-52 ¢ L79E+03 375E+00 143E+00 734E+01 170E-01 127E+401 2.94E-02 1.23E-03  2.86E-06
Cr-55 322E+00 3.56E4+00 6.57E-04  131E-01  1.40E-07 2.07E-02  2.20E-08 1.23E-06  1.31E-12

Mn-56 L11IE+02 155E+402 170E+00 498E+00 137E-02 4.78E+00 132E-02 3.82E+00 1.0SE-02
- Co-60m 233E+03 105E+00 123E-03 754E+01 1S0E-04 143E-01  284E-07 6.65E-16  1.33E-2}

Ni-65 764E+00 151E+02 5.63E-01 343E-01 3.13E-04 328E-01 3.00E-04  261E-01 2.38E-04
Cu-64 458E+00 7.64E+02 195E-01 206E-01 6.51E-05 2.04E-01 6.46E-05 1.9SE-01 ~ 6.17E-05
Cu-66 147E+02 S.10E4+00 9.56E-02 GI18E+00 9.58E-04 1.70E+00 2.64E-04 1.90E-03  2.95E-07
Zn-69 369E+00 S570E-+01" 478E-06 165E-01  128E-09  147E-01  1L.14E-09 8.01E-02  6.21E-10
Ga-70 543E+01 211E+01 555E-03 240E+00 216E-05 176E+00 1.58E-05 341E-01 "3.06E-06
Ga-72 259E+00 8.406E+02 203E+00 L17E-01  3.84E-04 1.16E-01 - 3.81E-04 L11E-01  3.65E-04
Ge-75m 6.38E+01 8.15E-01 5.59E-02  188E+00 1.70E-04  5.82E-04  5.28E-08 2.00E-22  1.81E-26
Ge-75 LOSE+00 8.28E+01 3.18E-02 471E-02  243E-06 = 4.35E-02  2.24E-06 2.86E-02  1.47B-06
Ge-77m 9.05E-01  8.84E-01 6.31E-02 = 275E-02  2.82E-06  1.60E-05 - 1.64E-09 1.52E-22 1.56E-26
As-76 326E+00 158E+03 3.37E-01 147E-01 8.02E-05 146E-01  7.98E-05 143E-01 =~ 7.81E-05

Se-77m S.69E+03 290E-01. 9.63E-02 77SE+01 121E-02  1.07E-08 1.67E-12 1.38E-60  2.15E-64
Se-79m 2.15E+01 391E+00 9.57E-03 8.85E-0! 1.37E-05  1.64E-01  2.55E-06 2.33E-05  3.61E-10

Se-81 1L33E+01 185E+01 1.44E-02 587E-01 = 137E-05 4.12E-01  9.61E-06 6.32E-02  1.48E-006
Sc-83 345E+00 225E+01 127E+00 153E-01  3.15E-04 1.14E-01  2.35E-04 245E-02  5.04E-05
Br-80m S48E+00 2.65E+02 241E-02 246E-01  9.62E-06  240E-01  9.39E-06 2.11E-01  8.24E-06
Br-80 291E+02 L77E+01  7.00E-02 128E+01 14G6E-03 8.85E+00 1.00E-03 1L2SE+00 1.42E-04.

Br-82m 231E+02 G6.10E+00 4.22E-04 982E+00 6.72E-06 3.34E+00 228E-06 1.14E-02  7.79E-09
Kr-81m 3TTE+02  222E-01 1.27E-01  356E+00 7.34E-04 470E-13  9.69E-17 7.72E-81 1.59E-84
Kr-83m 174E+01  LI2E+02 226E-03  781E-01  286E-06  7.36E-01  2.70E-06 5.40E-01 1.98E-06
Rb-86m 420E+01 1.02E+00 546E-01 13SE+00 1.19B-03  2.12E-03 1.87E-06 374E-18  3.31E-21
Rb-88 205E+00  178E+01  6.37E-01  9.0SE-02  9.35E-05  6.25E-02  6.46E-05 8.92E-03  9.22E-06
Y-90m 4.16GE+00 191E+02 6.30E-01 1.87E-01 191E-04  1.81E-01 1.84E-04 1.51E-01  1.54E-04
Nb-94m 380E+01 06.26E+00 1.17E-02  1G62E+00 3.07E-05  5.65E-01 1.07E-05 223E-03  4.23E-08
Mo-101 L3SE+00 146E+01 151E+00 S593E-02  145E-04 3.78E-02  9.25E-05 3.52E-03  8.62E-06
Rh-104m  3.60E+03 435E+00 348E-02 1S50E+02 8.44E-03  3.29E+01 1.86E-03 LI4E-02  6.45E-07
Rh-104 1.54E+04 7.05E-01 1L.1E-02  424E+02 7.63B-03  3.73E-02  6.71E-07 1.68E-23  3.03E-28
Pd-107m 842E+00 3.55E-01°  1.52E-01  143E-01  3.52E-05 1.26E-09  3.11E-13 5.14E-52°  1.27E-55
Pd-109m 9.12E+00 4.69E+00 1.14E-01  3.81E-01  7.05E-05  9.36E-02 1.73E-05 5. 79E-05 1.07E-08
Pd-109 JJE+00 BO8E+0G2 1.24E-02  1.52E-01  3.05E-06 1.50E-01 3.02E-06 1.44E-01  2.90E-06
Ag-108 SO09E+03 24IE+00 294E-02 198E+02 9.46E-03 1.29E+01 6.16E-04 7.36E-06  3.51E-10
Ag-110 8.31E+04 4.10E-01 296E-02 161E+03 771E-02  1.71E~04  8.19E-0Y 3.38E-41  1.62E-45
In-114 943E+01 120E+00 221E-03 318E+00 1.14E-05 1.32E-02  4.72E-08 3.80E-15 1.36E-20
In-116m(2) 126E+06 3.63E-02 8.20E-02  406E+00 539E-04  6.9GE-79  9.26E-83 0.00E+00 0.00E+00
In-116m(1) 129E+03 542E+01 247E+00 S77E+01  231E-01 SHEA+01  2.05E-01 270E+01  1.08E-01

Sce footnotes at end of table.
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Table 5.1 (continued)

- Gamma

0.5-min delay

10-min delay

60-min delay

Dose rate

Dose rate

Dose rate

Half-life Activity + (uSv/hr/kg  Activity (uSv/hi/kg  Activity (uSv/hr/kg
Product Bq/pg (min) (Me¥Y/Bg)  (Bg/p) @ 30 cm)  (Bg/g) @ 30 cm)  (Bq/g) @ 30 ¢m)
In-116 1.36E+04 2.37E-01 1.5SE-02 " 142E+02 3.57E-03 1.22E-10  3.08E-15 392E-74  9.84E-79
Sn-125m LO9E+00 9.52E+00 3.29E-01  473E-02  252B-05  2.37B-02 1.26EE-05 6.22E-04  3.32E-07
Sb-122m 7T08E--00 421E+00 S596E-02 293E-01  284B-05  6.14E-02  S5.94E-06 1.64E-05 1.58E-(9
Sb-124m 842E+00 15SE+00 348E-01  3.03E-01 1L71E-04  4.33E-03  2.45BE-00 848E-13  478BE-16
Te-131 208E+00 250E+01 3.54E-01  9.23E-02  S30E-05  7.09E-02  4.07E-05 = 177E-02 LO2E-05
C1-128 200L+02 250E+01 875E-02 888E+00 126E-03 06.82E+00  9.08E-04 LTIE+00 2.42E-04
Xe-125m L70E+01  9.50E-01 L11IE-01  S531E-0t  9.56BE-05  S.20E-04  9.35E-08 7.50E-20 1.35E-23
Xe-137 LOY9E+00 3.84E+00 1.50E-01  8.18E-02 1L99E-05 1.47E-02  3.58E-06 1L78E-06  4.32E-10
Cs-134m 9285400  1.74E-02 2.34B-02 938E-10  356E-14  0.00E+00 0.00E+00  0.00E+00  0.00E+ 00
Ba-136m 1.31E+ 03  5.13E-03 1L.92E+00 273E-28  8S51E-31  (QOOE400 0.00E4+00  QO0E+00  0.00E4 00
Ba-139 LSSE+00 833E+01 4.18E-02 695E-(02  471E-06  6.42E-02  4.35E-06 423E-02  2.87E-06
1.4-140 LO2E+00 241E+03  2.32E+400 8.64E-02  3.25E-04  8.62B-02  3.24E-04 8.49E-02 3. 19E-04
Pr-142 JAIE+00 LISE+03 S83E-02 1.54E-01 1.46E-05 1.53E-01 1.45E-05 LAYE-01 " 1L41E-05
Nd-151 352E+00 1.24E+01 1.69E-01  1.54E-01 4.22E-05  9.06E-02  2.48E-05 5.5413-03 1.521E-06
Sm-153 LIOE+01 2.79E+4+03  5.35E-02  535E-01  4.65E-05  5.34E-01 4.63E-05 5.28E-01 4.58-05
Sm-155 281E+01 2.22B4-01  824E-02  124E+400 1.66E-04  9.25E-01 1.24E-04 LY4E-01° 2.601E-05
Eu-152m(2) 9.21E+00 9.60E+01 7.38B-02  4.13E-01  494E-05  336GE-01  4.61E-05 2.96B-01 322E-08
Eu-152m(1) 1.32E+03 S5S8E+02 241E-01 594E+01 232B-02  S87E+01 229E-02 SSIE+01 215E-02
Gd-161 2196401 3 70E+00  3.09E-01  897E-01  450E-04  1S51E-01  7.59E-05 1L.30E-05  6.50E-09
Dy-165m LAE+0S  1.20E-+00 - 1LO9E-02  S6IE4+03  9918-02  3.02E+01  5.233B-04 3.44E-11  6.08E-16
Dy-165 8.69E+02 141E4+02 1.28E-02 3.90E+01 8.10E-04 3 72E+01 7.73LE-04 291IE4+01  6.04E-04
Ho-166 1L9BE+ 01 1.61E+03 275E-02 891B-01  397E-05  887E-01  3.96E-05 8.08E-01  3.87E-05
Er-167n 479E+04  378E-02 9.71E-02  225E-01  3.55E-05  S.16E-77  8.13E-81 0.00E+00  0.00B4 00
Yb-175 LI9E+00  6.03E+03  3.09E-02  6.25E-02  3.13E-06  6.25E-02 = 313E-06 ~ 621E-02  311E-06
Yb-177 LIBE+00  1LME+02 1.22E-01  S.07E-02 LOOE-05  479E-02  947E-06 © = 3.53E-02  6.99E-06
Lu-176m 4T78E4+01  221E+402  1.82E-02  2.I1SE4+00 6.34E-05  2.08E+00 6.15E-05 L7BE+ 00 526E-05
Lu-177 222E+ 00 9.66E+03  3.02E-02  9995-02  489E-06  9.98E-02  489E-006 9.95E-02  4.87E-06
Hf-178m LIOE+03  7.17E-02 9.77E-01 3.94E-(] 25E-04 5.23E-41 8.29E-44 0.00E-+00  0.00E400
HE-179m 240E+ 04  3.12E-0] 2.87E-01  3.65E+02  L70E-01  2.50E-07 1LIGE-10 1.47E-55  0.82E-59
W-187 J4TE+ 00 143403  4.31B-01 1.50E-01 1.09E-04 1.55E-01 LO9E-04 1.52E-01 1LO6E-04
Re-186 I62E+ 00 S44E+03  L8UE-02  1.63E-01 4.75E-06 LO3E-01  4.75E-06. LO2E-01  4.72B-06
Re-188m  218E+01  L8GE+01  7.90E-02  9.63E-01 1.24E-04  6.76E-01 8.72E-05 LOSE-01 1.35E-05
Re-188 L8SE+ 01 LO2E+03  478E-02  832E-01  645E-05  827E-01  6.41E-05 79601  6.20E-05
0s-191m LI9E+00 780E+02 651E-03  S535E-02 = S.05B-07  S31E-02  S.60E-07 SO8E-02  5.36E-07
1r-192m 3A12E+04 LAOE+00 247E-04  1LI0E+03 439E-04  995E+00 398E-(6 L.776-10  7.10B-17
Ir-194 27IE+01  LIGE+03  SI12E-02 1.23E400 1.02BE-04 1L.22E+00  LOIE-04 L29E4+00  9.84E-05
Pt-199m JBIE+ 00 2.40B-01 342E-01  407BE-02  2206E-05 497B-14  2.76E-17 9.881i-77  S5.48E-80
P1-199 389E+00 308E+01  LO7TE-01  L73E-01 J.O0E-05 1.40E-01 2.43E-05 4.54E-02  7.87E-006
Au-198 LISE4+ 01 388E+03 4.03E-01  531E-01  347E-04  5.30E-01 346E-04 5.25E-01  3.43E-04
Hg-205 2.03E400 520E+00 480E-03  8SSE-02  6.65LE-07  241E-02 1.88E-07 JO8E-05 - 2.39E-10
Th-233 LIGE+02  2.23B401  LOBE-02  S27E+00  923E-05  3.92E+400  6.87E-05 8.30E-01 1.4513-05
1J-239 LOIE+ 02 235E+01  S21E-02  448E+00 3.78E-04  3.38LE+00 2.86E-04 TISE-01  06.54E-05

*Integrated thermal fluence in BEDS-3C = 4,501+ 08 neutrons/em?,
Note: 8.421i-10 = 8.42x10-1° ¢tc. ‘
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Scale (Meters)

BAGGAGE IN

Note: 1uSvihr = 0.1 mrem/hr

Figure 5.6 Total dosc cquivalent rates around EDS-3C (uSv/hr)

when loading luggage onto the conveyor belt. The other
baggage handler would be at the exit of the diverter, more
than 6 m (20 ft) away. In this scenario (call it Option A),
only onc baggage handler would be in a potential radia-
tion ficld of 0.5 uSv/hr (0.05 mrem/hr). Because it is
~assumed that the EDS-3C will be in operation for
16 hours a day, this option requires three full-time-
cquivalent personnel per operating unit (three 40-hr/wk
shifts). For the proposed scenario at Dulles International
Airport (call it Option B), however, the EDS-3C and the
XENIS are at right angles to cach other. In this case, both
baggage handlers could be in radiation arcas of 0.5 uSv/hr
(0.05 mrem/hr). This option requires six full-time-
equivalent personnel per operating unit (three 40-hr/wk
shifts).

"The estimated annual dose to a baggage handler would be

0.5 uSv/hr x 40 hr/wk x 50 wk/yr = 1000 uSv
=-1 m8v/yr (100 mrem/yr).

For Option B the estimated annual dose (o baggage han-
dlers would be 6x10-® person-Sv (6x10-! person-rem)
(6 baggage handlers x 1 mSv/yr); for Option A it would be
3x10-3 person-Sv (3x10-!' person-rem) (3 baggage han-
dlers x 1 mS8v/yr) for cach EDS-3C. For each of the
scenarios proposed in Section 4.1, the caleulated collec-

NURIG-1396

+ tive dose of 6x10-2 person-Sv will be used as a conserva-
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tive estimate of expected radiation dose. 'The EDS-3C,

‘which will be used for lobby installations, is similar to the

EDS-3, which is used for ramp installations, in terms of
potential radiation exposure to TNA operators. As de-
scribed in SAIC's 1988 environmental report, the annual
exposure to TNA opcrators was calculated by estimating
the dosce from both routine [1.2 mSv/yr (120 mrem/yr)]
and sourcc-transfer [0.8 mSv/yr (80 mrem/yr)] opera-
tions. The total exposure to an operator for cach EDS-3C
would be 2 mSv/yr (200 mrem/yr). For six full-time-
cquivalent operators, the collective dose for cach system
would be 0.012 person-Sv/yr (1.2 person-rem/yr),

The total dose to workers from hand scarching the lug-
gage doces not depend on the choice of EDS-3C installa-
tion scenario. If the TNA system alarms, the baggage
must be hand scarched. This usually will take placc imme-
diately after the bag leaves the system, allowing only
perhaps 15 scconds for activation products to decay. The
security attendant conducting the scarch could get an
additional dosc from activation products, and because
there is hand contact during the search, exposure to beta
(and gamma) radiation may be possible.

Direct exposure rates from irradiated luggage are shown
inTable 5.3. This is for an exposure 30 cm (1 ) away from
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Table 5.3 Major activation products of baggage contents containing 1-kg (2.2-1b) masses of
various elements

0.5-min delay

10-min delay 60-min delay

Dose rate’ Dose rate Dose rate
‘ Half-life Gamma Activity (uSv/hr/kg  Activity (uSv/hr/kg  Activity (uSv/hr/kg
Product Bq/ug (min) (Mev/Bq) (Bqg/p) @ 30 cm)  (Bqg/g) @ 30 cm)  (Bqg/p) @ 30 ¢m)
F-20 1.97E+02 1.83E-01 1.64E+00 133E+00 3.55E-03 3.17E-16  8.44E-19 1.86E-98  0.00E +00
Na-24 1.80E+00. B8.80E+02 4.12E+00 B8.10E-02 S541E-04 8.04E-02  5.37E-04 7.73E-02  5.16E-04
Al-28 2T2E+02 224E+00 1.78E+00 105E+01 3.03E-02  5.55E-01  1.60E-03 1.06E-07  3.07E-10
K-42 239E-01 742E+02 273E+02 -107B-02 4.76E-03  107E-02 . 4.72E-03 1.02E-02 =~ 4.50E-03
Sc-46m 473E+04 3.12E-01 142E-01  7.01E+02 161E-01 481E-07 1.11E-10 2.82E-55  6.49E-59
V-52 L79E+03 375E+00 143E+00 7.34E+01 170E-01 127E+01 2.94E-02 1.23E-03  2.86E-06
Mn-56 L11E+02 155E+02 170E+00 498E+00 137E-02 4.78E+00 1.32E-02 382E+00 105E-02
Se-77m 569E+03  2.90E-01  9.63E-02 7.7SE+01 121E-02  107E-08 1.67E-12° ' 1.38E-60  2.15E-64
Br-80 291E+02  1.77E+01 7.00E-02 128E+01 146E-03 8.8SE-+00 1.00E-03 1.2SE+00 1.42E-04
Rb-86m 420E+01 1.02E+00 S46E-01 135E+00 1.19E-03  2.12E-03  1.87E-06 374E-18  331E-21
Rh-104m  3.G0E+03 4.35E+00 348E-02 150E+02. 844E-03 329E+01 1.86E-03 1.14E-02  6.45E-07
Rh-104 1.54E+04  7.05E-01 1L.11IE-02 4.24E+02 7.63E-03  373E-02  G6.71E-07 1.68E-23  3.03E-28
Ag-108 S09E403 241E+00 294E-02 198E+02 946E-03 129E+01 6.16E-04 7.36E-06  3.51E-10
Ag~110 831E+04 4.10E-01  296E-02 1L61E+03. 7.71E-02  L71E-04  8.19E-09 3.38E-41  1.62E-45
In-116m(1) 129E+03 S42E+01 247E+00 S577E+01 231E-01  S.11E+01 2.05E-01 270E+01 1.08E-01
In-116 LI6E+04  2.37E-01 1.55E-02  142E+02 357E-03  122E-10  3.08E-15 392E-74  9.84E-79
1-128 200E+02 250E+01 B8.75E-02° 8.88E+00 1.26E-03 6.28E+00 9.68E-04 1L71E+00 2.42E-04
Eu-152m(1) 1.32E+03 S58E+02 241E-01 594E+01 232E-02 S587E+01 229E-02 5.51E+01° 2.15E-02
Dy-165m ~ 164E+05 126E+00 109E-02 S561E-+03 991E-02  3.02E+01 533E-04 344E-11  6.08E-16
Hf-179m 246E+04 3.12E-01 2.87E-01 . 3.65E+02 170E-01 2.50E-07 1.16E-10 1.47E-55 6.82E-59
Total LOIE +00 2.82E-01 1.45E-01
Note: 1.97E+02 = 1.97x102 cte,

1kg (2.21b) of irradiated material that has decayed 0.5, 10,
and 60 minutes after leaving the EDS-3C. The clements
listed (taken from Tables 5.1 and §.2) arc thosc whose
initial activitics are greater than 1 Bg/g of irradiated ma-
terial 1 second after lcaving the EDS-3C.

Table 5.3 shows the clements that produce the largest
activation products after passing through the EDS-3C.
Although aluminum is not the clement with the greatest
activation, studics by Westinghouse have shown that it is

the most predominant one found in luggage (Westing-

house, 1986). Therefore, calculations presented in this
environmental assessment for skin dose have been based
on the dose from aluminum. It should be noted that

because of the short range for the beta particles in tissue,

arclatively small arca of tissue can be considered to be an
infinite plane for dose calculation purposes. This dosc is
due to beta particles in a thin layer of activity equal to that
generated by activation in two half thicknesses, which is
4.8 Bg/cm?2 (1.2x10-4 uCi/cm2). All beta particles cmitted
below two half thicknesses are self-absorbed in the alumi-
- num and therefore do not contribute to the dosc.

The loillowing assumptions were made:

29

e Theskin of the hand is in contact with a 10-cm (4-in.)
disk of aluminum for 60 scconds during the hand
scarch,

o 'Thc entire suitcase frame is aluminum.

e Initially, approximately 10 percent (220,000) of the
2.2 million bags per ycar will require a hand search.

The computer code VARSKIN was used for calculating
beta dose from skin contamination. Because of the limita-
tions of VARSKIN, the smallest value that couid be used
to determine the beta skin dosc for security screenets was
3.7x104 Bg/em2 (1 pCi/cm?). Table 5.4 shows that the
dose rate for a 3.7x104 Bg/cm? source is 1.64x10-2 Sv/hr
(0.164 rem/br). Because the aluminum suitcase only rep-
resents a source activity of 4.8 Bg/em? (1.3x10-4 uCi/em?),
the dose to both hands from a 60-second search of an
aluminum suitcasc is 2.1 uSv (0.021 mrem). Because the
International Commission on Radiological Protection has
assigned a weighting factor for skin of 0.01, the collective
cffective dosc cquivalent for this assumption is 4.5x10-4
person-Sv/yr (4.5x10-2 person-rem/yr) for each system.
This dosc is shared among the three sccurity personnel
(one per shift) who conduct the searches. The passcnger
presenting the bag must be present during the physical

NUREG-1396
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Tabie 5.4 Calculated beta dose to the skin from a
3.7x104 Bg/cm? source

Beta dose (Sv)

Averaged over

an area of At points

‘ skin at the on the skin
Variable basal layer basal layer .
Radius (cm)/area (crm2)
0.5462/1.000 0.0016 -
6.14164/119.3869 0.0011 -
Horizontul distance (cm)
0.0000 . 0.0016
3.8354 0.0015
4,0214 0.0010
4.1913 0.0016
4.3449 0.0016
4.4824 0.0015
4.6037 0.0015
4.7089 0.0015
4,7978 0.0015
4.8706 0.0015
49272 0.0014
4.9677 0.0012
49919 0.0009
5.0000 0.0008
5.0081 0.0006
5.0323 0.0004
5.0728 0.0003
5.1294 0.0002
5.2022 0.0001
5.2911 0.0001
5.3903 0.0000
5.5176 0.0000
5.6551 0.0000
5.8087 0.0000
5.9786 0.0000
6.1646 0.0000
Note:  The doses were caleulated using VARSKIN MOD 1:

NUREG-1396

Disc source with radius
Skin thickness

Average beta encergy
X-90 distance
Souree strength
Trradintion time
Al eell damage oceurs in an area with a radius of 6.165 ¢m,

i

-

3. 7L+ 04 By/em?

scarch, but may not participate dircetly in the scarch, The
carricr shall retain control of the bag being scarched, and
the passenger may neither insert nor remove items from
it

The corresponding gamma ray dose was estimated by
assuming that the suitcase would have the clemental
composition shown in Table 5.5 (Westinghouse, 1986).
The weight of aluminum was increased to 4.5 kg (9.9 1b)
[from Westinghouse (1986)] to obtain a realistic gamma
dose from an all-aluminum suitcase. Table 5.6 gives the
activity and dosc rates at 30 cm (1 {t). Clearly aluminum
dominatcs the dosc rate.

Initially, the alarmed-bag rate could be as high as 10 per-
cent of the 2.2 million bags scarched, or approximately
220,000 bags per year, Assuming that the average scarch
takes 1 minute, a conscrvative cstimate of the corre-

~ sponding collective dose for cach EDS-3C is 5.0x10-4

person-Sv/yr (5.0x10-2 person-rem/yr) (220,000 bags/yr x
1 min/bag x 1 hr/60 min x 1.38x10-7 Sv/hr). Even if it is
assumed that in the worst case, the suitcase contained 1kg
(2.2 1b) of every clement listed in Table 5.3, the corre-
sponding collective dose (at a 30-cm distance) would be
about 3.8x10-% person-Sv/yr (3.8x10-' person-rem/yr) for
cach system. These doses are shared among the three
individuals as stated above. The total dose from both beta
and pamma radiation to cach security screener is
0.32 mSv/yr (32 mrem/yr). The collcctive dose to this
group of individuals is 9.5x10-4 person-Sv/yr (9.5x10-2
person-rem/yr).

5.4.3 Radiation Exposure of Passengers

Passengers and other members of the public may be ex-
posed to radintion from BEDS-3C operations because of
possible neutron activation of items in their baggage or
because the device produces a small radiation ficld in the
arca they occupy. As stated carlier, passengers may be
exposed to radiation via three different pathways: expo-
surc of persons on the concourse level near the EDS-3C,
dircet radiation exposure of passengers to beta or gamma
ficlds from tuggage that has been through the EDS-3C,
or internal dose to passeagers or other members of the
public who consume a food or other irradiated item that
was contained in the reclaimed luggage.

In Scctions 5.4.3.1 through §.4.3.4, cach of the concourse
scenarios proposed in this assessment is evaluated. Typi-
cally, the passengers will deliver their luggage to anatten-
dant or baggage handler at the entrance of the LDS-3C,
The attendant will place the luggage onto the conveyor
beit, which will feed itinto the EDS-3C. The baggage will
then pass onto a roller platform or another conveyor belt
from which it will be taken off by another baggage atten-
dant. In some cases, the passengers will not have access to
their luggage once it has been cheeked by the EDS-3Cin
other scenarios, they may have to carry their luggage toa
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Table 5.5 Elemental composition of the contents of an aluminum suitcase (quantities in grams)

Cloth- Toilet:  Tooth- Suit.

Element ing Shoes ries paste Shaver  Shampoo Paper case Total
Hydrogen 307.0 55.0 23.0 16.5 - 34.0 141.0 254.0 830.5
Carbon 2546.0 . 490.0 145.0 10.6 2.2 194.0 1006.0 1307.0 5700.8
Nitrogen 483.0 145.0 27.0 - - 7.0 - .- 662.0
Oxygen 1054.0 218.0 32,0 107.3 - 73.0 1124.0 1163.0 37713
Sodium - - - 0.3 - ‘ - - - 03
Mangancse - 33 - - 6.5 - - - 9.8
Silicon - 0.9 - - 1.8 o -~ - - 2.7
Phosphorous - 0.1 - 15.2 0.2 - - - 15.4
Sulfur - 0.1 - 0.4 0.2 - - - 0.7 -
Iron = 448.0 - - 89.6 - - - 537.6
Calcium ‘ R - - 19.6 - - Co- - 19.6
Aluminum* - - - - - - - 4540.0 4540.0

*All data are from Westinghouse (1986) report, except the weight from aluminum (this amount was increased to reflect an all-nluminum suitease).

Table 5.6 Gamma dose rates from EDS-3C activation of the contents
‘ of an aluminum suitcase

Element Suitcase Gamma Gamma dose
‘ mass activity (uSv/hr/kg rate @ 30 cm
Element (g) (Bq) @ 30 ¢cm) (LSv/hr)
Hydrogen 830.5 - - -
Carbon 5700.8 S.18E-09 - -
Nitrogen 662.0 8.88E-05 - -
Oxygen 3771.3 4.07E-01 - -
Sodium 0.3 2.291:-02 541E-04 1.621-07
| Manganese 9.8 4.81E+01 1.37E-02 1.34E-04
Silicon 2.7 1.301:-03 - -
Phosphorous 154 7.4013-09 - -
Sulfur 0.7 - - -
Iron 537.6 - - -
Calcium 19.6 - ‘ - -
Aluminum 4540.0 4.74E + 04 3.0315-02 1.3813-01
Total 1.38E-01

Note: 5.1BE-09 = S.18x10-2 ete.

different ticket counter and wait in linc for some time
belore receiving their tickets. A complete summary of
collective doses for cach scenario is presented in Scc-
tion 5.4.5.

Additional vertical shielding barriers will be placed at
cither end of the EDS-3C to further lower the radiation
exposure to members of the public and non-"TNA person-
nel. These barriers will be constructed of hydrogenous
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matcerial for ncutron shiclding and heavy metal for
gamma ray absorption. They will be sufficicntly thick to
reduce the penetrating radiation field to less than 1 pSv/
hr (0.1 mrem/hr) when the EDS-3C is running at peak
capacity. For installations that could be accessible to the
public, an cxit housing for the conveyor belt with an
opening for loading and unloading luggage will be
installed,
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Population distribution data on the nutaber of interna-
tional passengers enplaning at JEK International Airport
were used to estimate the downward dosc to passengers
located under the EDS<3C. At this very busy terminal,
9,010,570 international passengers boarded an airplanc
in 1988 (Ryge, 1990). Statistics for 1987 (statistics for 1988
were not available at the time of this writing) show that
2.2x107 passchgers (on domestic and international flights)
flew out of New York (U.S. Burcau of the Census, 1989),
Because it is not reasonable to assume that all domestic
and international flight passengers would cither pass by
the counter where the EDS-3C was located or pass un-
- derneath the BEDS-3C, it was agsumed that only the inter-
national flight passengers (about 40 percent of the total
passcngers at JI'K Airport) would be in the vicinity of the
EDS-3C. If non-passcnger airport visitors and other air-
port personnel amount to 100 percent of the passenger
population dcnsity, and only a small fraction (10 percent)
pass underncath the EDS-3C on their way to claim their
luggage, the total number of people alfected by the sce-
nario would be 9.0x108.

In many cases, the baggage claim arca is in the main
terminal directly beneath the airline ticket counters. At
San Francisco and Gatwick (London, England) Interna-
tional Airports, the average distance from the main level
to the bascment level (where the baggage reclalm arcas
are located) is 4.25 m (14 {t), and the concrete flooring
between these two levels is approximately 20 cm (8 in.)
thick. The dose rate decreases rapidly with increasing
horizontal distance from the center of the TNA gystem
because of the inverse square law (sce Figure 5.6). As-
suming that the dosce rate in the arca difectly underncath
the TNA system is 1 uSv/hr (0.1 mrem/hr) and that pas-
sengers only stay 15 minutes in the baggage reclaim arca,
the dose rate is 0.3 pSv/hr (0.03 mrem/hr). The total
collective dose to this group of people passing under-
ncath the EDS-3C is estimated 1o be

0.3 uSv/hr x 0.28 hr x 9x108 passengers x 10-8 Sv/uSv
= 6.8x10-2 person-Sv/yr

5.4.3.1 Behind the Check-In Counter

In this scenario, the EDS-3C will be placed behind the
counter where passengers check their baggage, as they
currently do for intcrnational tlights. Because the bags
will be placed onto the conveyor belt leading to the
EDS-3C, the passenger will not be close to the TNA
system and will not receive any additional dose. Because
the bag will not be returned to the passenger after inspec-
tion, there will be no dose from this pathway.

At the proposed site at the Dulles United Airlines inter-
national ticket counter, as many as 15 stations are avail-
able for ticket agents. Because these stations must be
open for 16 hours a day, 7 days a weck, this would require
50 full-time cquivalent personnel (three 40-hr/wk shifts,
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50 wk/yr), These ticket personnel may be 2m (6.6 {t) from
the LIDS-3C, which would have a radiation arca of about
0.3 pSv/hr (.03 mrem/hr). In addition, the ticket agents
will have to tag the luggage with a baggage claim check.
Assuming an 8-hour shilt for cach ticket agent, the esti-
mated dose to a ticket agent from nearby ‘TNA system
operations would be 0.6 mSv/yr (60 mrem/yr). ‘'The total
collective dose for the ticket agents would be 0.03 person-
Svlyr (3 person-rem/yr),

If non-passenger airport visitors and other airport per-
sonnel amount to 100 pereent of the passenger popula-
tion density, then it can be assumed that 9.0x108 non-
passengers could pass by the airline counter where the
LEDS-3C was located,

The estimated distance from the EDS-3C to ncarby
members of the publicis about 10 m (33 ft). 'The potential
radiation exposure from the EDS-3C at this distance is
less than 1x10-2 u8v/hr (1 prem/hr). Because the dose
from natural background radiation is approximately
(.1 pSv/hr (10 prem/hr), the dose to passengers walking
by the EDS-3C (about 2 to 3 minutes) would be less than
one-tenth the dose from natural background radiation.

Potential radiation exposure to
operators |6)* 1.2%10-2 person-Svy
Potential radiation exposure to
baggage handlers [6]* 6.0x10-2 person-8y
Potential radiation exposure (o ‘
ticket agents [45]* 3.0x10-2 person-Sy
Potential radiation exposure to ‘
sceurity screencers |37 9.5x10-4 person-Sy
Radiation exposurce to the
passengers | 1. Ix108]* 0 person-Sv
Radiation exposure to nearb

members of the public [9.0x {()BI* 0 person-Sy

‘Total for the behind-the-check-
in-counter scenario 4.9x10-2 person-Sy

54.3.2 In Front of the Check-In Counter

In this scenario, the entrance of the TNA system will be
placed in a public arca in {ront of the check-in counter,
and the exit will be placed behind the counter. The
passenger will approach the system and wait in line until
the luggage is loaded onto the conveyor belt. Members of
the public could stand next 1o the TNA system unless.a
barricr was erccted, which would increcase the system's
already considerable size. Because the luggage will not be
returned to the passenger after inspection, the passenger
will not be exposed to any radiation from his or her lug-
gage. An average dose rate of 0.3 pSv/hr (0.03 mrem/hr)

*The pumbers in brackets refer to the number of full-time-equivalent
workers, passengers, or nearby members of the public that could be af-
fected.



s assumed for a duration of 2 minutes (the time required
to sean the bags of 10 passengers with 2 bags) while the
passenger walts in line, This amounts to a 1LOK10-2 w8y
(1 prem) dose per passenger or L1x10-2 person-Sv
(1.1 person-rem) for an estimated 1.1 million passengers
per year. At Dulles Airport, approximately 430 interna-
tional passengers per day fly on United Airlines (Hall,
1990). On the basis of these actual numbers, the total
dose estimated at Dulles for this scenario iy 1.6x10-3
person-Sv/yr (0.16 person-rem/yr), ‘This dose component
applics to all concourse scenarios exeept the one dis-
cussed in Section 5.4.3.1 (behind the cheek-in counter),

The estimated distance from the EDS-3C 10 nearby
members of the public is about 4 m (13 1). The potential
radiation exposure from the EDS-3C at this distance is
7.5x10-2 puSv/hr (7.5 prem/hr). Because the average dose
from natural background radiation is 1x10-2 pSv/hr
(1 prem/hr), the dose to passengers walking by the
LEDS-3C would be less than that from background radia-
tion, or about 1.2x10-3 u8v (1.2x10-' prem), This dose is
only a small fraction of the permissible timit of § mSv/yr
(500 mrem/yr),

I itis assumed that members of the public are near this
system for about 1 minute, the estimated annual collee-
tive dose to this group s 1.1x10-2 person-8Sy (1.1 person-
rem).

Potential radiation exposure to
operators [6]* [.2x10-2 person-Sy
Potential radiation exposure to
baggage handlers [6]* 0.0x10-9 person-Sy
Potential radiation exposure to
ticket agents [45]* 3.0x10-2 person-Sv
Potential radiation exposure o
security sereeners |3 9.5x10-4 person-8Sy
Radiation exposure to the
passengers | L 1x108}* 1. 1x10-2 person-Sv
Radiation exposure to nearby
members of the public {9.0x106)* 1 Ix10-2 person-Sy
Total for the in-front-of-check-

in-counter scenario 7.1x10-2 person-Sy

5433 Pre-Check-In Area

In this scenario, the EDS-3C will be placed between the
terminal entrance and the ticket check-in counters (sce
Figurc 4.4). Passengers will hand their luggage to an at-
tendant, who will place it on the EDS-3C conveyor belt,
The passengers will then walk along the Tength of the
system s the tuggage is scanned, Assuming that a passens

*The numbers in brackets refer o the wumber of full-time-cquivalen
warkers, passengers, or nenchy members of the peblie that could be af-
leeted.
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per walks reasonably close to the system, he or she will
experience an average dose rate of 1 pSv/he (001 mrem/
i) for 60 sceonds (26 seconds while the bag passes
through the system plus some extra delay). 'This amounts
to a dose of L7x10-2 uSv (1.7 prem) per passenger or
0.018 person-Sv (1.8 person-rem) for an estimated
I 1 million passengers ayear, Onee the luggage is cleared
by the EDS-3C, the attendant at the exit will band it with
tamper-resistant seeurity tape and return it to the passen-
ger, ‘The passenger will then carty the luggage to the
cheek-in counter, where it will be checked in for delivery
to the adreralt,

The amount ol time that the passenger will carry the
slightly radioactive bag will vary significantly. If for any
reason the airline were to cancel a scheduled fHight, the
passenger would be with the luggage indelinitely. 'This
would be the worst-case scenario for this option. 'The total
dose rate from all the elements listed in Table 5.3 s
1 uSy/hr (0.1 mrem/hr) 30 seconds alter HDS-3C sereen-
ing. After a 10-minute decay, however, the dose rate
deereases Lo 0.28 pSv/he (0,028 mrem/hr). Assuming that
1.1 million passengers would have to carry two bags cach
from the HDS-3C to the international ticket counter
(about S minutes) and wait in line 15 minutes to pet to an
airfine ticket agent (0.28 uSv/hr could be used as the
average dose rate), the estimated total collective dose
annually to this group of pagsengers would be

028 pSv/hr x 2.2x100 bags x 0.3 hr x 10-0 Sv/puSv
= LE10-' person-Sv/yr

The total dose to cach passenger from this seenario would
be L8x10-' puSviyr (18,5 prem/yr). 'The colleetive dose
would be 2.0x10-1 person-Sv/yr (20 person-rem/yr),

Because personnel at the ticket counter al many airlines
will have to tag the slightly radipactive luggage with
baggage claim checks and subsequently place the luggape
on the conveyor belt to be (ransferred (o the airplane,
personnel also will receive o small additional dose. 1f
20 airlines have international ticket counters that are
cach stalfed with 10 ticket agents, the total number of
full-time-cquivalent personnel needed annually would be
approximately 600. I ticket agents reeelve the luggage
10 minutes alter BEIDS-3C sereening, the dose rate out-
side the luggape would be 0.28 uSv/he (0.028 mrem/hr),
Assuming it takes a ticketagent [ minute to tag two bags
from cach passcenger, the annual dose to cach ticketagent
would be 17 puSvlyr (1.7 mrem/yr):

2.2x10% bagsiyr
A A X 0.28 uSv/hr x 1760 hr = 17 pSvlyr
600 tickel ngents/yr

The total collective dose to the ticket personnel would be
LOsTO-2 person-Sv/yr (1.0 person-rem/yr),
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Passengers, their entourages, and nonINA personnel
who also may need to watk by the EDS-3C could recelve
some radiation dose, If non-passenger alrport visltors and
other alrport personnel amount to 100 percent of the
passenger population density, and assuming that each
passenger stays 2 minutes near the EDS-3C at a distance
of 3 m (10 {t) [radiation dose at this distance Is 0.2 uSv/hr
(0,02 mrem/hn)}, the total collective dose would be

0.2 uSv/hr x 2 min x 1 hr/60 min x 10-# Sv/uSv « 9.0¢100
= 6,05 10-2 person/Sy

If the time for cach passenger and accompanying visitor
werce to increase to S minutes, the estimated total collec-
tive dose would be 0.15 person-Sv (15 person-rem),

Potential radiation exposure to
operators |6]* 1.2x10-2 person-8v
Potential radiation exposure to
baggage handlers [6]* 6.0x10-3 person-Sy
Potential radiation exposurce to
ticket agents [600]* L0g10-2 person-Sy
Potential radiation exposure to
seeurity sereeners |31 0.5x10-4 person-Sv
Rudiation cxrosurc to the
passengers |1 1x108]* 2.0x10-1 person-Sv
Radiation exposure to nearb

members of the publie [9.0x108]*  6.0x10-2 person-Sv

Total for the pre-check-in-arca
seenario

5434 Curbside Area

2.0x10-" person-Sy

Inthe last scenario, the EDS-3C will be placed along the
departure curb outside the main airport terminal, The
passengers will hand their tuggage (o an attendant and
wiait for it to be cleared in order to receive a claim check,
Depending on the specific setup, the passenger might
walk atongside the system to the exit. An average dose
rate of 0.3 uSvy/hr (.03 mrem/hr) is assumed lor a dura-
tion of 10 minutes. Passengers will have to wait longer
near the EDS-3C than in the in-lront-of-the-check-in-
counter seenario because they witl have to wait for the
bappage claim check. 'This amounts to a dose of
S.0x10-2 pSv (S prem) for cach passenger or 5.5x10-2
person-Sv (5.5 person-rem) for an estimated 11 miftion
PASSCIIECTS 1 year,

At many intended curbside tocations, three to five sky-
caps may be avaitable for ticketing checked-in lugpage.
Beeausce the sky-cap stations could be open for 16 hours a
day, 7 days aoweek, this would require as many as 15 full-

*The nuibers in brackets vefer o the number of full-tlime-cquivalent
wotkers, passenges, or neatby members of the public that could be af:
feeted.
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time-cquivalent personnel (three 40-hr/wk shifts, 50 wk/
yr). These sky-caps will have to tag the luggage with a
bapgage claim check, Assuming it takes a sky-cap 1 min-
ute to tag two bags from cach passenger, that cach bag
contains all the clements listed in Table 5.3, and that the
luggage contents have decayed only 30 scconds, the esti-
mated annual dose to cach sky-cap would be 0,25 mSv/yr
(25 mrem/yr):

2.22x108 bags/yr 0.1 pSv/hr
15 sky ~ oaps bug
= 247 uSvlyr = 0,25 mSvlyr

x 1/60 hr

The total collective dose Lo this group of workers would
be 3.8x10-8 person-8v/yr (3.8510-' person-rem/yr).

Other members of the public might pass near the system,
but much fewer than in the pre-check-in-arca scenario
(Section 5.4.3.3). If the assumption is made that 10 per-
cent of the public (non-passengers) might walk near the
EDS-3C on their way to the terminal, then the collective
dosc to this group would be 6.0x10-8  person-Sv
(0.6 person-rem) (0.1 x 6.0x10-2 person-Sy).

Potential radiation exposure to _
operators {6]* 1.2x10-2 person-Sv
Potential radiation exposure to
sky-caps [15]* 3.8x10- person-Sv
Potential radiation exposure to
ticket agents [600]* {} person-Sv
Potential radiation exposure to
sceurity screeners |3 9.5x10-1 person-Sy
Radiation exposure to the
passengers | LIx108]* 5.5¢10-2 person-Sy
Radiation exposure to nearb

members of the public [9.0x {()5]* 6.0x10-3 person-Sv

Total for the curbside-areca

scenario 7.8x10-2 person-Sv
5.4.4 Effects of Irradiation on Baggage

Contents

Food, medical supplics, and other consumable items are
subjected daily to radiation exposures, without protective
measures, above those which they would receive
normally, ‘This occurs while the items are in transit on
airline flights to the desired destination. Neutron and
pamma ray exposure rates have been measured for aver-
age flight paths. A S-hour transcontinental or transatlan-
tic flight at 12 km (7.5 mi) and at mid-latitudes would
result inoan absorbed dose ol 1S micrograys (nGy)
(LS mrad) or a dose cquivalent of 25 pSv (2.5 mrem) to

*Ihe numbers in brackets refer to the number of Tull-time-equivalent
warkers, passengers, or nearby members of the public that could be af-
feeted.

i
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the whole body (NCRP Report 94). An extreme case
would be a 10-hour polar flight, for example, from Cali-
fornia to Burope, in which case long flight times and
higher cosmic-ray intensities at high latitudes would re-
sult in an absorbed dose of 50 pGy (5 mrad) or 100-pSv
(10-mrem) dose equivalent, 1t should be noted, however,
that frequent flyers and most crew members may receive
annual dose equivalents of about 1 mSy (100 mrem),
while some crew members inay receive dose equivalents
that arc several times higher (see NCRP Report 94),

Passage through the TNA system would expose medicine,
lotior, drugs, orotheritems in asuitcase to aslow neutron
fluence of 4,5¢ 105 neutrons/em? il the item were located
at the peak flux, This neutron espostre 1s fess than that
experienced from cosmic rays in Denver cach year, which
results in o dose equivalent rate of 0.5 mSv/yr (S0 mrem/
yr) (see NCREP Report $4),

5441 Consumable Htems

Passengers may also carry consumable items (including
food) in their luggage, Small amounts of naturally occur-
ring radionuclides already exist in the food that we cat,
For example, potassinm-40 (K-4() is o naturally occurring
radioactive isotope that is contained in essentially all the
food that we cat. It has anabundance (found in nature) of
0.0117 pereent, a radioactive hall-life of 1.25x109 ycars,
and a high-encrgy pamma ray as well, Sinee K-40 has a
specific activity of 838 picocurics per gram of potassium
and peanuts, for example, contain 0.674 percent potas-
sium, 1 g (0,035 02) of peanuts containg (.209 Bg of K-40
(National Institute ol Standards and 'T'echnology, 1989), Tt
scems reasonable to consider an amount of induced ra-
dioactivity equal to one-hundredth of that contained
naturally in a single peanut to be negligible, Tt is for this
reason that Tables 5.1 and 8.2 only include induced radio-
activity greater that 0.001 Ba/g (sce Section S.4.1), Only
four radioactively induced elements—rhodium (Rh), {n-
dium (In), curopium (Lu), and dysprosium (Dy) (four
relatively rare elements)—would exceed the amount of
natural radionctivity in o 142-g (5-02) bag of peanuts
10 minutes after they left the TNA system,

Fable 5.7 shows the daily intakes of the elements that arce
the principal contributors to the dose that would be re-
ceived and the dose estimates for cach element under the
assumed conditions, ‘The mean daily intakes of various
ctements shown in this table were obtained from 1CRP
Publication 23 and apply to the “reference man™ coneept
in radiation protection, The effective dose equivalents
were caleulated using dose conversion factors from ICRP
Publication 30, which reflects the TCRP-based system of
dose limitation and the Tatest metabolic models and
dosimetric parameters, The table shows that salt (sodium)
is the principal source of radiation exposure from con-
sumption ol Jood that has passed through the 'TNA
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system, About 90 percent of the committed effective dose
cquivalent of the 23510+ u8Sv (2.3x10-5 mrem) would be
due to ingestion of sodium and chlorine, In principle, a
passenger could open his or her lugpage after o pre-
check-In inspection, take an {tem or two out of the check-
in luggage to consume cither at the airport or later on the
airplane. Persons consuming salt piils or highly salted
foods after thelr luggage had been screencd by the
EDS-3C could recelve most of the radlation dose shown
in Table 5.7,

Assuming § pereent of the 11 million international pas-
sengers whose lugpage is sereened by the EDS-3C carry
salt tablets or snacks (such as peanuty or salami) in thelr
luggage and subscquently cat these items (within 30 see-
onds after screening), the collective dose to this group of
passengers would be L3x10-% person-Sviyr (1.3x10-3
person-rem/yr). In ICRP Publication 23, a normal range
of sodium (Na) intake for adults is indicated to be 2.8 to
7.8 g/ day (0.1 to 0.3 oz/day). In Japancse adults, however,
intakes as high as 27 g (0,95 oz) have been reported. 'The
elfective dose cquivatent from a sodium intake of 27 g
would be 8.6x10-4 pSv (8.6x10-5 mrem).

Both the daily intake and the dose conversion factor
change with age. Table 5.8 shows both parameters for
four different age groups for which dosc conversion
factors were available (NUREG-0172), 'The results show
that children receive a dose from Na-24 that is about
60 pereent greater than that cstimated for adults. In
an extreme case, a child with a 12-g/day (0.4-0z/day)
sodium intake could receive a dose of 1L.Sx10-4 pSv
(1.5x10-8 mrem) from that intake.

Because of the large amount of K-40 in the body [ 140 g
(4.9 0z) in “reference man”), K-40 is the principal natu-
rally occurring source of internal radiation (ICRP Publi-
cation 23). Potassivm enters the body mainly through
foodstufls at the rate of about 2.5 g/day (0.09 oz/day) or
28.3 kBg/yr (NCRP Report 94), For adults, the whole-
body dose conversion factor is  S.0x10-3 pSv/Bq
(18.5 mrem/uCi); therelore, the yearly dose from food-
stuffs is 0.14 mSv/yr (14,1 mrem/yr) (sce 1CRP Publica-
tion 30). However, because potassium is an essential ele-
ment and under metabolic control, variations in dictary
compaosition have little etfect on the body content or on
the radiation dose recelved (NUREG-0172). For exam-
ple, the maximum potential dose from consumption of
10 g (0,35 0z) of potassium that was in luggage that was
screened every week for Tyear by the EDS-3C would be

10 /ddy x 1 duy/wk x 52 whiyr x 31 Bo/g % 5x10-2 pSv/Bq
= 81 pSv/yr (R0 mrem/yr)

‘This is only 87 pereent of the yearly dose received from
Toodstuffs, "Thus, the conservative assumption ol tuking
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1

Table 5.7 Committed effective dose equivalent from dally intakes of elements hour after EDS-3C sereening

Weighted Committed effective dose

Mean committed Becquerel/gram of element equivalent from 1 day’s intake

dally Induced dose
Target intake radio- equivalent 0.5min delay*  10-min delay*  0.5-min delay  10-min delay
nuclide (® nuclide (Sv/Bq) (Bg/p) (By/g) (1Sy) (1LSV)
Na-23 4.40E -+ 00 Na-24 JB7E-10 8.10E-02 8.03E-02 LISE-04 1.376-04
P-31 LAOE + 00 P-32 2.08E-0Y LOOE-03 L.GOE-03 4.65L-06 4,65E-00
Cl-37 S20E 400 (1-38 S40E-11 248E-01 207E-01 6.95E-05 5.82E-08
K-41 JI0E 400 K-42 297E-10 LOSE-02 LOTE-02 LOGE-0S LO4E-05
Mn-55 J70E-03 Mn-56 2.52E-10 5.00E+ 00 477E+ 00 4.66E-006 4.45B-06
Cn-63 J.S0E-03 Cu-64 LLIGE-10 206E-01 2.04E-01 837E-08 8.29E.08
As-75 LOOE-03 As-76 1.28E-09 L47E-01 1.46E-01 1.88E-07 1.87E-07
Br.79 750803 Br-80m 6.23B-11 2.40B-01 2.40B-01 1ISE-07 L12E-07
B3r.79 7.50E-03 Br-80 1L.SOE-11 [L2BE+ 01 BH84E -+ 00 1.44B-006 9.9SE-07

Total 2,29E-04 2. 16E-04

*Front Table 5.1,
Note: 4,401+ 00 = 4.40x100 ete.

Table 5.8 Age dependence of sodium intake and dose conversion
factors (specific activity of 8.1x10-4 Bq/g)

Sodium \
intuke, Whole-body dose con- Product of 1 x DCF
version factor, DCE* USv.g mrem-g

Cutegory (age) (g/day) (nSv/Bgy) (mrem/pCi) (Bq/duy> <;1Ci-dny
Infant (0.5 yr) 0.5 2.71-03 10 1.41i-03 5.0
Child (5 yr) 2.0 1.61-03 5.8 3.21-03 1.0
Teenager (15 yr) 3.6 6.21i-04 2.3 2.28-03 8.3
Adult (>20yr) 4.4 4.01:-04 1.7 2.01:-03 7.8

“TCRP Publication 36,
Noter 2,71-03 = 2,7x10-2 ¢le,
Source: NURTG-0172,

potassium (10 g) 30 scconds after it leaves the 'TNA sys-
tem 52 times a year would not contribute signilicantly to
the total radiation dose,

5.4.4.2 Nonconsumable ltems

Neutron activation of the elementsin clothing (hydrogen,
carbon, nitrogen, and oxygen) does not lead to significant
amounts of residual activity in suitcases. as indicated in
Tables 5.1 and 5.2, Of the most highly activated isotopes
alter a 10-minute decay listed in ‘Table §.3 (vanadium,
mangancse, indium, and curopium), only indium and to a
lesser extent mangancese are found in common objects,
Indium, according to the Handbook of Chemistry und Phys-
fes, s principally used in alloys for jewcelry and in dental
alloys (Hodgman ctal,, 1960). Manganesce is used primar-
ily in copper, ivon, and nickel alloys. A survey of alloys
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indicates that the amount of mangancse is generally less
than 5 pereent, ‘Typical items likely to contain these cle-
ments are jewelry, clock alarms, travel irons, clectric ra-
zors, hair dryers, portable radios, and nail files.

Gold is more likely to be found in larger quantitics than
manganese or indivm. Gold alloys used for jewelry and
other objects have a gold content of S to 70 percent
(Hodgman ctal.,, 1960). Catalogs show that most common
gold jewelry such as necklaces, carrvings, and rings have a
gold content ranging from about 10 g to 50 g (0.3 oz to
[.8 0z). Since the price of gold is currently about $15 a
gram ($420 an ounce), one would expeet that very expen-
sive jewelry would be cither worn or stored in carry-on
uggage or purses by passenpers, However, in an extreme
case, someone could conceivably place, for example, 40 g
(L4 oz) ol gold jewelry in his or her cheeked bagpage. ‘The



product radinnuclide, gold- 198, has a hall-lile of 2.7 days:
therefore, nearly afl the induced radioactivity would still
be present when the owner claimed the luggage.

The total beta particle dose at o depth of 0.007 ¢m
2.8x10-3 in.) beneath the skin direetly undet the jewelry
is estimated to be about 23 Gy (2.3 mrad) if the jewelry is
worn continuously for approximately 10 days after the
luggage is claimed (Sherbini, 1990) The gamma dose
adds approximately 2 pSv (0.2 mrem): therelore, the tatal
dose is 25 pSv (2.5 mrem). I the ICRP weighting factor
for skin is used (0.01), the total elfective dose equivalent
for this assumed exposure seenieio is about 0.25 uSv
(0.025 mrem). If 1 pereent of the passengers carry gold
jewehy in their luggage and then wear it indelinitely,
the clfective dose equivalent is 2.8x10-2 person-Sv/yr
(0.28 person-rem/yr). This dose is well below the public
exposure limits recommended by TCRD,

Potential doses due to a malfunction of the TNA system
(such as a conveyor-belt breakdown, a power failure, ora
baggage jam) could be larger because of a tonger neutron
irradiation time. ‘The potential elfective dose equivalent
from wearing gold jewelry for 10 days following EDS-3C
screening could be as high as 10 8y (I mrem). Experi-
ence with ramp installation at JEK International Airport
has shown that these irradiations are rave, usually less
than one per month ol operation. 1f this seenario oceurs
once cach month, the resulting collective effective dose
cquivatentis 1.2x10-4 person-Sv/ye (1.2x10-2 person-rem/
V).

Lixisting Federal guidance and laboratory data both pro-
vide assurance that neutron irradiation of Tuggage as pro-
poscd will not cause deleterious elfects, The Food and
Drug Administration (IFDA) has approved neutron irra-
diation of Tood using C1-252 sources to determine its
moisture content, Such irradiation is - permitted  for
absorbed doses of up to 2 mGy (200 mrad) (21 CER
Part 179).

The elfect of the system on photographic film, including
both movie film and high-speed film, is undetectable un-
der normal conditions. This was determined by testing
several types of Tilm that had been passed once and sev-
cral times through the original prototype system, EDS-2

(Beekett and Schneider, 1987), which contained 340 pg of

Cf-252, The film showed na effects from the radiation
exposure to the EDS-2 when subjected to S0 times the
standard dose. When compared with control samples,
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both sensiometric performance and granularity were un-
changed from those of control samples, ‘the tests and
results are discussed by Beckett and Schneider (1987).

5.4.5 Summary of Collective Doses

In the previous discussions in Scetion 5.4, the collective
dose from various pathways was derived, ‘The collective
doses to workers and sceurity sereeners do not depend on
the choice of 'I'NA system installation seenario. 'The total
doses to passengers from the activation of consumable
items and apparel arve greatest for the pre-check-in sce-
nario, because passengers (or members of the public) may
have access to checked luggdige immediately alter it
leaves the TNA gystem. ‘The downward contribution to
the floor below the I'NA system may apply to all scenar-
ios, and the maximum case is assumed,

The direet dose to other persons applics in varying de-
grees to all but the first seenario (behind the check-in
counter). The seenario showing the largest collective dose
is the pre-check-in-area seenario.

Tables 5.9 and 5.10 summarize the annual colfective and
individual doses for cach of the four scenarios described
in this scetion, 'The doses for all the individuals involved
(operators, bagpage handlers, ticket counter personnel,
sceurity sereencers, passengers, and members of the pub-
lic) are within the 10 CEFR Part 20 limits [or individuals in
restricted and unrestricted arcas. Table 5,10 shows that
the annual dose from natural background radiation is
I mSv/yr (300 mrem/yr), which is more than the dose
from any onc of the scenarios presented (NCRT Report
94).

‘The collective doses were caleulated for several scenarios
involving a sinple EDS-3C installed and operated in four
different ways at an airport. If several of these systems
were installed inan airport, the doses would be controlled
by the exposure seenario (see Seetion 5.4.3.3) in which the
passengor hands the luggage o a 'I'NA attendant for
screening, walks along the system (in the arca of highest
exposure rate), and retrieves the tuggage at the exit of the
system. Because the passenger would presumably check
the luggage through a single system, it is highly probable
that the passenger checking in luggage would not be in
the vicinity of more than one system. Theretore, the col-
lective and maximum doses in an aicport using multiple
systems in parallel probably would not exceed the results
of the analysis in this section.

NUREG -13006
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Table 5.9 Summary of collective doses from all scenarios

Scenario
Behind the _In front of
counter - the counter - Pre-check-in Curbside
Radiation exposure (person-Sv) (person-Sv) (person-Sv) . (person-Sv)
Workers : ‘
Operators : 1.2E-02 1.2B-02 1.2E-02 1.2E-02
Baggage handlers 6.0E-03 6.0E~03 6.0E-03 6.0E-03
Ticket counter personnel 3.0E-02 3.0E-02 1.0E-02 0
Security screeners 9.5E-04 9.5E-04 9.5E-04 - 9.5E-04
Sky-caps , 0 0 0 3.8E-03
Fassengers 0 1.1E-02 2.0E-01 5.5E-02
Public ‘ ‘
Below the TNA systern 6.8E-02 6.8E~-02 6.8E-02 6.81E-02
Near the TNA system 0 1.1E-02 6.0E-02 6.05-03
From irradiation of baggage contents -
Consumable items 0 0 1.3E-05 0
Nonconsumable items (suitcase, 2.8E-03 2.8E-03 2.8E-03 2.8E-03
jewelry, etc.) 4
Total ‘ ‘
Person-Sv 1.2E--01 1.4E-01 3.6E-01 1.6E-01
Person-rem 12.0 14.2 36.0 15.5
Note: 1.2E-02 = 1.2x10-2 etc.
Table 5.10 Summary of annual individual doses from all scenarios
Scenario
Behind the In front of NRC
counfer the counter Pre-check-in . Curbside limit
Radiation exposure ‘ (mSy) (mSyv) (mSy) (mSy) (mSy)
Workers ‘
Operators 2.0E+00 2.0E+00 2.0E+00 2.0E+00 5.0E+01
Baggage handlers 1.0E+00 1.OE+G0 1.0E+00 1.0+ 00 5.0E+00
Ticket counter personnel 6.0E-01 6.0E-01 1.7E-02 0 5.0E+00
Security screeners 3.2E-01 3.2E-01 3.2E-01 3.2E-01 5.0E+00
Sky-caps 0 0 0 2.5E-01 5.0E+00
Passengers 0 1.0E-05 1.8E-04 5.0E-05 5.0E+00
Public :
Below the TNA system 7.5E-05 7.5E-05 7.5E-05 7.5E-05 5.0E+00
Near the TNA system 0 1.2E-06 6.7E-06 6.7E-06 5.0E-+00
From irradiation of baggage contents
Consumable items 0 0 2.4E-07 0 -
Nonconsumable items (suitcase, 2.5E-04 2.5E-04 2.5E-04 2.51-04 -

clothing, etc.)

Notes: Natural sources of radiation:
Natural background 3.0E+00
Yearly dose from foodstuffs  1.45-01

2.0 +00 = 2.0x10° etc.
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6 EFFECTS OF ACCIDENTS

For the purposes of environmental analysis, several acci-
dent scenarios were selected to conservatively bound a
spectrum of accidents that could occur. Scenarios other
than those discussed also would be possible, but their

consequences are expected to be lower. The described

scenarios are considered conservative in terms of both
accident poiential and radiological consequences.

In assessing potential accidents, two major factors were
considered in developing a series of postulated accidents:
the probability of occurrence and the subsequent severity
of an accident. A complete range of postulated accidents
was described in FAA's application for an amendment to
[its license for proposcd operations. These included an
accident involving the transfer of the californinm-252
(Cf-252)source from the cask.into the EDS-3C, an acci-

dent during transport from the manufacturer, and postu-

* lated operational accidents, such asafire or an explosion.

The doscs calculated for these accidents are cffective
dose cquivalents resulting from the inhalation of dis-
persed radioactive material. Lixposure pathways other
than inhalation can be expected to result in minor in-
creases in dosc commitment received. Dcposltxon of
Cf-252 in soil and/or vegetables may require decontami-
nation if the accident involves significant amounts of
Cf-252.

6.1 Source Transfer Accidents

External dose rates during transfer of a source would be
slightly higher than those during normal operations be-
cause the shiclding would be less as the source was moved
from the transfzr cask to the EDS-3C. The highest dosc
rate would occur at the time the source was passed from
the cask into the EDS-3C. If the source were to become
stuck in this position, a high radiation ficld would result.

(20 mrem/hr) .

Figure 6.1 illustrates the isodose contoursfora source ina
stuck position. Additional dose rate measurements can be

found in the licensee’s environmental report (SAIC,
1989).

The operating procedures for the EDS-3Cs installed in

" concourse areas require that the source be transferred

when the number of people in the airport is low and that
the immediate arca be cordoned off at approximately
14 m (45 {t) to limit the radiation exposures to members of
the public to 0.02 mSv/hr (2 mrem/hr). TNA personnel
would limit their exposure while working to dislodge the
source by positioning themsclves away from the interface
betwcen the cask and the EDS-3C. Their average dose
ratc would be about 0.2 mSv/hr (20 mrem/hr) during the
15 minutes it might take to dislodge the source. The
cstimated collective dose for this scenario is less than
3.0x10-4 person-Sv (0.03 person-rem). The estimated
probability that the source might become dislodged is less
than 10-3 per source insertion or removal (SAIC, 1989).

6.2 Transportation Accidents

The environmental impacts of radioactive shipments in-
volving all modes of transportation in the United States
under regulations in effect as of June 30, 1975, have been
documented in the “Final Environmental Statement on
the Transportation of Radioactive Material by Air and

Other Modces” (NUREG-0170).

This scction addresses the radiological impact of an acci-
dent resulting from the transportation of one Cf-252
source annually. Minor tralfic accidents would have no
effect on the integrity of the cask containing the source
and would not posc a radiological hazard (Bozorgmancsh,
1981).

e
IR e

17)7)5 mSvrihr
(5 mrem/hr)

200 cm

Figure 6.1 Tsodose contours for source wedged at interface of cask and 1DS-3C
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The bulk of the cask is composed of water-extended-
polyester ncutron shiclding, which does not melt like the
borated wax compounds used previously in the prototype,
Model EDS-2 (Ryge, 1989). Lead shiclding around the
center of the cask where the source islocated reduces the
gamma ray dosc rate. Although the melting point of lead
is about 327°C (620°F), a scrious crash followed by a hot
fire of long duration could destroy the neutron shielding
and scriously compromisc the gamma ray shiclding. Table
6.1 shows the dosc equivalent rates from necutron and
gamma radiation at various distances from an unshiclded
150-pg point source of Cf-252. The absorbed dose ratesin
tissuc are based on data given foradistancc of 1m (3 ft) in
ICRP Publication 21. 'The dose equivalent rates in ‘Table
6.1 arc based on the assumption that the mcan quality
factor for ncutrons will increase by a factor of 2. The dosc
rates shown arc the upper limits {or a radiation ficld that
might be present following a postulated severe accident
and subsequent fire involving the truck transporting the
source. The gamma ray doses rates would be much lower
if the lead shicld remained intact. ‘

Table 6.1 Maximum paotential dose equivalent
rates from one 150-ug Cf-252 source
following a severe accident and fire

. Dose equivalent rate (mSv/hr)

Distance

[m (ft)} Neutron Gamma  Total
1(3.3) 7.2 400 21E-01  7.41+00
2 (6.6) 181+ 00 SOE-02  1LEE+00
5(16.4) 2.815-01 8.51:-03  2.8E-01
10 (32.8) 7.51-02 2.1E-03  7.71-02

Note: 7.2+ 00 = 7.2x1(}° etc.

Table 6.1 shows that the potential for serious exposure
would not exist following a postulated accident involving a
fire. Cleanup of the accident would be complicated. It
might require bringing in a cranc to manipulate the re-
mains ol the shiclded cask or bringing in another shiclded
cask for source storage. A large water-filled tank could
serve as both a receptacle for the source and a shiclding
tool to provide protection against radiation emitting from
the source. Careful emergency planning for such scenar-
ios would limit the dose during recovery of the source. A
person working at an average distance ol 10 m (33 ft) from
the source for 4 hours could receive a dose cquivalent of
about 0.3 mSv (30 mrem).

'T'he second type of transportation accident is assumed to
be even more severe that the scenario considered above.
For this accident, it is assumed that the accident and
subscquent fire lead to the complete fragmentation of the
Cf-252 source and its dispersion to the atmosphere. The
accidental refease of radioactivity from ground level and
transported in the atmosphere under stable conditions
was calculated at 4 m/s (13 [t/s). NRC Regulatory Guide
1.145, “Atmospheric Dispersion Models for Potential Ac-
cident Conscquence Assessments at Nuclear Power
Plants,” was used to caleulate the average x/Q values of
0.4x10-5¢/m3 and 2.8x10-5s/m3 at 50 and 300 m (54 and
328 yd), respectively, from the accident location. ‘

Tables 6.2 through 6.5 summarize the offsite concentra-
tions and annual inhalation doses for 10-, 50-, and
100-pereent dispersion from the Cf-252 source at 50 and
300 m, respectively, from the point ol release. ‘The
resulting maximum inhalation dose for 100-pereent dis-
persion ata distance of 50 m is 2.4x10-3 Sv (2.4x10-" rem),
which is well within the U.S. Environmental Protection
Agency's (LIPA, 1990) protective action  guidelines
(PAGs) of 0.25 Sv (25 rem) for emergency workers.

Table 6.2 Offsite concentrations {at 50 m (54 yd)] of airborne releases
for various fractions of Cf-252

Maximum Offsite concentration
Total permissible
source concentra- Fraction
activity Release Emission x/Q* tion (MPC) of MPC
(MBq/yr) fraction (MBq) (s/m3) {(Bg/ml) (MBg/m?) (%)
2.901+ 03 1.001:-01 29615+ 02 6.401:-05 370508 6.101--10 1.62
2,961+ 03 5.001-01 14815+ 03 6.401:-05 370108 3.001:~09 8.12
2.9611+ 03 1.001: 400 2.961:+ 03 6.401:-05 370108 6.011-09 16.24

* X/ at 56 m.
Nate: 29015403 = 2.90x10° ete.

NUREG-1396

40



6 Effects of Accidents

Table 6.3 Annual inhalation dose to the nearest individual
50 m (54 yd) away from postulated Cf-252 accident

Committed
‘ effective

‘Activity* Dose conver- dose
inhaled ~ sion factor** equivalent

" (Bq) . (Sv/50 yr-Bq) (Sv/50 yr)
4.81E+00 5.00E-05 2.40E-04
2.40E +01 5.00E-05 1.20E-03
4.81E+01 S.00E-05

2.40E-03

" *Breathing rate = 8.00E+ 03 m"/yr
**ICRP Publication 30.
Note: 4.81E+00 = 4.81x10° etc..

Table 6.4 Offsite concentrauons {at 300 m (328 yd)] of airborne
releases for varlous fractions of Cf-252

Maximum Offsite concentration
Total . permissible ‘
source : concentra- Fraction
activity Release Emission . x/Q* tion (MPC) ‘ ‘ of MPC
(MBgq/yr) fraction (MBq) (s/ n13) (MBqg/m?3) (%)
2.96E+03 1.00E-01 2.96E + 02 2.80E-05 3.70E-08 2.63E-10 0.71
2.96E +03 5.00E-01 1.48E+03 2.80E-05  3.70E-08 1.31E-09 3.55
2.96E +03 1.00E +00 296E+03.  2.80E-05 3.70E-08 2.63E-09 7.10

*X/Q at 300 m.
Note: 2.96E 403 = 2.96x10° etc.

Table 6.5 Annual inhalation dose to the nearest individual
300 m (328 yd) away from postulated Cf-252 accident

Committed

effective
Activity* Dose conver- dose
inhaled sion factor™* equivalent
(Bq) (Sv/50 yr-Bq) (Sv/50 yr)
2.10E+00 S.00E-05 1.05E-04
1.0SE +01 5.00E-05 5.26E-04
2.10E+01 5.00E-05 1.05E~03

*Breathing rate = 8.00E+03 m¥/yr.
**ICRP Publication 30.
Note: 2.10E+00 = 2.10x10° ete.

This scenario assumes that all the shielding materials arc
destroyed. The dose rate at 10 m, a reasonable distance
for fire control and containment, is approximately
7.7x10-2 mSv/hr (7.7 mrem/hr). For a maximum fire-
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fighting time of 4 hours, the total dosc to an individual
would be approximately .31 mSv (31 mrem). Such a dose
does not exceed the PAG limit of 1-rem whole-body dose
(EPA, 1990). Although the dosc estimates would not
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necessitate offsite protective actions, all U.S. airports
have implemented fire protection and emergency prepar-
edness plans as part of their building code requirements.

The average distance from a supplier of Cf-252 sources to
various airport locations was approximately 1900 km
(1200 mi). The probability of a severe truck accident dur-
ing shipment of a Cf-252 source to and from an airport is
about 7.2x10-8/yr (Sandia National Laboratory, 1978).
For actual locations, the accident probability ranges from
2.9x10-8/yr to 1.4x10-7/yr,

The consequences of the postulated accident would
depend on location. To assess the population dose result-
ing from the Cf-252 dispersal accident, a reference popu-
lation density of 386 persons/km? (1000 persons/mi2)
within a 16-km (10-mi) radius of the accident location was
used. It was assumed that 10 percent of the C{-252 was
rcleased downwind and that a 60° sector was affected.

~The total number of people affected in this postulated
scenario would be 5.2x104. The collective dose received
by individuals within that sector out to 16 km would be
about 5.5 person-Sv (550 person-rem). It should be noted,
however, that dispersion and dilution of the plume due to
deposition of Cf-252 on the ground will significantly re-
duce the radioactive airborne concentration at 16 km. For
further information regarding this scenario, sce the licen-
sce’s environmental report (SAIC, 1989).

6.3 Operational Accidents

‘The possibility exists that an accident. followed by a firc at
an airport could happen. If a fire followed by a large

NURLG-1396
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explosion were to occur, the force of the explosion could
destroy the inside chamber and leave the source virtually
unshielded. Table 6.1 provides an upper bound for the
radiation ficld that could result. Unless the source was

blown completely away from the EDS-3C, the ficld

would not be radially uniform because of the presence of
the shielding components. The probiem of retricving the
source and placing it in a shiclded container is similar to
that described in Section 6.2, but the process could be
aided with the use of the ncutron and gamma-ray survey
instruments that arc always kept on site at the airport in
another (but immediate) location.

To evaluate the possibility of such a bomb breaching the
source encapsulation, a test was performed at the U.S.
Burcau of Mines in 1988 using 4.5 kg (10 1b) of plastic
explosive and a dummy (empty) source capsule simulated
in an EDS-3C mockup device (U.S. Burcau of Mincs,
1988). The results showed that the detonation of the
charge did very little damage to the surrounding cnclo-
surc, although the mockup itscll was completely de-
stroyed. Most of the framework for the mockup was shat-
tered, and picces of the bismuth block and paralfin shicld-
ing werce scattered around the arca. 'The polycthylene
tube containing the dummy source capsule was found
esscntially undamaged under the debris. Although the
inner metal steeve and polyethylene were tightly swaged
onto the source capsule, the source still appeared to be in
good condition, as was later verified by the source manu-
facturer’s leak tests. For further information regarding
the results of these tests, sce SAIC (1988).

it



7 DECOMMISSIONING

The structural components of the EDS-3 and EDS-3C
are not expected to contain significant amounts of
radionuclides after 15 years of system operation. It is
estimated that a total of 7.4x104 Bq (0.002 wCi) would be
present, mainly as a result of the activation of bismuth in
the shield. Neutron activation of the concrete platform
beneath the EDS-3C s also expected to be small. After
the initial testing of the prototype model (EDS-2) at both
Los Angeles and San Francisco International Airports
was stopped in 1988, the concrete surface under the
EDS-2 was surveyed with an ion chamber survey instru-
ment. Although the system had only been tested for
6 weeks at each airport, no activity above background was
observed.

Because concrete is used as a floor barrier at most airport
facilities, the amount of activation products that may be
found in concrete 15 years after system operation can be
calculated. Concrete is a natural choice for a shielding
material; it is cheap, structurally useful, and versatile. A
great deal of work has been done on conventional and
special shielding concretes, and a wide variety of composi-

tions are described in literature. Water plays a significant
role in ensuring the effectiveness of concrete as a neutron
shield because hydrogen is the most effective light ele-
ment for slowing down neutrons from Cf-252,

For estimation purposes, it can be assumed that all the
neutrons impinging on thé surface below the TNA system
are fission-spectrum neutrons (thermal neutrons would
be strongly absorbed by the borated paraffin wax shield-
ing). The dose rate at the bottom center outside the
EDS-3C exterior shiclding is approximately 0.3 mSv/hr -
(30 mrem/hr). For fission-spectrum ncutrons, 0.3 mSv/hr
corresponds to 240 neutrons/cm?-s. Table 7.1 lists the
principal constituents of concrete and the long-term acti-
vation products from this neutron flux using the data from
Erdtmann (1976). Assuming the constituents of concrete
are those listed in Table 7.1, the total activity (for all
products) remaining after 15 ycars is 65 Bq (0.0017 uCi).

Although other elements such as chromium, manganese,
vanadium, aluminum, sulfur, phosphorus, and titanium
may also exist in elemental concrete, the elements listed
in the table are the primary ones (Jacger et al., 1970).

Table 7.1 Major constituents of concrete and long-term activation products

Average
percent Gamma
composition energy Activity
Constituent by weight Product Half-life (MeYV) (Bq/kg) (nCi/kg)
Calcium (Ca) 22 Ar-37 348d 0 4.4E+01 1.2E-03
| K-~42 124 hr 1.52 6.7E-02 1.8E-06
Hydrogen (H) 1 H-3 123 yr 0 1.1E-01 3.1E-06
Oxygen (Q) S1 0-15 2 min 1.02 1.8E-03 4.9E-08
Silicon (Si) 22 Mn--27 10 min 0.89 2.58-02 6.76-07
Carbon (C) 3 C-11 20 min 1.02 4.85-06 1.3E-10
Be-10 1.6E +06 yr 0 4.41-02 1.2B-06
Iron (Fe) 0.5 Mn-54 312d 0.83 1.3E-01 3.45-04
Manganese (Mg) 0.5 Na-24 15 hr 4.12 7.4E+00 2.0E-04
Total 6.5 +01 1.81-03

Note: 4.4+ 01 = 4.4x10' ctc.
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8 ALTERNATIVES

8.1 Attributes for Evaluation

"The primary considerations it a valuc-irnpact assessment
arc the attributes thatarc used to characterize the conse-
quenees of a proposed action, For this assessment, the
stall evaluated four categories: (1) costs of cach alterna-
tive, (2) health and safety impacts, (3) cconomic impacts,
and (4) radiological impacts, ‘T'he costs related to cach
alternative refer to the actual monetary expenditures re-
quired to implement and conduct operatlons under that
alternative. As a bascline, the no-action alternative can
be ascribed a cost of zero dollars, Although current poli-
cies and procedures for airline safety and seeurity involve
real cost expenditures, these costs are not considered in
the present context because the costs for the various
action alternatives arc evaluated relative to the no-action
alternative.

Capital costs include all monctary expenditures required
to cover initial costs of system construction and installa-
tion to the point where the system is functional. Capital
costs in this assessment were amortized annually over the
estimated 15-ycar operationat life of the EDS-3C assum-
ing an interest rate of 10 percent. Operational costs in-
clude all labor, maintenance, and overhead expenditures
required to operate the system. ‘To facilitate the evalu-
ation of relative costs on a comparable basis, annual capi-
tal and operational costs were prorated on a per-flight-
passenger basis. Unit costs are expressed in terms of
dotlars per flight passenger.

The stall also assessed the health and safety impacts for
cach alternative, To determine occupational salcty, it
analyzed the varying degrees ol baggage handling and
oceupational habits for cach alternative. Industrial expe-
rience in regard to similar types of work environments
(c.g., warchouse operations and parcel delivery) indicates
the rates of lost time resulting from injury and accidental
deaths of workers per unit time that can be expected for
these occupations.

Potential radiological conscquences constitute the major
concern associated with the 'TNA system. Because the
baggage and its contents may be activated, both workers
and the public may be exposed to the radiation cmitted
during the decay of the induced radioactivity. In cases
where hand scarch of alarmed bags (those that have indi-
cated potentially positive for high nitrogen density) is
required, residual radiation from the handling of the bags
could also expose the public to small amounts ol radia-
tion. For purposes of valuc-impact assessment, the col-
lective dose measured in person-Sv (person-rem) is the
measure used to quantily the effect.

‘The cconomic impacts discussed are largely qualitative,
"The alternativés related to the use of the TNA system will
require an additional 6 10 9 positions per operational unit;
the hand-scarch alternative will require an cquivalent
increase of 33 positions. The cost in tarifls or dollar
charge per {light passcnger also was estimated for cach
alternative,

8.2 Identification and Assessment of
‘Alternatives

In accordance with the guidance in NURG/CR-3568,
FAA cvaluated a number of alternatives and selected a
range of possible options for the detection of explosives in
cheeked airline baggage. The alternatives studied did not
sufliciently meet the requirements for detection of explo-
sives as defined by FAA in “Background T'echnical Infor-
mation for the Broad Agency Announcement” [ULS, De-
partment ol T'ransportation, 1989(a)]. These alternatives
were the following: :

®  Noaction.
o Individual hand scarch of all checked lugpage.

e  Uscof enhanced x ray screening, 'This might include
the use of color monitoring sereens with enhanged
image scanners to distinguish between organic and
inorganic materials.

e Usc of chemical vapor detection methods, These
mightinclude use of chemical vapor detectors (“snil-
fers™) sensitive to explosives or use of trained ca-
nines (olfactory methods).

e  Uscof the EDS-3 in the ramp arca (as currently li-
censed).

. Usc of the EDS-3C in the concourse area.

o Uscofthe EDS-3C with enhanced radiation protee-
tion features to further minimize possible human ex-
posure to ionizing radiation in the concourse arca.

Of the alternatives considered, FAA eliminated two as
being inclfective and, therefore, not feasible (FAA,
1989). The alternatives considered to be inclfective (be-
cause of the FAA requirement pertaining to the pereent-
age of false positives and the 6-second requirement for
screening) were enhanced x ray sereening and chemical
vapor detection, ‘The remaining alternatives arce de-
scribed in this sceetion, 'To evaluate the relative advan-
tages and disadvantages of these alternatives, the NRC
stafl performed an assessment using the methodology in
NURTIG/CR-3568.

To estimate the anticipated number of occupational acci-
dents for cach of the alternatives evaluated, the National
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Safety Council’s annual statistics for rates of occupational
accidents were used (National Salety Council, 1986).
‘T'hese rates are expressed in terms ol resulting lost work-
days. For example, the following industry-related jobs are
cited in the document published by the National Salcty
Council (1986):

‘ Lost workday/
Industry prrson.yr
Transportation and public utilitics 1.05
Manulacturing 078
Wholesale and retail trade 0.50

To estimate the anticipated industrial actident rate, an
average of the above three examples (0.75 lost workday/
person-yr) was used, For example, i one alternative re-
quired 20 employcees to accomplish the job, the accident
rate would be 18 lost workdays/yr (20 employees x 0.75
lost workday/person-yr),

For purposes of this assessment, the following opera-
tional assumptions were made for the EDS-3C;

® ‘The estimated operating life of the unit is 15 years.

e ‘T'he unit inspeets baggage at a rate of 400 bags an
hour and operates 16 hours a day.

e Approximately 6000 bags a day are inspected. As-
suming cach passenger has two bags, the baggage
from about 1.1 million passengers will be inspected.

o T'wo opcrational personnel are required to attend
the EEDS-3C during operating hours. ‘T'his requires
six full-time-cquivalent personnel per operating
unit (three 40-hr/wk shifis).

o I'wo baggage handlers are required to load luggage
onto the EDS-3C during operating hours. This re-
quires six full-time-cquivalent personnel per oper-
ating unit (three 40-hr/wk shifts).

e Listimated average annual personnel costs are as fol-
fows: the EDS operator, $60,000; cach baggage han-
dler, $45,000; and cach BDS assistant or “runner,”
$35,000 (all estimates include overhead costs). Sal-
ary estimates are from the International Association
ol Machinists.

8.2.1 No Action

This alternative ussumes that present policies and proce-
dures involving inspection ol checked airline baggage are
continued and that present levels of sceurity are main-
tained. No additional operating or capital costs are as-
sumed.
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8.2.2 Hand Search

This alternative assumes that all checked luggage is indi-
vidually hand scarched, It will require a significant in-

‘crease in inspection staff, along with attendant labor

costs, It also may require changes in airline scheduling to
allow for the additional time to complete inspection pro- -
cedures, Because it is assumed that capital costs for this
alternative are relatively small (i.e., inspection tables),
they are not considered in this assessment.

'The operating costs to consider for this alternative would
be (1) costs associated with the additional space needed
for the inspection tables and (2) costs associated with the
hiring of additional inspection personncl to hand search
cach picce of luggage. The average space needed for
10 inspection stations would be 186 m2 (2000 {12), with a
cost of approximately $269/me ($25/112). 'To inspect the
same amount of bagpage that an EDS-3C would be able
{o screen, approximately 67,000 hr/yr would be needed:

2 % 100 bags/yr x 2 min/bag x 1 hr/60 min = 66,606 hr/yr

Il an employee working full time for 2000 hours a year is
assumed, a total of 33 inspection personnel would be
required to hand scarch the same number of bags as
would be screened by one EDS-3C, T'o calculate the total
labor costs, it was assumed that cacli inspector was paid
$10 an hour, with an annual salary of $20,000 ($10/hr x
2000 hr/yr). For overhead, health insurance, general, and
administrative expenscs, another 100 percent was added.
‘This amounts to $40,000 in labor costs for each inspector,
resulting in a total labor cost of $1,320,000 for cach in-
spection station (33 x $40,000/person-yr).

The total annual costs for this alternative are as follows:

Labor cost (33 x $40,000/person-yr) $1,320,000
Space cost ($269/m2 x 186 m?) $50,000
TOTAL ANNUAL COST $1,370,000

Accordingly, for the hand-scarch option, the estimated
accident rate is 25 lost workdays/yr (33 personnel x 0.75
lost workday/person-yr).

8.2.3 TNA System in Ramp Area

This alternative involves the usc of the 'TNA systcm
(EDS-3) in the ramp or cargo-handling area of an airport.
‘This alternative is currently licensed and is being used at
JFK International Airport in New York and Miami Inter-
national Airport in Florida. It was evaluated in a previpus
environmental assessment (NRC, 1989).

Reeent experience at JI'K International Airport has
shown that additional labor cost is associated with the
ramp location relative to the proposed use of the
EDS-3C in the lobby or concourse arca. This cost is
related to the logistical problem of tocating and bringing



passengers whose bags have alarmed to the TNA inspec-
tion arca (near the ramp area of an airport) where the
bags in question are opened and inspected. This was as-
sumed to requirc one assistant (during TNA system op-
cration), 16 hours a day, 7 days a week, for a total of three
assistants. The additional labor costs for these three assis-
tants arc $35,000x 3 = $105,000, Currcntly, two baggage
handlers and two EDS-3 trained operators must attend

the unit during its operatlon. This requires 12 full-time-

cquivalent personnel for each operating unit (six 40-hr/
wk shifts) at a cost of approximately $45,000 a year for
cach baggage handler and $60,000 a year for each opera-
tor, The average space nceded for cach EDS-3 s
93 m2 (1000 {12), with a cost of approximately $269/m?2
($25/112). The estimated accident rate for this alternative
is 11.3 lost workdays/yr (18 personnel X 0,75 lost workday/
person-yr),

‘The capital, operational, and annual costs for thisalterna-
tive are as follows:

Cuapital Costs

Lstimated fabrication and construction

COStS $1,000,000
Installation costs
Site modification (includes housing) $125,000
T'ransportation, sctup, and tcslihg £50,000
TOTAL CAPITAL COSTS  $1,175,000
Amortized Annual Cost ($/yr, 15 yr
@ 10%) $151,500
Operational Costs
Space cost ($269/m2 x 93 m?2) $25,000
Labor cost ‘
6 operators @ $60,000/yr $360,000
6 baggage handlers @ $45,000/yr $270,000
3 runners @ $35,000/yr $105,000
Source change $25,000
Calibration, lcak testing, and repair _$25.000
TOTAL OPERATIONAL COSTS $810,000
TOTAL ANNUAL COSTS $961,500

8.2.4 TNA System in Concourse Area

This alternative is as deseribed in this environmental as-
sessment. The original BDS-3 has been modified slightly
for concourse installation (now designated as Modcel
EDS-3C) to decrease the external radiation levels.
Different materials were selected to reduce neutron cap-
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turec gamma rays, and additional pancls of borated poly-
cthylenc and lead were added to further reduce the exter-
nal dose rates. Dose rate data are glven in Scotion 3.1,

For this alternative, the cost of supplementary support
and additional building materials nceded for the installa-
tion of the EDS-3C at indoor and outdoot locations at the
airport has been added. ‘The indoor locations would in-
clude the following: behind the check-in counter, in front
of the check-in counter, and at the pre-check-in arca. The
only outdoor location would be at the curbside. Because
only 6 full-time operators and 6 full-time baggage han-
dlers would be needed for the indoor scenardo, the esti-
mated accident rate for this option is 9 lost workdays/yr
(12 personncel x 0.7§ lost workday/person-yr).

In the curbside scenarlo, however, the baggage may go
directly into a baggage chute rather than staying on the
same level as the BDS-3C. If this were the case, only
three full-time baggage handlers would be needed to load
luggage onto the system; all bags leaving the system would
be automatically passed to the plane, The estimated acci-
dent rate for the curbside option is 6.75 lost workdays/yr
(9 personnel x 0.75 lost workday/person-yr), The de-
creasces in estimated labor costs for the curbside scenario
arc reflected in Table 8.1,

To estimate the costs associated with the construction and
installation of the IDS-3C at the concourse level of an
airport, a structural feasibility study was performed (sce
Peacock, 1989). This study delined the structural con-
cerns related to the support for the system, defined a
conceptual solution for the support and placement of the
system, and estimated the construction costs associated
with the installation of the system. Table 8.1 shows the
differences in capital and operational costs for both the
curbside and indoor scenarios.

8.2.5 TNA System With Enhanced Radiation
Protection ‘

For thisalternative, additional shiclding, moderators, and
controls arc added to the basic design of the EDS-3C,
These additional materials arc assumed to be capable of
reducing the radiation exposures by at least S0 pereent,
Installation cost would be increased because of the added
weight and materials,

Because 6 full-time operators and 6 full-time baggage
handlers would be needed for this alternative, the esti-
mated accident rate is 9 lost workdays/yr (12 personnel x
(0.75 lost workday/person-yr).

‘The capital, operational, and annual costs for thisalterna-
tive are as follows:
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Table 8.1 Construction costs for curbside and indoor EDS-3C installations

. Curbside Indoor
Attribute installation installation
Capital Costs
Estimated fabrication costs for EDS-3C $1,000,000 $1,000,000
Construction Costs
Outside housing $125,000 $0
Median barricrs $5,500 $0
Structural deslgn fece $7,000 $3,000
Analysis of load path through terminal $0 $4,500
Moving cquipment $0 $5,500
Construction $35,500 $35,500
Transportation, sctup, and testing $50,000 $50,000
TOTAL CAPITAL COSTS $1,223,000 $1,098,500
Amortized annual capital cost ($/yr, 15 yr @ 10%) $157,700 $141,700
Operational Costs
Space cost ($269/m2 x 93 m2) $25,000 $25,000
Tabor cost
6 operators @ $60,000/yr $360,000 $360,000
6 baggage handlers @ $45,000/yr - $270,000
3 baggage handlers @@ $45,000/yr $135,000 -
Source change $25,000 $25,000
Calibration, leak testing, and repair $25,000 $25,000
TOTAL QOPERATIONAL COSTS $570,000 $705,000
TOTAL ANNUAIL COSTS $’}'27,70()

$846,700

Cupital Costs

Eistimated labrication and construction

Costy $1,200,000
Installation costs - ~$200,000
‘ TOTAL CAPITAL COSTS  $1,400,000
Amortized Annual Cost ($/yr, 15 yr
@ 10%) $180,500
Operational Costs
~ Same ac those in Table 8.1 for indoor
instatiation ‘
TOTAL OPERATIONAL COSTS $705,000
TOTAL ANNUAL COSTS $885,500

8.3 Summary

CTable 8.2 gives the value-impact summary for the four
alternatives described in the previous sections in relation
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to the no-action alternative. The table shows that the
average cost of the TNA system, normalized to a per-
flight-passenger basis, is about $0.78, and the per-flight-
passcnger cost for the hand-scarch alternative {s about
$1.25. The difference is attributable to the number of
employces needed to hand search baggage.

The cost elfectiveness of a 'I'NA system with enhanced

radiation protection features car also be determined
from this study. With a marginal annual dose reduction of
0.057 person-Sv (5.7 rem) and a differential annual cost of
$38,800, the cost for this system would be about
$6,800/person-rem (the traditional unit of rem is used
here for simplicity), 'This value exceeds the NRC guide-
line of $100/person-rem (NUREG/BR-0058); therefore,
under the assumptions applicd in this analysis, the en-
hanced radiation protection features would not be consid-
cred cost cffective.



Table 8.2 Valuedmpact summary for alvline explosive detection alternatives

8 Alternatlves

TNA system T'NA system
TNA system a8 proposed with enhanced
No Hund in ramp radiation
Attribute actlon search area Curbside  Indoor protection
Costs
Unlt capital cost (§) 0 0 1,175,000 1,223,000 1,098,500 1,400,000
Amortized annual capital
cost ($/yr) 0 U 151,500 157,700 141,700 180,500
Operational cost ($/yr) 0 1,370,000 810,000 570,000 705,000 705,000
Unit total cost ($/yv)
(amortized annual cost plus
operational cost) 0 1,370,000 961,500 721,700 846,700 885,500
Cost per flight passenger (§) 0 1,25 0.87 0.66 0.77 (.81
Health and Sufety Impucts |
Alreralt salety and sceurity No change Improved  Improved Improved  Tmproved lmproved
Industrial accident rate
(lost workdays/unit/yr) - 0 25 11.3 6.7 9 9
Rudiological Impacts
Collective dosce
(person-Sv/unit/yr)
Occupational 0 0] 6.01:-03 1,21:-02 12102 0.013-03
Public 0 0 1.01-02 1.51-01 4101 0.414-02
Public (pre-check-in
scenario) N/A N/A N/A N/A 34101 N/A
Congumable items 0 0 0 0 1.313-05 0
Nonconsumable items 0 0 2.81:-03 2.81i-03 2.8H-03 2.8E-03
Total 0 0 1.91:-02 1.613-01 4.91:-01 7.31i-02
Social and Economic Impuacts
Added employment 0 33 15 9 12 12
Public fear due to
Radioactivity None None Increased Increased  Increased Increased
Flight risks No change Deereased Decreased Decreased  Decreased Decreased

Note: N/A = not applicable,
6.015-03 = 6.0x10-2 ete.

4{/50
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9 SUMMARY AND CONCLUSIONS

9.1 Summary of Environmental
Ympacts

Requirements regarding the inspection of passengery’
fuggage are not new. An Excecutive Order of Junuary §,
1973, vequired airline companies to inspecet afl passengers
and their hand-carried fuggage for concenled guns, dan-
perous weapons, explosives, and incendiary devices be-
fore permitting the passengers (o hoard commetclal nir-
craft (NCRP Report 98), By 1985, airlines scanned the
luggage for about 400 million passenger trips using x ray
fluoroscopic scanning systems in the public aceess areas
of airports, The Federal performance standard (21 CIFR
102,40 for cabinel x ray systems limits x ray emissions at a
point § et (2 iny) from the external surface of the system
10 L3107 coulomb/kg (0.5 mrem) in any one hour, On
the basis ol this exposure rate, this source would contrib-
ute about 0,003 pSv (0.3 prem) as an annval dose equiva-
leatto cach flight passenger. Assuming 30 miition passen-
gers travel per year, the estimated annual collective
effective  dose  equivadent Is about 0,6 person-Sy
(60 person-rem).

This assessment indicated that a structural engineering
study will be required to ensure that the weight of the
EDS-3C can be accommodated safely on the concourse
level ol airports, Constraction, installation, and use of the
EDS-3C will affeet nearby passenger tealtic patterns to
sorme degree at international ticket counters, However,
essential rigging cquipment such as air dollies or forklifts
can move the BDS-3C components into the (erminal
building during o week night orona weekend when trattic
in the terminal is at o minimum,

The NRC stall assessed the internal dose to passengers
from irradiated foodstulls, Tt determined the total effec-
tive dose equivalent from the avul.\pu daily intake of the
major clements contrivuting the largest doses (using
TCRP Publication 23). 11§ pereent of the passengers
carricd food items in their luggage and consumed it within
30 scconds of reckwiming their luggage (alter it was
sereened by the BEDS-30Y), the annual collective dose 1o
an estimated L million passengers would be 1.3x10-5
person-Sv (L3102 person-rem).

The stadl caleulated the collective effective dose equiva-
lent from wearing 40 g (1.4 0z) of gold jewelry that had
passed through the BDS-3C 1 1 pereent ol the passen-
gers carricd gold jewelry in then Tuggage and subse-
quently wore it foran extended period, the dose From this
seenario would be 28x10-2 person-Sv/yr (028 person-
rem/yr),

For the purposes of envivonmental analysis, the stalf
assessed the impacet of several different aeeldent seenar-
fos taselectively bound nspeetrum ol aeeldents that could
oceur. It evaluated three potential accldent scenarios
(lew accldents that could oceur during source transler,
transportation, and operation of the system) involving the
partlal or complete fragmentation of the Cf-252 source,
The resulting maximum inhalation dose from the worst-
case aceldent {nvolving 100-pereent dispersion of the
source at a distance of 100 m (110 yd) would be 1.0x10-3 8y
(0,10 rem), which is well within the LLS, Environmental
Protectlon Ageney (1990) protective action guldelines ul
0.25 Sy (25 rem) for emergency workers,

‘The stalf performed a cost-benelitanalysis ol alternatives
to the EDS-3C, The alternatives considered were the
following: no action, individual hand search of checked
lugpage, usce of the BEDS-3 in the ramp area, use of the
EDS-3C in the concourse nrea, and use of the BDS-3¢C
with enhanced radiation protection features, ‘The evalu-
ation clearly demonstrated that the EDS-3C curbside
alternative was the most cost-clTective method of sereen-
ing pussenger check-in luggage.

As lustrated in this assessment, the annual dose from
11D8-3C operations to members of the public could be
compared with that from x ray ingpection systems that
have been in use sinee the carly 19708, Fven in the worst-
case scenario (pre-check-in), the maximum  individual
dose for passengers was 0,18 uSv/yr (18 prem/yr), and the
maximum individual dose to members ol the public was
0.0007 pSv (0.67 prem), The average doses to passengers
and members of the public from all four seenarios were
0.08 pSv (0.008 mrem) and 0.04 pSv (0.004 mrem), re-
spectively, I the additional conservatism ol the neutron
quality factor was not used (10 rather than 20), the above
caleulated doses from the HDS-3C would be half the
doses shown,

On the basis of the foregoing nssessment, the NRC stalt
coreludes that the environmental effects of normal op-
cration of the EDS-3C when located in any one of the
four concourse arcas of an airport are cxpected 1o be
extremely small, Forall seenarios, the maximum vislues of
radiation exposure that may be received by workers in
restricted arcas (such as the operators) and those in unre-
stricted arcas (other non-T'NA workers, passenpers, and
members of the public) are well below the limits specificd
in 10 CIR Part 20,

9.2 Basis for Finding of No Significant
Impact
On the basis of the foregoing assessment, the NRC stafl

concludes that the eavironmental impacts that would
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9 Summary and Conclusions

result from the proposed licensing actlon would not be
stgnificant and do not warrant the preparation of an envi-
ronmental impact statement, Accordingly, the stafl hos
determined that a finding of no signiticant impact is ap-
proprinte.

For further technical detadls with respect to this action,
see the application for a lieense dated October 31, 1986,
amendments dated April 19 and August 22, 1089; the

NUREG- 1396

supporting environmental reports; and other related
correspondence. ‘These documents (In Docket Number
030-30885) and this {inal environmental asscssment may
be examined or copled for a fee at both the NRC's Public
Document Room at 2121 1, Street NW., Washington,
D.C, 20855, and the NRC's Replon 1 Public Document
Room, 475  Allendale Road, King  of  Prussia,
Pennsylvanta 19406,
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SECTION 1
GENERAL

1.1 STAFFING

All work on and around the system shall be done under the immediate supervision of an
authorized system operator who has been trained and qualified in operation, source
handling, and emergency procedures. The operator must have received training and
demonstrated proficiency in radiation safety and these procedures for the explosive
detection system. | ‘ ‘

1.2 PERSONNEL DOSIMETRY

TNA operators shall wear a neutron/gamma radiation badge dosirmeter for all work on
and around the system when the source is on site. Other personnel such as baggage
handlers whose work on the TNA is limited to loading and/or unloading baggage may
also be required to wear dosimeters depending on the particular installation site.
Personnel must not enter the baggage passage for any reason with the source in the
operating position. Film badges shall be changed on a monthly basis. The contractor for
this dosimetric device will be accredited by the Nationai Violuntary Laboratory Accreditation
Program (NVLAP). } *

1.3 EQUIPMENT

. The following equipment shall be readily available on site, in operational condition, and

calibrated appropriately. Portable survey meters will be calibrated every six months with

sources whose calibration is traceable to NIST. |
An ion chamber survey meter capable of reading 0.1 mrem/hr.
A neutron survey meter capable of measuring levels as low as 0.1 mrem/hr.
The baggage activation exit monitor system will be mounted so that all baggage
leaving the TNA is monitored. Visable and audible devices will be used as required
for alarm purpose. A check source shall be available for daily operational checks.
Lorig~handled tools for emergency source handling and baggage retrieval.
Warning signs, yellow/magenta ropes, etc., for defining a radiation area.

Source transport cask.
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Tamper-indicating seals, paper type, with SAIC logo.

1.4 DOCUMENTATION
- The following documents will be on site and readily available:
‘Copy of the Radioactive Materials Ucensa and State X-ray machine registration.

. Copies of applicable radiation safety regulations (e. g NRC Regulations and any
applicable State Regulations)

- SAIC Radiation Safety Guide

~Radiation Safety Operating Procedures for the TNA
Notices to employees and the public, as required
Emergency call list with numbers for:

- System Operators

FAA (local)

SAIC 24-hour Emergency Contact

Airport Emergency Contact ‘

- NRC Region Office
State Radiation Protection Office

Copies of survey instrument calibrations, survey results, leak test results, personal
dosimeter results, operator training certificates.

1.5 DAILY CHECKS

The alarm threshold for the bag activation exit monitor shall be tested daily with a check
source. (See Section 4.3.) Operation of the shield docrs and indicator lights shall be
checked daily by cbserving the lights turn off and on while passing a bag through the

system. Operation of the "X-ray-On" indicator lights shall also be checked daily.
Completion of the above checks shall be logged daily.

1.6 ACCESS TO INTERIOR OF SHIELDING MODULES

The doors to the ereas underneath the outer *skin" shall remain closed and locked; the
keys will be kept in the possession of the system operator.

Access to the computer and HV power supply is limited to 1 hour per week (wnthin any
seven day peried) with the source in the system.
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1.7 ACCESS TO BAGGAGE PASSAGEWAY

Access, meaning personnel physically entering into the baggage passage, is prohibited
unless the source Is in the RETRACTED position. Briefly (on the order of one minute)

reaching into the passage with tools from outside is permitted without retraction of the
source.

Access Is permitted only by the system operator. Gammé and neutron survey meters will
be used before any person enters the baggage passage to insure that the radiation dose
equivalent level is acceptable, I.e. indicating that the source is properly retracted.

The duration of stay by the operator inside the neutron interrogation region of the TNA,

- with the source in the retracted position, is limited to a cumulative total of one hour within
any seven day period. The source will be removed from the system if the operator must
be inside for longer than the one hour limit. The operator shall log his stay time in the
interrogation region for dose accumulation.

1.8 UNATTENDED SYSTEM

When the system must be left unattended, the entrance and exit doors to the baggage
passageway will be closed and locked. The source shall bs left in the OPERATING
position to maintain the lowest external dose rates. The tamper-indicating seal must be
in place. Figure 1 shows where this seal is to be located. The seal is the paper type

imprinted with the SAIC logo. The date when seal was put in place shall be recorded on
it. ‘

19 TNA DAILY LOG

Radiation safety-related incidents shall be noted in the daily log by tha system operator
items to be noted shall include but not be limited to:

- Source transfers

- Source retractions

- Opening of the computer and high voltage supply access doors (include
duration)

- Personnel entering the baggage passagewey (include duration)

- Baggage jams (include reasons for jams)

- Inspections

- Emergencies

- Tamper-indicating seal breakage, by operator during source handling or
by actual attempted tampering.

- Dally exit monitor calibration

- Door position indicator operation

- Proper operation of “X-ray-On" indicator light.
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This log will be kept at the TNA site, available for inspection by the field maintenance staff,
the radiation safety officer, and the regulatory agencies. The log shall be properly dated,
and signed at completion of the work day. |

1.10 SURVEYS

A radlation survey will be taken immediately following the initial source installation into the

TNA, using both neutron and gamma ray survey meters capable of reading 0.1 mrem/hr.
“If a maintenance activity or unusual occurrence might have affected the TNA shielding,
‘a new neutron and gamma ray survey rmust be performed before proceeding with system

operation. | ‘

After routine source re-loadings or replacements, a gamma/neutron survey shall be
performed; however, if no changes to the system shielding accompanied such actions,
only a gamma-ray survey will need to be taken.

Dose rates shall be measured 30 cm from the surface at the locations shown in the
Figure 2. The readings shall be compared with the accompanying table of expected
values with the source IN or RETRACTED. If readings inconsistent with the expected
values are obtained (allowing for source decay), contact SAIC for instructions. Note
survey results in the log book.

111 TNA ALARMS

If the TNA alarms, the alarm condition must be resoived. All alarms will be treated as due
to real explosives and must be resolved before the bag is permitted to be placed on the
aircraft. The most direct and sure method is by inspection of the bag's contents by
trained sacurity personnei in the presence of the passenger. The suspect bag or certain
suspect contents from the bag may be passed through the TNA a second time to resolve
the alarm. If suspect contents have been separated out from the bag, the nonsuspect
portions must also be run through the TNA to clear that portion as well. In all cases, the

 bag or selected contents of a bag should not pass through the TNA more than a
maximum of three times. The bag should be placed in a different orientation on each
successive pass through the system. If the bag fails to clear after 3 times through the
TNA, survey the bag for residual activity (see Sec. 4.1) and call security for hand search
if required.
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BAGGAGE BAGGAGE
7  ddeeeaceea ) 8
ENTRANCE EXIT
3\ 4

| 6
DOSE RATE
(mrem/hr)

Positions Neutron Gamma Ray
1-4 IN < 0.1 < 0.2
5,6 IN < 0.1 < 0.1
7,8 IN < 0.2 < 0.2

5 RETRACTED < 0.4 < 0.2

Figure 2. Radiation Survey Locations and Expectaed Values.
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SECTION 2
SOURCE HANDLING

2.1 TRANSPORT CASK

The cask Is bolted to the shipping piatform for shipment. The platform is also used for
source transfers to assure alignment of the cask with the TNA. The cask is in flush
contact with the side of the TNA so that the source is never unshielded during transfer.
The front of the cask (Figure 3a) has a Source Insertion/Exit Paint in the center. The
Source Insertion/Exit Point has a polyethylene plug to reduce radiation beam exiting out
of the source hole, to acceptable levels for shipment. This plug is covered by a
removable metal plate. ‘

The rear of the cask (Figure 3b) has a compartment for Teleflex cable storage. This Is
also covered by a removable metal plate. The compartment contains a padiock, a cable
lock bracket, and a removable cable pressure bracket (Figure 3¢). When the cable lock
bracket is fastened in place, it locks the Teleflex cable in position, holding the source in
the center of the cask. The cable pressure bracket covers the cable lock bracket. The
cable pressure bracket is removed by unlocking the padiock and liting the bracket out
and away from the lip on the bottom edge of the cable lock brackei. The Teleflex cable
is released by partially unscrewing the two flathead screws in the cable lock bracket until
it is loose enough to raise. Then the brackat is lifted up and off the Teleflex cable and the
right-hand screw is tighteried to hold it out of the way.

22 TRANSFER AND RETRACTION HARDWARE

Figure 4 shows the cask in position for source transfer, and a detailed view of the source
transter ring and source transfer adapter. The ring and adapter are orily used for source
transfer; they are stored inside the recess in the TNA. The loose support of the adapter
allows it considerable leeway in adapting to misaiignment of the cask and the TNA, Both
the ring and the adapter are machined from polyethylene for iow friction.

Figure 5 shows the retraction stop assembly in the source cask which prevents the source
from being retracted farther than the intended distance. It consists of an aluminum holder
to which a polyethylene tube is attached; the inside diameter of the tube (0.25") allows the
Teleflex cable to pass easily (0.21%) but it is too small to let the source (0.37") go through.
The tube is threaded and pinned into the holder. A swiveling bar engages the cable and
clamps it in place. The bar is held in position by a padlock. When the bar is raised the
cable is free to slide through. The holder is attached to the TNA by two screws which can
be accessed only when the bar is raised.
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Teleflex Cable Storage

b)
/ Padlock
\
N\
C) ' - Cable Pressure Bracket
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Teleflex Coble Hole / \ Cabla Lock Brocket

Figure 3.  Transport Cask.
a) Front View
b) Rear View
¢) Locking Assembly
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EXTERIOR COVER REMOVED FROM
EDS FOR SOURCE TRANSFER

SEE EMARGEMENT ——

SOURCE CASK \

PLATFORM —\

1 < . o am—— |
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Y SOURCE TRANSFER RNV

\——ADAPTER SUMORT

—/SWCASK

b)

Figure 4,  Placement of Cask for Source Transfer.
a) Overall View .
b) Detail View of Source Transfer Ring and Source Transter Adapter
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Figure 5.  Retraction Stop Assembly.
a) Front View
b) Cross-section View
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23 SPECIAL CONSIDERATIONS FOR INSTALLATIONS IN PUBLIC AREAS

Standard operations such as source installation, source exchange, or source removal for
planned system maintenance shall be scheduled at a time of day when few or no
nonessential personnel are present, 8.g., 12 midnight. Prior to beginning any transfer
operation, the "Scheduling Checklist for Source Handling® (Figure 6) shall be completed
to ensure coordination of date and time with airport facility managemant, airport security
and airline management. \ | |

To avoid possible radiation exposure to the general public or airport personnel, an area
out to 45 feet in all directions from the TNA unit shall be cordoned off using
yellow/magenta rope and posted with "radiation area® warning signs. At 45 feet the dose
rate from a bare 150 microgram Ct-252 source is less than 2 mrem/hr. Also ensure that
the airport security has cordoned off the areas above and below the unit. Only the TNA
operator and other authorized personnel shall be allowed in the controlled area during
source transfer operations. |

When moving the source between the EDS unit and the cask, make sure the source is
in its proper position by observing the cable markings (Figure 7). Use the gamma survey
meter to confirm the source is the correct location.

Move the source quickly so as to minimize the time the source spends between positions,
because the source path comes close to the underside of the TNA, resulting in high
radiation levels in the downward direction.

All source handling opserations must be carried out by at least two people, one of whom
is a qualified system operator. A survey meter must be used. Review Section 2.3 before
starting. ‘

The "Checklist for Source Loading* (Figure 8) is to be completed each time this operation
is performed.
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'SCHEDULING CHECKLIST FOR SOURCE HANDLING

Source handling operations for TNA systems shall be done at a time of day when a
minimum number of people are present (e.g. 12 midnight). In all cases, an area to 45 feet
from the TNA unit shall be cordoned off to avoid possible radiation exposure to
nonessential personnei. Use yellow/magenta rope and post “radiation area* caution
signs. Nonessential personnel includes everyone except the TNA operators performing
the source handling and other authorized personnel who may be present for maintenance

or as observers. Also ensure that the airport security has cordoned off the areas above
and below the TNA unit.

The necessity for a scheduled source handling procedure is anticipated for:
DATE , TIME

The following must be notified. Indicate the name of the person contacted along with the
date and time notified.

Name | Date Time
Airport Facility Management

Airport Security

Airline Management

The above personngl have been notified that a source handling procedure has been
schedule at the time listed above.

Operator Signatures: /

Figure 6. Scheduling Checklist for Source Handling.
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EXTERIOR COVER REMOVED FROM
EDS FOR SOURCE TRANSFER

SEE ENLARGEMENT —

. . ‘
rionw #2° —_ EDS
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SOURCE CASK — ‘

.
POSITION #1 -
PLATFORM —-—\\ {QJ |

T ; e -

“TELEFLEX CABLE VEWNG POSITIONS ‘
FOR OBSERVING COLORED BANDS RELATED TO SOURCE POSIT/ON

a)

GREEN, SOURCE FULLY INSERTED INTO EDS,
VISIBLE AT POSITION #1

GREEN, SOURCE FULLY INSERTED NTO EDS,
VISIBLE AT POSITION #2

TELEFLEX CABLE

RED,

SOURCE RETRACTED WITHIN EDS,
VISIBLE AT POSITION #2

‘ YELLOW, _
NOTE: DRAWING NOT TO SCALE SOURCE FULLY WITHDRAWN INTO CASK,
VISBLE AT POSITION #1

b)

Figure 7.  Cable Markings. |
a) Viewing Positions
b) Color Coding

)
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CHECKLIST FOR SOURCE LOADING

All source handling operations must be cafried out by at least fwo people, one of whom

is a qualified system operator. A gamma survey meter must be used. Review Section 2.3
before starting. |

A copy of ihis checklist is to be completed each time the operation is performed.

Familiarize yourself with the entire procedure before starting. Check off each step as
it is completed on a copy of this procedure.

Complete *"Scheduling Checklist for Source Handling".

Push up the TNA‘top cover and lift off the side panel.

Unfasten the cask from the platform, roll it off onto the fioor.

Place the platform at the side of the TNA below the source access.

Adjust the platform leveling screws to level the platform and line up the platform holes
with the tapped holes in the TNA. ‘

Fasten the platform to the TNA with bolts.
Botlt the eye-hook bar to the system and the winch on to the cask.
Roll the cask up to the platform, line up the wheels with the ralil.

Unilock .and open the TNA source access door as wide as poss:ble so it will not
interfere with the cask movement.

Hook cable to eye-hook and crank up to about two feet from TNA.

Remove the cover plates from the cask Source Insertion/Exit Point and the Teleflex
cable storage compartment by unscrewing the captive screws in the plate.

From the FRONT of the cask, remove the polysthylene plug from the Source

Insertion/Exit Point by unscrewing the two screws and pulling out the plug. Avoid the
radiation m coming fr h

Figure 8. Checklist for Source Loading
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Moum the source transfer ring on the front of the cask with its screws, with the
conical hole toward the TNA. (See Figure 4). .

Unscrew the Retraction Stop tube assembly (tube with attached aluminum piece)
retaining screws and remove tha assembly from the TNA.

Place the source transfer adapter on the adapter support loosely held in posrtion for
transfer. (See Figure 4).

Crank the cask up to the TNA slowty until it is in firm contact, guiding the ad.apter as
necessary to make sure that the adapter engages the ring property.

Unlock and disengage the cable clamp at the back of the cask.

Insert the source into the TNA by pushing the cable into the cask until it stops. A
green mark on the cable will be at the cask surface. (See Figure 7.)

Vertfy source insertion with the gamma survey metar at the TNA surface above the
cask. A reading less than 0.1 mrem/hr should be obtained.

Release the ratchet and unwind the winch 15 turns, re-engage ratchet. ,
Slowty roll the cask away to the winch cable limit, about 18 - 2', reaching in after
about 6" separation to hold the cable fixed at tho TNA wall so that the source is not
pulled out of the TNA.

Pull the cable through the front of the cask, making sure the source stays fully
inserted in the TNA.

Remove the source transfer adapter, making sure the source stays fully inserted in
the TNA, and lower the adapter support.

Place the Retraction Stop tube on the cable, tube first, and slide it toward the TNA,
finally inserting it. .

Screw the Retraction Stop in place.

Clamp the source with the clamp/locking bar and lock with padiock.

Coil the excess cable up neétly and tuck into the TNA source access recess.
'Release the winch ratchet and roll the cask off the plaﬁoﬁn, detach the platform.

Close and lock door, replace outer panel and lower the top panel Store the cask on
its platform. Store keys securely.

Fieplace tamper-indicating paper seal. |
Figure 8 (con't). Checklist for Source Loading
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2.5 REMOVAL

mwﬁmmmmmmmmmﬁnmumm

stating 1o make sure
procedures,

All source handling operat:ons must be carried out by at least two people, one of whom

is a qualified systern operator. A gamma survey meter must be used. Review Section 2.3
before starting.

The "Checklist for Source Removal® (ngre 9) should be completed each time this
operation is performed. ‘ ‘

26  STORAGE OR TRANSPORT

The following procedures shall be followed to prepare a source for storage or transport.

After placing the source in the cask, thread a tamper-indicating wire seal with the padiock

through the locking holes. Close the padlock and affix a lead seal over the ends of the
wire. (See Figure 3c.) ‘

Coil up the remainder of the Teleflex cable and place it in the storage compartment.
Replace the cover plate on the rear of the cask.

Unbolt the cask from the platform and roll the cask away from the TNA. Unbolt the
platform from the TNA. ;

Insert the polyethylerie plug into the front of the cask and replace the cover plate on the .

front of the cask. Avoid radiation beam coming from cask source hole. Thread one
tamper-indicating wire seal through the holes in the two bolts on the cover plates on the

front and rear of the cask.
Replace and lock the cover panel on the TNA.

For shipment, rol! the cask onto the platform and bolt them together. The platform serves

as a shipping pallet. Follow DOT shipping procedures for labeling and completing the
forms. ‘

It the cask will remain in a public area with the source inside for longer than 1 hour, rope
off area the within 3 feet of the cask and post radiation area signs.

- Place tamper-indicating paper seals on cover plates on the front and rear of the cask.
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CHECKLIST FOR SOURCE REMOVAL

All source handling operations must be carried out by at least two people, one of whom
is a qualified system operator. A survey meter must be used. Review Section 2.3
before starting.

A copy of this checklist is to be completed each time the operation Is performed.

Familiarize yourself with the entire procedure before starting. Check off each step as
it is completed on a copy of this procedure. ' |

Complete the "Scheduling Checklist for Source Handling".

Push up the TNA top cover and lift off the side panel.

Unfasten the cask from the p@atform, roll it off onto the floor.

Place the platform at the side of the TNA below the source access.

Adjust the platform leveling screws to level the platform and line up the platform holes
with the tapped holes in the TNA.

Fasten the platform to the TNA with bolts.
Bolt the eye-hook bar to the system and the winch on to the cask.
Roll the cask up to the platform, line up the wheels with the rail.

Unlock and open the TNA source access door as wide as possible so it will not
interfere with the cask movement.

Hook cable to eye-hook and crank up to about two feet from TNA.

Remove the cover plates from the cask Scurce Insertion/Exit Point and the Teleflex
cable storage compartment by unscrewing the captive screws in the plate.

From the FRONT of the cask, remove the polyethylene plug from the Source
Insertion/Exit Point by unscrewing the two screws and pulling out the plug.

Figure 9. Checklist for Source Removal.
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Mount the source transfer ring on the front of the cask with its screws, with the
conical hole toward the TNA.

“Unlock and lift the clamp/locking bar, releasing the cable.

Unscrew the Retraction Stop tube assembly retaining screws and remove the
assembly from the TNA, being careful to leave the source fully inserted in the TNA.

Place the source transfer adapter over the cable, with the tapered end away from the
TNA, slide it up to the TNA and position it on the adapter support loosely held in
‘posmon for transfer, being careful to leave the source fully inserted in the TNA.
Unlock and disengage the cable clamp at the back of the cask.
Insert the free end of the cable into and through thé cask.
Crank the cask up to the TNA slowiy until it is in firm contact, guiding the adapter and
cable as necessary to make sure that the adapter engages the ring properly and the
cable does not kink. |
Draw the source into the cask by puliing the cable from the back of the cask until it
stops. A yellow mark on the cable will be at the cask back surface indicating the
source is in the cask. (See Figure 7.)
Verify that the source is in the cask with the gamma survey meter by moving it along
the surface of the cask. A maximum reading will be obtained at the middle of the
cask with lower, approximately equal readings at the ends of the cask.
Clarnp and lock the sourca cable at the back of the cask.

~ Coll up the excess cable and place it in the cask recess.

Replace the cask plug and cask covers. Avoid radiation beam coming from the cask
source hole.

Release the ratchet and unwind the winch 15 tums. re-engage ratchet, and roll the
- cask away to the winch cable limit.

- Remove the source transfer adapter, and lower the adapter support.
Replace the Retraction Stop tube in the TNA and fasten.
Release the winch ratchet and roll the cask off the platform, detach the platform.

Close and lock door, replace outer panel and lower the top panel. Follow procedures
for storage or transport as appropriate. Store keys securely.

Figure 9 (con't). Checklist for Source Removal.
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2.7 RETRACTION

Do not retract source during emergencies, except whan the passageway must be entered
by operator. Maxinum shiglding exists only when source is in the normal operating
“position. |

The source shall be moved to the RETRACTED position if it is necessary for the operator
to enter the baggage passageway for any reason. The operator must not remain in the
~ baggage passageway for longer than 1 hour per week Stotal within any seven day period)
aven with the source retracted; note passage activities in the log with times to keep track

of the time.
If the source must be retracted, keep nonessential personne! out of the work area by
roping off the area to 6 feet trom the side of the TNA with the source access panel. Use
magenta and yellow rope and post "radiation area* caution signs. To retract the source,
{nllow these procedures:

Unlock and remove the source cover panel from the TNA.

. Pull the Teleflex cable until it is stopped bv the source retraction plug. Do not remove
the retraction plug.

Lock the Teleflex cable in the RETRACTED position so that it does not move back
into the system.
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SECTION 3
EMERGENCY PROCEDURES

3.1 BAGGAGE JAMS

Baggage may be stopped in the TNA due to a baggage jem; such occurrences pose no
imminent danger of radiation exposure to personnel. If @ jam occurs, the baggage in the
-TNA shouild be removed as soon as possible to minimize bag activation.

First, detarmine the cause of the stoppage. This is accomplished by opening the exit and
entrance shielding doors to visually inspect the baggage passageway while remaining
outside the TNA. ' Latch the doors in the open position. Caution: The doors must be

First, use long-handled tools to clear the baggage without antering the passageway.

If it is necessary to enter the baggage passageway to unjam the system, the source must
first be retracted. (See on 2.7). Access is permitted only by the system operator.
alc » ‘ B . H Ve 5 ANSUre 3 20 IS rowracteg pe z

After removing any bags that have remained in the system, use the gamma meter to
survey them on the surface to ensure that the radiation level is less than 0.5 mrem/hr.
if the level is higher than 0.5 mrem/hr, the bag must be put aside for at least 5 minutes

until the level decays to less than 0.5 mrem/hr. See Section 4.1 for bag activation
procedures.

Once the stoppage is cleared, note the time and the reason for the stoppage in the TNA

Daih'/ Log. Also note if any of the stopped baggage surveyed above the 0.5 mrem/hr
level.
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EMERGENCY CONTACT GUIDE

Emergency Type

Fire,/Explosion/Disaster

Radiation Safety incidents
(where there has been

exposure of there is
imminent danger of

8XpOSLNe)

Radiation Safety Incidents
(stuck source, transfor

problems, etc. where
thave is no kmminent

danger of exposure)

Operator liness or

Accident (which prevents an

operator from reporting to
work)

Systam Faiiure, Imminent

or Actual (due to hardvvare

of software problems)

Power Loss, Large-scale

Power Loss, to Building

Persons to be Contacted

1. Alrport Fire Department - Immediate Emergency
Assistance

. Alrport Security - Cordon off Area

. City/State Radiation Control « lmmedlata Radlological
Assistance

. Clty/State Emergency Management
. N.R.C. Region Office

., SAIC/Santa Clara - Radiation

. SAIC/Santa Clara - Manager of

. Ucense Holdet (FAA)

Officer
Operations

oO~NOOOY S~ (S V]

Alrport S - Cordon off Area
. City/State Control

. Clty/State Emargency Mensgerment
. NRC Radiation Office

NOOAWN

. Lcanse Holder (FAA)

1. SAIC/Santa Clara - Manager ot Field Operations
2. Opserator to serve as repiacament ‘

1. SAIC/Santa Clara - Engineer (Contact either engineer.
He will contact the necessary , by pager if
necessary, for repalr and/or of parts.)

2. SAIC Radiation Safety Officer

1. Alrport Fucility Management
2. SAIC/Santa Clara - Manager of Field Operations
3. SAIC Radistion Safety Officer

1smcm:mca:f‘m M ot Fleid
wnager Operations
3. SAIC Radistion Safety Officer

Figure 10. Emergency Contact Guide
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3.2 FIRE, EXPLOSION, DISASTER

Fires, explosions, or other disasters give rise to concerns for imminent danger of radiation

exposure. The following procedure is supplied in checklist form tor rapid and acourate
- handling of such emergenciles.

Call the alrpon fire department.

Remove any injured personnel to a safe distance.
Give ermergency first ald if necessary.

Call airport security.

__ Conduct area survey to determine level/extant of exposure or radioactive material
release.

Cordon off area to a safe distarice, where exposure level is less than 2 mrem/hr.
Call state/local radiation control for immediate radiological assistance.

Maintain security until assistance arrives.

Call NRC regional office.

Call SAIC radiation safety officer.

Call license holder.

Render emergency assistance as needed.

3.3 EARTHQUAKE

Earthquakes give rise to concems for imminent danger of radiation exposure. The

following procedure is supplied in checklist form tor rapid and accurate handling of such
emergencies. ‘

Remove any injured personnel to a safe distance.

Give emergency first aid if necessary.

__ Visually inspect TNA for damage and areas where radiation may be released.
Survey area surrounding machine. if high radiation levels exist:

Call airport security.

Cordon off area to a safe distance, where exposure level is less than 2 mrem/hr.
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Call state/local radiatior control for immediate radiological assistance.
Maintain security until assistance arrives.

Call NRC regional office.

Call SAIC radiation safety officer.

Call license holder.

If no significant radiation expos ire exists, claér the baggage from the system. |f the
power is off, follow the procedures in Section 3.6. When power is restored, or if power
remained on after the earthquake, initiate system power up sequence.

3.4

SOURCE STUCK AT INTERFACE

A source stuck at the inteitace Is a situation where there is imminent danger of radiation
exposure. The following procedure for handling such a situation is given in checklist form
for rapid and accurate handling of such an emergency.

Appendix A 23 NUREG-

Alert airport security personnel present. Area should already be clear.

Ensure area within 45 feet of TNA has been oordoned off, and that the areas above
and below the systern are clear.

Conduct a gamma survey to vertfy stuck source and determine extent of dose rate.

Attempt to dislodge source. Attempt to realign machine/cask mating by wiggling the
without moving the cask backwards. WARNING: Do not

cask from side to side,
n_a totally unshielded source,

If source does not dislodge:

Call state/local radiation control for immediate radiological assistance.
Call NRC regional office.

Call SAIC radiation safety officer.

Call licensa holder.

Maintain security until assistance arrives.

1396
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3.5 SOURCE TRANSFER INCIDENTS

Source transfar incldents include a source stuck in a cask or the TNA, a broken Teleflex

cable, or a source coming off the end of the cable. These incidents pose no imminent
danger of radiation exposure to personnel.

As source handling already requires airport security personnel to be present (see
Section 2.3), inform them of the situation. Ensure that the area within 45 feet of the TNA
has been cordoned off, and that areas above and below the TNA are clear. Attempt in
all cases to push the source into a normal operating position, but do not attempt repair.
Call the SAIC radiation safety officer for further instructions. Also call: 1) state/local
radiation contral, 2) NRC regional office, and 3) license holder.

3.6 POWER LOSS OR SYSTEM FAILURE

Power loss or system failure (e.g. conveyer belt failure) poses no imminent danger of
radiation exposure. In such incidents, clear baggage from the system with long-handled
tools without entering the passageway. If it is necessary to enter the passageway, retract
the source first. (See Section 2.7.) Use a gamma survey meter to ensure source has
been retracted before entering passageway. After removing the baggage, ensure that the
shielding doors are closed and place source back into normal operating position for
maximum shielding. Survey each bag to ansure residual activation is less than
0.5 mrem/hr. If the level is higher than 0.5 mrem/hr, the bag must be put aside for at
least 5 minutes until the level decays to less than 0.5 mrem/hr. Call airport facility
management to determirie extent of power loss or call SAIC for assistance in systam
fallures. See Section 4.1 for bag activation procedures.

3.7 DETECTION OF SOURCE LEAK

In the uniikely event that a source leak test or conveyor belt wipe test reveals a leak, it is

imperative to perform the following procedures to prevent the spread of contamination and
release of airbormne activity,

__ Stop operation of the TNA system. Leave cask in place flush with the TNA system.

__ Ensure area within 45 feet of TNA has been cordoned off, and that the areas above
and below the system are clear.

__ Conduct a gamma survey to determine extent of dose rate.

Call state/local radiation control for immediate radiological assistance.
Call NRC regional office.

Call SAIC radiation safety officer.
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Call license holder. .

Maintain security until assistance arrives.
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SECTION 4
BAG ACTIVATION

41  MONITORING

All baggage leaving the systern passes the éxit monitor detector. Baggage which does
not trigger the alarm may be handed over to be loaded on aircratt.

Baggags which exceeds the activation threshold triggers the indicator light and audible
- alarms.  Such bags must be checked with an ion chamber survey meter (Bicron RSO-5
or equivalertt) on the surface of the bag to assure that the activity level is acceptable for

loading on the aircraft. The dose rate must be less than 0.5 mrem/hr everywhere; if the '

bag exceeds this dose rate it must be put aside for at least 5 minutes and rechecked until
the 0.5 mrem/hr level criterion is met. Five minutes is generally sufficient to ensure all

residual activity of the bag and contents has decayed. Bags which continue to fail to meet

the 0.5 mrem/hr criterion must remain aside since the bag itself may contain radioactive

material. Notify local airport security personnel and the SAIC radiation safety officer for
further instructions.

4.2 EXIT MONITOR SYSTEM

The baggage activation exit monitoring system consists of a detector assembly with lead
collimator to view the baggage and an dose rate monitor type electronics package
containing high voltage supply, amplification, count rate meter circuitry with adjustable
threshold which triggers audible/visible alarm indicators and a signal to the TNA
computer. |

When a bag passes the detector, some of the activation gamma rays from the bag are
detected. If the count rate exceeds the set threshold, the indicator light goes on, the
audible alarm sounds and the circuit communicates the event to the TNA computer.

Bags which trigger the alarm are to be set aside to be checked using the survey meter.

(See Section 4.1 above). The TNA identifies the activation alarm bags as well as explosive

suspect bags. This typically operates with a mechanical diverter which physically
separates these suspect bags from the baggage flow where they can be cleared
individually.

4.3 CALIBRATION/CHECK PROCEDURE

This calibration procedure is used to set the exit monitor threshold where it will trigger on
any bag which might have a surface dose rate above 0.5 mrem/hr.
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Set threshold using a Cs-137 check source of 5 microcuries strength placed in the middle
‘of a bag with light weight contents so that the threshold triggers when the bag passes.
This bag will be ore of the bags used for daily TNA operational checks. Exit monitor
operation is to be verified daily as one of the regular daily system tests.
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SECTION 5
Cf-252 SOURCE LEAK TEST PROCEDURE

The californium-252 sealad source must be tested for leakage of radioactive material every
- six months. This involves using a cotton swab to wipe the surfaces as close to the source
as possible. (Wiping the source itself would result in an unacceptable exposure).
Similarly, the conveyor belt is wiped as a check on accumulated activation contamination,
also at six month intervals. The leak test samples are then sent to a specifically
authorized agency for analysis. The address of the agency utilized in this case is:

Radiation Detection Company
ATTN: Chemistry Department
162 Wolfe Road

Sunnyvale, California 94086

The following materials are needed for the wipe tests:
- a wipe test cotton swab with plastic cover

- a wipe test filter paper with plastic bag
- an ion chamber gamma survey meter

5.1 SOURCE LEAK TEST

The souroe:transport cask is placed in position for ‘unloading the source. The procedures
for these tasks are given in Sections 2.1, 2.5, and 2.6. The source is withdrawn into the
cask, then reinserted back into the system.

The cotton swab cover is labelled with the source serial number and the current source
strength is noted. The aperture of the source transport cask is wiped thoroughly with the
swab, wiping as much area inside the aperture as can be reached. The cotton swab is
then removed and inserted into its labelled cover.

52 CONVEYOR BELT WIPE TEST

The filter paper is used to wipe the surface of the TNA conveyor belt, wiping across the
belt surface in at least four places.

The plastic bag is labelled, identifying the place and date, and the filter paper placed in
it.
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53 SAMPLE ANALYSIS

The cctton swab and filter paper are then held close to the survey meter to make a
~ preliminary measurement. If the meter registers any radiation level above normal
- background, follow the emergency procedures in Sec. 3.7. |f the radiation level of the
~ test wipe is simply equal to the background levels, the test wipe is placed in an envalope

and mailed to Radiation Detection Company.

The results of the wipe test analysis will be provided within two weeks. A record of these

wipe tests and the analysis results must be maintained on file for three years following
each test.
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Table 5.1(a) Potential activation products (for stow neutrons*) of baggage contents contalning 1-kg
(2.2-1b) masses of various elements

0.5-min delay 10-min delay 60-min delay
‘ . Dose rate Dose rate Dose rate
Gamma (mrem/hr/ (mrem/hr/ (mrem/hry)
' Half-life (Mev/ Activity 2.21b Actlvity 2.21b Activity 2.21b
Product dps/pug**  (min) -dist) (LCi/g) . @ 1f1t) (nCi/g) @ 11t) (1Ci/g) @ 11t
H-3 842E-10  6.49E+06 - 1.02E-~15 0.00E+00 1.02B-15 0.00E+00 1LO2E-15 0.00E + 00
N-16 3.50E-03 1.19E-01 4.60E+00 231E-10 6.39E-09  2.18E-34 6.01E-33 000+ 00 0.00E+00
O-19 - 3S51E-03  4.48E-0t 1.04E+00 197E-09 1.23E-08 8.17E-16  S.10E-15 210E-49  L31E-48
F-20 197E+402  1.83E-01 1.64E+00 3.61E-05S  3.55B-04  B.SBE-21  B44L-20 0.00E+00  0.00E -+ 00
Ne-23 243E+01  6.20E-01 1.45E-01 1.69E-05 1.47E-05 4.13E-10 3.00E-10 221E-34 1.92E-34
Na-24 1LBOE+00 880E+02 4.12E+00 219E-06  S41E-05  217E-06  S:37E-0S 200E-06 - S.16E-0§
Mg-27 I20E+00 946E+00 9.14E-01  1S1E-06  8.29E-06  7.54E-07  4.14E-06 L94B-08  LO6B-07
Al-28 2NRE+02  224E400 178E+00 283E-04  3.03E-03  1.50E-05  1.60E-04 287B-12  3.0768-11
Cl1-38 555E4+00 372E+01 1L49E+00 6.69E-06 S.98E-05 S.60E-06 SOIE-05 221E-00 L9TE-0S
Ar-41 LOGE+01 LI0E+02 128E+00 129E-05 9.87E-05 1.21E-05 9.30E-05 8.83E-06  6.78E-08
K-42 239E-01  742B+02 273E+02 291E-07  476E-04  288E-07  4.72E-04 - 275L-07  4.50B-04
Se-46m 4.73E-+04 3 12E-01 1.42E-01  1.89E-02 1.6IE-02 . 1.30E-1t LI1IE-11 1.62E-6(1 6.49E-60
Ti-51 ISTE+000 S76E+00  3.50E-01 - 4.09E-06 8.S9E-006 1.30E-06 2.74E-06 JABE-0Y 0:.68E-09
V-52 LOE+03 3. 75E+00  143E+00 198E-03 L70E-02 3.43E-04 2.94E-03 333E-08 2.86L-07
Cr-55 322E4+00  3S6E+00  6.57E-04  3.55E-00 1.40E-08 S.59E-07 2.20E-09 I3IE-11 1.IIE-13
Mn-56 LUE+02  1SSE+02  L70E+00 1.35E-04 1.37E-03 1.29E-04 1.32E-~03 1.O3E-04 LOSEE-U3
Co-60m 233E+03  LOSE+00  123E-03  204E-03 1.S0E-05 J.85E-06 2.84E-08 18020 1.33E-22
Ni-065 T64E+00  LSIE+02  S.63E-01  927E-06 | 3.13E-05 8.88E-06 J.00E-05 TOCE-06  2.38E-05
Cu-064 4580400 7.64E402  19SE-01  S.57E-06 6.51E-006 S.52E-06 6.46E-00 S28E-06 6171006
Cu-60 L4TE+02  SI0E4 00 9.56E-02  1.67E-04 9.58E-05  4.59E-05 2.64E-05 SASE-08 2.051-08
Zn-69 JOUEA+00  ST0E401  478E-06 4.46E-006 1.28E-10 J.97E-06 1. 14E-10 216500 621511
Ga-70 SAE+0] 21E+0D SSSE-03  6.50E-0S 2. 16E-006 476105 1.58E-00 9.201-06  3.0061E-07
Ga-72. 250400 B406E+02  203E400 JI1SE-06 384105 3 12E-06 3.81E-05 JO0E-06  3.6SE-05
Ge-75m 038 +01  B1SE-01 S.59E-02  S.OTE-0S 1.70E-05 1.5713-08 5.28E-00 SA41E-27 I RIE-27
Ge-75 LOSE+ 00 8281401 3.18E-02 1.27E-06 243507 LATE-06 2241507 173507 1.4713-07
Ge-7Tm 9.051:5-011 8.84E-01 0.311-02  7.44E-07  2.82E-07 434510 1.641-10 411127 1.56E-27
As-T0 J20E 400  1LSSE+03  3.376-01 JO6LE-006 8.02E-006 2O5E-06 7981-00 JROE- (0 781100

Se-77m SOYE+03 290501 9.631:-02 2101503 1.211-03 2O0E-13 1.67E-13 ITAB-05. 2158565
Se-79m 205E4 01 A9IE+00  9.578-03 239105 L3TE-06 4.44E-06 2550107 G310 3011

Se-81 LAE+01 L85SE+01 144E-02  1.59L-08 1.37E-006 LE-0S 9.01E-07 LT1E-06 48107
Se-83 IASE400 225401 0 L27TE4 00 4.13E-06 JASE-05 308506 2.35LE-05 O0.61E-07  5.0415-00
Br-80m SARE 4+ 00 26500402 241E-02  6.66E-06  9.62E-07  6.49E-060  9.39E-07 ST0E-06  8.2413-07
Br-80 291E-+02  L77E4-01  7.00E-02  3.47E-04 140E-04  2.3915-04 1LOOE-04 RIRE DR IN] 1.421:-05

Br-82m 231402 6I0E+00  4.228-04  2.65E-04 O0.726-07  9.02E-08 2.2RE-07 JOSE-07 779110
Kr-81m 37E+02 0 2.22E-01 127601 9.63E-05 T.34E-05 1.27E-17 9.091-18 2001585 LSYIE-8S
Kr-83m L74E 401 LI1I2E+02  2205E-03  2.11E-05 2.80E-07 1.991:-08 270807 1401508 LORL:-07
Rb-86m 420E+01  LO2E400  5.46E-01  3.64E-05 L 19LE-04 S2E-08 L87E-07 LOTE-22 3.311-22

Rb-88 2Z0SE+00  L78E+ 01 637E-01 - 2.45E-06 9,356 LOYE-16  0.4065-06 24115-07 922107
Y-0Um 416E+00 LYIE+02  6.3J0E-01  S.05E-06 LY1E-05 4.881:-006 18405 4.078-00 [.54E-05

Nb-94m JBOE+01  626E+00 - L17E-02 -~ 437B-05 JO7LE-06 L8305 J.O7E-06 603508 423609
Mo-101 LASE+00 146E+01  LSIEA- 00 LOOE-06 1.4SE-05 LO2E-06  9.25E-00 0.521-08  B.62E-07
Rh-10dm  360E-+03  435E-+00  348E-02  4.04E-03 8.44E-04 RY0L--04 1.8015-04 300107 6.450-08
Rh-104 LS4E+ 04" T7.0SE-0} LHE-02  11SE-02 7.63E-04 LOIE-06 6.711-08 455028 J3E-29
Pd-107m 8428 +00  3.55E-0) LS2E-01  3.86E-06 382E-06  341LE-14 311114 139150 1.27E-50
Pd-109m Q2E+00  4069E+00  L14E-01 LO3E-05 705606 2531006 17315006 L7100 LOTE-0Y
Pd-169 JITE+O00 BUBE+02  1.24E-02  410E-06  3.05E-07  4.0013-006 302807 JRUE-06 290607
Ag-108 SOOE+03  241E+00  294E-02  5.361E-03 9.4613-04  3.495-04 6. 16E-05 LOOE- 10 3S1E-11
Ag-110 831E+04  4.10E-01 290E-02  434E-02  771E-03  4.61E-09  8.19E-10 0. 141:-40 L.6213-46
In-114 943E+01  120E+00 221E-03  8.59E-0S LUE-06 356607  4.72E-09 LO3E-19 1L.I6FE-21
In-116m(2) 126E+06  3.63B-02 820E-02  1,10E-04 5.39E-05 1.88E-83 9.201-84 0.00E -4 00 0.00F -+ 00
In-116m(1) 129E+03 S42E-+01  247E+00 LS6E-03 . 231E-02 L3BE-03  2.0513-02 7281504 LOBL-02

Sce footnotes at end of table.
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- Table §.1(a) (continued)

0.5-min delhy

10-min delay

60-min delay

Dose rate

Dose rate

Dose rate

Gamnia (mrem/hr/ (mrem/hr/ (mrem/hr/
Half-life (Mev/ Activity 221 Activity 221b Activity 2.21b

I’roduct dps/ug**  (min) dist) (nCi/g) @ 1ft) (uCifg) @ 11t) (1Ci/g) @ 1ft)
In-116 1.36E+04 2.37E-01 1.55E-02  3.83E-03 3.57E-04 3.31E-18 J.08E-16 L.OGE-78 9.84E-80
Sn-125m LO9E+00. 9.52E4+00 3.29E-01 1.28E-06 ©  2.52E-06 6.40E-07 1.26E-06 1.68E-08 3.32E-08
Sb-122m 7.08E +00  421E+00  S96E-02  7.93E-06 2.84E-06 1.66E-06 5.94E-07 4.42E-10 1.58E-10
Sb-124m §42E4+00 1SSE+00  3.48F-01 8. 1WE-06 LT1E-05 LITE-07 © 245E-07 229E-17 4,78E-17
Te-131 208E+00 250BE+01  3.54E-01 2.49E-06 S5.30E-06 L92E-06 4.07E-06 4. 79807 L.O2E-06
1-128 . 200E+02 2S0E+4+01 875E-02 2.40E=-04 1.26E-04 1.84E-04 9.68 E-05 4.61E-(S 2.42E-05
Xe-125m L7E+ 01 9.50E-01 L11E-0 1.44E-05 9.56E-06 - 1.40E-08 9.35E-09 2.03E-24 1.35E~24
Xe137 LYIE+00  384E+00  1.S0E-01 2.21E-00 1.99E-06 3.98E-07 J.58E-()7 4 80E-11 4.32E-11
(s-134m 0.28E+00 1.741 -02 2.34E-~02 2.54E-14 3.56E~15 0.00E 400 0005+ 00 DO0E+00  0.00E-+00
Ba-136m LIIE+03  S.13E 03 LO2E+00  7.39E-33 8.51F-32 O0.00E+00  0.00E+ 00 000 400 0.00E + 00
Ba-139 LSSE+ 00 8I3E+01  418E-(2 1.88E-06 4.71E-07 1.73E-06 4.35E-07 1. 14E-06 2.87E-07
La-140) LOR2E+00  241E4+03  232E400  2.33E-06 3.25E-05 2.33E-06 3.24E-05 2.J0E-00 3 19E-05
Pr-142 JAEH+00 LISE+03  SRIB-02  4.17E-06 1.46E--06 4. 1SE-06 145606 4.025E-06 1L41E-06
Nd-151 3S2E+00 1.24B+ 01 LOYE-01  4.16E-00 4.22E-06 2.45E-006 2.4R1L:-06 L.S0E-07 1.528-07
Sm-153 LIYVE+01  279E+03  5.35F-02 145608 4.65E-00 1.4415-05 4.63E-06 143505 4 58E-06
Sm-155 2RIB4+01 222E+01  8.24F-(2 336505 LOLE-0S 2,501:-08 L241-05 5.25E--00 2.60E-00
Eu-152m(2) 9.21E+00 9.60E+ 01  7.38E-02 112508 4 941E-00 1.041E-15 4.61E-06 7.20E-00 3.22E-06
Eu-152m(1) 1L32E+03  S.S8E+02  2.41E-01 1.O0E- 03 2328503 1591503 220003 1.49F:-03 215E-03

Gd-161
Py-165m
Dy-165
Ho-166
Er-167m
Yb-175
Yh-177
Lu-t76m
Tu-177
HI-178m
HI-179m
W-187
Re-186
Re-188m
Re-188
(s-191m
[r-192m
[r-194
P1-199m
I't-199
Au-198
Hg-205
Th-233
1J-239

2. 19E4 01
L.O4E + 1S
8.09E-+02
LYSE + (1
4791+ 04
L.3OE 4+ 00
L3R4 00
4.78E + 0
222400
LI0E+03
2465+ 04
J47E+ 00
J.62E+ 00
2. 18E 4+ 01
LBSE -+ 0]
LI9E+ 00
J12E+ 04
2734+ 01
J83E+ 00
J89E -+ 00
LISE+01
2.03E+00
TI9E+02
LOIE402

JT0E + 00
1.20E+ 00
LAIE+ 02
LOYE+ (13
3J.78E-02

6.031 4 03
LI4E+ 02
2215+ 02
Q.66+ 03
T 17E-02

J2E-01

LA4JE+ 03
5.44F 4 03
LRBOE+ 01
LO2E+ 03
780402
L4000
L16E+ 03
2.40E-01

JOSE 4 O}
JBRE+03
5.20E 400
223E+ 01
135E4+ 0]

J.09E-01
1.OOLE-02
L.28E-02
275502
9.711:-02
3.09E-02
1.221:-01
1821~ 02
302102
9.77E-01
287101
4.31E-01
L.80E-02
196E-02
478102
6.51E-03
2.47E-04
S 12602
3.42E-01
LOT7E-01
4.03E-01
4.8013-03
LO8E-02
5.21E-12

24305
1.52k-01
1OSEE--(13
2.41E-05
0.09E-00
1.OVE-06
137100
S.BOE-08
270800
LO71 08
0.851-03
422000
4.401:-00
2.6015--08
2.251-08

- LASE-OG

2.961:-02
J32E-DS
1L I0E-06
4.68E-00
1441508
2.31E-00
1.42F-04
1.215-04

4.508:-08
99103
8. 10E-05
307E-06
355800
313807
LOOEE -6
634500
4.8915-07
6.251:-05
1701502
LOOTE-08
4.7515-07
1.241%-05
06,4500
S.6SE-08

- 4.39E-05

1.O2E-05
2.20L:-00
3.00E-006
347608
6.6513-08
0.23E-06
3.I8E-05

4.091:-06
8. 151-04
LOIE-D3
2.4012-05
1.401:-81
1691 06
1.29E-00
S.031-08
2. 70E-06
1.411-45
6.7515-12
4 20806
440106
1.BIE-08
2.2315-08
L4306
2.695-04
3.30E-05
[.34E-18
3. 78E-06
1.43E-05
6.51E-07
LO6E-04
9. 1SE-08

7.59E-006
S.33E-08
7.731-05
396100

BI3E-R2

3B
947107
0ASE-06
4.89L-(07
8.291:-45
L16E-11
LO9E-08
475L-07
8.72E~00
6AIE-0h
S.60F-08
JYRE-07
LOTE-0S
276E-18
2.43E-06
J46E-05
LERE-08
6.87H 06
2.80L: -05

AS51B-10
9298~ 10
7.875-04
2.35E-05
O0.00E + (0
1.O8IE-00
9.5413-07
4.821-05
2.691:-06
0001 + 00
3.006E-00
4. 10E--00
4. 37500
2.84E-06
2.16E--05
1.37E-06
4. 79115
3.208E-05
2.67E-81
1.23E-00
1.425-05
8.ILE-10
2.24E-05
2.09E--05

6.50L-10
0.08E~17
6.04E-05
A.87L-06
0.00E -+ 00
JE-07
6.99E-07
S.20E-00
4.878-07
0.00E + (0
0.821-00
1.061:-05
472807
1.3SE-06
0.20E-06
S.36E-08
710118
08406
S.48Li-81
7.871-07
3.43E-05

- 29E-11

1.45-006
6.54E-06

*Integrated theemal fluence in EDS-30 =

**dps = disintegration(s) per second.
Fdis = disintegration.
Note: 8.421-10 = B42x10-'9 cte,

NURFEG-1396

4.51% +()5 neutrons/cma,
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Table 5.3(a) Major uctlvgtlon products of baggage contents containing 1-kg (2.2<1b) masses of various elements

0.5-min delay 10-min delay 60-min delay
Dose rate Dose rate Dose rate
Gamma gmrem/hr/ ‘ (mrem/hr/ (mrem/hr/
Half-life (Mev/ Activity 2 1b Actlvity 2.21b Activity. 2.21h
Product dps/ug* (min) dis») (LCilg) @ 1 ft) (uCi/p @ 1ft) (uCi/g) @ 11t)
F-20 197E+02 183E-01 L64E+00  3.61E-05 J.55B-04  8.58E-21 8.44E-20 0.00E-+06 000500
Na-24 LBOE+00 880E-+02 412E+00 2.19E-06 5.41E-05 2,17E-06 5.378-05 2.09E-06 S 16E-0S
Al-28 2TE402 224E+00 L78E+00 283E-04 3.03E-03 1.50E-05 - 1.60E-04 2.87E-12 J07E-11
K-42 2.39E-01 T42E+02 273E+02 291E-07 476E-04  288E-N7 4, 728-04 275E-07  4.501-04
Sc-46m 473E+04 3.12B-01 142E-01  1.89E-02 1.61E-02 1.30E-11 L1EB-11 7.62E-60 0.4913-60
V-52 LT9E4+03 375E+00 143E+00 198E-03 1L70E-02  3.43E-04  2.94E-03 J33E-08 2,801-07

Mn-56 LHE+02 155E+02 170E+00 135E-04 1L37E-03  129E-04  1.32E-03 LO3E-04 LOSE-03
Se-TTm SO9E+03  290E-01 9.63E-02  2.10E-03 L2IE-03  2.90E-13 1L67E-13 J73E-65 2.15E-05
Br-80 291E+02 177E+01 T700E-02 347E-04 1.46E-04  239E-04  LOOE-04 J.IRE-0S 1.4213-08
Rb-86m 420E+0! LO2E+00 546E-01  3.64E-0S LI9E-04  572E-08 L.87TE-07 LOTE-22  3.31E-22
Rh-10dm  3.60E-+03 435E+00 348E-02 4.04E-03 B8.44E-04  B.90E-04 1.86E-04 JOOL-07  6.4513-08
Rh-104 LS4E+04 7.05L-01 L1IE-02  11SE-02  7.63E-04  1.01E-06  6.71E-08 4.55E-28  3.03E-29
Ag-108 SOOE+03 241E+00 294B-02  536E-03  9.46E-04  349B-04  6.16E-05 LO9E-10 ASI1E-11
Ag-110 831E+04 4.10E-01-  29G6E-02  434E-02  77{E-03  4.61E-09 8. 19G-10 9. 14546 1.6213-40
In-1tom(l)y 129E+03 S42E+01 247E+00 L1S6E-03  2.31E-02 L3BE-03  2.05E-02 7.281:-04 LO8E-02
In-116 L3GE+04  237E-01 LSSE-02  3.83E-03  3.57C-04  331E-15  3.08B-16 LOGE-78 9.841% 80O
1-128 200E+02 250E+401 B75E-02  240E-04 1.26E-04 LR4E-04  9.68E-0S 4.01E-05 242005
Eu-152m(l) 1L.32E+03 S558E+02 241E-01  LGOE-03  2.32E-03 LSYE-03  2.20E-03 L49F-03  2.15KH-03
Dy-165m LOAE+05  126E+00 1L09E-02  1.52E-01  991E-03  B.1SE-04  5.33E-05 9.29L-16 6.0BE-17
HE-179m  246E+04 312E-01  287E-01  9.85E-03 LT0E-02  6.75E-12 1LI6E-11 JO6E-60 (.82E-00

‘Total LOJE-01 2.82E-02 1451502

“dps = disintegration(s) per second,
**diy = disintegeation,
Note: 1.97H4+ 02 = 1,97x102 ete,
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Table 5.4(a) Calculated beta dose to the skin

from a 1 pCl/cm? source

Beta dose (rem)

Averaged over

an area of At points
skin at the on the skin

Variable basal layer basal layer
Radius (in.)larea (1&.2)

0.2150/0.1550 ‘ 0.164 -
2.4180/18.5050 0.105 -~
Horizontal distance (in.)

0.0000 - 0.164
1.5100 - 0,159
1.5832 - 0.103
1.6501 - 0.163
1.7106 - 0.163
1.7647 - 0.155
1.8125 - 0.154
1.8539 - 0,157
1.8889 - 0.152
1.9176 - 0).146
1.9398 - o 0.136
1.9558 0.121
1.9653 - 0.099
1.9685 - 0.0R0
1.9717 0.063
1.9812 - 0.040
1.9972 - 0.026
2.0194 - 0.017
2.0481 - 0.010
2.0831 - 0.006
2.1245 0.003
21723 - 0.001
2.2264 - 0.000
2.2869 - 0.000
2.3538 - 0.000
2.4270 ~ 0.000
Note:  The doses were caleulated using V.;’xl'{SKlN MOD 1

G tnea ™ 2 ot
Source:
Radionuclide Al-28
Average betn energy = 1.240 MeV

X-90 distance 0.2547 in,
Sotree strength 64.5 uCifin.2

Irradiation time = 60y

All cell damage occurs in an area with o vadius of 2,427 in,

[ ]

i

. pendix B



Table 5.5(a) Elemental composition of the contents of an aluminum suitease (quantities in ounces)

Cloth. Tollet-  Tooth- Suit.
Element ing Shoes ries paste Shaver Shampoo Paper case Total
Hydrogen 10,8 1.9 0.8 0.6 - 1.2 5.0 9.0 29.3
Carbon 89.8 17.3 5.1 0.4 0.08 6.8 388 40,1 201.1
Nitrogen 17.0 S 1.0 = - 0.2 - - 234
Oxygen 37.1 7.1 1.1 38 - 2.0 39.7 41,0 133.0
Sodlum - - - 0.01 - = - - 0.01
Manganese - 0.1 - - 0.2 - - 0.3
Silicon - 0.03 - - 0.06 - - - 0.1
Phosphorous - 0.003 - 0.5 0.007 - - - 0.5
Sullur - 0.003 - 0.01 0.007 - - - 0.02
Iron - 15.8 - - 32 - - - 19.0
Calcium - - - 0.7 - - - 0.7
Alyminum* - - - - - - - 160.1 160.1

*All data are from Westinghouse (1986) report, exeept the weight from aluminum (this amount was incteased (o refleet an all-aluminam suitense),

Table 5.6(a) Gamma dose rites from EDS.3C activation
of the contents of an aluminum sultcase

Gamma
Element Suitcase (mrem/hr/ Gamma dose

‘ mass activity 221b rate @ 1 ft
Element (02) (1LCi) @1 1) (nirem/hr)
Hydrogen 20.3 - - -
Carbon 201.1 1.401:-13 - -
Nitrogen 234 2.401:-09 - -
Oxygen 133.0 110108 - -
Sodium 0.01 6.20E-07 5.411i-05 1.541-08
Mangancse 0.03 1.301:-03 1.371-03 1.17E-06
Silicon 0.1 3.501:-08 - -
Phosphorous 0.5 2.001i-13 - -
Sulfur 0.02 - - -
Iron 19.0 - -
Calcium 0.7 - - -
Aluminum 160.1 1,281+ 00 3.031-03 1.3811-02

Total T.ngawuz

Note: 1 4005-13 = 1,40x10-19 ¢fe,
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Tuble 8700 Committed effective dose equivalent from dadly intakes
of elements 1 hour alter BDS-3C geveentng

‘ Welghted Commlitted eftective dose

Mean committed Microcuries/geam of eletent cyuivitdent from 1 day’s intake

dully Induced dose e et o o Attt et e e e e b e s

Target intake rudlo- ciuivatent O 8-min delay®  10-min delay* 0.8-min delay 10-min delay

nuclide (02) uuchde (rem/CD i L/ (mrewm) (mrem)

Nu-23 18§10 Nu-24 (IRIFREIR) 0.2013--08 OASE-0S LARLE-08 L3710
P31 4.0413-02 -2 777403 E2205-00 L2218 06 4.650 07 4681517
(137 1.84E-01 Cl-38 2.00L+ 02 1004 1LSOE-Ud4 6,081 00 SRE-0
K-d1 L 1O K42 L0+ 03 824006 816100 LOOL- DO 1041 06
Mn-§5 L3tE-04 Mn-56 032002 282403 JOSE 03 4.6018-07 445107
('u-03 L2450 Cu 04 4291402 LSSE-0d LSGE-O4 SA70 0 8.201-00
AS-75 L SILE-085 As-76 4741103 L2r-0d 12104 LASE 08 L8708
Br-79 2.65L-04 Be-8m 231002 LEOE -4 LR ' LASE 08 LE2L-08
Br-79 2658604 Hr-80 S.851 40 08303 6771503 LA (07 005108
Total 220108 2101 08

*Lrom Pable S0,
Nofes LSS0 = 153x10-Y eqe

Table S99 Summary of collective doses from all scenarios

Scenirio
li_u—l;in(lvllw I front of N
counter the counter Pre-check-in Curbside
Radiation exposure (personerem) (person-pem) (person-rem) {person-rem)
Waorkers
Opcerators L2400 L2E 00 L2151 00 L2600
Baggage handlers 6.013-01 0.01:-01 00101 0.0 01
Ticket counter personnel 308400 30600 [RUPRRVY 0
Seeurity sereeners 9.51-02 051 02 0.5 02 0,5E- 02
Sky-taps 0 0 0 38601
Dussengers 0 ‘ LAE 00 201401 S.5E-H00
Public |
Befow the TNA system O.81 00 681400 08100 o680+ 00
Near the TNA system {) L 00 6.014 00 0,08 -0 1
From irradiution of baggege contents
Consumable items 0 ) 13103 0
Nonconsumable items (suitease, 28101 28101 28001 28101
clothing, vte.)
Total L2101 Ll 01 301401 Lol 0l

Noter 1210000 = 125100 ¢te,

NURLECG 1390 8
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Table 5.10(a) Summary of annual individual doses from all scenarios

clothing, ctc.)

2.5G-02

2.5E-02

Scenario
Behind the - In frent of NRC
- counter the counter Pre-check-in  Curbside limit
. Radiation exposure (mrem) (mrem) (mrem) (rarem) (mrem) -
Workers
. Operators 20E402  20E+02 " 2.0E+02 2.0E+02 S.0E+03
Baggage handlers 1.0E+02 1.0E+02 1.0E+02 1.0E+02 SOE+02
Ticket counter personncl 6.0E +01 6.0E+01 1.7E+00 0 SOE+02
Sccurity screeners 3.2E+01 3.2E+01 3.2E+01 3.2E+01 SOE+02
Sky-caps 0 0 0 2.5E+01 S0E+02
Passengers 0 1.0E-03 1.8E-02 5.0E-03 SOE+02
Public ‘ |
Below the TNA system 7.5E-03 7.5E-03 7.5E-03 7.5E-03 SOE+02
Near the TNA system 0 1.2E-04 6.7E-04 6.75E-04 SOE+02
From irradiation of baggage contents
Consumable items 0 0 2.4E-05 0
Nonconsumable items (suitcase, 2.5E-02 2.515-02

Notes: Natural sources of radiation:

Natural background 3.0E+02
Yearly dose from foodstuffs  1.4E+01

2.0E+02 = 2.0x102 etc.

Table 6.2(a) Offsite concentrations [at 50 m (54 yd)] of airborne
releases for various fractions of Cf-252°

Maximum Offsite concentration

Total permissible
source concentra- Fraction
activity Release Emission x/Q* tion (MPC) ‘ of MPC
(Ci/yr) fraction (Ci) (s/m3) (nCi/ml) (Ci/m?3) (%)
8.00E-02 1.00E-01 8.00E-03 6.40E-05 1.00E-~12 1.62E-14 - 1.62
8.00E-02 5.00E-01 4.00E-02 6.40E-05 1.00E-12 8.12E-14 8.12
8.00E-02 1.00OE + 00 8.00E-02 6.40E-05 1.00E-12 1.62E-13 16.24
*X/Qatfom.
Note: 8.00E-02 = 8.00x10-2 ctc.
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Table 6.3(a) Annual inhalation dose to the
nearest individual 50 m (54 yd) away
from postulated Ct-252 accident

Committed

effective
Activity* Dose conver- dose
inhaled sion factor** equivalent
(mCi) (rem/50 yr-mCi) (rem/50 yr)
1.30E-07 1.85E + 05 2,40E-02
6.49E-07 1.85E 405 1.20E-01
1.30E-06 1.85E+05 2.40E-01

*Breathing rate = 8.00E+ 03 m%yr,

**1CRP Publication 30,

Note: 1.30E-07 = 1.30x10-7 etc.

Table 6.4(a) Offsite concentrations [at 300 m (328 yd)] of airborne
‘ releases for various fractions of Cf-252

Maximum Offsite concentration

Total permissible ,
source concentra- Fraction
activity Release Emission x/Q* tion (MPC) of MPC
(Ci/yr) fraction (CV) (s/m®) (Ci/ml) (Ci/m?) (%)
8.00E-02 1.00E-01 8.00E-03 2.80E-05 1.00E~12 7.10E-15 0.71
8.00E-02 5.00E-01 4.00E~-02 2.80E-05 1.00E-12 3.55E-14 3.55
8.00E~-02 1.00E + 00 8.00E-02 2.80E-05 1.00E-12 7.10E-14 7.10

*X/Q at 300 m.

Note: 8.00E-02 = 8.00x10-2 efc.,

NUREG-1396

Table 6.5(a) Annual inhalation dose to the
nearest individual 300 m (328 yd) away
from postulated Cf-252 accident

Committed

effective
Activity* Dose conver- dose
inhaled sion factor** equivalent
(mCi) (rem/50 yr-mCi) (rem/50 yr)
5.68E-08 1.85E +05 1.05E--02
2.84E-07 1.85E+05 5.26E-02
5.68E-~07 1.85E +05 1.05E-01

*Breathing rate = 8.00E+ 03 m3/yr.

**ICRP Publication 3f).

Note: 5.68E-08 = 5.68x10-8 ete.

10

Appendix B



APPENDIX C
DOSE RATE AND FLUENCE INFORMATION FOR EDS-3C
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DOSE RATE MEASUREMENTS ON EDS-3

Dose rates for risutrons and gamma rays were measured using survey instruments for
various positions and system conditions. Measurements were performed with and without
the extra shielding on the sides of the system, both with the source in the operating
position and in the retracted position. Additional measurements were made with the
source cask placed against the system with the source positioned at the interface to
simulate a source stuck in mid-transtar at the worst case position. The results of earlier
measurements of radiation frorn the ends of the system are also given.

METHOD OF DOSE RATE MEASUREMENT

Neutron dose rates were measurad using the Nuclear Research Corporation Model NP-2
Srioopy. Two instruments were used. The NP-2 uses a BF3 proportional counter inside
a roughly 9°x@" cylindrical moderator/absorber to achieve a rem response. At a detector
count rate of approximately two counts per second, a one mrem/hr dose rate reading is
produced. ‘

Because most of the dose rates were at the extreme low end of the meter range, the
meter readings were hard to read and subject to the statistical fluctuations of individual
neutrons. To alleviate this problem and achieve better precusnon the readings were
obtained by counting pulses from the NP-2 counter output in @ counter gated by a timer.
For all except the interface measurements, a counting time of 1000 seconds was used.
The counter-to-dose rate calibration was obtained separately for each meter using
~ reproducible positions at which the dose rates were high enough to provide reliable direct
readings of the meter face. The statistical contributior: to the counting error averaged
about 10-20% at the one sigma level. The calibration error of the NP- 2 is given as 15%.

Gamma ray dose rates were obtained using a Bicron Corporation “micro rem* meter,
calibrated by the manufacturer.

Figure F-1 shows the positions used for the dose rate measurements, measured at
mid-cavity height. The position numbers refer to the following tables of dose rates.

Neutron dose rates given are the conventional rem readings muiltiplied by a factor of two
in anticipation of the ICRP recommended change being put into the regulations (ICRP
Publication 45; also see Section 5 of this report).

All the dose rates are normalized to the nominal maximum source strength of
150 micrograms. The data are given to three places for more accurate rounding.
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MEASUREMENT RESULTS

Tables F-1 and F-2 show results with and without extra shielding with the source in the
operating position. Tables F-3 and F-4 give the results with the source in the retracted
position. Figure F-2 shows approximate isodcse contours for the data of Table F-1, with
extra shielding, source in operating position.

For the transfer interface measurements, the cask was placed in contact with the system
as for a source transfer. The source was then retracted to the interface position, using
the neutron dose rate meter to find the maximum dose rate position. Measurements for
this condition are given in Table F-5 and associated isodose contours given in Figure F-3.

When the EDS is in use for screening baggage, the doors will be pushed partially open
by the bags to permit thern to flow through. The opening is then obstructed by the bag
which shields some of the neutrons and gamma rays. Individual bags vary greatly in their
effectiveness as shielding, but they are on the average fairly good absorbers.

The neutron and gamma ray dose rates were measured with baggage flowing in a
recycling mode. The bags were filled with clothing items, though generalily not as heavily
packed as bags actually seen at airports; actual heavy bags would give lower dose rates.
The bag flow rate was at or above the maximum rate that the system computer can
handle, 10 or more bags per minute. At this rate the doors are continuously being held

- partly open by the bags so that they never fully close. Lower bag flow rates result in
lower dose rates. '

Measurements were made on axis 100 cm from the entrance and exit ends of the EDS.
The position of the body of an individual working as a baggage handier loading or
unloading the EDS was also measured; this position is 75 cm (30") from the end of the
EDS and 50 cm (20" off axis. These measurements were made at the mid-height of the
baggage passage. For comparison, measurements were also made at these same
positions without baggage flow and with the doors closed. The results of these
measurements are given in Table F-6.
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EDS-3 Dose Rates with Extra Shielding

Table F-1.
Source in Operating Position
Neutron Q F multiplier = 2
Normalized to 150 microgram source
Dose Rates Dose Rates
T Kemmee—en mrem/hr—=-—-=—-- : Cmmm = mrem/hr-------- >
Position Gamma Neutron Total Position Gamma Neutron Total
10 cm: ‘ L 50 cm:
a) 1 0.043 0.030 0.073 (E) ‘
2 0.056 0.024 0.080 5 0.025 0,030 0.05%
3 0.173 0.166 0.339 14 0.025 -0.027 0,052
4 0.037 Q0.034 0.071
) 0.037 0.036 0.073 100 cm:
6 0.025 0.045 0.070 (<) - <
7 0.142 0.105 0.247 1 0.025 0.023 0.048
. 8 0.031 0.023 0.053 2 0.031 0.027 0.058
9 0.031 0.018 0.049 3 0.043 0.042 0.085%
10 0.037 0.018 0.056 4 0.031 0.036 - 0.066
11 0.037 0.014 0.051 5 0.025 0.033 0.068
12 0.161‘ 0.127 0.288 6 0.025 0.025% 0.050
13 ©.031 0.036 0.067 7 0.037 0.030 0.067
14 0.037 0.030 0.067 8 0.025 0.019 0,044
156 - 0.037 0.034 0.071 ‘ 9 . 0.019 0.024 0.042
16 0.204 0.155 0.359 10 0.019 0.015 0.034
17 0.043 0.020 0.064 . b 0.025 0.017 0.042
18 0.043 0.022 0.065 12 0.086 0.033 0.089
13 0.025% 0.020 0.045
30 ¢m: 14 0.025 0.029 0.053
(B) 15 0.025 0.029 0.054
1 0.037 0.033 0.070 16 0.043 0.032 0.07%
2 0.050 0.031 0.080 17 0.031 0.012 0.043
3 0.111 0.083 0.194 18 0.025 0.018 0.043
4 0.037 0.034 0.071 , ‘
5 0.025% 0.037 0.062 200 cm:
6 0.031 0.038  0.069 (D)
7 0.099, 0.060 0.159 1 0.012 0.023 0.036
8 0.031 0.022 0.083 2 0.029% 0.031 0.056
9 0.025 . 0.025 0.049 5 0.019 0.025 0.043
10 0.025 - 0.017 0.042 8 0.019 0.022 0.040
11 0.031 0.018 0.049 9 0.019 0.020 0.038
12 0.099 0.092 0.191 10 . 0,012 0.016 0.028
13 0.031 0.032 0.063 11 0.019 0.016 0.034
14 0.037 0.022 0.0589 14 0.019 0.013 0.032
15 0.037 0,039 0.076 17 0.025 0.012 0.036
16 0.130 0.127 0.257 © 18 0.019 0.009 0.027
17 0.043 0.016 0.060
18 0.037 0.014 0.051
4 Appendix C
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Table F-2,

EDS-3 Dose Rates, NO Extra Shielding

Soufce in Operating Position
Neutron Q F multiplier

Normalized to 150 wmicrogram source

Dose Rates

2

Dose Rates

o Kemme———— mrem/hr-=—--==- (e nrem/hr--=——e--- ;
Position Gamma VNMeutron ‘Total Position Gamma Neutron Total
10 cm: ‘ 50 cm:

a) 1 0.045 0.035 0.079 (E) -
2 0.045 0.042 0,087 'S 0.028 0.037 0.065
3. 0.195 0.354 0.549 14 0.033 0.052 0.085
4 0.045 0.093 0.137
5 0.033 0.074 0.108 100 cm:
6 0.033 0.052 0.085 (c) * ‘
7 0.161 0.239 - 0.400 1 0.024 0.033 0.0568
8 ©.033 0.038% 0.068 2 0.033 0.057 0.090
9 0.033 0.032 0.086 3 0.053 0.061. 0.114
10 .0.033 0.033 0.067 4 0.033 0.074 0.108
11 0.033 0.030 0.063 ] 0.022 0.026 0.048
12 0.161: 0.368 0.529 6 0.028 0.030 0.058
13 0.036 0.137 0.173 1 0.045 0.068 0.113.
14 0.045 0.073 0.118 8 0.028 0.022 0.050
15 0.045 0.111 0.156 9 0.022 0.041 0.063
16 0.167 0.335 0.502 10 0.020 0.033 0.053
17 0.056 0.047 0.103 11 0.031 0.031 0.062
18 0.000 0.053 0.053 12 Q.045 0.090 0.1358
13 0.028 0.061 0.088
30 cm: 14 0.028 0.051 0.079
(B) ‘ 15 0.033 0.062 0.098%
1 0.033 0.019 0.052 16 0.056 0.073 0.129
2 0.045 0.037 0.082 17 0.033 0.059 0.093
3 0.139 0.184 0.324 18 0.000 0.045 0.045
4 0.045 0.067 0.111 ‘
5 0.033 0.042 0.075 200 cm:
6 0.033 0.037 0.071 (D)
7 0.111 0.116 0.228 1 0.017 0.017 0.034
8 0.036 0.041 0.076 2 0.022 0.028 0.051
9 0.028 0.036 0.064 5 0.017 ‘0.017 0.034
10 0.028 0.033 0.061 8 0.022 0.020 0.042
12 0.390 0.059 0.449 9 ©.013 0.041 0.054
12 0.122 0.210 0.333 10 C.013 0.036 0.049
13 0.036 0.083 0.119 11 0.022 0.030 0.052
14 0.045 0.047 0.092 14 0.020 0.027 0.047
15 0.045 0.072 0.116 17 0,022 0.038 0.061
16 0.167 0.210 0.377 18 0.000 0.048 0.048
17 0.045 0.045 0.089
18 0.000 0.0617 0.067
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Table F-3.

EDS-3 Dose Rates with Extra Shielding
Source in Retracted Position

Neutron Q F multiplier = 2
Normalized to 150 microgram source

Dose Rates ' Dose Rates ‘
- ~—s=~——--mrem/hr--=----- > (mm e mrem/Nr~--=-e--
Position Gamma Neutron Total Position Gamma Neutron Total
10 cm: - | " 50 cm:
(A) 1 0.041 (EY
2. ‘ 0.042 5 0.009 0.052 0.061
-3 0.003 0.027 0.031 14 0.130 0.396 0.827
4 0.028 , ‘
] 0.004 0.036 0.040 100 cm:
6 - 0.051 ©
7 0.046 ‘ 1 0.052
8 0.054 2 0.066
9 0.052 3 0.037
10 0.033 0.136 0.170 4 0.066
11 0.042 0.123 0.165 5 0.057
12 0.056 0.163 0.219 6 ‘ 0.041
13 0.056 C.257 0.313 7 0.009 0.042 0.051
14 0.139 ).278 0.414 8 0.063
15 0.069 0.240 0.309 9 0.008 10.061 0.068
16 0.056 0.164 0.219 10 0.080 0.122 0.173
17 0.042  0.193 0.235 11 0.072 0.193 0.266
18 0.028 0.148 0.175 12 0.122 0.250 0.373
13 0.100 0.286 0.386
30 cm: 14 0.111 0.301 0.412
(B) - 15 0.100 0.282 0.382
b 0.038 16 0.117 '0.273 0.390
2 0.047 17 0.075 0.195% 0.270
3 0.007 0.031 0.038 18 0.047 0.107 0.154
4 0.042 ‘
5 0.008 0.081 0.059 200 cm:
6 0.052 (D)
7 0.009 0.045 0.053 1 0.051
8 0.063 -2 0.057
9 0.007 0.049 0.056 5 0.042
10 '0.047 0.141 0.187 8 0.042
11 0.056 0.158 0.214 9 0.053 '
12 0.10¢C 0.166 0.266 10 0.011 0.087 0.098
13 0.102 0.3086 0.408 11 0.050 0.104 0.154
14 0.139 0.396 0.535 14 0.061 0.172 0.234
15 0.104 0.294 0.397 17 0.050 0.134 0.184
16 0.102 0.208 0.311 18 0.036 0.068 0.104
17 0.072 0.180 0.253 ‘
lg 0.045" 0.145 0.190
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Table F-4.

EDS~-3 Dose Rates, NO Extra Shielding

Source in Retracted Position
Neutron Q F multiplier
Normalized to 150 microgram source

Dose Rates

2

Dose Rates

L Kemmms——e- mrem/hr=-~=—w=-— -> Kemme—ee—— mrem/hr-————ww--
Position . Gamma Neutron Total Position Gamma Neutron Total
10 em: - 50 cm:

(A (E)
2 : 5 ‘

3 0.063 14 0.150 0.453 0.603

4

5 100 cm:

6 (©)

7 1

8 2

9 3

10 0.050 0.223 0.273 4
11 0.060 0.247 0.307 5
12 0.100 0.195 0.295 6
13 0.090 0.319 0.409 7
14 0.100 0.241 0.341 8
15 0.085 0.333 0.418 9
16 0.110 0.254 C.364 10 0.090 0.181 0.271
17 0.060 0.280 0.340 11 ~0.105 0.276 0.381
i8 0.055 0.239 0.294 12 0.160 0.369 - 0.529
13 c.120 0.391 0.511
30 cm: 14 0.150 0.376 0.526
(B) 15 0.130 0.374 0.504

1 16 0.175 0.377 0.5582

2 17 0.118 0.309 0.424

3 18 0.075 0.204 0.279

4

5 200 cm:

6 (n)

7 1

8 2

9 5

i0 0.050 0.238 0.288 8

11 0.115 0.289 0,404 9

12 0,165 0.293 0.458 10 0.055 0.125 0.180
13 N0.120 0.35%8 0.478 11 0.070 Q.156 0.226
14 0.135 0.370 0.505 14 0.090 0.204 0.294
15 Q.130 0.427 0.587 17 0.085 0.175 0.260
16 0.165 0.338 0.503 i8 0.060 0.118 0.178
17 0.120 0.290 0.410

18 0.060 0.239 0.299
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Figure F-2.

Isodose contours based on dose rate
measurements.
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Table F-5 Dose Rate Measursments for Source "Stuck"
at Interface Position During Transfer

(mrem/hr)

Line # 10 cm 30 cm 100 cm 200 cm
10 9.3 8,1 11.5 5.3
11 . 9.3 13.1 12.6 3.7
12 14.3 26,1 20.2
13 5.9
14 ‘ 0.5 0.8
15 : 6.0
16 12.9 22.2 17.2
17 7.8 10.9 10.1 3.1
18 7.8 11.0 8.1 4.0

20 wrem/br

11

1200 em

Figure F-3. 1Isodose contours for source “stuck" at
interface of cask and EDS-3 system.
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Table F-6. EDS DOSE RATES FROM ENDS
| <<=- SCALED TO 150 ug -->%
| NEUTRON N DOSRAT ~ GAMMA  TOTAL
POSITION DOSRAT  QF=2 DOSRAT  DOSRAT
100 CM, entrance 0.095 ©0.205  0.097 = 0.303
Handler, entrance  0.092  0.199 0.086  0.285
100 cm, exit 0.082  0.i77 0.129 . 0.306
Handler, exit 0.053  0.115 0.065  0.180 -
no baggage flow, doors closed :
100 cm, exit 1 0.012  0.027 0.043  0.070
Handler, exit 0.009  0.020 0.043 0.063
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- QUANTITATIVE ASSESSMENT OF INDUCED
RADIOACTIVITY IN-BAGGAGE

INTROQDUCTION

This report is the Final Report of the Interagency Agreement between the Federal Aviation Admlnlstration
(FAA) (Aviation Security Branch, ACT-360; Contract No. DTFA03~87-A-00008) and the National Institute of
Standards and Technology (NIST) [fbrmerly, Natiohal Bureau of Standards (NBS)]. Thetitle of this project Is
"Quantitative Assessment of Induced Radloactivity in Baggage". The Interagency Agreement became effective

“In April 1987. This report covers all work accomplished during the entire 2 year project.

The overall approach used by NIST involves the evaluation of induced radloactivity in each element in the
peribdic table, and consists of three phases. These phases are: 1) neutron activation calculations; 2) neutron
fluence characterization; and 3) quantitative assessment of actual induced radloactivities.

"The fl(st phase, neutrbn activation calculatiohs, involves the critical evaiuation of activation balculations for
the prototype neutron activation sysiems, and the development of a complete set of expected induced
radioactivities for all elements, Including thermal, epithermal, and fast neutron activations. These calculations

_ are based on neutron fluence rates and energy spectra information provided by the FAA contractor developing
the prototype systems. |

The second phase consists of a systematic characterization of the neutron fluence rates in the prototype
baggage transparting systems. This includes a mapping of the thermal fluence rate aver the baggage travel
area, Further, the neutron energy spectrum characteristics will be evaluated for the baggage irradlation area.
This latter Information should provide useful information on the actual epithermal and fast neutron
components, if any, but may be limited due to the relatively iow fluence rates expected.

The third phase of the project is the quantitative determination of actual induced radioactivity levels for a
number of elements, using one or both of the FAA prototypé neutron activation detection systems, as avallable.
The data from this phase provides a verification of the calculated induced activities. The data from all three
phases will then provide a comprehensive understanding of the levels of induced radioactivities to be expected
from any element or combination of elements which passes through the thermal neutron activation explosive
detection system (EDS). Once fully understood, the data will provide the means to systematically establish
a verified maximum and expected induced radioactivity level for any material.

Appendix 1D 1 NUREG-1396



This project required 2 years for completion. The first 6 months of work (FY87) included all of phase one and
part of phase two. The second year of work lhcldded‘thélcomplet!on of phase two and all of phase three. In
addition, the FAA requested and obtalned a six month no-bost extenslon to this project. This Final Report
contains all of the Information from the enflre prolect Including all Information previously reported to the FAA,

PHASE 1. NEUTRON ACTIVATION CALCULATIONS |
- Neutron irradiation of the varlous elements to form radloactive products is well understood, and the physics
Is relatively straightforward. The equation to calculate these values Is as follows:

ho = 222 ha ot dept ) (1 -6

A
where: ‘ ‘ ‘
As = Initial radioaétivfty. at zero decay time In units of Becquerels (disintegrations/second)
‘m = mass of element in grams ‘
a = Isotopic abundance of target Isotope (1.00 = 100% abundance)
No = number of atoms/gram atomic welght (6.022 x 1023.).
A = gram atomic weight cf the element
¢th = thermal neutron fluence rate (n cm? sec")
o = thermal neutron cross section In barns (1 0 cma)

2 sec")

¢epi = epithermal neutron fluence rate (n cm’
I = resonance integral in bams (102 cm?

In 2

A = decayconstant (sec’’) = ————
halflife (sec)

t = Irradiation time (sec)

sa o N ‘ ‘
Thus, the factor T—}—J— calculates the number of atoms of the element being irradiated; (1-e’“)

the saturation factor which is a characteristic of the halftife of the activation product; ¢to calculates the
reaction rate per atom for thermal neutrons; and ¢epi | calculates the reaction rate per atom for epithermal
neutrons. (Note: For this work the "thermal" neutron fluence and cross sections are defined as the 2200 m/s
fiuence and cross sections. Further, caution must be used In calculating the epithermal reaction rate per
atom because the resonance Iritegral | Is highly dependent on the irradiation facility used.)

The above calculation holds for the normal case of a single activation product. In some cases there are
multiple activation pioducts, and more complicated calculations are required. While multiple activation
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products will not be discussed In detall ‘here. they have been taken into consideration where appropriate for
the calculated actlivity values contained in this report.

Neutron Energies: Thermal, Epithermal, Fast
Nuclear reactors {ueled by dranlum-zas are the most common source of neutrons for irradiation. Their neutron
energy spectrum consists of three components: thermal neutrons; epithermal neutrons; and fission spectrum
(or fast) neutrons. A typical neutron spectrum plot is shown in Figure 1, with the three components clearly
shown. The fission spectrum heutrons (or fast flux) are those obtalned from the fisslon process, ftself, with
little or no moderation or thermalization. As these fast neutrons are moderated or slowed down, they
contribute the second component to the spectrum, the epithermal flux. Finally, when the neutrons have been
totally thermalized, they have only the normal thermal energy or Maxwellian distribution (thermal neutrons).
Different irradiation environments or conditions will resuilt in different ratios of the three components, as can
be seen in Figure 2, which shows the neutron energy spectrum for the Na_tional Bureau of Standards Reactor
. (NBSR), pneumatic tube Irradiation postiion RT-4. It Is clear that this position Is highly thermalized, with very
little contribution from fast fiux.

- While most of the information and cross sections available In the literature have been determined for

- uranium-235 fisslon neutrons, the neutron energy spectrum for 2520 fission neutrons Is virtually identically to
that from 235U, and thus data' from uranium fission neutrons can be correctly applied to californium neutrons
and vice versa. Infact, a recent publication, Compendiurn of Benchmark Neutron Flelds for Reactor Doslmetry
[1], contains substantial information galned from 2°2Cf measurements which Is used for 2*%U reactor
dosimetry. A comparison between the unmoderated fission spectrum from 252Gt and the unmoderated fission
spectrum fronﬁ U3 is taken from this publication and shown as Figure 3, and demonstrates the similarity
between these two fission spectra. It should also be obvious that since the neutron energy loss and
thermalization processes for the two types of fission spectra are the same, the thermal aind epithermal portions
of the 252Cf neutron energy spectrum under consideration here will be essentially identical to the 235 data
In the literature.

D-D Neutron Generator as a Netrtron Source

The deuterium-deuterium (D-D) neutron generator is a small charged particle accelerator, which accelerates
charged deuterium atoms to an energy of 150-200 kV and directs them into a deuterium target. The D-D
generator is a variation of the better known deuterium-tritium (D-T) neutron generator which produces fast
neutrons with an average energy of approximately 14 MeV which are used for a variety of purposes.

The D-D generator utilizes the nuclear reaction:
2H + 2H — *He + 'n + 3.266 MeV
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with an average néutron energy output of approximately 2.5 MeV in the frontél direction [5]. However, this
energy Is somewhat variable depending on the neutron direction. For example, at zero degrees from frontal,
+a 200 kV D-D generator emits neutrons of 3.05 MaV, compared to an energy of 2.10 MeV at 150° from frontal
[5]. These neutrons are moderated and thermalized in simitar ways to the fisslon spectrum neutrons discussed
above with the advantage tﬁat no high energy neutrons above ™~ 3.5 MeV are produced. Thus, in the highly
thermalizing environment used by the contractor in the explosive detection system (EDS), the neutron energy
spectrum experienced by the baggage should not be greatly different from that expected from the 252¢¢
system. If it Is significantly different, the neutron energy measurements which are described below should
document any such differences. |

Neutron Energy Measurements
Measurements of neutron energies (l.e., thermal, epithermal, fast) with foil techniquies are made with several
conventions which, while not étrlctly accurate for all cases, are suﬁicien‘tly accurate so that exceptions may
be neglected. The first convention is that all (n, gamma) nuclear reactions which are due to neutron energles
below‘O.S eV (the energy below which 1 mm of Cd absorbs virtually all neutrons; the “cadmium cutoff') are
~ called thermal neutrori reactions, and are defined using ¢th and 0. (Note: An assumption is made here that
the thermalization process occt'rs at roughly room temperature (20 °C, 293 °K) and the neutrons thus have
a velocity of approximately 2200 m/s). The second convention Is that all (n, gamma) nuclear reactions which
occur due to neutrons which are not absorbed by 1 mm of Cd are called epithermal neutron reactloris, and
are defined using ¢epl and the resonance integral cross section I. (Note: As mentioned previously, caution
must he used when selecting the appropriate resonance integral to match as closely as possible the irradiation
environments.) The fast neutrons are characterized by fast neutron reactions such as (n, p), (n, alpha), and
(n, 2n). These fast neutron reactions have threshold energies for their production and individual measured
or calculated cross sections.

These above conventions are used throughout the nuclear scientific community, and will help to understand

the calculations used in Phase 1 of this project as well as the measurement techniques used in Phases 2 and
3.

Calcylat tiviti

Calculated radioactivities from one pass in a theoretical neutron interrogation system are shown in Table 1.
These values are based on a number of assumptions including the neutron fluence rate, the neutron energy
spectrum, the effective irradiation time, and on the literature values for nuclear constants. Each of these
assumptions Is discussed below. A second table (Table 2) lists the 35 nuclear reactions which produce the
‘highest activity levels for one or more of the decay conditions shown. This table will alsd be discussed more
fully below.
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The general assumptiohs used in Table 1 are as follows:

" Thermal neutron fluence rate = 1x10% n+ cm? sec™
Epithermal neutron fluence rate = 2 x 10*n e+ cm? sec™
Fast neutron fluence rate =1x10°n«cm?sec’
Effective irradiation time =1 Second |

The thermal neL:tron fluence rate and effective irradiation time were chosen to provlde a total neutron‘dose
close to, but slightly higher than, the neutron dose information provided by the FAA contractor (SA!C); The
best estimate of the contractor for tive existing 2524 system (with two opposed 143 pg sources) was a total
average fluence of ~5x 10° neut‘rons/cm2 per pass.‘ Thus, the 1 x 108 thermal neutrons for a one second
Irradlation used In calculations for the theoretical interrogation system as shown in Table 1 should always
produce a calculated activity which is somewhat higher than expected in‘the actual system(s).

The nuclear constants used in these calculations were generally those contained In Erdtmann's Neutron
Activation Tables [2]. All activation products with halflives greater than 0.1 second were considered.  Initial
activities shown In Table 1 were obtained from this compliation, with modifications for the fluence rates given
above. In addition, two computer programs were written in the BASIC language on a CP/M microcomputer
to calculate initlal activities and decayed activitles from the basic nuclear consta'nts. Using these computer
programs, checks were made of the calculated activities found in Reference 2, and with a few exceptions
(most of which were typographical errors in the book) the data agreed very well.

It should also be noted that these calculations assume zero neutron self-shielding effects, which Is the
appropriate "worst case" assumption. Elements with high neutron cross sections and/or resonance Integrals
(e.g., greater than ~ 10 barns) begin to see an effect called neutron self-shielding, where the Interior of athick
sample "sees" fewer neutrons than the exterlor of the sample, due to neutron absorption by the exterior. Thus,
one gram of gold In a spherical shape would activate much less than, say, one gram of gold as a thin gold
plating on the surface of many articles scattered throughout a contalner. This effect would reduce the
expected activities of many of the activation products listed in Table 1, but Is an uncontrollable variable. As
a consequence the zero neutron seif-shielding assumption Is used.

In Table 1, only reactions which produced initial activities greater than 0.001 Becquerel/gram of element
(disintegration/sec/g) are shown. This level was chosen in order to prevent the table from becoming totaily
useless due to excessive size, yet contain all activities that are significant. The basis tor choosing the value
ot 0.001 Becquerellg, was the levels of naturally occurring radioactivity found In food. For example, VK isa
naturally occurring radioactive isotope which Is contained in essentially all food that we eat. It has an
abundance of 0.0117%, a halfiffe of 1.25 x 10° years, and a high energy gamma-ray line as well. Since 40k
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has a specific activity of 838 picocurles/gram of potassium, and, for example, peanuts contaln 0.674%
potassium [3], one gram of peanuts has 5.65 pCi of ”K or 0.209 Becquerels (dps). It seems reasonable to
consider an amount of induced radioactivity equal to 1/100 that contalned naturally in a single peanut to be
negligible. [it should alsc be noted that the naturally occurring radionuclides '*C and ®H add a further
50%-100% of dose to that due to the “)K disintegrations in foods.)

Thedata in Table 1 does not contain information on the type of emissions from the varlous activation products,

because of the varied potential use of thls'lnformatlon. Thus, a nuclear reaction which has a relatively high

activity level but no gamma-ray emission may be significant for some considerations (e.g., ingestion of food)
but not bthers (e.g., baggage handling). Information on the particle and gamma-ray emission abundances
e~ energles of the various radloisotopes are readily avallable and can be factored in when this information
- Is required for health physics purposes.

Table 2 contains a listing of the thirty-five activation products from Table 1 whose activity exceeded one of
“these criteria: > 100 Becquerel/g at zero decay; > 10 Becquerel/g at 1.0 minute decay; > 1 Becquerel/g at

1‘.i0 hour decay. These times were selected to illustrate: at zero decay, the maximum activity produced; at

one minute décay. an activity level which may be relevant for baggage handiers; and at one hour decay, most
likely the earliest time at which an airline passenger could receive their baggage after completion of a flight.
It can be seen from Table 2 that in only three cases, for indium, europium and dysprosiium (three relatively
rare elements), would the radioactivity induced in a gram of the pure element after 1 hour decay‘ exceed the

amount of natural radioactivity In & 2 ounce bag of peanuts. it should also be noted that all of the activitles

shown in Table 2 were calculated by computer and the results agreed well with the data in Reference 2.

PHASE 2. EVALUATION OF NEUTRON FLUENCE RATES AND ENER?IES IN THE BAGGAGE

The second phase consists of a systematic characterization of the actual neutron fluence rates experienced
by baggage passing through the two experimental thermal neutron explosive detection systems (EDS). Therr
were a total of four irradiations in the EDS systems to measure the neutron fluences and energies seen by
foils passing through the systems. Two irradiations used the ?52ct EDS, and two irradiations used the
deuterium-deuterium (D-D) neutron generator EDS system. All irradiations and the resuits obtained are
discussed In detall beiow, after a brief description of the techniques used for these determinations.
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The measurement of a neutron field using the foll activation technique Is both relatively simple and fairly
accurate. The varlous elements which may be used as Indicator folls undergo nuclear reactions according
to the previously described equation when passed through an EDS system or otherr neutron ﬂeld. and they
are then counted on a callbrated radioactivity detector in order to accurately determine the induced number
of disintegrations per unit time.

The equation used earller in this report for the activation calculations can be rearranged as follows:

N C+A
¢ mea*No+o(1-e” M eG
where: ‘
¢ = neutron fluence rate (necmsec™") (for the neLtron energy range of interest)
= net detector counts pe: second of the gamma-ray of Interest corrected for decay,
deadtime and pulse pileup (sec") ‘
A = gram atomic weight of the element
= mass of element In grams ‘
a = isotoplc abundance of target isotope (1.00 = 100% abundance)
No = number of atoms/gram atomic weight (6.022 x 1023)
o = neutron cross section In barns (10%*cm?) (for the neutron energy range of interest)
A = decay constant (sec’) = _r;fﬁ||:e2(sec)
t = Irradiation time (sec)
e = detector efficiency for the gamma-ray of interest and the counting geometry used to
obtain C

G = gamma-ray abundance (number of emitted y-rays at the energy of interest per
disintegration) | ‘
The above equation can be used with the 2200 m/s (thermal) rieutron cross section (oth) and the activity found
In a bare foll after subtraction of the activity determined in a cadmium covered foll [C= (C.bare - Ced)] to
establish the thermal neutron fluence rate in a system. The same equation can be used with the resonance
integral (1) and the activity found in a cadmium covered foil (Ced) to estimate the epithermal neutron fluence
rate in a system. However, it should be noted that the epithermal neutron cross sections vary considerably
for different elements, and most elements have high resonance absorption peaks in their activation spectrum,
Therefore, the uncertainties associated with the epithermal fluence values are correspondingly greater. For
fast neutrons, the same equation is used but an entirely different nuclear reaction Is used, with a neutron
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en‘ergy threshold and specific reaction cross section, These calculations are used below to measure neutron
fluence rates In the two EDS systems.

The use of multiple folls as was done for the irradiations described later allows an Inference of both the thermal
and ephhermal fluences, based on the following derivation:

Since

| (00 otal = (9th Oth + Gepi |
then ‘
_ th Oth + Qepi |
= $th [—————w————‘ ]

Therefore, if, as in NBSR RT-4, the ¢epl = 0.02 ¢in Is known, then for a well characterized facllity like RT-4 the

epithermal contribution can be estimated by ¢ o = ¢th [oth + 0.021], and the thermal fluence can be estimated

using a bare foll, by use of the ot = oth + 0.02 | relationship {ot = total (thermal + epithermal) cross section,
~ In barns].

Thus, the epithermal fluence fraction, depi/Pth, can be roughly estimated by irradlating several elemerital folls
with differing resonance integral cross sections I, and solving the calculations for various epithermal fractions
until the thermal fluence ‘values agree. This was done for the first twd irradiations described below, and
reasonable values for the epithermal fraction were obtained. Inthe second two Irradiations, actual cadmium
covered foll irradiations were made using gold foils and the gold-cadmium ratio determined for both the 0-D
and 2°2Cf systems, as well as for several of the NIST nuclear reactor irradiation positions.

lrradiati 1 - Californium - 252 System ‘
The first foll Irradiation in an EDS for this project took place on July 6, 1987, using the 220t EDS system as
set up for testing at the San Francisco airport. A package of three folls, Inrluding one each of gold, tungsten
and copper, were irradiated by SAIC. The foﬂs were positioned Inside a plece of luggage and passed 10 times
through the EDS. The ten passes were completed at 22:50 EDT on July 6, 1987, and that time was taken as
the effective To, Thus all foil activities were decay corrected to that time.

Unfortunately, transfer of the irradlated foils to NIST by SAIC ran afoul of an alr flight which was cancelled en
route, and so we were not able to obtain the folls until ~ 40 hours after the end of irradiation. Two of the folls,
gold and tungsten, could still be counted. The copper-64 activity, with a 12.7 hour half-ife, was not able to
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be tused. The loss of the copper activity is particularly unfortunate because the small resonance Integral for
the copper provides a good measure of the thermal neutron fluence without significant activation by epithermal
neutrons.

‘Results obtalned from this first Irradlation are given in Table 3. As can be seen from this table, the gold and
tungsten foll data agree reasonably well, and provide an estimate of the total neutron fiuence for the 252Ct
systém of ~7x 105 n » cm® per pass (+20% relative). Evaluation of the apparent epithermal fraction provided
an'estimate of 6% epithermal neutrons. This | apparent epithermal fraction has a hlgher‘uncertalnty than does
the second Irradlation, because no copper da.a was avallable to confirm the true thermal neutron fluence
value. Note also that the fluence rate given above Is for the date of irradiation only, July 6, 1987, due to the
decay of 252Cf with a 2,64 year halflife. (Note: The actual fluence values shown In Tables 2 and 3 have been
recalculated using the gold-cadmium ratlo data obtalned from Irradlations 3 and 4. This data now provides
an Improved evaluation of the epithermal neutron contribution, and this will be discussed more completely
under the Neufron Energy Measurements section In this report.)

lati 2-0)- tron G t t
The second foll Irradiation took place in the prototype D-D neutron generator EDS system. The foll samples
were Irradiated between 15:56 and 19:39 (EDT) on September 21, 1987, by passing them through the EDS
system a total of 100 times by the FAA contractor, SAIC. Atotal of five different folls were used, the copper,

gold and tungsten used previously plus folls of nickel and titanium In an attempt to measure the fast neutron
fluence.

According to P. Ryge of SAIC, the five folls were kept In the original malling envelope, placed inside a suitcase
near the top, with the remainder of the suitcase filled with "normal" travel items. This suitcase was then passed
through the system 100 times over the approximately 4 hour period. The series of passes wers expected to
be representative of typical neutron exposure in an EDS system.

Since the irradiation process took such a long time (approximately 4 hours) an "average" end-of-irradiation
time of 18:00 on September 21, 1987 was used for the calculations. In order to evaluate what effect on the
results this long Irradlation period might have, a calculation was also made for the hypothetical situation of a
continuous Irradlation of 4 hours duration. The results of this calculation for copper-64 (the worst case) show
only a small effect of about 10% (for copper; less for tungsten and gold), and this data is included with all data
from this second irradiation. This small effect was considered to be within the measurement uncertainty, and
thus all other calculations assume the single irradiation at 18:00 hours.
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The results from this second Irradlation are given in Table 4. Atransfertime to NIST of approximately 16 hours
for the folls permitted measurement of the copper-64 radioactivity, and this provided a better estimate of both
the neutron fluence/pass and the eplthermal fraction. An estimate of the total neutron fluence for this D-D
neutron generator system |s about 3 x 10f5 n» cm™ per pass (£20% relative). Evaluation of the epithermal
fraction provides a very approximate value of 5% epithermal neutrons.

Measurement of the radioactivity in the fast neutron folls (nickel and titanlum) for Irradlation #2 provided no
detectable radioactivity above background from fast neutron activation. This Is very likely due to the very low
fast neutron component inthe D-D EDS system. An additional atternpt to measure the fast neutron cdmponent
was carrled out In the third Irradiation, and Is described in that sectlon,

The third EDS Irradiation took place again In the prototype D-D neutron generator system which was at that
time located at the Los Angeles International Airport. The foll samples were fixed to a cardboard holder in a
sealed package, which was then placed unopened in a "packed" suitcase and irradiated for 100 passes
through the system by SAIC. The Irradiations took place between 6:00 and 8:00 pm (EST) on Monday,
December 7, 1987, Atotal of four different folls were in the package (Au, Ni, Cu, W) plus a cadmium covered
gold foll. Accordingto P. Ryge of SAIC, the package was handled in a way to be "representative of normal
exposure to the baggage transfer EDS systems."

Based on the data developed for irradiation #2 and described there, the end of irradlation time (Tzero) used
was 8:00 pm EST, Decernber 7, 1987.

The results from this third irradlation are given in Table 5. Again the transfer time for the foils packageto NIST
was about 15 hours, providing good counting data for the gold, copper and tungsten foils. The measured
total neutron fluence per pass was approximately 2.2 x 105 neem™®, with an uncertainty of approximately 20%
(relative).

Agaln, there was no measurable radioactivity above background for the nickel foll, due no doubt to the very
small fast neutron component in the EDS systems. A calculation of the minimum radloactivity detectable In
the counting system used gave a value of < 2x10° fast neutrons/pass, which is less than 1% fast neutrons.

A gold-cadmium ratio was measured In this irradlation, and these results wili be discussed below under the
section entitled Neutron Energy Measurements.
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lrradlation #4. Callfornium-262 System

The fourth and final EDS Irradiation of this project took place between 08:47 and 11:26 on March 29, 1988.
The sample materials had been sent to P. Rygge of SAIC fixed In position Inside of a large corrugated
“cardboard contalner, This contalner Is shown schematically in Figure 4, and was the largest possible container
still able to fit through the EDS system.

The system used for this fourth Irradlation was the 252Cf system, which was set up and working at the San
Franclsco airport. The box was passed unopened through the system 100 times. A transfer time of
approximately 28 hours delivered It to NIST at approximately 16:00 hours, March 30, 1988.

The box contalned a total of eight bare gold folls distributed as shown In Figure 4, a ninth gold foll encapsulated
in cadmium (0.1 cm thick) for the cadmium ratio measurement, a copper foll, and a set of three small pure
bismuth pellets. The large number of gold folls In this Irradiation were used to measure the neutron fluence
varlation throughout the irradlation volume. Positions were selected to represert the extreme locations
possible in the EDS systems.

The results from Irradlation #4 are given in Tables 6 and 7. Table 6 prov des the measured neutron fluence
per pass for both copper and gold, and agreement between the two is very good. There Is also good
agreement with the gold and tungsten fluence values in Table 3, made using only ten passes in the 2520y
system in the first EDS irradiation. Initiaily, it was puzzling that there did not seem to be an appropriate
reduction In the 'ast 252Ct irradlation to account for decay of the sources, but upon calculation, the amount
of decay expected Is only about 17%, which could effectively be masked due tn the large variation of relative
fluences in the irradiation container due to posttion as discussed below (almost 50%).

Table 7 gives the results from the measurement of neutron fluence vs, position in the irradiation container,
From this data, it is apparent that the neutron fluence Is about 30% higher in the vettical center portion of the
irradlation cavity (Figure 4, A-3 to A-5) compared to the vertical sides of the cavity (Figure 4, A-1 to A-2, and
A-4 to A6). The top-to-bottom fluence variation is much smaller, particularty at the edges. It should also be
noted that this box was filled with several full boxes of paper towels énd some additional crumpled paper
towels, to add stabillity and welight for the handling and Irradiation processes. The effective density and
composition was estimated to be a little less dense than usual baggage, but not appreciably different from
the contents of a suitcase primarily packed with clothing.

Neutron Energy Measurements
Neutron energy characterization was made of the EDS systems by using gold-cadmium ratio measurements
for estimating the epithermal neutron fluences and with several atternpts at measuring fast neutrons through
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use of threshold foils. These two methods are discussed senarately below. The cadmium ratio of any element
Is rdefined as the ratio of the radioactivity induced in a bare: " of the element to the radioactivity induced in
a similar foll of the same element which Is located in exactly the same positions, except completely encased
with interidcklng covers of 1 mm thick cadrnium metal. Thus, 'for gold the cadmium ratio Au(Cd) is defined
as:

A (bare)
Y

where:
Ag(bare) = saturated activity at zero decay for the bare foil, and
A¢(cd)

il

saturated activity at zero decay for the cadmium covered folil.

Gold-cadmium ratio measurements were made In irradiations 3 and 4. This Information plus similar
measurements for three Irradlation positions inthe NIST nuclear research reactor (fueled by 235U) are shown
in Table 8. It should be emphasized that while gold-cadmium ratio and fluence measurements are by far the
most commonly used foll measurements In the nuclear field, and the h‘!gh‘sensit'wity made gold an obvious
choice‘for this EDS study, such measurements are highly dependent Upon specific folls used due to neutron
self-shielding effects and the very high resonance cross sections for gold-197 (the mono-nuclidic stable
Isotope of gold). In this study, the gold-cadmium ratlo for the 2520 EDS was very similar to the NBSR RT-3
Irradiation facility, and thus the calculated fluence measurements could be compared directly to the known
ﬁueﬁce values for this NBSR facility. What Was somewhat surprising was that the neutron energy spectrum
for the D-D EDS was substantially *harder" (i.e., had more energetic neutrons and a lower Au(Cd) ratio) than
that from the 25*Cf EDS. When corrected for neutron self-shielding in the gold folls [8], the D-D system
measurement indicated that 48% of the neutrons had energies above about 0.5 ev (the cadmium cut-off
energy), versus 29% eplcadmium neutrons for the 252C1 EDS. (Note: The NBSR RT-3 irradiation facility had
26% epicadmium neutrons.)

In addition to the epithermal (l.e., epicadmium) measurements made with cadmium ratios, measurements
were attempted using fast neutron threshold foils of titanium and/or nickel in irradiations number 2 and 3. All
such attempts gave results in which the fast neutron product, if present, could not be detected abave the
background radioactivity, even with very long counts. This was not a surprise since the actual number of fast
neutrons above about 2 MeV (the threshold for these fast neutron reactions) was expected to be very small.
The data obtained from the best count (from a nickel foll) was used to calculate a "less than" value, which
showed that there was < 2x10° fast neutrons/cm 2/pass (above the 2.2 MeV threshold for this specific ndclear
reaction). Anactual measurement of the %co radioactivity fromthe 58Ni(n. p)SBCo nuclear reaction on a nickel
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foll irradiated in the NBSR RT-3 facility, when normalized to the 2.2x10° necm™ expected for a single pass in
the D-D EDS, gave a value of 0.001 count/3 hours counting time. Even with 100 pa'sses through the system,
the eXpected 0.1 count/3 hours would be totaily lost in the background of the lowest background counting
system available. ﬂ1us, direct fast neutron measurements using threshold foils are just not possible for either
EDS system unless the entire counting system Is brought to the EDS system so short-lived radloactivities

could be attempted, and possibly could not be measured even then due to absolute sensitivity limitations.

PHASE 3. QQANTITATIVE‘ DETERMINATION OF INDUCED RADIQACTIVITY LEVELS

In order to verify the calculated activity values reported In Phase 1 of this study, actual measured activity levels
were determined in elements exposed to the appropriate neutron fluences. This was accomplished using
two different methods as described below.

Method 1 entailed the cduntlng of induced radioactivity in pure element folls actually passed through the 2520
EDS and the D-D EDS. There are very few elements with both the sensitivity and the appropriate halfiife to
allow such measurements without actually moving an entire germanium detector and counting system to the
airport location where the EDS was located. Three elements (copper, tungsten and gold) were used to
develop this data, and the results are found in Table 9 (25201 EDS) and Tablé 10 (D-D EDS).

In addition, Method 2 was employed. This method utilized the NIST nuclear reactor (NBSR) RT-3 irradiation
facllity, shown in Table 8 to have neutron fluence characteristics very similar to the 252Cf EDS except that the
neutron fluence is abéut 1.3x108‘times higher. A sample of well characterized material (NIST Standard
Reference Material 1633, Coal Fly Ash), which has a large number of known elemental concentrations was
irradiated in RT-3, counted, and the actual induced radioactivities measured were corrected to the 8x10°
necm® fluence expected for one pass through the 252Ct EDS. These results are found in Table 11 for 13
additional elements.

In all cases the actual measured activity levels found corresponded closely to the expected activity levels as
found in Table 1 and shown again in Tables 9 through 11.

Inaddition to the above, one case merited special consideration. In Table 1, for the element bismuth (Z =83),
a special case is noted in a footnote. This concerns the potential problem of the bismuth-210 activation
product decaying to polonium-210, which is an alpha emitter. This would most probably be ignored except
that a common over-the-counter medicine contains large quantities of bismuth. Since alpha particles are
easily stopped by something as thin as a sheet paper, they are usually only of concern when they may be
inhaled (as radon) or Ingested through food or medication.
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It was therefore thought useful to consider the effect of neutron exposure in an EDS to the production of
polonium-210 from bismuth. This was done in two ways: first, a detalled calculation was made following the
production of bismmh¥210. beta decay to polonium-210, and the alpha decay of polonium-210. Second,
several pellets of pure bismuth were irradiated in Irradiation #4, with 100 passes through the 252Cf EDS. This
bismuth was then dissolved and the bismuth/polonium precipitated out, recovered, and counted in an alpha
detection system. -

The results of the above bismuth evaluations indicated that the amount of poldnlum-210 produced In these

EDS systems is minimal. Calculation showed that 100 grams of bismuth passed through a neutron fluence

of 1x10°% necm? would produce a maximurﬁ of 0.0004 decays of polonium-210 per second (d/s).

Measurement of the radiochemically prepared bismuth/polonium sample (blémufh welght = 150.6 mg) which

had been passed 100 times through the 252c¢ EDS gave no alpha counts detected for a 100 minute count,
~ confirming the calculation of minimal production of polonlum-zw.

CONCLUSION

Although thé initlal FAA project was for the evaluation and charécterizatlon of only the 252¢¢ EDS, soon
afterwards it became apparent that for a substantial portion of the prd]ect period anly the D-D system was
available for irradiations. This, coupled with the expressed interest of FAA Inthe characteristics of both system,
fostered the expansion of the project (with no additional funding) to both the 2%2Cf and D-D systems as
described below. |

~ Allthree phases of this project as described in the Introduction have been completed. In Phase 1, calculations
were made for the neutron irradiation of all elements under conditions similar to that found inthe EDS éystems,
and these data are found in Tables 1‘ and 2. InPhase 2, the neutron fluence rates, neutron distributions, and
neutron energy characteristics of both of the EDS systems were systematically evaluated and data recorded
In Tables 3 through 8. In Phase 3,‘ quantitative measurements of induced radioactivity in 16 elements were
made and good agreement with the calculated activities from Table 1 found. These data are found in Tables
9 through 11. |

The combined information found in this report prbvides a comprehensive understanding of the neutron
irradiation characteristics of these two EDS systems, and provides as well the information necessary to
quantitatively evaluate the induced level of radioactivity which would be produced in any specified material
passing through a thermal neutron EDS system.
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Figure 3. Course Seven Group Display of the Unmoderated Fission Neutron Spectra of Uranium-235 and
Californium-262 [1]. (Mote: Energy Groups are: 1) 0-0.25 MeV; 2) 0.25-0.8 MeV; 3) 0.8-1.5 MeV;
4) 1.5-2.3 MeV; 5) 2.3-3.7 MeV; 6) 3.7-8 MeV; and 7) 8-12MeV).

NUREG-1396 18 Appendix D

I

| “‘ “ ! L]



A-1 A-3 A-4
Left Right
Sid  — | —
| e A7 Cu Side

| —
A-8
A-2 A-5 A-6
I —  — | s [
Bottom

Figure 4.  Front View of Container for Irradiation No. 4, Fluence Mapping [Dimensions: 0.406 m (16 in)
high; 0.660 m (26 in) wide; approximately 0.762 m (30 in) long]. (See Table 7 for fluence values).
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Figure 6.  Integral Neutron Fluence Rate for the RT-3 and RT-4 Irradiation Posttions in the NIST Nuclear
Reactor [Note: Unmoderated Fission Spectrum Is that of Uranium-235 (Refernce 7)),
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Table 1.

Calculated Activities from One Pass
in a Neutron Interrogation System

Activity
Target (decays/sec/gram of element)
Activation Product

z Isotope Reaction Product Halflife|Initial|l min decay|l hour decay
1 Hydrogen | none® * * *
2 Helium none * * *
3 Lithium-6 n,a Hydrogen-3 12.35 y| 0.011 0.011 0.011
4 Beryllium-9 n,a Helium-6 0.802 s| 1280 * *
5 Boron none * * *
6 Carbon none * * *
7 Nitrogen-15 n,y Nitrogen-16 7.13 s | 0.0004 * *
7 Nitrogen-14 n,2n  Nitrogen-13 9.96 m | 0.0001 * *
8 Oxygen-18 n,y Oxygen-19 27.1 s | 0.0004 * *
8 Oxygen-18 n,a Carbon-15 2.46 s | 0.001 * *
9 Fluorine-19. n,y Flgorine-ZO 11,0 s 19.7 0.449 *
9 Fluorine-19 n,p Oxygen-19 ‘27.1 s 0.11 0.024 *
9 Fluorine-19 n,a Nitrogen-16 7.13 s 2.32 0.007 *
10 Neon-22 n,y Neon-23 37.6 s 2.43 0.804 *
10 Neon-20 n,p Fluorine-20 11.0 s | 0.013 * *
11 Sodium-23 n,v Sodium-24 15.02 h| 0.180 0.180 0.172
11 Sodium-23 n,p Neon~23 37.6 s | 0.072 0.024 *
11 Sodium-23 n,o Fluorine-20 11,0 s | 0.121 0.003 *
12| Magnesium-26 n,y Magnesium-27 9.45 m | 0.129 0.120 0.002
12| Magnesium-25 n,p Sodium-25 60 s 0.002 0.001 *
12| Magnesium-26 n,p Sodium-26 1.0 s | 0.001 * *

*None greater than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
*Less than 0,001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 1,

Calculated Activitieg from One Pass

e

in a Neutron Interrogation System (Cont.)
Activity
Target (decays/sec/gram of element)
Activation Product

z Isotope Reaction Product Halflife|Initial|l min decay{l hour decay
13| Aluminum-27 | gy Aluminum-28 2,25 m | 27.2 20,0 *
13 Aluminum-27 n,p Magnesium-27 9.45 m | 0,011 0.010 *
14/ Silicon-30 n,y Silicon-31 2,62 h | 0.006 0.006 0.005
14 Silicon-28 n,p Aluminum-28 2.25 m | 0.065 0.048 *
14 Silicon-29 n,p Aluminum-29 | 6.52 m | 0.100 0.090 *
15| Phosphorus-31 n,y Phosphorus-32 14.28 d| 0.002 0.002 0.002
15]  Phosphorus-31 n,p Silicon-31 2,62 h | 0.005 0.005 0.004
15| Phosphorus-31 | p.o Aluninun-28 | 2.25m | 0.019 | ©.014 *
16 Sulfur-36 n,y Sulfur-37 5.06 m | 0,001 0.001 *
16 Sulfur-34 n,p Phosphorus- 34 12.4 s | 0.002 * *
16 Sulfur-36 n,a Silicon-33 6.3 s | 0.001 * *
17 Chlorine-37 n,y Chlorine-38 37.2 m | 0.555 0.545 0.181
17 Chlorine-37 h n,y Chlorine-38m 0.8 s 12.0 * *
17 Chlorine-37 n,a Phosphorus- 34 12,4 s | 0.027 0.001 *
17 Chlorine-35 n,p Sulfur-35 87.2 d | 0.001 0.001 0.001
18 Argon-40 n,y Argon-4] 1.83 h 1.06 1.05 0.726
19] Potassium-41 n,y Potassium-42 12.36 h| 0.024 0.024 0.023
20 Calcium-48 n,y Calcium-49 8.72 m | 0.042 0.039 *
21 Scandium-45 n,y Scandium-46 83.8d | 0.022 0.022 0.002
21 Scandium-45 n,y Scandium-46m 18.7 s 4825 522, * |
22 Titanium-50 n,y Titanium-51 5.76 m | 0,357 6.317 *

*Less than 0,001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 1.
in a Neutron Interrogation System (Cont.)

Calculated Activities from One Pass

Activity
Target (decays/sec/gram of element)
Activation Product

y2 Igotope Reaction Product Halflife|Initial}l min decay{l hour decay

23 Vanadium-51 n,y Vanadium-52 3.755 m| 179. 149, 0.003
23 Vanadium-51 n,p Titanium-51 5.76 m | 0.002 0.002 *

24 Chromium-50 n,v Chromium-51 27.71 d| 0,002 | 0.002 0.002

24|  Chromium-54 n,y Chromium-55 3.56 m | 0.322 0.265 X

24 Chromium-52 n,p Vanadium-52 2,755 m| 0.003 0.002 *

25| Manganese-55 n,y Manganese-56 2.582 h{ 11.1 11.1 8,49

25| Manganese-55 n,p ‘Chromium-55 3.56 m | 0.001 0.001 *

26 Iron none® * * *

27 Cobalt-59 n,y Cobalt-60 5.272 y| 0.002 0.002 0.002

27 .Cobalt-59 n,y Cobalt-60m 10.48 m| 233, 218, 4,40

28 Nickel-64 n,vy Nickel-65 2.520 h| 0.013 0.013 0.010

28 Nickel-58 n,p Cobalt-58m 8.94 h | 0,001 0.001 0.001

28 Nickel-60 n,p Cobalt-60m 10.48 m| 0.00% 0.001 *

29 Copper-63 n,y Copper-64 12.74 h| 0.458 0.458 0.434

29 Copper-65 n,y Copper-066 5.10 m 14.7 12.8 0.004 N

30 Zinc-68 n,y Zinc-69 57 m 0.369 0.365 0.178

30 Zinc-68 n,y Zinc-69m 13,9 h | 0.002 0.002 0.002

30 Zinec-70 n,y Zine-71 2,4 m | 0,028 0.021 *

31 Gallium-69 n,y Gallium-70 21l m 5.43 5.25 0.756

31 Gallium-71 n,y Gallium-72 14,10 h{ 0,259 0.259 0.247

31 Gallium-69 n,a Copper-66 5.10 m | 0,001 0,001 *

®None greater than 0.001 decays/sec/gram of element (<0,001 Becquerel/g)
*Less than 0,001 decays/sec/gram ¢f element (<0.001 Becquerel/g)
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Table 1. Calculated Activities from One Pass
in a Neutron Interrogation System (Cont.)

Activity
Target (decays/sec/gram of element)
Activation Product
Z Isotope Reaction Product Halflife|Initial|l min decay 1 hour decay
32| Germanium-70 n,y Germanium-71 11.2 4 { 0.004 0.004 0.004
32| Germanium-74 n,y Cermanium-75 | 82.8 m | 0,105 0.104 0.064
32] Germanium-74 n,y Germanium-75m 48.9 s 6.38 2.73 *
32 Garmanium-76 n,y Germanium-77 11.30 K} 0,001 0.001 0,001
32| Germanium-76 n,y Germanium-77m 54,3 s 0.871 0.405 *
33 Arsenic-75 n,y Arsenic-76 26.3 h 0.326 0.326 0.318
34 Selenium-76 n,y Selenium-77m 17.5 s 568, 52.8 *
34 Selenium-78 n,y Selenium-79m .89 m 2.15 1.80 *
34 Selenium-80 n,y Selenium-§1 18.5 m 1.33 1.28 0.140
34 Selenium-80 n,vy Selenium-81m 57.3 m | 0.069 0.068 0.033
34 Selenium-82 n,vy Selenium-83 22,5 m | 0,345 0.335 0.054
34 Selenium-82 n,y Selenium-83m 70.0 s | 0,040 0.022 *
34 Selenium-77 n,n’ Selenium-77m 17.5 s 1.63 0.151 *
35 Bromine-79 n,y Bromine-80 17.4 m 29.1 28.0 2.67
35 Bromine-79 n,vy Bromine-80m 4,42 h 0.548 0.547 0.468
35 Bromine-81 n,vy Bromine-82 35.4 h | 0.007 0.007 0.007
35 Bromine-81 n,y Bromine-82m 6.1 m 23.1 20.6 0.025
*Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 1,

in a Neutron Interrogation System (Cont.)

Calculated Activities from One Pass

Activity
Target (decays/sec/gram of element)
: ‘ Activation Product

Z Isotope Reaction Product Halflife|Initial|l min decay|l hour decay
36|  Krypton-78 n,y Krypton-79 34,9 h | 0.001 0,001 0.001
36 Krypton-78 n,y Krypton-79m‘ 50 s 0.074 0.032 *
36 Krypton—BC n,y Krypton-81lm 13.3 s 37.7 1.65 *
36 Krypton-82 n,y Krypton-83m 1.86 h 1.74 1.73 1.20
36 Krypton-84 n,& Krypton-85m 4,48 h [ 0.023 0.023 0.020
36|  Krypton-86 ° n,v Krypton-87 76 m | 0.012 0.012 0.007
37|  Rubidium-85 n,v Rubidiun-86 18.65 d| 0.001 0.001 0.001
37 Rubidium-85 n,y Rubidium-86m 1.018 m| 4.20 2,13 *
37 Rubidium-87 8,7 Rubidium-88 17,7 m | 0.205 0.197 10.020
38| Strontium-84 n,y otrontium-85m 67.7 m | 0.004 0.004 ¢.002
38 Strontium-86 n,y Strontium-87m 2.81 h | 0.044 0.044 0.034
39 Yttrium-89 n,y Yttrium-90 64.0 h | 0,026 0.026 0.026
39 Yttrium-89 n,y Yttrium-90m 3.19 h | 0.416 0.414 0.335
39 Yttrium-89 n,n' Yttrium-89m 15,7 s 3.75 0.265 *
40 Zirconium none * * *
41 Niobium-93 n,y Niobium-94m 6.26 m 3.80 3.40 0.005
42| Molybdenum-92 n,y Molybdenum-93m | 6.85 h | <0.002 <0.002 <0.001
42 Molybdenum-98 n,vy Molybdenum-99 66.02 h| 0,001 0.001 0.001
42| Molybdenum-100 n,y Molybdenum-101 | 14,6 m | 0.135 0.129 0.008
43 Technetium unstable/not found naturally
44| Ruthenium-102 n,y Ruthenium-103 39.6 d | 0.001 0.001 0.001
441  Ruthenium-104 n,y Ruthenium-105 4,44 h | 0.029 0.029 0.025

*Less than 0,001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 1.
in a Neutron Interrogation System (Cont.)

Calculated Activities from One Pass

Activity
Target ‘ (decays/sec/gram of element)
Activation Product
Z Isotope Reaction Product Halflife|Initial|l min decay|l hour decay
45 Rhodium-103 n,y Rhodium-104 42 s 1543, 573. *
45 Rhodium-103 n,y Rhiodium-104m 4,35 m 360, 307. 0‘025
45 Rhodium-103 n,a Technetium-100 16 s 0.397 0.030 *
45 Rhodium-103 n,n’ Rhodium-103m 56 m 0.064 0.063 . 0.030
46| Palladium-106 n,vy Palladium-lO?m 21.3 s | 0.842 0.119 *
46| Palladium-108 n,v Palladium-109 13.46 h| 0.337 0.337 0.320
46| Palladium-108 n,vy Palladium-109m | 4.69 m | 0.912 0.787. *
46 PaLladium-llO n,vy Palladium-111 22m | 0.088 0.085 0.013
46| Palladium-110 n,qy Palladium-111m 5.5 h | 0.001 0.001 0.001
47 Silver-107 n,vy Silver-108‘ 2,41 m 509. 382, *
47 Silver-109 n,vy Silver-110 24.6 s | 8310, 1532, *
48 Cadmium-106 n,y Cadmium-107 6.5 h ‘0.002 0.002 0.002
48 Cadmium-110 n,y Cadmium-111m 48.7 m | 0.022 0.022 0.009
48 Cadmium-114 n,vy Cadmium-liS 53.5 h | 0.002 0.002 0.002
48 Cadmium-116 n,vy Cadmium-117 2.6 h | 0.002 0.002 0.001
48 Cadmium-116 n,y Cadmium-117m 3.4 h | 0.001 0.001 0.001
48 Cadmium-112 n,2n Cadmium-llim 48.7 m | 0.004 0.004 0.002
*49 Indium-113 n,y Indium-114 71.9 s 9.43 5.29 *
49 Indium-113 n,vy Indium-114m 49.51 d| 0.001 0.001 0.001
49 Indium-115 n,vy Indium-116 14.2 s | 1360. 72.7 *
49 Indium-115 n,y Indium-116m 54.2 m 129. 127. 59.9
49 Indium-115 n,y Indium-116m’ 2.16 s | 127000 0.001 *
49 Indium-115 n,n' Indium-115m 4.50 h | 0.004 0.004 0.003

*Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 1. Calculated Activities from One Pass
in a Neutron Interrogation System (Cont.)

Activity
Target ‘ (decays/sec/gram of element)
- Activation Product
Z Isotope Reaction Product Halflife|Initial|l min decay|l hour decay
50 Tin-112 n,vy Tin-113m 20 m 0.018 0.017 0.002
50 Tin-120 n,vy Tin-121 26.8 ﬁ 0.002 0.002° 0.002
50 Tin-122 n,y Tin-123m 40.1 m | 0.012 0.012 0.004
50 Tin-124 n,y Tin-125m 9.2m | 0.109 | 0.101 0.001
51| Antimony-121 n,yi Antimony-122 2.72.d | 0.073 0.073 0.072
51| Antimony-121 ny | Antimony-122m | 4.2 m | 0.708 | 0.600 %
‘51| Antimony-123 n,vy Antimony-124 60.3.4 | 0.003 0.003 0.003
51| Antimony-123 n,y | Antimony-124m | 93 s | 0.842 0.538 *
51| Antimony-123 n,y Antimony-124m’ | 20.3 m | 0.013 0.013 0.002
52 Tellurium-126 n,y Tellurium-127 9.4 h | 0.019 0.019 0.018
52| Tellurium-128 n,y Tellurium-129 70 m 0.057 0.056 0.031
52 Tellurium-130 n,vy Tellurium-131 25.0 m 0.208 0.202 0.039
53|  Todine-127 n,v Todine-128 25.00 m| 20.0 19.5 3.79
54 Xenon-124 n,y Xenon-125 17.0 h | 0.008 0.008 0.008
54 Xenon-124 n,y Xenon-125m 57 s 1.7 0.820 *
54 Xenon-126 n,y Xenon-127m 72 s 0.014 0.008 *
54 Xenon-130 n,vy Xenon-131m 11.99 d| 0.053 0.053 0.053
54 Xenon-132 n,vy Xenon-133 5.29 4 | 0,001 0.001 0.001
54 Xenon-134 n,vy Xenon-135 9.17 h 0.003 0.003 0.003
54 Xenon-134 n,vy Yenon-135m 15.3 m | 0.001 0.001 *
54 Xenon-136 n,vy © Xenon-137 3.84 m | 0.200 0.167 ok

*Less than 0.00I‘decays/SEC/gram of element (<0.001 Becquerel/g)
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. Table 1}

Calculated Activities from One Pass
in a Neutron Interrogation System (Cont.)

i i | \‘ ‘
ok oo ala o \W\“\\% !‘w\\\u\\\w X\T\ \',;\‘\M\i\\ \h\

Activity

‘ Target (decays/sec/gram of element)

P - Activation Product .

Z ‘Isotope Reaction Product Halflife|{Initial|l min decay|l hour decay
55|  Cesium-133 n,v Cesium-134 | 2.06 y | 0.002 | 0.002 ©0.002
55 Cesium-133 n,y Cesium-134m 2.9 h | 0.928 0.924 0.731

56 Barium-130 n,y Barium-131im 14.6 m | 0.009 0.009 0.001

56 Barium-135 n,vy Barium-136m 0.31 s 131, L% *

56 Barium-136 n,y Barium-137m 2.55 m | 0.039 0.030 *

56|  Barium-138 0, Barfun-139 | 83.3 m | 0.155 | 0.154 0.095 |
56| Barium-137 n,n’ Barium-137m 2.55m | 0.500 | 0.085 *

57| Lanthanum-139 n,y Lanthanum-140 40.23 h} 0.190 0.190 0.187

58| Cerium-136 n,y Cerium-137 9.0 h | 0.014 0.014 0.013

58 Cerium-138 n,vy Cerium—l39m 56 s 0.054 0.026 *

- 58 Cerium-140 n,vy Cerium-141 32.51 d] 0.005 0.005 0.005
58 Cerium-142 - n,vy Cerium-143 33.0 h | 0.027 0.027 0.026
59|Praseodymium-141 n,vy Praseodymium-142| 19.16 h| 0.343 0.343 0.331
59| Praseodymium-141 n,vy Praséodymium-142m 14.6 m 13.3 12.7 0.770
59| Praseodymium-141| n,2n Praseodymium-lAO  3,39 m | 0.012 0.010 *
60| Neodymium-146 n,vy Neodymium-147 10.99 d| 0.007 0.007 0.007
60} Neodymium-148 n,y Neodymium-149 1.73 h | 0.073 0.073 0.049
60| Neodymium-150 n,y Neodymium-151 12,4 m | 0.352 0.333 0.034
61 Promethium ° unstable/not found naturally
62| Samarium-152 n,v Samarium-153 | 46.5 h | 1.19 1.19 1.17
62| Samarium-154 n,vy Samarium-155 22.2m 2.81 2.72 0.432

*Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 1.

in a Neutron Interrogation System (Cont.)

Calculated Activities from One Pass

Activity ,
Target . (decays/sec/gram of element)
Activation Product
Z Isotope Reaction Prgduct Halflife(Initial{l min decay(l hour decay
63| Europium-151 n,y Europium-152 | 13.4 y | 0.020 0.020 0.020
63 ‘Europium-lsy n,vy Eurbpidm-lSZm 9.3 h 132, 132, 123,
63 Europium-lf')i n,v Europium-152m' | 96 m | 0.921 0.914 0.597
63| Europium-153 n,y Europium-154 8.5y | 0.002 0.002 0.002
641 Gadolinium-158 n,y Gadolinium-159 | 18.6 h | 0.040 0.040 0.039
64| Gadolinium-160 n,y Gadolinium-161 | 3.7 m | 2.19 1.82 *
65 Terbium-159 n,y Terbium-160 72.3 4 | 0.014 0.014 0.014
66 Dysprosium»156‘ n,vy Dysprosium-157 8.1 h 0.003 0.003 0.003
66| Dysprosium-164 n,vy Dysprosium-165 | 2.35 h 86.2 85.8 64.2
66| Dysprosium-164 n,vy Dysprosium-165m | 1.256 m| 16400 9420 6.81
67 Holmium-165 n,y Holmium-166 26.8 h 1.98 1.98 1.93
68 Erbium-162 n,y Erbium-163 75 m 0.022 0.022. 0.013
68 Erbium-164 n,y Erbium-165 10.36 h| 0.016 0.016 0.015
68 Erbium-166 n,y Erbium-167m 2.27 s | 4790. * *
68 Erbium-168 n,7 Erbium-169 9.3d ] 0.002 0.002 0.002
68 Erbium-170 n,vy Erbium-171 7.5 h { 0.085 0.085 0.077
69 Thulium-169 n,vy Thulium-170 130 4 | 0.030 0.030 0.030
70}  Ytterbium-168 n,y Ytterbium-169 32.02 d| 0.005 0.005 0.005
70| Ytterbium-174 n,vy Ytterbium-175 4,19 4 | 0.139 0.139 0.138
70{ Ytterbium-176 n,y Ytterbium-177 1.9 h | 0.113 0.112 0.078
71| Lutecium-175 n,y Lutecium-176m 3.69 h 4,78 4.77 3.96
71| Lutecium-176 n,y Lutecium-177 6.71 d 0.222 0.222 0.221

*Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 1,

in a Neutron Interrogation System (Cont.)

oo il e

A i .

Calculated Activities from One Pass

S T A B

Activity ‘
Target . '  (decays/sec/gram of element)
Activation Product

Z Isotope Reac;ion‘ Product Halflife|Initial{l min decay|l hour decay
72 Hafnium-177 n,y Hafnium-178m 4.3 s 110, 0.007 %
72 Hafnium-178 n,y ‘Hafnium-179m 18.7 s 2460 2.66 *
72 Hafniumv179 n,y Hafnjium-180m 5.5 h } 0.007 0.007 0.006
72 Hafnium-180 n,y ‘Hafniﬁm-181 42.4 4 | 0,003 0.003 0.003
73 Tantalum—lBi n,y Tantglum-182 115 d | 0.008 0.008 0.008
73 Tantalum-181 n,y Tantalum-182m 15.9 m | 0.038 0.036 0.003
741  Tungsten-184 n,y Tungsten-185m 1.64 m | 0.014 0.009 *
74| Tungsten-186 n,y Tungsten-187 23.9 h | 0.347 0.347 0.337
75 Rhenium-185 n,y Rhenium-186 90.6 h | 0.362 0.362 0.359
75 Rhenium-187 n,y Rhenium-188 16.7 h 1.85 1.85 1.77
75 Rhenium-187 n,vy Rhenium-188m 18.6 m 2.18 2.10 0.233
76 Osmium-190 n,vy Osimium-191 15.3 4 | 0.002 0.002 0.002
76 Osmium-190 0,y Osmium-191m 13.0 0.11¢ 0.119 0.113
76 Osmium-192 n,y Osimium-193 30.2 h | 0.017 0.017 0.017
77 Iridium-191 n,y Iridium-192 74.3 4 | 0,090 0.090 0.090
77 Iridiuﬁ—l91 n,vy Iridium-192m 1.4 m 3120 1900 *
77 Iridium-193 n,y Iridium-194 19.38 hy 2.73 2.73 2.63
78| Platinum-196 n,y Platinum-197 18.3 h | 0.006 0.006 0.006
781 Platinum-196 n,vy Platinum-197m 81 m 0.007 0.007 0.004
78{ Platinum-198 n,y Platinum-199 30.8 m | 0.389 0.380 0.101
78 Platinum-198 n,vy ;Platinum-199m 14,1 s | 0.383 0.020 *
79 Gold-197 o, Gold-198 2.695 df 1.18 1.18 1.17
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Table 1,

in a Neutron Interrogation System (Cont.)

Calculated Activities from One Pass

Activity
Target (decays/sec/gram of element)
Activation Product -

Z Isotope Reaction| Product Halflife|Initial|l min decay|l hour decay
80 Mercury-196 n,y Mercufy~197 64.1 a4 | 0.042 0.042 0.042
80| Mercury-196 n,q Mercury-197m | 23.8 h | 0.004 0.004 0.004
80 Mercury-198 n,y Mercury-199m 42.6 m | 0.004 0.004 0.002
80| Mercury-202 n,v Mercury-203 | 46.60 d| 0.001 | 0.001 0.001
80 Mercury-204 n,y Mercury-205 5.2m | 0.203 0.178 *
81| Thallium-205 n,y Thallium-206 4,2 m | 0,651 0.552 *
82 Leéd none® * * *
83 ' Bismuth noneP * * *
84 Polonium " unstable/not found naturally
85 Astatine "unstable/not found naturally
86 Radon unstable/not found naturally
87 Francium unstable/not found naturally
88 “Radium unstable/not found naturally
89 Actinium unstable/not found naturally
90 Thorium-232 n,y Thorium-233 22.2 n 11.9 11.5 1.83
91f Protactinium unstable/not found naturally
92 Uranium-238 n,y . Uranjium-239 23.5 m 10.1 9.81 1.72

*None greater than 0.001 decays/sec/gram of element
*Less than 0,001 decays/sec/gram of element (<0.001

B
bThe special case of 2°9Bi (n,y) 210Bi --+ 210pg {g

Appendix D

(<0.001 Becquerel/g)
Becquerel/g)

discussed in the text under Phase 3.
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Table 2.

"% R

Vel

v i

the Highest Activities as Defined in the Text®

e s Ml" T

Listing of Calculated Activities from Table 1 Having

Activity
Target (decays/sec/gram of element)
- Activation Product ‘

Z Isotope Product Halflife{Initial|l min decay|{l hour decay
4 | Beryllium-9 Helium-6 0.802 s| 1280 * *
13 ‘Aluminum~27 Alumipum~28 2.25 m 27.2 20.0 *
21|  Scandium-45 Scandium-46m | 18.7 s | 4825 522 *
23 Vanadium-51 Vanadium-52 3.76 m 179 149 0.003
25] Manganese-55 Manganese-56 2.58 h 11.1 111 8.49
27 Cobalt-59 Cobalt-60m 10.48 m| 233 218 4.40
29 Copper-65 Copper-66 5.10 m 14.7 12.8 0.004
34 Selenium-76 Selenium~77m 17.5 s 568 52.8 *
35 Bromine-79 Bromine-80 17.4 m 29.1 28.0 2.67
35 Bromine-81 Bromine-82m 6.1 m 23.1 20.6 0.025
45 Rhodium-103 Rhodium-104 42 s 1543 573 *
45 Rhodium-103 Rhodium-104m 4.35 m 360 307 0.025
47 Silver-107 Silver-108 2.4l m 509 382 *
47 Silver-109 Silver-110 24.6 s 8310 1532 *
49|  Indium-115 Indium-116 | 14.2 s | 1360 72.7 *
49 Indium-115 Indium-116m 54.2 m 129 127 59.9
49 Indium-115 - Indium-116m’ 2.16 s 127000 0.001 ‘*
53 Todine-127 Iodine-128 25.0 m 20.0 19.5 3:79
56 Barium-135 Barium-136m 0.31 s 131 * *
59|Praseodymium-141|Praseodymium-142m| 14.6 m 13.3 12.7 0.770

®For Initial Activity, >100 dps/g; for 1 minute decay, >10 dps/g; for 1 hour

decay,

>1 dps/g.

*Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 2. Listing of Calculated Activities from Teble 1 Having
the Highest Activities as Defined in the Text® (Cont.)

Activity
Target : (decays/sec/gram of element)
Activation Product

Z Isotope Product Halflife|Initial|l min decay|l hour decay

62 Samarium-152 Samarium-153 46.5 h | 1.19 1,19 1.17

63| Europium-151 Europium-lSZm 9.3 h 132 132 123

66| Dysprosium-164 Dysprosium-165 | 2.35 h 86.2 85.8 64,2

66| Dysprosium-164 | Dysprosium-165m | 1.26 m | 16400 9420 6.81

67 Holmium-165 Holmium-166 26,8 h 1.98 1.98 1.93

68| Erbium-166 Erbium-167m | 2.27 s | 4790 " *

71| Lutecium-175 Lutecium-176m 3.69 h 4.78 4.77 3.96

72 Hafnium-177 Hafnium-178m 4.3 s 110 10.007 *

72 Hafnium-178 Hafnium-179m 18.7 s 2460 2,66 *

75 Rhenium-187 Rhenium-188 16.7 h 1.85 1.85 1.77
77| Iridium-191 Iridium-192m | 1.4 m | 3120 1900 *

77| Tridium-193 Iridiun-194 | 19.38 h| 2.73 2.73 2.63

79 Gold-197 Gold-198 2.695 d| 1.18 1.18 1.17

90 Thorium-232 Thorium-233 22.2 m 11.9 11.5 1.83

92 Uranium-238 Uranium-239 23.5 m 10.1 9.81 1.72

2For Initial Activity, >100 dps/g; for 1 minute decay, >10 dps/g; for 1 hour
decay, >1 dps/g.
*Less than 0,001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 3. Nautron Fluence Results from lrradlation

No. 1 (*%%cH)
Activation Foll Gamma Ray Neutron Fluence
Element ‘Product Welght (g)  Energy (kev)  per pass (n/cm?)®
Gold 1988y 07502 411 75% 10°
Tungsten 187y 2.9598 479 76%10°

8Actual fluence values recalculated from first report using redetermined absolute efficlency values and using
the procedure from ASTM Standard Method E262 for gold. This procedure could only be used after the
gold-cadmium ratlos had been measured. See text under Irradiation #4

Table 4, Neutron Fluence Results from Irradlation

No. 2 (D-D Generator)

Activation Foll Gamma Ray Neutron Fluence
Element Product Weight (5)  Energy (kev) per pass (n/cm?)®
Copper Sy 9.294 511 3.0x 10°
8cu 9.294 511 29x10%
Gold 1%8Au 0.7653 a1 2.7x10°
Tungsten 187w 3.332 1497 3.4x 105

8Actual fluence values recalculated from first report using redetermined absolute efficlency values and using
the procedure from ASTM Standard Method E262 for gold. This procedure could only be used after the
gold-cadmium ratlos had been measured. See text under rradiation #4.

BThis value calculated for a continuous 4 hour Irradlation at lower fluence Instead of a single higher fluence
irradlation (See text),
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Element
Gold
Copper

Tungsten

Element

Table 5, Neutron Fluence Results from {rradiation

No. 3 (D-D Generator)

Activation Foll Gamma Ray Neutron Fiuence
Product Welght (g)  Energy (kev)  per pass (n/om?)®
ey 0.7503 41 1.9x10°
84cu 11.14 511 2.7x10°
187w 3.331 479 2,0x10°

Table 6. Neutron Fluence Results from Irradlation

Gold

Copper

No. 4 (35%CH)
Activation Foll Gamma Ray Neutron Fluence
Product Welght ()  Energy (kev)  per pass (n/cm?)®
%Ay 0.3148 411 7.9x 105
®4cu 7.417 511

1<
e o]

7.7x10°
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Foll 1.D,

B

A1
A-2
A-3
A7
A5
A4
A-8
A-6

Position In Contalner®

4See Figure 4 for diagram of poslﬂons in container,

Top/Left
Bottom/Left

Top/Middle

- Middle/Middle

Bottom/Middle®
Top/Right
Lower Middle/Right

Bottom/Right

Relative Measure Fluence
Fluence per passs (n/cm?)
0.87 6.9 x 10°
0.86 6.8 x 10°
1,13 8.9x 10°
1.00 7.9x10°
131 10.3x 105
0.89 7.0x 105
0.85 6.7x 10°
0.85 6.7 x10°
Average 7.6 x 10° (£17%)°
Range 6.7 x 10%t0 10.3x 10°

Table 7. Neutron Flusnoe vs. Posltion in 252Cf EDS Using Gold Folls

PThis folld had moved somewhat by the time It was received back at NIST. Exact position during lrradlation
sequence Is thus unknown, but fluence value Is conslstent with the position given here and shown In Figure

4,

°Uncertalnty value shown Is the 1a standard deviatlon of all elght folls.
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Table 8.

Irradlation Facllity

D-D EDS (Irrad. #3)
2521 EDS (Irrad. #4)

NBSR RT-3
NBSR RT-1
NBSR RT-4

Resuilts from Cadmitum Ratlo Measurements

Previously Measured Cadmlum
Ratlos (Ref. 7)*

Gold-Cadmium Hatlos

(This Study) Gold  Copper Cobalt
5.0
8.3
9.2 10.3 65 42
18.3 S
82.7 87 540 390

4See text about using caution In comparing different foll element cadmium ratlos and even measurements for
the same element such as gold when small differences In thickness can produce significant differences In
neutron self-shlelding factors,
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Table 9,

Comparison of Calculated and Measured Radiocactivities
from One Pass in the 232(¢f EDS
[Irradiations No, 1 (Tungsten) and No. 4 (Gold and Copper)]

Measured Activity

Target Calculated®
Activation | Product |Initial Activity|Initial Activity
Z Isotope Product Halflife (d/g/s) (d/s/g) Gamma Ray
29 Copper-63 Copper-64 | 12,74 h 0.458 0.374 511 keV
741 Tungsten-186 [Tungsten-187{ 23.9 h 0.347 0,217 479 keV
79 Gold-197 Gold-198 2.695 d 1.18 1.08 411 kev

“Calculated Initial Activity is that fourd in Table 1 of this report, calculated for the

conditions described (thermal fluence

=

1 x 10% n.cm? per pass).

that the 2%2Cf EDS puts out about 0.8 of this fluence/pass.]

[Note from Table 6

Table 10. Comparison of Calculated and Measured Radiocactivities
One Pass in the D-D EDS (Irradiatica No., 3]
Measured Activity
Target Calculated®

Actlvation | Product |[Initial Activity|Initlal Activity
Z Isotope Product Halflife (d/g/s) (d/s/g) Gamma Ray
29 Copper-63 Copper-64 | 12,74 h 0.458 0.127 511 keV
741 Tungsten-186 |[Tungsten-187( 23.9 h 0.347 0.077 479 keV
79 Gold-197 Gold-198 2,695 d 1.18 0.342 411 keV

®Calculated Initial Activity is that found in Table 1 of this report, calculated for the

conditions described (thermal fluence

1 x 10% n.cm? per pass).

that the D-D EDS actually puts out only about % of this fluence/pass.)

38
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Table 11, Comparison of Calculated and Measured Radicactivities

from One Pass in a Simulated EDS

Measured Activity®
Target Calculated®
Activation | Product |Initial Activity|Initial Activity
yA lsotope Product Halflife (d/g/s) (d/s/g) Gamma Ray
24 Chromium-50 Chromium-51| 27.71 d - 0.002 0.003 320 keV
26 Iron-58 Iron-59 44,50 d <0.001° 0.0001 1099 keV
27 Gobait—SQ Cobalt-60 | 5,272 y 0.002 0.002 1332 keV
30 Zinc-64 Zinc-65 243.9 d <0.001 0.000L 1115 keV
37 Rubidium-85 Rubidium-86| 18.65 d 0.001 0.001 1076 keV
38 Strontium-&&l Strontium-85| 64.84 d <0.001 0.00004 514 keV
51| Antimony-123 |Antimony-124| 60.3 d 0.003 0.002 1691 keV
55 Cesium-133 Cesium-134 2,06 y 0.002 0.002 796 keV
56 Barium-130 Barium-131 11.8 d <0.001 0.00004 496 keV
63|  Europium-151 Europium-152 13.4 y 0.020 0.018 64 keV
63| Europium-151 Europium-152 13.4 y 0.020 0.017 1408 keV
65 Terbium-159 Terbium-160 72.3 d 0.014 0.011 879 keV '
72 Hafnium-180 Hafnium-181] 42.39 d 0.003 0.003 482 keV
73] Tantalum-181 |Tantalum-182] 114.5 d 0.008 0.007 1221 keV

®Calculated Initial Activity is that found
conditions described (thermal fluence = 1 x 10° n-cm* per pass).
YIn this Table, the measured activity was obtained using the NBSR RT-3 irradiation
facility at NIST, which was shown to be very similar to the ?32Cf EDS facility (see
The counting data this obtained was corrected to the experimentally determined
252¢cf EDS fluence of 8 x 10° n-cm per pass,
°Isotopes having calculated initial activities of less than 0.001 decays/gram/second
were not included in Table 1, as specified in the text.

text).
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