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Abstract

This document is an environmental assessment of a sys-
tem designed to detect the presence of explosives in
checked airline baggage or cargo. The system is meant to
be instalied at the concourse or lobby ticketing areas of
U.S. commercial airports and uses a sealed radioactive
source of californium-252 to irradiate baggage items.
The major impact of the use of this system arises from

m

direct exposure of the public to scattered or leakage ra-
diation from the source and to induced radioactivity in

e items. Under normal operation and the most
likely acciden' scenanios, the environmental impacts that
would be created by the proposed licensing action would
not be significant.
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1 INTRODUCTION

1.1 Background

The Federal Aviation Administration (FAA) became in-
volved in 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-
promising, none of the early efforts yielded satis-
results.

As a result of a rash of hijacking incidents in the early
1970s, Congress recognized the need to increase the over-
all security 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 security. In the late 1970s and 1980s, FAA
sponsored several programs to develop and demonstrate
& prototype explosive detection system using thermal
neutron activation (TNA) analysis. The initial attempts at
developing protoiype systems showed that explosive de-
tection using TNA analysis was technically feasible, but
scanning times were 100 long for practical applications.

In September 1985, FAA awarded Science Applications
International Corporation (SAIC) a contract to develop a
second-generation, improved TNA explosive detection
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. Totest the explosive detection capabilities of these
models, simulated explosives whose elemental composi-
tion and shape and, therefore, system response were simi-
lar 1o those of actual explosives specified by FAA were
used. These simulated explosives have been validated by
tests in the laboratory by comparing them with actual
explosives (SAIC, 1988). Tests of the latest production
maodel, EDS-3, showed that the system could clear all but
310 § 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 ef-
fects of installing and operating the protoiype TNA sys-
tem (Model EDS-2) at the ramp level of an airport. This
included assessing 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 exposure resulting from mal-
functions of the TNA system, and several types of plausi-
ble accidents. In February 1989, the NRC issued a license
10 FAA 10 use the prototype on the ramp level of interna-

tional airports. SAIC developed Mode! EDS-2, which
was originally designed as a one-of-a-kind prot

into the current production system (Model 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-
niurn-252 (Cf-252) and only one-quarter the radiation
shiclding 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 Action

By letter dated August 22, 1989, FAA (the licensee) sub-
mitted a proposed amendment to its existing NRC Li-
cense No. 29-13141-08 to operate a TNA explosive de-
tection system for routine screening of checked baggage
in the lobby or concourse arcas of international airports.
For concourse installations, additional shielding is added
onto the sides of the EDS-3 near the source, underneath
the outer panels (see Section 3.1). This new TNA system
has been designated as EDS-3C and has been issued
Certificate of Registration CA-590-1)-118-S (Californ.a
Department of Health Services, 1990). It is estimated that
these systems (or their equivalent) will be installed at
more than 200 major airports in the next § years and will
be used to screen luggage on international flights (LS.
Department of Transportation, 1989). The term “con-
course area” refers to the area that is used in conjunction
with passenger ticketing and baggage check-in operations
and is usually located in the main terminal area. The
proposed action involves the following:

(1) Maodification of existing concourse areas (or con-
struction of new ones) to allow installation of an
EDS-3C. If existing concourse space is insuflicient,
this could include additional construction of struc-
tural supports or the rebuilding of the ticketing
areas for operation of the system.

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

Since most systems will be placed in existing airport facili-

ties, cach site will differ in terms of site-specific consid-

erations, such as distances from the ticket counters to the

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

waiting time for tickets and boarding passes,
m t:ac. For this assessment, actual desi
and construction information from six international atr-
rauinlhh country was used to create a “model airport”
or calculating radiation dose and estimating the effect of
possible accident scenarios.

1.3 Previous Environmental
Assessments and Supporting
Documents

Several environmental documents have been prepared
that are specific for the previous FAA license application
for SAIC Models EDS-2 and EDS-3. FAA submitted an
environmental report in support of the first prototype
device in February 1988 and a revised report for public
release in June 1988, in September 1988, Idahe National

NUREG- 1366
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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 In-
spection” (INEL, 1988). On 15, 1989, the NRC
staff published a Finding of No Significant Impact in the
Federal Register (54 FR 33636), which provided the evalu-
ation and summary of the environmental effects of

the EDS-3 at the ramp levels of a (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 in re.
sponse 10 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 1 Public
Document Room, 475 Allendale Road, King of Prussia,
Pennsylvania 19406.



2 NEED FOR THE PROPOSED ACTION

The need for improved baggage security persisis. Since
1985, more than 425 lives have been lost, several aircralt
have been destroyed, and international commerce has
been disrupted. The nature of the security threat today is
far different from (and far more dangerous than) that in
the carly 1970s when screening of passengers and luggage
first began. Previously, the primary threat was hijacking
Currently, it is sabotage by international terrorists seek-
ing to influence the behavior of gpovernments through acts
of violence against commercial aviation (U.S. House of
Representatives, 1989)

Although the first six TNA systems are owned and oper-
ated by FAA, the subsequent widespread use of these
systems would be by the airline carriers rather than FAA
On September §, 1989, FAA published a final rule that
would require, by amendment under Section 108.25 of
Title 14 of the Code of Federal Regulations (14 CFR), that
cach airline carrier use an explosive detection system that
has been approved by the FAA Administrator 10 screen
checked baggage on international flights (see U.S. De-
partment of Transportation, 1989). So far, the only explo-
sive detection systems that have been approved are S¢i-
ence Applications International Corporation (SAIC)
Models EDS-3 and EDS-3C. Once this rule is enforced,
an estimated 200 to 400 TNA systems will have to be
licensed in both this country and abroad. FAA, in its
continuing program to collcet operating 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«an pre

counter, (2) in front of the check-in counter, (3) at a

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

Even though the EDS-3 is curret v, licensed for use at
the ramp level of airports where bag jage 18 sorted for
loading aboard planes and has been shown 10 have a high
sensitivity for detecting explosives 2 baggage, there has
bzen some difficulty in resolving false positive ("nui
sance” or “false”) alarms on a small percentage of all bags
inspected. These alarms are presumed L0 be real until
they are proven 1o be false. Various methods are used for
resolving the problem of false alarms, but the method
currently used is 1o open and hand search the bag, which
(under I'AA regulations) must be done in the presence of
the passenger. At John F. Kennedy (JFK) International
Airport, where the EDS-3 has been in operation since
September 1989, the only way 1o do this is by paging and
locating the passenger in the terminal, having the passen
ger come 10 the TNA area, and hand inspecting the lug
gage in question. AUJFK Airport, it :as taken up to 1 hout
10 locate a passenger and resolve the alarm problem. At
many proposed airport sites, the only practical way 1o
screen lugpage for explosives is 10 locate the system 0
that it is near the area where the baggage is checked in (at
the concourse evel) so that the passenger 1s immediately
available to give his or her consent to open bags that cause
an alarm. This environmental assessment addresses the
expected environmental effects associated with the pro
posed operation of and the construction that might be
necessary 1or SAIC Model EDS-3C at concourse loca
tions of international airports in the United States




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
1 loaded onto a conveyor, § OVEr ONe SOUrce contain-
ing 150 ug (80 mCi) of californium-252 (Cf-252), and then
leaves the system at the opposite end. The Cf-252 doubly
encapsulated sealed source is located inside a moderated
assembly containing heavy-metal panels to shield against
the direct gamma rays from the source. The principle of
operation is based on the property of nuclei of elements
in baggage absorbing the moderated neutrons and emit-
ting gamma rays with energies characteristic of a partico-
lar element, such as nitrogen. which is a major constituent
of all common explosives. By using many detectors and
acquiring data in short tinie 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 maternials like wool or
silk.

Figure 3.7 shows the EDS-3C completely assembled with
the exterior panels. The mechanical structure is made of
aluminum channels and beams welded together, with a
welded-on outer shell of 5-mm (3/16-in.) aluminum. Alu-
minum was chosen because ol iis low interaction rate with
neutrons and therefore minor production of activation
pamma rays, as compared with other choices such as steel.
The structure is filled with moderators of low atomic
number (mainly paraffin 'saded with boric acid) and is

Radiation Shielding

{

C1.262 Source

Radiation Shielding

then cast into place. Sheet metal panels, not shown on the
section drawings, cover the entire sysiem for cosmetic

purposes.

The TNA system consists of three major pieces of equip-
ment: the diverter, the XENIS (x ray enhanced neutron
inspection system), and the EDS-3C. The EDS-3C is the
only piece that is 100 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 m? (438 fi2).

The TNA system consists of three modular sections with a
pross weight of 12,700 kg (28,000 1b) to facilitate transpor-
tation. The end sections 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 weighs
7,260 kg (16,000 1b), is supported on eight iegs, 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 each installation site before the
source is inserted. Figure 3.4 shows the dimensions of
Model EDS-3C. For concourse installations, additional
shielding is added on the sides of the system near the
source, underneath the outer panels (Figure 3.5). This
model (EDS-3C) has additional shielding consisting of
plates of lead [0.64-cm (1/4-in.) thick] and polyethylene
[approximately 2.5-cm (1-in.) thick]. These plates occupy
hollow spaces in the outer panels, which are made of

i

msuwy/

SN

Modorating Assembly

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

i

- —

Retracted Source Position \
Pb Gamma Shislding

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

Figure 3.3 Perspective view of EDS-3(
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3 Model EDS-3C
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Figure 3.4 Dimensions of EDS-3C
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Figure 3.5 Schematic for additional shielding for EDS-3(
Shaded arcas show location of added shielding
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3 Model EDS-3C

14-gauge steel. This shielding significantly reduces the
exterior dose rate. Downward shielding has also been
added in the moderaung assembly. The spaces above and
below the ends of the baggage cavity contain 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
cach end of the system attenuate the radiation emitted
from either end of the EDS-3C (see Figure 3.1). The end
panclsare 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 be pushed up casily by the baggage. If
the spring mechanism were to fail, it would fall in the
closed position because of the weight of the panels. Indi-
vidual position senscrs for each panel are coupled to an
indicator light on the main panel 1o show that the doors
are closing when there is no baggage.

3.2 Properties of Californium-252

Californium-252 (Cf-252) decays by both alpha emission
and spontancous [ission and has an effective half-life of
2.646 years. The dominant decay mechamsm is aipha
decay, and the alpha emission rate is about 32 times that
for spontancous lission. A 1-ug sample of Cf-252 will emit
1.97x107 alpha particles and undergo 6.14x10° spontane-
ous fissions per second (Knoll, 1979). The neutron energy
spectrum peaks at about 1.0 megaelectronvolt (MeV),
although a significart ;,umber of neutrons have energies
as high as 8 o 10 MeV. Cf-252 emits 2.34x10'2 neutrons
per secon’, per gram and 1.3x10'3 photons per second per
f‘nm of naterial, exclusive of internal conversion x rays.

0 beta r.diation has been reperted from the decay proc-
ess. The bew radiation associated with the equilibrium
fission products during spontancous fission is easily ab-
sorbed and does not contribute significantly to dose rates
(E.L du Pont de Nemours and Company, 1971).

The neutron fluence rate at 1 m (3.3 1) for 1 gof Cf-252 1s
1.9x107 neutrons/ cm?-s, the absorbed dose rate in tissue
15 2.84 grays (Gy)/hr (284 rad/hr), and the dose equivalent
1§ 24 sieverts (Sv)/hr (2400 rem/hr).

For the EDS-3C, a 150-ug doubly encapsulated, sealed
neutron source (Frontier Technology Model 100 series or
Amersham Model CVN.CY6) is used (California Depart-
ment of Health Services, 1989). The source is n.echani-
cally attached to the end of a Teleflex cable and is held by
a locking compound. The cable is approximately § mm
(3715 in.) in diameter, and the source adapter is 9 mm

(3/8 in.) in diameter. The source can be withdrawn manu-
ally to a retracted position, which lowers radiation levels
in the baggage cavity to allow routing in-cavity mainte-
nance or to release a baggage jam.

NUREG-1396

3.3 Safety Features

The following safety features have been i ted in
the concourse version of the EDS-3 (i.e., EDS-3C):

®  The outer shield 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 Goors, an alarm is
sounded.

® In case of a baggage jam, the source can be with-
drawn man Jally Lo a retracted position, allowing re-
trieval of luggage stuck in the cavity while the radia-
tion fields are lower.

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

® A tamper-indicating seal is used (see Figure 3.6) to
show if tampering has been attempted.

® A baggage activation monitor checks all baggage
passing through the TNA system for excessive radia-
tion levels. This monitor is equipped with both audi-
ble and visible indicators. The sensitivity is adjusted
1o a level that will ensure that any bag that has a sur-
face dose rate of more than § uSv/hr (0.5 mrem/hr)
will trigger the monitor.

® A permanent “Radioactive Material™ sign with iso-
tope identification and dated source strength is lo-
cated at the locked panels that cover the source
cable.

®  (Caution signs indicating & high-radiation arca are
placed at the entrance and exit of the system. A
“Caution —Radioactive Materials” sign is placed on
top of the system.

®  Additional shielding barriers are used in any instal-
lation where the public might otherwise be exposed
to the radiation field from the exit and entrance of
the TNA system.

®  Asign will be prominently displayed informing pas-
sengers that their luggage will be screened with a
new type of detection system Lo detect the presence
of plastic explosives. Passengers wiil be advised to

re - needed items from their luggage before
I - screening. Passengers will not have access
o ige contents once the luggage has gone

througn the EDS-3C and has been banded with
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Figure 3.6 Tamper-indicatin r seal.
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tamper-resistant security tape. In addition, hand-
outs will be available for those members of the pub-
lic who reguest more information.

In addition, several internal safety features have been
added:

®  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

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

A special shielded cask designed to reduce external
radiation fields during transfer is used to move the
source 10 or from the EDS-3C.

Environmental monitors are used 1o moenitor 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 1§
proposed to be installed at or near the ticket counter of an
international airline, or at a terminal's curbside check-in
arca. For each of the scenarios, an airline baggage han-
dler will feed the baggage inio the system. As each bag
leaves the system, the computer will identify each bag
with & “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 10 a secure arca 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 ramp installation, as
explained earlier, there is no convenient way 10 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 o 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 nev-
tron inspection system). The TNA system consists of a
standard commercial baggage and cargo inspection sys-
tem coupled 10 an image processing computer. X ray
image information is combined with the nitrogen distribu-
tion image information from the EDS-3C in a separate
computer, which correlates the information so that a deci-
sion can be made regarding the presence or absence of a
bomb (SAIC, 1989). This combination of technology has
cut the false-positive rate in approximately hall 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 passengers
whose bags must be opened. The use of XENIS adds
about $150,000 1o the total cost of the installation, as well
as requires additional space

The following four locations for lobby installations are
evaluated in this assessment

(1) Rehind the check-in counter

(2) In front of the check-in countetr

(3) Pre-check-in area

(4) Curbside area
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4 Environmental Intenaces

4.1.1 Behind the Check-In Counter

In this scenario, the TNA system would be placed behind
the counter (probably behind airline personne!) where
the passengers check their baggage and get their airline
tickets. Figure 4.2 shows one proposed setup for United
Airlines at San Francisco Inte: national Airport. While
the passenger's passport, ticket, and seat 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 als “ned, the passenger
would be asked 10 step 1o the end or 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 £ minutes per person
at the counter, one 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 September 1989, Passengers
would still not be permitted to be next to the machine, but
would, however, be able to view the EDS-3C from the
ticket counter,

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
TN - airline attendant who would iton the conveyor
belt entering the TNA system. The passengers would
then wait in line at the check-in counter, check 1o make
sure that their bags had the TNA check, and be
issued boarding passes. If a piece of luggage did not clear
the TNA system, the passenger would be available to
witness a hand inspection at a nearby inspection counter.

Members of the public could stand imrmediately next to
the TNA system unless a barrier was erect=d, 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 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 the TNA system to screen

LR sanm

Figure 4.2 Behind the check-in counter—proposed setup for United Airlines at
San Francisco International Airport (e indicates location of an agent)
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Figure 4.3 In front of Laeck-in counter

lugpage. 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 near 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 security 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
cecked in for delivery to the aircraft.

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

13

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

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

Several 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 to the potentially radioactive contents for & time
depending on the scheduled departure. If a flight was
cancelicd alter a passenger's luggage was scaaned by a
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Figure 4.4 Pre-check-in area

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 wiere
curbside check-in for domestic flights 1s now permitted.
Because the TNA system could be located in an arca that
would not be sheltered from the elements, it would have
1o be enclosed within a small building (as is currently
down with the EDS-3 at JEK International Airport). In
addition, this enclosure would have to be protected from
vehicular traffic in the area adjacent to the system. Figure
4.5 tllustrates the type of bar’ ind setup that would be
required for this option. Vehicie barriers and Jersey walls
(concrete median barriers) similar to those used in high-
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way construction would be used in these nstallations
(Figure 4.6). The passengers wculd still hand their lug-
gage to an airline baggage handler (“sky-cap™), wait for
the clear signal from the TNA computer, and then receive
their claim checks after the luggage left the system. In
case of an alarmed bag, the passenger would be available
to witness a hand inspection, if necessary.

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

The TNA system is affected by temperature and humidity
in much the same way as any other electronic equipment
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 damage of the detector or temporary malfunction
of the com'Putcr 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 elements. As in 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 ali
those who are not workers as defined abov . This includes
all passengers and those members of the general public

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

The population density in the vicinity of the EDS-3C at
concourse installatiuns of airports will vary with location.
However, the number of passenrers whose baggage is
screened by conventional x ray equipment is known. T* ¢
following list shows the number of people screened annu-
ally at eight major international airports in the United
States (see SAIC, 1988):

Airpurt People screened
San Francisco 22.6 million
JFK 14.9 million
Los Angeles 89.7 million
Chicago-O'Hare 69.8 million
Miami 12.7 million
Detroit 31.3 million
Dallas-Ft. Worth 70.4 million
Dulles 6.6 million
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Barrier system 10 be two phased. Phase one would consist of a
deflecting shield such as is used to separae opposed lanes of

- A

traffic

Phase two would be fluid-filled, collapsible barrels such as are
used 1o absorb the impact of a motor vehicle. Both these sys-
tems are currently in common use on California highways.

Figure 4.6 Barrier system to protect TNA operating
personnel, passengers, and others from intrusion
by motorized vehicles

The number of domestic and international { assengers
enplaning in the United States during the yee = 1985

through 1987 has continued to increase, as she' -~ oelow
(U.S. Bureau of the Census, 1989):
Number in millions
Percent
Passengers 1985 1986 1987 increase
Domestic 57 394 416 14.2
International 25 25 31 19.4

If these 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
passengers departing by the number of large airport
“hubs.” A large hub is one at which at least 1 percent of
the total revenue passengers using all services and all
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operations of U.S, certified route air carriers enplane
(U.S. Bureau of the Census, 1989). From 1987 statistics,
we can estimate the number of passengers in an average
airport to be:

448,913,700 departing passengers
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.

= 16,032,600 passengers/yr

4.3 Source Transport

‘The average distance from the supplier of Cf-252 sources
(iocated in Ohio) Lo various airport locations is approxi-
mately 1900 km (1200 mi). Because Cf-252 has an effec-
tive half-life of 2.646 years, periadic replacement of the
source i1s necessary to maintain the decired neutren



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-2C would be ex-
pected on local and interstate highways each year. Since
local roadways going to and from each airport are cur-
rently heavily traveled by cargo and industrial traffic, an
additional truck shipment per year due to EDS-3C 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 enticipated for each sys-
tem. Estimates of transportation accidents involving ship-
ments of radioactive material are discussed in Section 6.

4 Environmental Interfaces

4.4 Seismology

Several of the airports that would be slated for a TNA
system are located in earthquake arcas. The most likely
effect of an earthquake on the EDS-3C would be the
shifting of the three major sections of the TNA system
slightly apart, which could result in gaps in the system's
shielding. To prevent this, each joint is tied together by
four joining plates attached by six large bolts. A TNA
systen was assembled and operating at SAIC’s Santa
Clara, Califormia, facility during the October 17, 1989,
Loma Pricta earthquake, which measured 7.1 on the
Richter scale. No effecis on the TNA system were ob-
served, and the integrity of the source was maintained.

NUREG-1396



5.1 Methodology
| 5.1.1

'tne NRC promulgates regulations and establishes stan-
dards for protection against radiation arising out of activi-
ties conducted under licenses issued by the Commission.
These requirements as set forth in Title 10 of the Code of
Federal Regulations {10 CFR), Part 20, state:

Regulations and Dose Criteria

Persons engaged in  (licensed] activi-
ties...should, in addition to complying with
the requirements set forth in this part,
make every reasonable effort to maintain
; radiation exposures, and releases of radio-
‘ active effiuents to unrestricted areas, as low
i as is reasonably achievable. The term “as
low as is reasonably achievable” means as
low as is reasonably achievable taking into
account the state of technology, and the
economics of improvements in relation to
benefits to the public health and safety, and
other societal and socioeconomic consid
erations, and in relation to the utilization of
atomic energy in the public interest.

Currently, 10 CFR Part 20 is being revised and will incor-
porate the most recent guidance from the International
Commission on Radiological Protection (ICRP). This
new guidance incorporates derived limits for intakes of
radionuclides that have been developed using updated
metabolic and dosimetric models (ICRP Publications 23,
28, and 30). Radiation doses calculated in this environ-
mental assessment reflect the new ICRP guidance por-
taining to external and internal dosimetry

Maximum allowed values of radiation dose that may be
received by workers in restricted areas (EDS-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 CFR Part 20

Restricted areas mSv/yr (rem/yr)

Whole body: head and trunk; active
blood-forming organs; lens of
eyes; or gonads 50 (5)

- -

Hands and forearms; feet and ankles 5CG (75)

Skin of whole body 300 (30)

Unrestricted areas

Whole body (current regulations)

§ ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION

Whole body (proposed regulations) 1 (O.1)

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

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 effect 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 thermal neutrons. In 1985, the ICRP, and {
in 1987, the National Council of Radiation Protection and

Measurements (NCRP Report 91) recommended that
the quality factor for neutrons be increased by a factor of
2 as an interim measure 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 neutrons, but states that further review is i
appropriate. i
Because the EDS-3C is expected to be deployed at U.S }

carriers at airport locations worldwide, several interna-
tional regulatory agencies that have adopted a neutron
quality factor of 20 will use this environmental assess-
ment as a reference for licensing this system at airports
Consequently, although the current NRC policy is to use
a neutron quality factor of 10, in this assessment a quality i
factor of 20 is used for both internationa! agreement and i
added conservatism. :

5.1.2 Exposure Pathways

Individuals who may receive radiation exposures due to
ncrmal operations are divided into two major categories:
EDS-3C workers and members of the general public. The
personnel assigned to operate the EDS-3C will be spe
cifically trained for TNA system operations. These per-
sonnel will consist of the operator and other technical
assistants, such as baggage handlers and trained security
specialists. Training for the TNA operators will consist of i =
lectures and courses in radiation physics, radiation safety,
biological effects of radiation, instrumentation, radiation
control, and operating procedures during normal and ac-
cident conditions. Each TNA operator wiil 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
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TNA operator and will receive a more basic radiation
safety training course that is commensurate with their
limited duties. 'This type of training is consistent with the
training specified by 10 CFR Part 19, “Notices, Instruc-
tions, and Reports to Workers; Inspections.” Each indi-
vidual who enters a restricted area under such circum-
stances that he or she receives, or is likely to receive, a
dose in any calendar quarter in excess of 25 percent of the
values specified in 10 CFR 20.101(a) will be required to
wear personnel dosimeters. Because the only personnel
that might receive a quarterly dose in excess of 25 percent
will be the EDS-3C operators, they will be the only TNA
employees 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.

NonINA workers, passengers, and members of the
public could be exposed to the low levels of radiation that
might exist around the TNA sysiem, There are three
major exposure pathways to the public: exposure of
persons on the concourse level near the EDS-3C, direet
radiation exposure of passengers to beia or gamma fields
from luggage that has been through the EDS-3C, or
internal dose to passengers or other members of the
public who consume a food or other irradiated item that
was contained in the reclaimed luggage. Each of these
exposure scenarios 1s evaluated in detail in Section 5.4.3.

5.2 Construction Impacts

The EDS-3C site area will be designed and modified so as
L0 minimize construction impacts. All airport construc-
tuon activities to accommodate the system will comply
with Federal, State, and local regulations governing
health and safety 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 each site location, who, in most
cascs, also will be the governing authority issuing the
initial construction permit.

A structural engineering study will be required to ensure
that the weight of the EDS-3C can be accommodated
safely on the concourse level of airports. Airport passen-
ger departure and arrival arcas are generally 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-
cause of substantial differences in design, the structural
requirements could change significantly from airport to
airport. The exceptionally heavy loading of the EDS-3C
combined with the requirement to place these systems on
the concourse levels 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 conceptual
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documents addressing public access control, security, ar-
chitectural, mechanical, and electrical requirements of
the project (Peacock, 1989). Once the conceptual design
package has been completed, it should be submitted to
the owner, the primary user (the airline carrier), and the
airport authority for initial review and approval. If the
conceptual design is approved, the final design docu-
ments and contract can be drawn up. These documents
should include drawings, specifications, cost estimates,
and structural calculations showing the method of distrib-
uting the load and/or reinforcing the floor structure.

5.2.1 Site Requirements

Lobby or concourse TNA systems can be placed at various
locations, as discussed in Section 4.1, Large, open ticket-
ing areas on the ground level of an airport are desirable
for concourse use of the EDS-3C because of the consid-
erably reduced cost of installation. Because present air-
port facilities have not been planned for a system as large
or as heavy as the EDS-3C, linding a suitable location in
an existing airport may be difficult. Most installations will
require significant floor-loading studies before a site is
selected and, in some cases, may even require building a
facility specifically constructed for the system (curbside
seenario).

In addition to the requirements above, the surface under
the system must be horizontal and level to within about
6 mm (1/4 in.) so that the system’s modular components
can fit together and align properly. Additional space must
also be provided near the EDS-3C 1o store the cask and
the additional radiological instrumentation that would be
NECessary in case of an emergency.

For installations at existing factlities, it may be necessary
to build up the surface with cement grout Lo ensure that
the cask will roll easily and align with the source-loading
positions. 4

Transportation of the baggage from the EDS-3C to the
baggage holding arca for loading onto aircraflt also must
be provided for. This may require additional space for
baggage carts necar the EDS-3C or near the ticket
counter. There also must be a 2-m (6.6-ft) clearance on
the side ol the EDS-3C where the source is inserted for
access to the source cask.

If the EDS-3C is located over an occupied arca, it may be
necessary to add neutron and gamma ray shielding, either
between the EDS-3C and the floor or to the ceiling
underneath. The shielding shall be sufficient enough to
bring the dose rates to less than 1 uSv/hr (0.1 mrem/hr)
on the ceiling of the level below the EDS-3C. If a load
distribution platform is incorporated into the fesign of
the concourse installation, then this shiclding nould be
incorporated into it.
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5.2.2 Land Use

At the proposed Dulles International Airport site, the
TNA system will be installed at the United Airlines inter-
national ticket counter. As shown in Figure 5.1, the
XENIS and the EDS-3C are at right angles to one an-
other in order to “fit" the EDS-3C into an existing vicket
counter area. A nearby utility room will serve as a storage
facility for the cask and the associated survey equipment
needed for the EDS-3C.

Additional construction nceded at the United Airlines
international ticket counter will affect nearby passenger
traffic patterns to some degree because of its close prox-
imity to the security area. It is anticipated that essential
rigging equipment such as air dollies or forklifts could be
moved into the terminal building during a week night or
on a weckend 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 of the EDS-3C will be shipped individu-
ally and will be assembled at the location where the sys-
tem will be used. No radiation exposure to workers or to
members of the public will result from either the ship-
ment or assembly of the system because the radiation
source will not have been installed in the system. The
Cf-252 source will be shipped in one shielded cask. Fol-
lowing assembly of the EDS-3C, the source will be trans-

5 Environmental Impacts

ferred from the cask (see Figure 5.2) 10 the system. Radia-
tion exposure to individuals could occur during transport
of the Cf-252 source and during its installation or opera-
tion at the airport.

Average estimated radiation doses 10 the truck drivers,
who might spend 24 hours at a distance of 2 m (6.6 t) from
the cask, are about (.16 mSv (16 mrem) per driver per
delivery, Transportation regulations under 10 CFR
71.50(3)d) effectively restrict the radiation dose 1o
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 r + acement of the source is
expected (o result in a collective dose 1o the drivers of
6x10-% person-Sy (6x10-2 person-rem) per TNA system. If
the average distance from the cask 10 the driver was
increased to 3 m (9.8 ft), 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 transportation of the source from the manufac-
turer to the site would be less than 10 pSv (1 mrem).

§.3.2 System instaliation and Source
Transfer

The source transport cask (see Figure §.2) is constructed
of steel, welded togetner, and filled with a composite
neutron and gamma ray shield of water-extended polyes-
ter with lead surrounding the source position. It is a
DOT-7A cask certified by the U.S. Depertment of Trans-
portation that 18 0.75 m (2.5 ft) in diameter and 0.84 m
(2.75 1) long.

(MODEL EDS-AC)
v oo m—
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Gamma
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0.84m
FRONT VIEW

END VIEW

Figure 5.2 EDS-3C source transport cask

To transfer the source from the cask to the system,
special platform has been manufactured that helps guide
the source into the EDS-3C (Figure 5.3). A polyethylene
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 adapter with the cask recess. The source is transferred
¢ the EDS-3C by pushing the Teleflex cable into the
sy em until it stops. After the source is in the system and
the cask and transfer adapter are removed, a flexible
plastic tube is inserted 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 serves as a stop to prevent the
source from being retracted too far. See 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-ug source of Cf-252 are shown in Figure
5.4. The nearest point that a member of the public could
get to the cask during source transfer would be approxi-
mat :ly 3 m (10 ft), which would correspond to a dose rate
of less than 10 uSv/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 shicld and will be
surrounded by a neutron moderator and absorber. If the
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operators must get inside the EDS-3C to perform main-
tenance, the source will be placed in a retracted position.
In this position, the source will be surrounded by a mod-
erator and o 25.4-mm (1-in.) lead gamma radiation shield.
The radiation dose to EDS-3C operators from clearing a
baggage jam is expected to be less than 0.05 mSv
(5 mrem). Exnerience 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 necessary 10
enter the passageway 10 dislodge jammed luggage.

Major maintenance work, such as repairing a broken con-
veyor, replacing Nal(11) 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 s
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 fluxinside the shielded TNA system
was mapped using small helium-3 (He-3) detectors witha
small (0.2-pg) Cf-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 foils using the American
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Figure 5.3 Placement of cask for source transfer. (a) Overall view,
(b) detail view of source transfer ring and source transfer adapter

Society 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-13 detector; it was nominally 3 percent of the thermal
value (see SAIC, 1989). The thermal flux peak was about
8x1(# neutrons/cm?-s for the 150-pg source. The fluence
'mpinging on a item as it travels through the center cavity
at 15 cm (6 in.) per second was determined by integrating
the mapped flux; it was calculated to be 4.5x10% neutrons/
cm?. The fast neutron fluence was estimated by calculat-
ing the uncollided flux and integrating along the path of
the item being scanned; it was calculated to be 2.5x108
neutrons/cm?,

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

the caiculated activation rates . om Erdtmann's Newt-on
Activation Tables. Tables 5.1 and 5.2 show the potential
activation products, activities. and dose rates fo baggage
contents containing 1-kg (2.2-1b) masses of van. us ele-
ments. Only reactions that produced initial ac ivities
greater than 0.001 becquerel (Bq) (2.7x10-8 uC ) per
gram of element are shown. The value of 0.001 By, g was
chosen because that is the amount of induced radic activ-
ity equal to one-hundredth of that ~~ntained naturally w
food (see Section 5.4.4).

A cursory glance at these tables shows that the vast major-
ity of isotopes are rare carths and elements unlikely to be
found in suitcases except in trace quantities. After only a
30-sccond delay, the largest remaining 1sotopes are
Sc-46m, V-5, In-116m(1), and HI-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
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Figure §4 EDS-3C shipping cask dose rates

International System of Units (S1) (i.e., gray, sievert, and
becquerel) (ICRU Report 33). For corresponding tables
using the English system of units (i.e,, rad, rem, and
microcurie), see Appendix B. Figure 5.5 shows the
isodose contours (with loading and unloading platforms)
that are based on dose rate 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
beequerel (Bg) is equal to 1 disintegration per second,
and 1 microcurie (uCi) is equal to 3.7x10¢ Bg.

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 neutron flux in the prototype TNA sys-
tem, Model EDS-2. The results (see Appendix D) were
consistent with the determination of the thermal neutron
fluence calculations in Tables 5.1 and 5.2.

54.2 Radiation Exposure of Workers

Workers such as operators, baggage handlers, and trained
security screeners may be exposed to radiation from
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EDS-3C operations because of possible neutron activa-
tion of items in baggage or from the small radiation field
in the area they occupy. Workers may be exposed to
radiation via four different pathways: exposure du
normal operation to leakage radiation from the Cf-25
source in the immediate arca of the EDS-3C, direct ra-
diation exposure to beta or gamma fields from luggage
that has been through the EDS-3C, exposure of security
screeners resulting from hand inspection of “suspect”
irradiated luggage, and exposure during the transfer of
the source to or from a shipping cask.

The direct radiation fields around the EDS-3C have been
measured. Figure 5.6 shows that the total dose rates (neu-
tron plus gamma) in the area occupied during baggage
loading and unloading are all less than 3 uSv/hr
(0.3 mrem/hr) at any distance 30 cm (1 ft) from the sys-
tem. At distances greater than 1 m (3.3 ft), the total dose
rates are all less than 0.9 uSv/hr (0.09 mrem/hr). As an
estimate, the average dose rates from each end at 30 cm
and 100 cm (1 ft and 3.3 f1) were calculated to be 0.6 and
0.45 uSv/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 handier would be near the TNA system

-

e | U Svitw
(0.1 i
TNA Model 0.5 uSviv
EDS-AC (0.05 myemvhe)
= 0.3 uSvAw
{0.09 mrenmvhe)

—

Figure 5.5 TNA system for Hbby installation with
isodose 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
pall-life Gamma Activity (uSv/hr/kg  Activity (uSv/hr/’kg  Activity (uSv/hr/kg
Product Bq/ug (min) (MeV/Bg) (Bg/p) @ 30 cm) (By/p) @3cem, (Bgp @ 30 ¢m)

H-3 B42E-10 GAYE+06 - 3 ME-11 - 3 ME-11 - 3 ME-11 -

N-16 3.50E-03 1.19E-01 460E+00 BS6E-06 6.39E-08 8§.05E-30 6.01E-32 DOCE+00 0.00E+ 00
0-19 3.51E-03 4 48E-01] 104E+ 00 7.29E-05 1.23E-07 J02E-1! S10E-14 7.77E-45 1.31E-47
F-20 197E+02 183E-01 164E+00 133E+400 3.55E-03 317E-16 B.44E-19 LBGE-98  0.060E+ 00
Ne-23 243E401 6.20E-01 1.45E-01 6.25E-01 1.47E-04 1.53E-05 J60E-00 8.19E-30 1.92E-33
Na-24 IBOE+00 BROE+02 412E+00 B.I10E-02 S41E-04 8.04E-02 S37E-04 7.73E-02 5.16E-04
Mg-27 120E+00 946E+00 9.14E-01 S 60E-02 8.20E-05 2.TE-02 4 14E-05 7.16E-04 LOGE-06
Al-28 2TRE402 224E+4+00 L78E+00 1.05E+401 230JE-02 5.55E-01 1.60E-03 1LO6E-07 JO7E-10
Cl-38 SSSE4+00 3INE+01 149E+00 247E-0) S5.98E-04 207E-01 SO01E-04 8.17E-02 1.97E-04
Ardl 106E + 01 1.10E + 02 1.28E+ 00 475E-0! 087E-(4 4 48E-01 9 30E-04 3J.27E-01 6.78E-04
Sc-46m 473E+04 3 12E-01 1.42E-01 701E+02 1.61E-0] 481E-07 L11E-10 2.82B-55 6.49E-59
Ti-51 3STE4+00 S576E+00 3.50E-01 1.51E-01] 8.59E-05 4 82E-02 2. 74E-05 1. 1RE-04 6.68E -08
V-52 1LTE403 375E+00 143E+ 00 7.34E 4 01 1.70E-01 127TE401 294E-02 1.23E-03 2.86E-06
Cr-55 JRE+00 3S56E+00 657E-04 1.31E-01 1. 40E-07 207602 2.20E-08 1.23E-06 1.31E-12
Mn-56 LINIE402 155E+02 LTE+00 498E+00 1.37E-02 47E+00 132E-02 IB2E+ 00 10OSE-02
Co-60m 23E403 105E+00 123E-03 754E+0! 1.50E-(4 1.43E-01 2.84E-07 6.65E-16 1.33E-21
Ni-63 THE+00 151E+402 S563E-01 J43E-0] J13E-04 3.28E-01 J00E-04 261E-01 2. 38E-04
Cu-64 458E+00 764E+02 195E-01 206E-0] 6.51E-05 204E-01 6.46E-05 1.9SE-01 6.17E-05
Cu-66 l47TE+02 S I10E+00 956E-02 6I8E+00 9.5SRE-(M LTVE+ 00 264E-(4 1L9OE-03 2.95E-07
Zn-69 JOVE4+00 STOE+01 4.78E-06 1.6SE-01 1.28E-09 147E-01 1. 14E-(9 B8.01E-02 6.21E-10
Ga-70 S4JE401 211E+401 SS5SE-03 240E+00 216E-05 1L.76E+00 1.58E-0S J41E-01 JO6E-06
Ga-72 2S9E+00 B4GE+02 203E+00 117E-01 A B4E-04 1.16E-01 IRIE-(4 1.11E-01 J.65E-(4
Ge-78m 6.38E+01 & 15E-01 S5.59E-02 ILBSE+ 00 1.70E-04 SR2E-04 S.28E-08 200E-22 1.81E-26
Ge-75 10SE+00 B 28E+01 J18E-02 4.71E-02 243E-06 4 35E-02 2.24E-06 2R86E-02 1 47E-06
Ge-7Tm 9.05E-01 8.84E-D1 631E-02 2.75E-02 2.82E-06 1L.60E-05 1.64E-00 1.52E-22 1.56E-26
As-76 JAWE+00 1S8E+03 337E-010 147E-01 8.02E-05 1.46E-01 7.98E-08 1L.43E-01 1.81E-05
Se-7TTm S6OE4+03 29E-01 9.63E-02 7.75E 4+ 01 1.21E-02 1.O7TE-O8 1.67E-12 1.I8E-~60 2 15E-64
Se-7m 21SE401 391E+00 957E-03 B885E-0I 1.37E6-05 1.64E-01 2.55E-06 2.33E-05 J61E-10
Se-81 1JE+01 185E+401 144E-02 S87E-01 1.37TE-05 4.12E-01 9.61E-06 6.32E-(02 | 48E-06
Se-83 J45E4+00 225E+4 01 127E4+ ¢  1.53E-0) J1SE-04 1.14E-01 2.35E-04 245E-(2 SO4E-05
Br-80m SABE+00 265E402 241E-02 246E-01 9.62E-06 240E-01 9.39E-06 2.11E-01 B.24E-06
Br-80 291E402 L77E+ 01 TOE-02 1.28E + 0] 1.46E-0} BESE+00 10CE-03 1L.2SE+00 1 42E-(4
Br-82m 23E402 O610E+00 422E-04 982E+00 6.72E-06 JME+00 2.28E-06 1. 14E-02 7. 9E-09
Kr-81m ITE+02 2.22E-01 127E-01  356E+00 7.34E-04 470E-13 9.69E-17 1. 72E-81 1.59E-84
Kr-83m 1L.7TAE4 01 1L12E+02 226E-03 7.81E-01 2.86E-06 7.36E-01 2. T0E-06 S40E-01 1.98E-06
Rb-86m 420E+01 102E+00 S46E-0! LISE4+ 00  L19E-03 2.12E-03 L B7TE-00 J.74E-18 331E-21
Rb-88 20E400 178E+01 637E-01 9.05E-02 9.35E-05 6.25E-02 6.46E-05 8.9ZE-03 9. 2E-06
Y-90m 416E400 191E+402 630E-0) 1.87E-01 191E-04 1.81E-01 1.84E-04 LS1E-01 1.5S4E-04

Nb-94m JROE+01 626E+00 117E-02 162E+ 00 3.07E-0S S65E-01 1.07E-05 2.23E-03 4 23E-08
Mo-101 LISE+00 146E+01 1SIE+00 S93E-02 L4SE-D4 3. 78E-02 9.25E-05 J.52E-03 B.62E~06
Rh-10dm  360E+03 435E+00 3JA4RE-02 ILSOE+ 02 S44E-03 J2VE+01 186E-03 1.14E-02  6.45E-07
Rh-104 1L.S4E+ 04  7.05E-01 1L11E-02 424E+02 7.63E-03 3. 73E -02 6.71L-07 1.68E-23 JOIE-28
Pd-107m B842E+00 3.55E-01 1.52E-0) 143E-0] 1 52E-05 1.26E-09 J11E-13 5.14E-52 1.27E-SS
Pd-109m QRE+00 469E+00 LI14E-01 3RIE-0] T0SE-05 9.36E-02 1.73E-05 S.79E-05 LOTE-08
Pd-109 JYVE+00 SO8E+02 124E-02 1.52E-0] J0SE-06 1.S0E-01 IE-06 1.44E-01 29E-06
Ag-108 SOWE+03 241E+00 294E-02 198E+02 9.46E-03 L2E+01 6 16E-04 736E-06  3S51E-10
Ag-110 83E+04 4.10E-01 296E-02 161E+03 7.71E-02 L71E-04  B.19E-00 J.38E-41 1.62E-45
In-114 9.43E + 01 L20E+00 221E-03 JIBE+ 00 | 14E-0S 1.32E-02 4.725-08 JBOE-15 1.J6E-20
In-116m(2) L2WE+06 363E-02 8.20E-02 406E+00 S39E-04 6.96E-79 0.26E-83 000E+00  0.00E+00
In-116m(1) 1L29E+)3 S42E+01 247E400 S77IE+01 231E-01 S1IE+01 205E-01 2TE+01 1.OSE-01

See footnotes at end of table
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Table 5.1 (continued)

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/Bg) (Bg/p) @ 30 cm) (Bg/p @30 cem) (Bg/p @ 30 cm)
In-116 136E+04 237E-01 15560 142E402 357E-03 122B-10 3.08E-15 392E-74  9.84E-79
Sn-125m LOWE+00 952E400 329E-01 a&72F-02 252E-05 237E-02  1.26E-05 6.22E-04 332E-07
SHh-122m  708E+00 421E+M0 596E-02 293E-01 2B4E-05 6.14E-02  5.94E-06 LOAE-05  1.S8E-00
S§b-124m  B42E+00 1SSE400 348E-01 3.03E-01 171E-04 433E-03 245E-06 8.48E-13  4.78E-16
Te-131 208E4+00 2S50E+01 3S84E-01 ©23E-02 S30E-05 709E-02 4.07E-05 1.77E-02  1.02E-05
1-128 200E4+02 2S50E+01 B875E-02 B88E+00 126E-03 682E+00 9.68E-04 1L71E400 242E-04
Xe-125m  1L7E+401 9.50E-01 1L11E<01  S31E-01 956E-05 S20E-04 9.35E-08 7.50E-20  135E-23
Xe-137 19E4+00 384E+00 150E-01 8.I8E-02 199E-05 147E-02 3.58E-06 178E-06 4.32E-10
Cs-134m  928E400 174E-02  234E-02 938E-10 356E-14 0OOGOE4 00 OO0CE+00 OO0E+00 O000E+00
Ba-136m  131E+03 S§13E-03 LRE4+00 273E-722  BSIE-31  000E+00 O00E+00 000E+00 O000E+00
Ba-129 1LS55E400 B33E401 418E-02 695E-02 471E-06 642E-02 4.35E-06 423E-02 287E-06
La-140 1C2E400 241E+403 232E+00 BO4E-02 325E-04 B862E-02 324E-04 B49E-02  3.19E-04
Pr-142 343E+00 LISE403 S8)E-02 154E-01 146E-05 153E-01  145E-05 1.49E-01  141E-05
Nd-151 3S2E400 124E401 1.69E-01 154E-01 422E-05 9.06E-02 248E-05 5.54E-03 1.52E-06
Sm-153 L19E4+01 279E+03 S535E-02 SJ35E-01 465E-05 534E-01  4.63E-05 528E-01  4.58E-05
Sm-155 281E401 222E+401 B24E-02 124E+00 166E-04 925E-01 1.24E-04 1.94E-01 2.60E-05
Eu-152m(2) 921E+00 960E+01 7.385-02 4.13E-01 404E-05  38GE-01 461E-05 296E-01 3.22E-05
Eu-152m(1) 1.32E+03 S58E+02 241E-01 S94E+01 2328-02 S87E+01 229E-02 SS5IE+01 2.15E-02
Gd-161 219E401 37E+00 300E-01 897E-0! 4 50E-04 1.51E~G1 7.59E-05 L3CE-05  6.S0E-09
Dy-165m LAE+05 126E+00 109E-02 S61E+03 991E-02 302E+01 S533E-04 344E-11  G.O8E-16
Dy-165 BOUE+02 141E+02 128E-02 390E+01 B810E-0d 372E+01 7.73E-04 291E401 6.04E-04
Ho-166 198E+4+01 161E+03 275E-02 B91E-01 397E-05  8BTE-01 3.96E-05 8.68E-01 J87E-0S
EBr-16Tm 479E+04 378E-02 971E-02 225E-01 355E-05 S5.16E-77 8.13E-81 Q00E+00  0.00E+ 00
Yb-175 139E4+00 603E+03 309B-G2 625E-02 313E-06 625E-02  3.13E-06 621E-02  3.11E-06
Yb-177 LI3BE4+00 1 1M4E+02 L122E-01 S07E-02 LOOE-05  479E-02  947E-06 3S53E-02 6.99E-06
lu-176m  478E+01 221E+402 182E-02 215E+00 634E-05 208E+00 6.1SE-0S 178E+00 5.26E-05
Lu-177 22E+00 966E+03  J02E-02 999E-02 489E-06 998E-02  489E-006 995E-02  487E-06
HI-178m LI0E+03  7.17E-02 977E-01  394E-01 6.25E-04 523E-4] 8.29E-44 0.00E+00 0.00E+00
ht-1Mm  246E+04 3 12E-01 287E-01 365E+02 170E-01 250E-07 1.16E-10 147E-55  6.82E-59
W-187 JATE4+00 143E+03 431E-01  156E-0] 1LO9E-04 1.55E-01 LOYE-04 1.52E-01 LOGE-04
Re-186 J62E+00 544.-03 1BOE-02 1.63E-01 4.75E-06 1.63E-01  4.75E-06 L62E-01  4.72E-06
Re-188m 2 18E+01 186E+11  796E-02 9.63E-01  124E-04 6.76E-01 8.72E-05 LOSE-01  L35E-05
Re-188 I18SE+01 102E+03 478E-02 BJI2E-0I (4SE-05  B827E-01 641E-05 799E-01  6.20E-05
Os-191m  LI9E+00 780E+02 651E-03 S535E-02 565E-07 S531E-02  5.60E-07 SO08E-02  S.36E-07
Ir-192m IIE404 140E400 247E-04 110E+03 439E-04 99SE+00 3 98E-06 L77E-18  7.10E-17
Ir-194 273E+01 LIGE403 S 12B-02 123E+00 102E-04 122E+00 LO1E-04 L29E+00 984E-05
Pt-199m IRIE400 240E-01  342E-01 407E-02 226E-05 497E-14 276E-17 088E-77  S48E-80
Pt-199 AROE+00 3J08E+01 1LO7E-01 L73E-01 3.00E-05 140E-01  243E-05 454E-02  7.87E-06
Au-198 LIBE+ 01 388E+03 403E-01 S531E-01 347E-04 S530E-01  3.46E-(4 S25E-0)  343E-(4
Hg-208 203E400 S20E+00 480E-03 8S5SE-02 665E-07 241E-02  188E-07 JOSE-05  239E-10
Th-233 LIVE+02 223E+01 108E-02 S27E+00 923E-05 39NE+00 687E-05 8.30E-01  145E-0S
L1239 1LOIE4 02 235E+01 S21E-02 448E+00 3.3E-04 3J3BE+00 2.86E-04 7I5E-01  GS4E-05

*Integrated thermal fluence in EDS-3C = 4 S0L + 05 neutrons/cm?,
Note: BA2E-10 = B42x10-'° ¢le
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Tabie 5.2 Pmlm”m(hhnm:%dhmmmt-&u&b)mdmm

0.5-min delay 10-min delay 60-min delay
Target R Half-life G Activity D? — Activity (M,.s.mm Activity .
eac- 1 amma i (uSv/hr/kg i (uSv/hr/kg

Be-9 na He-6 127TE+03 134E-02 - - - - = & “

C-12 n.2n c-11 L18E-08 203E+M 1LO2ZE+00 290E-09 480E-12 210E-09 347E-12 380E-10 6.29E-13
N-14 n.2n N-13 149E 03 9.96E + 00 LM2E + 00 3. 60E-04 595E-07 186E-04 JO0TE07 5.73E-06 948E-09
0-16 np N-16 1.74E-03 L19E-01 486E +00 2.37E-05 LB6E-07 22E-29 1L75E-31 D00E+00  QO00E+(CD
O-18 na C-15 7T 98E-03 4 10E-02 362E+00 426E-97 250E-09 T83E-77 4.59E-79 0ME+00  0.00E +00
F-19 np 0-19 1LO9E + 00 4 52E-01 104E + 00 1.27E-01 214E-04 598E-08 1.01E-10 305E-41 5.14E-44
F-19 na N-16 232E+M L19E-01 4 B6E + 00 31SE-01 249E-03 297E-25 2345—27 000E+00  000E~+00
Ne-20 np F-20 1.28E-01 LR3E-01 6.33E-01 482E-03 495E-06 1L1SE-18 LI18E-21 000E+00  0.00E+ 00
Ne-22 na 0-19 392E-03 452E-01 1.04E + 00 4 55E-04 768E-07 215E-10 363E-13 1.10E-43 1.8SE-46
Na-23 np Ne-23 7.18E-01 6.27TE-01 439E-01 103E-01 735E-05 2 B4E-06 202E-09 284E-30 202E-33
Na-23 na F-20 121E+00 1L83E-01 L63E+ 00 4 55E-02 1.20E-64 108E-17 286E-20 Q00E+00 0005+ 00
Mg-25 np Na-25 L6TE-02 LOOE + 00 392E-01 295E-03 1.88E-06 4 08E-06 260E-09 3.65E-21 233E-24
Mg-26 np Na-26 6.82E-03 L6TE-02 1.81E+00 1L66E-12 4 88E-15 0.00E + 00 0.00E + 00 000E+00  0%E+00
AlL27 np Mg-27 LO9E-01 945E + 00 892E-01 263E-02 380E-05 131E-02 L90E-05 335E-04 484E-07
Si-28 np AlL28 6.51E-01 225E+00 178E+ 00 1L4DE-01 403E-04 T48E-03 2 16E-05 153E-09 443E-12
Si-29 np AlL29 10GE + 00 6.52E+00 2.38E + 00 237E-01 9.15E-04 8.64E-02 333E-04 425E-04 1.64E-06
P-31 np Si-31 5.14E-02 LSTE+02 R66E-04 1.28E-02 1L8OE-08 1.23E-2 L73E-08 9R6E-03 1.38E-08
P-31 na A28 1.90E-01 225E+00 L78E +00 407E-02 1.18E-64 218E-03 6.30E-06 448E-10 129E-12
S-34 np P34 184E-02 207E-01 3.19E-01 B 63E-04 446E-07 1.33E-17 687E-21 26TE-9%0 1.38E-93
Ci-37 na P-34 249E-01 207E-01 3.19E-01 1.26E-02 6.52E-06 194E-16 1LOGE-19 3.90k-89 202E-92
Ar-40 na §-37 377E-03 5.06E + 00 29E+00 B 8OE-04 3.98E-06 240E-04 108E-06 254E-07 L1SE-99
Ca-40 n2n Ca-39 4 ,0E-03 1L45E-02 LO2ZE + 00 502%-14 831E-17 0.00E + 00 G.00E 5 00 ONE+00 000E+00
V-51 np Ti-51 206E-02 5.76E + 00 3.58E-01 4 85E-63 282E-06 1.55E-03 898E-07 3.77E-06 219E-09
Cr-52 np V-52 3.25E-02 3T76E +00 143E+00 TA41E-03 L72E-05 1.29E-03 298E-06 1.28E-07 297E-10
Cr-53 np V-53 360E-03 1L55E+00 1LO4E + 00 T20E-04 121E-06 103E-05 1.74E-08 2GIE-15 340E-18
Mn-55 np Cr-55 LOTE-02 3.56E + 00 6.57TE-04 243E-03 259E-09 382E-04 407E-10 226E-08 241E-14
Mn-55 na V.52 3.70E-03 376E + 00 144E +00 B44E-04 1.97E-06 146E-04 3 42E-07 1.46E-08 340E-11
Ni-60) np Co-60m 6.23E-03 LOSE+01 S85E-02 151E-03 1L43E-497 80SE-04 T64E-08 297E-05 282E-09
Zn-64 np Cu-64 211E-03 TH64E-02 1.89E-0? 5. 66E-06 L73E-09 213E-43 6.53E-47 ONE+00  0.00E+900
Zn-66 np Cu-66 359E-03 S I0E+00 935E-02 8.39E-04 1.27E-97 231E-04 3.S0E-M3 258E-07 392E-11
Ga-69 na Cu-66 786E-03 S.I0E+00 935E-02 1B4E-03 2.78E-07 5.05E-04 T.66E-08 5.60E-07 8 5BE-11
Se-77 nn Se-77m 163E+01 22E-01 9.70E-02 1.24€+00 L9GE-0¢ 201E-10 3.16E-14 5.86E-62 9 22E-66
Br-79 n2n Br-78 1LO3E-03 6.40E + 00 LO3E + 00 244E-C4 407E-0, 8.T2E-05 L46E-07 388E-07 6.49E-10
Y-89 n,n Y-89m 37SE+ 01 262E-01 901E-01 2.50F.+00 365E-03 305E-11 446E-14 L12E-68 163E-71
Ru-100 np Te-100 220E-03 267E-01 6.7SE-02 150E-04 1L64E-08 294E-15 322E-19 1.28E-71 L4E-T5
Rh-103 na Te-100 397E+00 26TE-01 6.75E-42 2.71E-01 297E-05 5.36E-12 SB1E-16 231E-68 2.53E-712
Rh-103 nn Rh-103m 643E-01 S561E+01 1.69E-G3 160E-01 4 38E-G7 142E-01 3BYE-07 TH6E-02 210E-07
Cd-112 n2n Cd-111m 369E-02 4 8TE +01 287E-01 9.16E-03 426E-06 8.00E-G3 372E-06 393E-03 1.83E-06
In-115 nn In-115m 404E-02 270E-02 L65SE-01 270E-08 T2E-12 0.00E + 00 0.00E + 90 0E+00 000E+00
Ba-137 nn Ba-137m SO0E-01 2.55E+00 599E-01 1L09E-01 106E-04 8.25E-023 8.02E-06 104E-08 1LOIE-11
Pr-141 n2n Pr-140 1.25E-02 339E +00 S.05E-02 2.82E-03 231E-07 40SE-94 331E-G8 147E-08 121E-12

“Fast nevtron fluence i EDS-3C = 2 5E + 05 neutrons/cm?.

**n = neutron, a = alpha, p = proton.

Note: 1.27E+03 = 1.27x10° etc.

spedw] [RludwuuosAug §
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Scale (Metors)

Note: 1uSvihr = 0.1 mrem/hr

Figure 5.6 Total dose equivalent 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 one baggage handler would be in a potential radia-
tion field 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-
equivalent 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 angies to each other. In this case, both
baggage handlers could be in radiation areas 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 pSv
= 1 mSv/yr (100 mrem/yr)

For Option B the estimated annual dose to baggage han-
dlers would be 6x10-2 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 mSv/yr) for each EDS-3C. For each of the
scenarios proposed in Section 4.1, the calculated collec-
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tive dose of 6x10-2 person-Sy will be used as a conserva-
tive estimate of expected radiation dose. The EDS-3C,
which will be used for lobby installations, is similar o 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 operator, was calculated by estimating
the dose from both routine [1.2 mSv/yr (120 mrem/yr)]
and source-transfer [0.8 mSv/yr (80 mrem/yr)] opera-
tions. The totai exposure to an operator for each EDS-3C
would be 2 mSv/yr (200 mrem/yr). For six full-time-
equivalent operators, the collective dose for each system
would be 0.012 person-Sv/yr (1.2 person-rem/yr).

The total dose to workers from hand searching the lug-
page does not depend on the choice of EDS-3C installa-
tion scenario. If the TNA system alarms, the baggage
must be hand searched. This usually will take place imme-
diately after the bag leaves the system, allowing only
perhaps 15 seconds for activation products to decay. The
security attendant conducting the search could get an
additional dose from actwation 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
in Table 5.3. This is for an exposure 30 cm (1 1) away from
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Table 5.3 Major activation products of baggage contents centaining 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) (Bg/p) @ 30 cm) (By/g @3Mcm) (Bg/p @ 30 em)
F-20 197TE+ 02 183E-01 1L6AE+ 00 133E+00 355E-03 3.17E-16 B44E-19 186E-98  G.OOE+ 00

Na-24 1B0E+00 BB0E+02 412E400 BI10E-02 S41E-04 BO4E-02  537E-04 173602  5.16E-04

Al-28 2TE402 22E400 17BE+00 105E+01 3.03E-02 SSSE-0) 1 60E-03 106E-07  3.07E-10

| K-42 2.39E-01 TRE+02 273E+02 107E-02 4 76E-03 1.07E-02 4 7T2E-03 1.02E-02 4 S50E-03

: Sc-46m ATIE4+04 312E-0] 142E-01 701E+02 161E-01 4RIE-07 1.11E-10 2.82E-55 6 49E-59
V-52 1L79E+03 375E+00 143E+00 734E+01 170E-0] 1.27TE4 01 294E-02 1.23E-03 2.86E-06

b Mn-56 LIME402 155E+402 17E+00 498E+00 137E-02 478E+400 132E-02 ARE+00 1.0SE-02
Se-77m SGUE+03 2%E-0] 963E-02 775E+01 121E-02 1.07E-08 1.67E~12 1. 38E-60 2.15E-64
Br-80 291E402 177E+01 7.00E-02 128E+01 146E-03 BBSE+4+ 00 100E-03 1L2SE+ 00 142E-04

: Rb-86m 420E+01 102E400 S46E-01 135E+00 119E-03 212E-03 187E-06 374E-18  331E-21

g Rh-10dm 3G0E+03 425E+400 J48E-02 1S50E+02 B844E-03 329E+01 186E-03 1.14E-02  6.45E-07

i Rh-104 1.54E+ 04 7.05SE-0) 1L.11IE-02 424E+02 763E-03 373B-02 671E-07 1.68E-23  103E-28

! Ag-108 SME+03 241E+00 294E-02 198E+02 946E-03 1L29E+01 6.16E-04 7.36E-06  3.51E-10
Ag-110 BIIE+04 410E-01 296E-02 161E+03 7.71E-02 1.71E-04  B.19E-09 3138E-4) 1.62E-45

In-116m(1) 129E+03 S42E+01 247E+00 S77E+401 231E-0] S1IE+01 205E-01 27E+01 10801

In-116 L36E+04  237E-01 1.55E-02 142E+02 357E-03 1.22E-10 3(8E-15 302E-74  9.B4E-T79
1-128 200E402 2S0E+01 B75E-02 BBSE+00 126E-03 628E4 00 9.68E-04 L7TIE+ 00 242E-04
] Bu-152m(1) 1.32E+03 SS5S8E+02 241E-01 594E+01 232E<02 SBIE+01 229E-02 SSIE+01  2.15E-02
Dy-165m 1LAE4 05 126E+00 1LO9E-02 S561E+403 991E-02 JMRE+01  S33E-04 J44E-11 6.0OBE-16

HI-179m 246E+ 04 312E-0) 287E-01 J6SE+02 1.70E-01 2.50E-07 147E-L5

Total

1.16E~10

1LO3E 4 00 282E-01

6.828-59

1L45E- 1

Note: 197E402 = 1 97x10? ek

1 kg (2.21b)of irradiated material that has decayed 0.5, 10,
and 60 minutes after leaving the EDS-3C. The elements
listed (taken from Tahles 5.1 and 5.2) are those whose
initial activities are greater than 1 Bg/g of irradiated ma-
terial 1 second after leaving the EDS-3C

l'able 5.3 shows the elements that produce the largest
activation products after passing through the EDS-3(
Although aluminum is not the element with the greatest
activation, studies 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 particies in tissue,
a relatively small area of tissue can be considered to be an
infinite plane for dose calculation purposes. This dose 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? (1.3x10-* uCi/em?). All beta particles emitted
below two half thicknesses are self-absorbed in the alumi
num and therefore do not contribute (o the dosc

I'he following assumptions were made

I'he skin of the hand is in contact witha 10-cm (4-in.)
disk of aluminum for 60 seconds during the hand
search

e The entire suitcase frame is aluminum

Initially, approximately 10 percent (220,000) of the
2.2 million bags pe- vear will require a hand search.
BS peT) |

e computer code VARSKIN was used for calculating
beta dose from skin contamination. Because of the limita-
tions of VARSKIN, the smallest value that could be used
to determine the beta skin dose for security screeners was
37x10# Bg/em? (1 pCi/em?). Table 5.4 shows that the
dose rate for a 3.7x10* Bq/cm? source is 1.64x10-2 Sy/hr
(0.164 rem/hr). Because the aluminum suitcase only rep-
resents a source activity of 4.8 Bg/em? (1.3x10-4 pCi/cin?),
the dose to both hands from a 60-second search of an
aluminum suitcase 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
effective dose equivalent for this assumption is 4.5x10-4
person-Sv/yr (4.5x10-2 person-rem/yr) for each system
I'his dose is shared among the three security personnel
(one per shift) who conduct the searches. The passenger
}

bag must be present during the physical

presenting the I

NUREG-

1396




$ Environmental Impacts

Table 54 Calculated beta dose to the skin from a

3.7x10° Bg/emé source
Beta dose (Sv)
::‘ :r.o.: :‘mr At points
skin at the on the skin
Variable basal layer basal layer
Radius (cm)/area (cm®)
0.5462/1.000 0.0016 -
6.14164/119.3869 0,0011 -
Horizontal 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
47978 - 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
5.1204 - 0.0002
5.2022 - 0.0001
5.2011 - 0.0001
5.3963 - 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
Dis¢ source with radios = § ) em
Skin thickness = 0.0070 em
Source:
Radionuchide = Al-28
Average beta energy = 1.240 MeV
X-90 distance = (.6470 cm
Source strength 37E+ 04 Bglem?

Irradiation time = 00s
All cell damage oceurs in an area with a radios of 6.165 cm
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search, but may not participate directly in the search. The
carrier shall retain control of the bag being searched, 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 elemental
composition shown in Table 5.5 (Westinghouse, 1986).
The weight of aluminum was increased 10 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 dose rates at 30 cm (1 ft). Clearly aluminum
dominates the dose rate.

lnitiall{. the alarmed-bag rate could be as high as 10 per-
cent of the 2.2 million bags searched, or approximately
220,000 bags per year. Assuming that the average search
takes 1 minute, a conservative estimate of the corre-
sponding collective dose for cach EDS-3C is §.0x10-4
person-Sv/yr (5.0x10- 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 1 kg
(2.2 Ib) of every element listed in Table 5.3, the corre-
aponding collective dose (at a 30-cm distance) would be
about 3.8x10-* person-Sv/yr (3.8x10-' person-rem/yr) for
each system. These doses are shared among the three
individuals as stated above. The total dose from both beta
and gamma radiation to each security screener is
0.32 mSv/yr (32 mrem/yr). The collective dose to this
group of individuals is 9.5x10-* 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 radiation from EDS-3C operations because of
possible neutron activation of items in their baggage or
because the device produces a small radiation field in the
irea they occupy. As stated earlier, passengers may be
exposed to radiation via three different pathways: ex
sure of persons on the concourse level near the EDS-3C,
direct radiation exposurc of passengers 1o beta or gamma
fields from luggage that has been through the EDS-3C,
or internal dose to passengers or other members of the
public who consume & food or other irradiated item that
was contained in the reclaimed luggage.

In Scctions §.4.3.1 through 5.4.3.4, each of the concourse
scenarios proposed in this assessment is evaluated. Typi-
cally, the passengers will deliver their luggage to an atten-
dant or baggage handler at the entrance of the EDS-3C.
The attendant will place the luggage onto the conveyor
belt, which will feed it into the EDS-3C, ""he baggage will
then pass onto a roller platfo  or another conveyor belt
from which it will be taken 0 oy another baggage atten-
dant. In some cases, the passengers will not have access to
their luggage once it has been checked by the EDS-3C; in
other scenarios, they may have o carry their luggage to a
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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 307.0 550 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 1054.0 218.0 320 107.3 - 73.0 1124.0 1163.0 37713
Sodium - - - 0.3 - - - - 03
Manganese - 33 - - 6.5 - - - 98
Silicon - 0.9 - - 1.8 - - - 2.7
Phosphorous - 0.1 - 15.2 0.2 - - - 154
Sulfur - 0.1 - 04 0.2 . - - 0.7
Iron - 448.0 - B 89.6 - - - 537.6
Calcium - - - 19.6 - - - - 19.6
Aluminum* - - - - - - - 4540.0 4540.0

*All data are from Westinghouse (1986) report, except ithe weight from aluminum (this amount was increased 1o reflect an all-atuminum suitcase).

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) é 30 ¢m) (uSv/hr)
Hydrogen 830.5 - ~ -
Carbon 5700.8 S.A8E-09 - -
Nitrogen 662.0 8.88E-05 - -
Oxygen 37713 4.07E-01 - -
Sodium 0.3 2.29E-02 5.41E-04 1.62E-07
Manganese 9.8 4 81E+01 1.37E-02 1.34E-04
Silicon 2.7 1.30E-03 - -
Phosphorous 154 740E-09 - -
Sulfur 0.7 - - -
Iron 537.6 B - -
Calcium 19.6 - - -
Aluminum 4540.0 4.74E + 04 3.03E-02 1.38E-01
Total 1.38E-01

Note: 5.186-09 = 5.18x10-® etc.

different ticket counter and wait in line for some time
before receiving their tickets. A complete summary of
collective doses for each scenario is presented in Sec-
tion 5.4.5.

Additional vertical shielding barriers will be placed at
either 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

31

material for neutron shielding and heavy metal for
gamma ray absorption. They will be sufficiently thick to
reduce the penetrating radiation field to less than 1 uSv/
hr (0.1 mrem/hr) when the EDS-3C is running at peak
capacity, For installations that could be accessible to the
public, an exit housing for the conveyor belt with an
opening for loading and unloading luggage will be
installed.

NUREG-1396
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Population distribution data on the number of interna-
tional passengers enplaning at JEK International Airport
were used to estimate the downward dose to passer,2ers
located under the EDS-3C. At this very busy terminal,
9,010,570 international passengers boarded an airplane
in 1988 (Ryge, 1990). Statistics for 1987 (statistics for 1988
were not available at the time of this writing) show that
2.2x107 passengers (on domestic and international flights)
flew out of New York (U.S. Bureau of the Census, 1989).
Because it is not reasonable to assume that all domestic
and international flight passengers would either pass by
the counter where the EDS-3C was located or pass un-
derneath the EDS-3C, it was assumed that only the inter-
national flight passengers (about 40 percent of the total
passengers at JI'K Airport) would be in the vicinity of the
EDS-3C. If non-passenger airport visitors and other air-
port personnel amount to 100 percent of the passenger
population density, and only a small fraction (10 percent)
pass underneath the EDS-3C on their way to claim their
luggage, the total number of people affected by the sce-
nario would be 9.0x108,

In many cases, the baggage claim area is in the main
terminal directly beneath the airline ticket counters. At
San Francisco and Gatwick (London, England) "nterna-
tional Airports, the average distance from ther  +level
to the basement level (where the baggage reclaim arcas
are located) is 4.25 m (14 ft), and the concrete flooring
between these two levels is approximately 20 em (8 in.)
thick. The dose rate decreases rapidly with increasing
horizontal distance from the center of the TNA system
because of the inverse square law (see Figure 5.6). As-
suming that the dose rate in the area directly underneath
the TNA system is | uSv/hr (0.1 mrem/hr) and that pas-
sengers only stay 15 minutes in the baggage reclaim area,
the dose rate is 0.3 uSv/hr (0.03 mrem/hr). The total
collective dose to this group of people passing under-
neath the EDS-3C is estimated to be

0.3 uSv/hr x 0.25 hr x Mx10° passengers x 16-* Sv/uSv
= 6.8x10-% person-Sv/yr

5431 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 international flights. 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.

Al 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 week, this would require
50 full-time equivalent personnel (three 40-hr/wk shifts,
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50 wk/yr). These ticket personnel may be 2 m (6.6 ft) from
the EDS-3C, which would have a radiation area of about
0.3 uSv/hr (0.03 mrem/hr). In addition, the ticket agents
will have to tag the luggage with a baggage claim check.
Assuming an B-hour shift for each ticket agent, the esti-
mated dose to a tickey 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-
Sv/yr (3 persoa-rem/yr).

If non-passenger airport visitors and other airport pr=-
sonnel amount to 100 percent of the passenger popu.-
tion density, then it can be assumed that 9.0x108 non-
passengers could pass by the airline counter where the
EDS-3C was located.

The estimated distance from the EDS-3C to nearby
members of the public is about 10 m (33 {1). The potential
radiation exposure from the EDS-3C at this distance is
less than 1x10-2 uSv/hr (1 prem/hr). Because the dose
from netyral background radiation is approximately
0.1 uSv/hr (10 urem/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 (o

operators [6]* 1.2x10-2 person-Sv

Potential radiation exposure to

baggage handlers [6]* 6.0x10-® person-Sv

Potential racdiation exposure to

ticket agents [45)* 3.0x10-2 person-Sv

Potential radiation ex
security screeners [3)

wure Lo
9.5x10-* person-Sv

Radiation exposure to the
passengers [1.1x108)* () person-Sv
Radiation exposure (o near

members of the public [9.0x10€]* 0 person-Sv

Total for the behind-the-check-

in-counter scenario 4.9x10-2 person-Sv

5432 In Front of the Check-In Counter

In this scenario, the entrance of the TNA system will be
placed in a public arca in front of the check-in counter,
and the exit will be placed behir - 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 to the TNA system unless a
barrier was erccted, which would increase 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 uSv/hr (0.03 mrem/hr)

*The numbers in brackets refer 10 the number of full-time-equivalent
workers, passengers, or aearby members of the public that could be af-
fected.



is assumed for a duration of 2 minutes (the time required
10 scan the bags of 10 passengers with 2 bags) while the
passenger waits in line. This amounts to a 1.0x10-2 uSv
(1 wrem) dose per passenger or 1.1x10-2 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 s 1.6x10-8
person-Sv/yr (0.16 person-rem/yr). This dose component
applies to all concourse scenarios except the one dis-
cussed in Section 5.4.3.1 (behind the check-in counter).

The estimated distance from the EDS-3C to nearby
members of the public is about 4 m (13 ft). The potential
radiation exposure from the EDS-3C at this distance is
7.5x10-2 uSv/hr (7.5 urem/hr). Because the average dose
from natural background radiation is 1x10-2 uSv/hr
(1 urem/hr), the dose to passengers walking by the
EDS-3C would be less than that fron. background radia-
tion, or about 1.2x10-2 uSv (1.2x10-' prem). This dose s
only a small fraction of the permissible limit of 5 mSv/yr
(500 mrem/yr)

If it is "ssumed that members of the public are near this
system for about 1 minute, the estimated annual cellec-
tive dose to this group is 1.1x10<2 person-Sv (1.1 person
rem)

Potential radiation exposure to
operators [6]* 1.2x10-2 person-!
Potential radiation exposure 1o
baggage hardlers [6]* 6.0x10-° person-!
Potential radiation exposure 1o
ticket agents [45]* 3.0x10-2 person-
Potential radiation exposure to
sceurity screeners [3)° 0.5x10-* person-!
Radiation exposure Lo the

passengers [1.1x108)* 1.1x10-2 person-S

Radiation exposure to nearby
members of the public [9.0x108]* 1.1x10-2 person-S
T'otal for the in-front-of-check-

in-counter scenario 7.1x10-2 person-3

5433 Pre-Check-In Area

In this scenario, the EDS-3C will be placed between the
terminal entrance and the tcket check-in counters (sce
Figure 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 length of the
system as the luggage is scanned. Assuming that a passen

*The numbers in brackets refer 10 the number of full-time-equivalent

workers, passengers, or nearby members of the public that could be al
fected
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ger walks reasonably close to the system, he or she will
experience an average dose rate of 1 uSv/hr (0.1 mrem/
hr) for 60 seconds (26 seconds while the bag passes
through the system plus some extra delay). This amounts
to a dose of 1.7x10-2 uSv (1.7 prem) per passenger or
0.018 person-Sv (1.8 person-rem) for an estimated
1.1 million passengers a year. Once the luggage is cleared
by the EDS-3C, the attendant at the exit will band it with
tamper-resistant security tape and return it 10 the passen-
ger. The passenger will then carry the luggage to the
check-in counter, where it will be checked in for delivery
to the aircraft.

The amount of time that the passenger will carry the
slightly radioactive bag will vary significantly. If for any
reason the airline were to cancel a scheduled flight, the
passenger would be with the luggage indefinitely. This
would be the worst-case scenario for this option. The total
dose rate from all the elements listed in Table 5.3 is
| uSv/hr (0.1 mrem/hr) 30 seconds after EDS-3C screen-
ing. After a 10-minute decay, however, the dose rate
decreases to 0.28 uSv/hr (0.028 mrem/hr). Assuming that
1.1 million passengers would have to carry two bags each
from the EDS-3C to the international ticket counter
(about § minutes) and wait in line 15 minutes to get toan
airline ticket agent (0.28 uSv/hr could be used as the
average dose rate), the estimated total collective dose
annually to this group of passengers would be

0.28 uSv/hr x 2.2x:0° bags x 0.3 hr x 10-* Sv/uSv
L.Bx10-' person-Sv/yr

I'he total dose to each passenger from this scenario would
be 1.8x10-" uSv/yr (18.5 urem/yr). The collective dose
would be 2.0x10-' person-Sv/yr (20 person-rem/yr).

Because personnel at the ticket counter at many airlines
will have to tag the slightly radioactive luggage with
baggage claim checks and subsequently place the luggage
on the conveyor belt to be transferred to the airplane,
personnel also will reccive a small additional dose. If
20 airlines have international ticket counters that are
cach staffed with 10 ticket agents, the total number of
full-time-equivalent personnel needed annually would be
appreximately 600. If ticket agents receive the luggage
10 minutes after EDS-3C screening, the dose rate out-
side the luggage would be 0.28 uSv/hr (0.028 mrcm/hr).
Assuming it takes a ticket agent 1 minute to tag two bags
from each passenger, the annual dose to each ticket agent
would be 17 uSv/yr (1.7 mrem/yr)

X ¢
2.2x1( bags/vr

600 ticke! agents

'he total collective dose to the ticket personnel would be
1.0x10-2 person-Sv/yr (1.0 person-rem/yr)
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Passengers, their entourages, and non-TNA personnel
who also may need to walk by the EDS-3C could receive
some radiation dose. If non-passenger airport visitors and
other airport personnel amourt 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 ft) [radiation dose at this distance is 0.2 uSv/hr
(0.02 mrem/hr)), the total collective dose would be

0.2 uSv/hr x 2 min x 1 hr/60 min x 10-* Sv/uSv x 9.0x10#
= 6.0x10-* person/Sy

if the time for each passenger and accompanying visitor
were o increase 1o S minutes, the estimated total cellec-
tive dose would be 0.15 person-8Sv (15 person-rem).

Potential radiation exposure to

operators [6]* 1.2x10-2 person-Sv

Potential radiation exposure to
baggage handlers [6]*

Potential radiation exposure to

6.0x10-* person-Sv

ticket agents [600)*

Potential radiation ex
security screeners [3)

sure to

Radiation exposure to ihe
passengers [1.1x106§*

1.0x10-2 person-Sy
9.5x10-4 person-Sv

2.0x10-" person-Sv

Radiation exposure to ncarb{
0e)*

members of the public [9.0x 6.0x10-2 person-Sv

Total for the pre-check-in-area
scenano

5434 Curbside Area

2.9x10-! person-Sv

In the last scenario, the EDS-3C will be placed along the
departure curb outside the main airport terminal. The
passengers will hand their luggage to an attendant and
wait for it to be cieared in order to receive a claim check.
Depending on the specific setup, the passenger might
walk alongside the sysiem to the exit. An average dose
rate of 0.3 uSv/hr (0.03 mrem/hr) is assumed for a dura-
tion of 10 minutes. Passengers will have to wait longer
near the EDS-3C than in the in-front-of-the-check-in-
counter scenario because they will have to wait for the
baggagc claim check. This amounts to a dose of
S.0x10-2 pSv (5 wrem) for each passenger or 5.5x10-2
person-Sy (5.5 person-rem) for an estimated 1.1 million
passengers a year.

At many intended curbside locations, three to five sky-
caps may be available for ticketing checked-in luggage.
Because the sky-cap stations could be open for 16 hours a
day, 7 days a week. this would require as many as 15 full-

*The numbers in beackets refer 1o the number of full-time -equivalent
workers, passengers, or nearby members of the public that could be af
fected
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time-equivelent personnel (three 40-hr/wk shifts, S0 wk/
yr). These sky-caps will have to tag the luggage with a
baggage claim check. Assuming it takes a sky-cap 1 min-
ute 1o tag two bags from each passenger, that each bag
contains all the elements listed in Table 5.3, and that the
luggage contents have decayed only 30 seconds, the esti-
mated annual dose to cach sky-cap would be 0.25 mSv/yr
(25 mrem/yr):

2.22x10% bags/yr 0.1 uSv/hr
15 sky - caps bag
= 247 uSviyr = 0.25 mSv/yr

x 1/60 hr

The total collective dose to this group of workers would
be 3.8x10-3 person-Sv/yr (3.8x10-' person-rem/yr).

Other members of the public might pass near the system,
but much fewer than in the pre-check-in-area 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
dose to this group would be 6.0x10-* person-Sy
(0.6 person-rem) (0.1 x 6.0x10-2 person-Sv).

Potential radiation exposuic to

operators [6]* 1.2x10-2 person-Sy

Potential radiation exposure to

sky-caps [15)* 3.8x10-3 person-Sv
Potential radiation exposure to

ticket agents [600]* 0 person-Sy
Potential radiation exposure to

security screeners [3) 9.5x10-4 person-Sv
Radiation exposure to the

passengers [1.1x108}* 5.5x10-2 person-Sv
Radiation exposure to nearb

members of the public [9.0x {05]‘ 6.0x10-% person-Sv

Total for the curbside-arca

scenario 7.8x10-2 person-Sv

5.4.4 Effects of Irradiation on Baggage
Contents

Food, medical supplies, and other consumable items e
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
gamma 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 in an absorbed dose of 15 micrograys (uGy)
(1.5 mrad) or a dose equiva’ v of 25 pSv (2.5 mrem) to

*The numbers in brackets refer 1o the number of full-time-equivalent
workers, passengers, or nearhy members of the public that coul’
fected



the whole body (NCRF Report 94). An extreme case
would be a 10-hour polar flight, for example, from Cali-
fornia to Europe, in which case long flight times and
higher cosmic-ray intensities at high latitudes would re-
gult in an absorbed dose of 50 Gy (5 mrad) or 100-uSv
(16-mrem) dose equivalent. It should be noted, however,
that frequent flyers and most crew members may receive
annual dose equivalents of about 1 mSv (100 mrem),
while some crew members may receive cose equivalents
that are several times higher (see NCRP Report 94).

Passage through the TN A system would expose medicine,
lotion, drugs, or other items in a suitcase to a slow neutron
fluence of 4.5x10° neutrons/cm? if the item were located
at the peak flux. This neutron exposure is less than that
experienced from cosmic rays in Denver each year, which
results in a dose equivalent rate of 0.5 mSv/yr (50 mrem/
yr) (see NORP Report 94)

§441 Consumable ltems

Passengers may also carry consumable items (including
food) in their luggage. Small amounts of naturally occur-
ring radionuclides alrcady exist in the food that we eat.
For example, potassium-40 (K-40) is a naturally occurring
radioactive isotope that is contained in essentially all the
food that we eat. It has an abundance (found in natuvce) of
0.0117 percent, a radioactive hall-life of 1.25x10° years,
and a high-energy gamma ray as well. Since K-40 has a
specific activity of 838 picocuries per gram of potassium
and peanuts, for example, contain 0.674 percent potas-
sium, 1 g (0.035 oz) of peanuts contains 0.209 Bq of K-40
(National Institute of Standards and Technology, 1989). It
seems reasonable to consider an amount of induced ra-
dioactivity equal to one-hundredth of that contained
naturally in a single peanut to be negligible. It is for this
reason that Tables 5.1 and 5.2 only include induced radio-
activity greater that 0.001 Bg/g (see Section 5.4.1). Only
four radioactively induced elements—rhodium (Rh), in-
dium (In), europium (Eu), and dysprosium (Dy) (four
relatively rare clements)—would exceed the amount of
natural radioactivity in a 142-g (5-02) bag of peanuts
10 minutes alter they left the TNA system.,

Table 5.7 shows the daily intakes of the elements that are
the principal contributors to the dose that would be re-
ceived and the dose estimates for each element under the
assumed conditions. The mean daily intakes of various
elements shown in this table were obtained from ICRP
Publication 23 and apply to the “reference man” concept
in radiation protection. The effective dose equivalents
were calculated using dose conversion factors from ICRP
Publication 30, which reflects the ICRP-based system of
dose limitation and the latest metabolic models and
dosimetric parameters. The table shows that salt (sodium)
ts the principal source of radiation exposure from con-
sumption of food that has passed through the TNA
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system. About 90 percent of the committed effective dose
equivalent of the 2.3x10-* uSv (2.3x10-5 mrem) would be
due to ingestion of sodium and chlorine. In principls, a
passenger could open his or her luggage alter a pre-
check-in inspection, take an item or two out of the check-
in luggage to consume either at the airport or later on the
airplane. Persons consuming salt pills or highly salted
foods after their luggage had been screened by the
EDS-3C could receive most of the radiation dose shown
in Table §.7.

Assuming 5 percent of the 1.1 million international pas-
sengers whose luggage is screened by the EDS-3C carry
salt tablets or snacks (such as peanuts or salami) in their
luggage and subsequently eat these items (within 30 sec-
onds after screening), the collective dose to this group of
passengers would be 1.3x10-5 person-Sv/yr (1.3x10-8
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 Japanese adults, however,
intakes as high as 27 g (0.95 oz) have been reported. The
effective dose equivalent from a sodium intake of 27 g
would be 8.6x10-¢ uSv (8.6x10-# 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 dose conversion
factors were available (NUREG-0172). The results show
that children receive a dose from Na-24 that is about
60 percent greater than that estimated for adults. In
an extreme case, a child with a 12-g/day (0.4-0z/day)
sodium intake could receive a dose of 1.5x20-4 uSv
(1.5x10-5 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). Potassium enters th  body mainly through
foodstuffs 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 S5.0x10-° uSv/Bg
(18.5 mrem/uCi); therefore, the yearly cose from food-
stuffs is 0.14 mSv/yr (14.1 mrem/yr) (see ICRP Publica-
tion 30). However, because potass.um is an essential ele-
ment and under metabolic control, variations in dietary
composition have little effect on th2 body content or on
the radiation dose received (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 1 year by the EDS-3C would be

10 g/day x 1 day/wk x 52 wk/yr x 31 Bq/g x 5x10-° uSv/Bq
= 81 uSv/yr (8.1 mrem/yr)

['his is only 57 percent of the yearly dose received from
foodstuffs. Thus, the conservative assumption of taking
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Table 5.7 Committed effective dose equivalent from daily intakes of elements 1 hour after EDS-3C screening

Weighted
committed
dose
equivalent
(Sv/Bq)

Mean

daily
Target intake
nuclide iy

Induced
radio-
nuclide

Becquerel/gram of element

Committed effective dose
equivaient from 1 day’s intake

0.5-min delay*
(Bg/'p)

10-min delay*
(Bq/p)

0.5-min delay
(uSv)

10-min delay
(uSv)

Na-23
P-31
)37
K-}
Mn-55
Cu-63
As-75
Br-79
Br-79

4 40E + 00
LAOE + 00
S20E+00
JIE + 00
3 70E-03
JSOE-03
100E-03
7.50E-03
7.50E-03

Na-2
P-32
Cl-38
K-42
Mn-56
Cu-64
As-76
Br-80m
Br-80

387E-10
2.08E-09
S40E-11
297E-10
2.52E-10
1.16E-10
1.28E-09
6.23E-11
1.50E-11

['otal

8. 10E 02
L60E-03
2.48E-01
1LORE-(2
SO00E + 00
206E-01
1.47E-01
: 4(![‘ {1
1.28E + 01

R.O3E-02
1.60E-03
2.07E-01
1.07E-02
4TTE4+ 0
204E-01
14GE-01
240E-01
E84E + 00

1. 38E-(4
4 65E-06
6.95E-05
LOGE-05
4 66E-06
8.37E-08
|.B8E-07
1.15E-07
1. 44E -06

1.37E-04
4 6SE-06
S B2E-05
LO4E-0S
4 45E-06
8.29E-08
1.87E-07
1 12E-07
Q95E-07

2.29E-04 2.16E-04

*From Table 5.1

Note: 4 40E 4 00 = 4.40x10° etc

Tabie 58 Age dependence of sodium intake and dose conversion
factors (specific activity of 8.1x10-* Bq/g)

odium
intake,
Category (age) (g/day)

Whole-body dose con-
version factor, DCF*
(uSv/Bq)

Product of | x DCF
(;éux_\ /mrem:gy

(mrem/uCi) Ba/day, '\\;.(‘i-du))

Infant (0.5 yr)
Child {5 yr)
{'eenager (15 yr)

Adult (> 20 yr)

10 1.4E-
3.2E- 11.6
2.2E- 8.3
2.0E-(: 7.5

50

*1CRP Publication 30
Note: 2.76-03 = 2.7x10-2 etc
Source: NUREG-0172

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

5442 Nonconsumable ltems

Neutron activation of the elements in 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
after a 10-minute decay listed in Table 5.3 (vanadium,
manganese, indium, and europium), only indium and toa
lesser extent manganese are found in common objects
Indium, according to the Har
1cs, 18 principally used in al

alloys (Hodgman et al., 1960)

Ibook of Chemistry und Phys
s for jewelry and in dental
Manganesc is used primar-

tly in copper, ron, and nickel alloys. A survey of alloys

NURFEG
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indicates that the amount of manganese is gencrally less
than 5 percent, Typical items likely to contain these ¢le-
ments are jewelry, clock alarms, travel irons, electric ra-
zors, hair dryers, portable radios, and nail files.

Gold 1s more likely to be found in larger quantities than
manganese or indium. Gold alloys used for jewelry and
other objects have a gold content of 50 to 70 percent
(Hodgman et al., 1960). Catalogs show that most common
gold jewelry such as necklaces, earrings, and rings Lave a
gold content ranging from about 10 g to 50 g (0.3 oz to
1.8 02). Since the price of gold is currently about $15 a
gram ($420 an ounce), one would expect that very expen-
sive jewelry would be either worn or stored in carry-on
luggage or purses by passengers. However, in an extreme
case, someone could conceivably place, for example, 40 g

(1.4 0z) of gold jewelry in his or her checked bagpage. The




"

=

therefore, nearly all the induced radioactivity would still
be present when the owner claimed the luggage

product radionuclide, gold-198, has a half-life of 2.7 days;

The tota' beta particle dose at a depth of 0.007 cm
(2.8x10- in.) beneath the skin directly under the jewelny
is esticaated to be about 23 uGy (2.3 mrad) if the jewelryis
worn continuously for approximately 10 days aiter the
luggage is claimed (Sherbini, 1990) The gamma dose
adds approximately 2 pSv (0.2 mrem), therefore, the total
dose is 25 uSv (2.5 mrem). If the ICRP weighting factor
1or skin is used (0.01), the total effective dose equivalent
for this assumed exposure scenario is about 0.25 uSv
(0.025 mrem). If 1 percent of the passengers carry gold
jewelry in their luggage and then wear it indefinitely,
the effective dose equivalent is 2.8x10-° person-Sv/yr
(0.28 person-rem/yr). This dose is well below the public
exposure limits recommended by ICRP

Potential doses due to a malfunction of the TNA system
(such as a conveyor-belt breakdown, a power lallure, ora
baggage jam) could be larger because of a longer neutron
irradiation time. The potential effective dose equivalent
from wearing gold jewelry for 10 days following EDS-3(
screening could be as high as 10 uSv (1 mrem). Expen
ence with ramp installation at JFK International Airport
has shown that these irradiations are rare, usually less
than one per month of operation. If this scenario occurs
once cach month, the resulting collective effective dose
equivalentis 1.2x10-4 person-Sv/yr (1.2x10-2 person-rem
Y1y

Existing I' :deral guidance and laboratory data both pro-
vide assurance that neutron irradiation of luggage as pro
posed will not cause deleterious effects. The Food and
Drug Administration (FDA) has approved neutron irra-
diation of food using Cf-252 sources to determine its
moisture content. Such irradiation 15 permitted for
absorbed doses of up to 2 mGy (200 mrad) (21 CFR
Part 179)

I'he effect of the system on photographic film, including
both movie film and high-speed film, 1s undetectable un-
der normal conditions. This was determined by testing
several types of film that had been passed once and sev-
eral times through the original [ “stotype system, EDS-2
{Beckett and Schneider, 1987), whicn ~ontained 340 pg of
Cf-252. The film showed no effects 1iom the radiation
exposure to the EDS~2 when subjected o 50 times the
standard dose. When compared with contyol samples,

5 Environmental Impacts

both sensiometric performance and granularity were un-
changed from those of control samples. The tests and
results are discussed by Beckett and Schneider (1987).

5,45 Summary of Collective Doses

In the previous discussions in Section 5.4, the collective
dose from various pathways was derived. The collective
doses to workers and security screeners do not depend on
the choice of TNA system installation scenario. The total
doses to passengers from the activation of consumable
items and apparel are greatest for the pre-check-in sce-
nario, because passengers (or members of the public) may
have access to checked luggage immediately after it
leaves the TNA system. The downward contribution to
the floor below the TNA system may apply to all scenar-
10§, and the maximum case is assumed.

The direct dose to other persons applies in varying de-
grees to all but the first scenario (behind the check-in
counter). The scenario showing the largest collective dose
1s the pre-check-in-area scenario

Tables 5.9 and 5.10 summarize the annual coliective and
individual doses for each of the four scenarios described
in this section. The doses for all the individuals involved
{operators, baggage handlers, ticket counter personnel,
security screeners, passengers, and members of the pub-

yare within the 10 CFR Part 20 Limits for individuals in
restricted and unrestricted arcas. Table 5.10 shows that
the annual dose from natural background radiation 1§
3 mSv/yr (300 mrem/yr), which is more than the dose

from any one of the scenarios presented (NCRP Report
94)

I'he collective doses were calculated for several scenanos
involving a single EDS-3C installed and operated in four
different ways at an airport. If several of these systems
were installed in an airport, the doses would be controlled
by the exposure scenario (see Section 5.4.3.3) in which the
passenger hands the luggage to a TNA attendant for
screening, walks along the system (in the arca of highest
exposure rate), and retrieves the luggage 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. Therefore, the col-
lective and maximum doses in an airport vsing multiple
systems in parallel probably would not exceed the results
of the analysis in this section

NUREG

396




$ Environmental Impacts

Table 5.9 Summary of collective doses from all scenarios

Scenario
Behind the In frount of
counter the counter Pre-check-in Curbside
Radiation exposure (person-Sv) (person-Sv) (person-Sy) (person-Sv)
Workers
Operators 1.2E-02 1.2E-02 1.2E~02 1.2E-02
Baggagpe 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 Q.5E-04
Sky-caps 0 0 0 3. 8E-03
Passengers 0 1.1E-02 2.0E-01 5.5E-02
Public
Belov the TNA system 6.8E-02 6.8E-02 6.8E~02 6.8E-02
Mear the TNA system ) 1.1E-02 6.05:-02 6.0E-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.)
Total
Person-Sv 1.2E-01 14E-01 3.6E-01 1.6E-01
Percon-rem 12.0 i4.2 36.0 15.5
Note: » 2E-02 = 1.2x10-? etc.
Table 5,10 Summary of annual individual doses from all scenarios
Scenario
Behind the In feont of NRC
counter the counter Pre-check-in  Curbside limit
Radiation exposure (mSv) (mSy) (mSy) (mSy) (mSy)
Workers
Operators 20E+00 2.0E+00 20E+00 2.0E+00 SOE+01
Baggage handlers 1.OE+00 1.0E + 00 1.OE + 00 1.0E +00 SOE+00
Ticket counter personnel 6.0E-01 6.0E-01 1.7E-02 0 S.OE+00
Security screeners 3.2E-01 3.2E-01 3.2E-01 3.2E-01 SOE+00
Sky-caps 0 0 0 2.5E-01 S.0E +00
Passengers 0 1.0E-05 1.8E-04 5.0E-05 S.0E +0C
Public
Below the TNA system 7.5E-05 7.5E-05 7.5E-05 7.5E-05 S.O0E+00
Near the TNA system 0 1.2E-06 6.7E-06 6.7E-06 SOE+00
From irradiation of baggage contents
Consumable items 0 0 2.4E-07 0 -
Nonconsumable items (svitiase, 2.5E-04 2.5E-04 2.5E-04 2.5E-04 -

clothing, etc.)

Notes. Natural sources of radiation
Natural background J.0E+00
Yearly dose from foodstaffs 1.4E-01]

20E+400 = 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
scenanos are considered conservative in terms of bot'.
accident potential 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 proposed operations. These included an
accident involving the trensfer of the californium-252
(CI-252) source from the cask into the EDS-3C, an acci-
dent during transport from the manufacturer, and postu-
lated operational accidents, such as a fire or an explosion.

The doses calculated for these accidents are effective
dose equivalents resulting from the inhalation of dis-
persed radioactive material. Exposure pathways other
than inhalation can be expected to result in minor in-
creases in dose commitment received. Deposition of
Cf-252 in soil and/or vegetables may requive decontami-
nation if the accident involves significant amounts of
Cf-282

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 shielding would be less as the source was moved
from the transfer cask to the EDS-3C. The highest dose
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 field would result

7\
\
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Figure 6.1 Isodose contours for source

!

¢ wedged at inter

Figure 6.1 illustrates the isodose contours’ur a 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 area be cordoned off at approximately
14 m (45 ft) 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 themselves away from the interface
between the cask and the EDS-3C. Their average dose
rate would be about 0.2 mSv/hr (20 mrem/hr) during the
15 minutes it might take to dislodge the source. The
estimated collective dose for this scenario is less than
3.0x10-¢ person-Sv (0.03 person-rem). The estimated
probability that the source might become dislodged is less
than 10-% 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 Modes” (NUREG-0170).

This section addresses the radiological impact of an acci-
dent resulting from the transportation of one Cf-252
source annually. Minor traffic accidents would have no
effect on the integrity of the cask containing the source
and would not pose a radiological hazard (Bozorgmanesh,
1981)
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6 Effects of Accidents

The bulk of the cask s composed of water-extended-
mlyester neutron shielding, which does not melt like the

rated wax compounds used previously in the prototype,
Model EDS-2 (Ryge, 1989). 1.ead shielding around the
center of the cask where the source is located reduces the
gamma ray dose rate. Although the melting point of lead
15 about 327°C (620°F), a serious crash followed by a hot
fire of long duration could destroy the neutron shielding
and seriously compromise the gamma ray shielding. Table
6.1 shows the dose equivalent rates from neutron and
gamma radiation at various distances from an unshielded
150-pg point source of Cf-252. The absorbed dose rates in
tissue are based on data given forad'stance of 1 m (3 ft)in
ICRP Publication 21, The dose equivalent rates in Table
6.1 are based on the assumption that the mean quality
factor for neutrons will increase by a factor of 2. The dose
rates shown are the upper limits for a radiation field that
might be present following a postulated severe accident
and subsequent fire involving the truck transporting the
source. The pamma ray doses rates would be much lower
if the lead shield remained intact.

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

Dose equivalent rate (mSy/hr)

Distance

[m (1)) Neutron Gamma  Total
1(3.3) 7.2E 400 2.1E-01 7.4E+00
2(6.6) 1.8E 4+ 00 SOE-02 1.8E+00
5(164) 2.8L-01 8.5E-03 2.8E-01
10 (32.8) 7.5E-02 2.1E-03 7.7E-02

Note: 7.2E4 00 = 7.2x10° 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 crane to manipulate the re-
mains of the shiclded cask or bringing in another shiclded
cask for source storage. A large water-filled tark could
serve as both a receptacle for the source and a shielding
100l to provide protection against radiation emitting from
the source. Careful emergency planning for such scenar-
108 would limit the dose during recovery of the source. A
person working at an average distance of 10 m (33 ft) from
the source for 4 hours could receive a dose equivalent of
about 0.3 mSv (30 mrem).

‘The second type of transportation accident is assumed 10
be even more severe that the scenario considered above.
For this accident, it is assumed that the accident and
subsequent fire lead to the complete fragmentation of the
Cf-252 source and its dispersion to the atmosphere. The
accidental release of radioactivity from ground level and
transported in the atmosphere under stable conditions
was calculated at 4 m/s (13 fus). NRC Regulatory Guide
1.145, “Atmospheric Dispersion Models for Potential Ac-
cident Consequence Assessments at Nuciear Power
Plants,” was used to calculate the average x/Q values of
6.4x10-%/m® and 2.8x10-5s/m? 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
105-percent dispersion from the Cf-252 source at 50 and
300 m, respectively, from the point of release. The
resulting maximum inhalation dose for 100-percent dis-
persion at a distance of S0 m is 2.4x10- Sv (2.4x10-' rem),
which is well within the U.S, Environmental Protection
Agency's (EPA, 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
(MBg/yr) fraction (MBq) (s/m?) (Bg/ml) (MBg/m?) (%)
2961+ 03 1.00E-01 296E + 02 6.40E-05  3.70E-08 6.10E-10 1.62
2.961 403 5.00E-01 1481+ 03 6.40E-05 3. 70E-08 3.001-09 8.12
2961 + 03 1L.OOE + 00 296E + 03 6.40E-05 3.70E-08 6.01E-09 16.24
*X/QatS50m

Note: 296+ 03 = 296x10° eic
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Tabie 6.3 Annual inhalation dose to the nearest individual
50 m (54 yd) away from postulated Cf.252 accident

Activity®
inhaled

Dose conver-
sion factor®®

Commitied
effective
dose
equivalent

6 Effects of Accidents

(BQ) (Svllso yr°BQ)

4 81E+ 00
240E +01
4B81E+01

(Sv/50 ¥r)

240E-04
1.20E-03
2.40E-03

S.00E-05
S.00E-05
5.00E-05

“Breathing rate = B.OOE+ €3 m/yr
**1CRP Publication 30
Note: 481E+00 = 48ix10° ele,

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

Maximum
permissible
concentra-
tion (MPC)
(Bg/ml)

Offsite concentration
Total

source
activity
(MBqg/yr)

Fraction
of MPPC
(MBg/m?) (%)

Release

Emission x/Q*
fraction

(MBq) (s/m?)

2.96E 403
296E+03
296E 403

1L.OOE-01
S.0CE-01
1.0OE + 00

2.96E + 02
1.48E+ 03
2.96E + 03

2.80E-05
2.80E-05
2.80E-05

3.70E-08
3.70E-08
3. 70E-08

2.63E-10 0.71
1.31E-09 3.55
2.63E-09 7.10

*X/Q at 300 m
Note: Z96E+03 = 2.96x1(° 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
1.0SE +01
2.10E+01

5.00E-05
5.00E~C5
5.00E-05

1.0SE-04
§.26F-04
1.0SE-03

*Breathing rate = BOOE+ 03 m?4r
**1CRP Publication 30
Not: 210E400 = 2 10x10° etc

This scenario assumes that all the shielding materials are
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-

fighting time of 4 hours the total dose to an individual
would be approximately 0.31 mSv (31 mrem). Such a dose
does not exceer! the PA”, limit of 1-rem whole-body dose
(EPA, 199G). Although the dose estimates would not
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6 B ots of Accidents

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 supnlier of Cf-252 sources 1o

VATIOUS + locations was approximately 1900 km
(momim wnydamm:gcidem dur-
ing shipment of a Cf-252 source to and from an airport is

about 7.2x10-#/yr (Sandia National Laboratory, 1978),
For actual locations, the accident probability ranges from
2.9x10-%/yr 10 1.4x10- iyr.

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/mi?)
within a 16-km (10-mi) radius of the accident location was
used. It was assumed that 10 percent of the Cf-252 was
released downwind and that a 60° sector was affected.
The total number of people affected in this postulated
scenario would be $.2x104, The collective dose received
b{(:ndimwt within that sector ou. *o 16 km would be
about 5.5 person-Sv (550 person-rem). It “hould be noted,
however, that dispersion and dilution of th:* plume due to
deposition of Cf-252 on the grouno will significartly re-
duce the radioactive airhorne concentration at 16 km. For
further information regarding this scenario, see the licen-
see's environmental report (SAIC. 1989),

6.3 Opc.ational Accidents

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

NUREG-1396

explosion were 10 occur, the force of the explosion could
destr  the inside chamber and leave the source virtually
unsh.. .ded. Table 6.1 provides an upper bound for the
radiation ficld that could result. Unless the source was
blown o pletely away from the EDS-3C, the field
would not be radially uniform because of the presence of
the shiclding comonents. The problem of retrieving the
source and placing it in a shiclded container is similar 1o
that described in Section 6.2, but the process could be
aided with the use of the neutron and gamma-ray survey
instruments that are always kept on site at the airport in
another (but iramediate) location.

To evaluate the possibility of such a bomb breaching the
source encapsulation, a test was performed at the U S.
Bureau 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. Bureau of Mines,
1988). The results showed that the detonation of the
Charge did very little damage to the surrounding enclo-
sure, although the mockup itself was completely de-
stroyed. Most of the framework for the mockup was shat-
tared, and pieces of the bismuth block and paraffin shield-
w.g were scattered around the area. The polyethylene
tube containing the dummy source capsule was found
essentially undamaged under the debris. Although the
inner metal sleeve and polyethylene were tightly swaged
onto the source capsule, the source still appeared to be in
fmd condition, as was later verificd by the source manu-
acturer's leak tests. For further information regarding
the resulis of these tests, sce SAIC (1088).



7 DECOMMISSIONING

The structural components of the EDS-3 and EDS-3(
are not expected to contain significant amounts of
radionuclides after 15 years of system operation. It is
estimated that a total of 7.4x10* Bq (0.002 uCi) 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 is also expected to be small. After
the initial testing of the prototype model (EDS-2) at both
Los Angeies and San Francisco International Airports
was stopped in 1988, the concrete surfac: under the
EDS-2 was surveyed with an ion chamber sutvey instru-
ment. Although e 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, ihe 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 ¢n conventional and
special shielding concretes, and a wide vanety of composi

tions are described in literature. Water plays a significant
role in ensuring the effectiveriess 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 the 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 shielding is approximately 0.3 mSv/hr
(30 mrem/hr). For fission-spectrum neutrons, 0.3 mSv/hr
corresponds to 240 neutrons/cmé-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 years is 65 Bq (0.0017 pCh).

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 arc the primary ones (Jaeger et al, 1970)

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

Average
percent
compLsition
by weight

Constituent

Product

Ar-37
K-42
H-3
O-1o
Mn-27
C-11
Be-10
Mn-54
Na-24

Caicium (Ca) 22
Hydrogen (H)

Oxygen (O)

Silicon (S1)

Carbon (C)

Iron (Fe)

Manganese (Mg)

Total

Hall-life

3484

2 min

319

20 min

-

Gamma
energy
(MeV)

Activity

(uCi 'M)

1.2E-03
1 8E-06
J1E-06
4 9E-08
6.7E-07
1.26-10
1.2E-06
34E-04
2.0E-04

(Bg/kg)

4.4}
6.71
1.11
1.81
2.5k
4 8}
4 4]
1.31
7.4%

+01
02
01
-03
(2
)
02
01
+ 00

12.4 hr

123w

10 min

1.6E + 06 yr

d
15 hr

A

SE+01

1.8E-03

Note 448 +0] = 4 &l e
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8 ALTERNATIVES

8.1 Attributes for Evaluation

e primary considerations in pact assessment
are the attributes that are used 1o characterize the conse

quences of a proposed action. For this assessment, the
staff evaluated four categones: (1) costs of each alterna

tive, (2) health and safety impacts, (3) economic impacts
and (4) radiological impacts. The costs related to each
alternative refer 1o the actual monetary expenditures re

quired to implement and conduct operations under that
alternative. As a baseling, the no-action alternative can
be ascribed a cost of zoro dollars, Although current poli

a value-m

cies and procedures for airline safety and security involve
real cost expenditures, these costs are not considered in
the [‘H\'\M context because the costs for the vanous
action alternatives are evaluated relative to the no-acuion
alternative

Capital costs include all monetary expenditures reg aired
|

[ system construction and installa

1O cover inttial costs o
tion 10 the point where the system is functional. Capital
costs in this assesement were amortized annually over the
estimated 15-year operational life of the EDS-3C assum
ing an interest rate of 10 percent. Operational COStSs

clude all labor, maintenance, and overhead expenditures

required 10 operate the sysiem o facilitate the evall

ation of relative costs on a comparable basis, unnual capi
tal and operational costs were prorated on a per-tl
‘)J\\(ll;‘\f basis. Unit costs are expressed in werms o

dollars per [ ght passenger

I'ne stall also assessed the health and satety i pacts O

cach alternative. To determinge occupational salety, it

analvzed the varving degrees of bagp ) W8 handling and
! } ¢
l!n'm"!:mt\‘,u

of work environments

occupational habits for cach alternative
rience in regard 1o similar types
(¢.g., warchouse operations and parcel delivery) indicates
the rates of 1o time resulting from injury and accidental
deaths of workers per unit time that can be expected for
these occupations

Potential radiological consequences constitute the major
I'NA system
ragpage and its contents may be activated, both workers

and the public may be exposed (o the radiation emitted

concern associated with the Because the

during the decay of the induced radioactivity In cases

where hand scarch of alarmed bags (those that have ind

cated potentially positive for high nitrogen density) 1s

r¢ \:U’l&'\l.lk‘!J.. J radiation from the hane ag of the bags
could also expose the public to small amounts ol radia
non. bor 1‘..!‘\-'\‘\1" value-impact assessment the ¢o

lective dose measured i PErson-Sy (person-rem) 18 it

measure used 1o guantidy the eltect

'he economic impacts discussed are largely qualitative
I'he alternatives related (o the use of vae TNA system will
require an additional 6 109 positions per operational unit;
the hand-search alternative will require an equivalent
increase of 33 positions. The cost in tarifls or dollar
\'n\"}“\ per “Ip'.l passenger also was estimated for each

Jiernative

8.2 ldentification and Assessment of
Alternatives

In accordance with the guidance 1 NUREG/CR-3568,
FAA evaluated a number of alternatives and selected a
range of possible options for the detection of explosives in
checked airline baggage. The alternatives studied did not
sufficiently mee  he requirements for detection of explo
sives as defined , FAA in “Background Technical Infor
mation for the Broad Agency Announcement™ [U.S. De-
partment of Trar sportation, 1989(a)). These alternatives

were the following
e NO actior
® Individual hand search of ali checked luggage

Fhis might inclyrde

)
!

® Use of enhanced x ray screening
the use of color monitoring screens with enhanced
image scanners 1o distinguish between organic and

INOrganic maleriais

® Use of chemical vapor detechion mg thods. Thesc
might include use of chemical vapor detestors (Msnil
¢ !

" : > |
fers™) sensitive 10 explosives or use of tramned ca
!

unes (oliactory methods)

|

© Use of the EDS-2 in the ramp arca {(as currently 1

!

COCNSCy )

) Use of the E1US-3C in the concourse arca

[ Use of the EINS-3C with enhanceo radiation proteg
tion features to further riinimize possibie human ¢x

posure to wonizing radiation in the concourse area

O, the alternatives considered, FAA eliminated two as
being ineffective and, therefore, not feasible (FAA,
1689). ‘The alternatives considered 1o be ineliective (be
cause of the FAA requirement

age of false positives and the 6-second requirement 1of

periain, ‘he pereent

screening) were enhanced x ray screening and chemical

vapor detection. The remaining alternatives are de
this section. To evaluate the relative advan

tages of these alternatives, the NR(

scribed

" |
LARCS A l\' \ .\.l,f\,ﬂ.

staff performed an assessment using the methodology in

NUREG/CR-3568

[ o estimat ne anucipaled 1 of occupational acc
' !

x’ i “ I Ca ! iU I ) S0va ;i 1.‘\ \\ \\' |
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B Alternatives

Safety Council's annual statistics for rates of occupational
accidents were used (National Safety Council, 1986).
These rates are expressed in terms of resulting lost work-
days. For exampie, the following industry-related jobs are
cited in the document published by the National Safety
Council (1986):

Lost workday/
Industry person-yr
Transportation and public utilities 1.08
Manufacturing 0.78
Wholesale and retail trade 0.50

To estimate the anticiv.ated industrial accident rate, an
average of the abovre three examples (0.75 lost workday/
person-yr) was ve.d. For example, if one alternative re-
quired 20 em;.oyees to accomplish the job, the accident
rate wo'iy be 15 lost workdays/yr (20 emplovees x 0.75
lost workday/person-yr).

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

The estimated operating life of the unit is 15 years.

The unit inspects baggage at a rate of 400 bags an
hour and operates 16 hours a day.

®  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.

¢ Two operational personnel are required 1o attend
the EDS-3C during operating hours. This requires
six full-time-equivaleni personnel per operating
unit (three 40-hr/wk shilis).

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

®  Esthnated average annual personnel costs are as fol-
lows: the EDS operator, $60,000; each baggage han-
dler, $45,000; and each EDS assistant or “runner,”
$35,000 (all estimates include overhead costs). Sal-
ary estimates are from the International Association
of Machinists.

8.2.1 No Action

This alternative assumes that present policies and proce-
dures involving inspection of checked airline baggage are
continued and that present levels of security are main-
tained. No additional operating or capital costs are as-
sumed.

NUREG-1396
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8.2.2 Hand Search

This alternative assumes that all checked luggage is indi-
vidually handl 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 1o complete inspection pro-
cedures. Because it 1s assumed that capital costs for this
alternative are relatively small (i.c., 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 personnel 10 hand search
each piece of luggage. The average space needed for
10 inspection stations would be 186 m? (2000 f12), with a
cost of approximately $269/m# ($25/f12). To inspect the
same amount of baggage that an EDS-3C would be able
10 screen, approximately 67,000 hr/yr would be needed:

2 x 107 bags/yr x 2 min/bag x 1 he/60 min = 66,666 hr/yr

If an employee working full time for 2000 hours a year is
assumed, a total of 33 inspection personnel would be
required 10 hand scarch the same number of bags as
would be screened by one EDS-3C. To calculate the total
labor costs, it was assumed that each inspector was paid
$10 an hour, with an annual salary of $20,000 ($10/hr x
2000 hrfyr). For overhead, health insurance, general, and
administrative expenses, 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 each 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/m? x 186 m?) 550,000
TOTAL ANNUAL COST $1,370,000

Accordingly, for the hand-search option, the estimated
accident rate is 25 lost workdays/yr (33 personnel x (.75
lost workday/person-yr).

8.2.3 TNA System in Ramp Arca

This alternative involves the use of the TNA system
(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 previous
environmental assessment (NRC, 1989),

Recent experience at JFK International Airport has
shown tha. additional labor cost is associated with the
ramp location relative to the proposed use of the
EDS-3C in the lobby or concourse area. This cost is
related to the logistical problem of locating and bringing



passengers whose bags have alarmed to the TNA inspec-
tion aree (near the ramp area of an airport) where the
bags in question are opened and inspected. This was as-
sumed 1o require one assistant (during TNA system op-
eration), 16 hours a day, 7 days a week, for a total of three
assistants. The additional iabor costs for these three assis-
tants are $35,000 x 3 = $105,000. Currently, two baggage
handlers and two EDS-3 trained operators must attend
the unit during its operation. This requires 12 full-time-
equivalent personnel for each operating urit (six 40-hr

wk shifts) at a cost of approximately $45,000 a year for
each baggage handler and $60,000 a year for each opera-
tor. The average space needed for each EDS-3 i
93 m- (1000 f12), with a cost of approximately $269/m?
($25/112). The estimated accident rate for thi, alternative
18 11.3 lost workdays/yr (15 personnel x 0.75 lost workday

person-yr)

The capital, operational, and annual costs for this alterna-
tive are as follows

Capitai Costs

Estimated fabncation and construction
COstS $1.06.0.000

Instailation costs
Site modification (includes housing) $125.000
['ransportation, setup, and testing

TOTAL CAPITAL COSTS

350,000
$1.175.000
Amorntized Annual Cost ($/yr, 15 yr

@ 109%) $151.500

Operational Costs
Space cost ($269/m? x 93 m#) $25,000

L abor cost

6 operators (@ $60.000 /vt $£360.000

6 bagpage handlers @ $45,000/yr $270,000
3 runners @ $35,000/y1 $ 105,000
Source change $25,000
Calibration, leak testing, and repair
TOTAL OPEKATIONAL COSTS

TOTAL ANNUAL COSTS

$25.000
$510.000

$061.500

8.2.4 TNA System in Concourse Area

Ihis alternative 1s as deseribed in this environmental as
sessment. The original EDS-3 has been modified shightly

for concourse installation (now designated as Model
EDS-3C) to decrease the external radiation levels

Different materials were selected to reduce neutron cap

8 Alternatives

ture gamma rays, and additional pancls of borated poly-
ethylene and lead were added to further reduce the exter-
nal dose rates. Dose rate data are given in Section 3.1,

For this alternative, the cost of supplementary support
and additional building matenals nceded for the installa-
tion of the EDS-3C at indoor and outdoor 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 area. The
only outdoor location would be at the curbside. Because
only 6 full-time operators and 6 full-time baggage han-
diers would be needed for the indoor scenario, the esti-
mated accident rate for this option is 9 lost workdays/yt
(12 personnel x 0.75 lost workday/person-yr)

In the curbside scenario, however, the baggage may po
directly into a baggage chute rather than staying on the
same level as the EDS-3C. If this were the case, only
three full-time baggage handiers would be needed to ioad
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
creases in estimated labor costs for the curbside scenarnio
are reflected in Teble 8,1

F'o estimate the costs associated with the construction and
installation of the EDS-3C at the concourse level of an
airport, a structural feasibility study was performed (see
Peacock, 1989), This study defined 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 this alternative, additional shielding, moderators, and
controls are added to the basic design of the EDS-3(
I'hese additional materials are assumed to be capable of
reducing the radiation exposures by at least 50 percent
Installation cost would be in, reased 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 est
mated acadent rate 18 9 lost workdays/yr (12 personnel x
0.75 lost workday/person yr)

'he capital, operational, and annual costs for thisalterna

tive are as follows

'\'l (3 l‘.l'\lh




8 Alternatives

i Table 8.1 Construction costs for curbside and indoor EDS-3C installations
.\ :
Curbside indoor
Attribute installation installation
‘ Capual Costs
Estimated fabrication costs for EDS-3C $1.,000,000 $1,000,000
g Congtruction Costs
| Outside housing $125,000 $0
N Median barriers £5,500 $0
| Structura! design fee $7.000 $3,000
Analysis of load path through terminal $0 $4,500
‘;. Moving equipment $0 $5,500
Construction $35,500 $35,500
: Transportation, setup, and testing $50,000 $50,000
1 st ————
T'OTAL CAPITAL COSTS $1,223,000 $1,008,500
Amortized annual capital cost (§/yr, 15 yr @ 10%) $157,700 $141.700
l Operational Costs
. Space cost ($269/m? x U3 m¥) $25.000 $25,000
“‘ Labor cost
‘ 6 operators (@ $60,000/yr $360.000 $360.000
6 bagpage handlers @ $45,000/y1 $270,000
3 bagpage handlers @ $45,000/yr $135,000
) Source chanpe $25,000 $25,000
Calibration, leak testing, and repair $25,000 $25,000
FOTAL GPERATIONAL COSTS $570,000 $705,000
i
J TOTAL ANNUAL COSTS $727,700 $846,700
i
J ‘
Capital Costs 10 the no-action alternative. The table shows that the
v Listimated fabrication and construction average cost of the TNA ‘f‘-““'""_'”‘"m-“h“‘d 10 a per-
COSts $1.200.000 flight-passenger basis, is about $0.78, and the per-flight-
i passenger cost for the hand-search alternative i1s about
Installation costs ~$200,000 $1.25. The difference is attributable to the numbe: of
TOTAL CAPITAL COSTS  §1,400,000 employees needed to hand search Faggage
5 Amortized Annual Cost ($/yr, 15 yr
; @ 10%) $ 180,500
"‘ Operational Costs Ihe cost effectiveness of a TNA system with enhanced
i . c . .g e \ \ e -
% Same as those in Table 8.1 for indoor radiation ph\lt\l‘u\n features can also be determined
instaltation from this study. With a marginal annual dose reduction of
; ' i 0.057 person-Sv (5.7 rem) and a differential annual cost of
FOTAL OPERATIONAL COSTS $705,000 $35,800, the cost for this system would be about
| T'OTAL ANNUAL COSTS SRRS.S00 $6,800/person-rem (the traditional unit of rem is used
z here for simplicity). This value exceeds the NRC guide-
8.3 Summar_\ line of $100/person-rem (NUREG/BR-0058); therefore,

under the assumptions applied in this analysis, the en-

Fable 8.2 gives the value-impact summary for the four hanced radiation protection features would not be consid

alternatives described in the previous sections in relation ered cost effective
NURDG- 1396 an




Table 8.2 Yalue-impact summary for airline explosive detection alternatives

8 Alternatives

Attribute

Costs

Unit capital cost (§)

Amortized annual capr.al
cost ($/yr)

Operational cost ($/yr)

Unit total cost ($/yr)
(amortized annual cost plus
operational cost)

Cost per flight passenger ($)
Health and Safety Impacts
Aircraft safety and security

Industrial accident rate
(lost workdays/unit/yr)

Radiological Impacts

Collective dose
(person-Sv/unit/yr)

Occupational
Pubiic

Public (pre-check-in
sCCnarky)

Consumable items

Nonconsumable items

Total
Social and Econornic Impacts
Added employrient
Public fear dur 10
Radioac! WVILY

Flight risks

No
action

No change

None

No change

TNA system
in ramp
arca

Hand
search

1,175,000

0 151,500

1,370,000 810,000

1.370.000
1.25

961,500
(.87

Improved Improved

11.3

6.08:-03
1.0E-02

N/A
0
2.8E-03

1.9E-02

15

None Increased

Decreased ecreased

TNA system
as proposed

Curbside Indoor

1,223,000 1,008,500

15§7.700 141,700

£70.000 708,000

b
727,700

846,700
0.66 0.77

Improved Improved
}

Increased  Increased

Decreased Decreased

TNA system
with enhanced
radiation
protection

1.400.000
180,500

705,000

885,500

(1R8]

I proved

Increased

Decreased

Note: N/A = not apphicable

60803 6.0x10-% eic
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] 9.1 Summary of Environmental
Impacts

‘ Requirements regarding the inspection of passengers
‘ luggage are not new. An Executive Order of January §
1973, required airline companies 10 inspect all passengers
and their hand-carned ]“}‘_\L'.x;\t for concealed guns, dan
gerous weapons, explosives, and incendiary devices be
fore permitting the passengers to board commercial air
craflt (NCRP Report 95). By 1985, airlines scanned the
luggage for about 400 million passenger Lrips using x ray

fluoroscopic scanning systems in the public access arcas
of airports. The Federal performance standard (21 CFR
102.40) for cabinet x ray systems limits X ray emissions at a
point § ¢m (2 in.) from the external surface of the system
to 1.3x10-" coulomb/kg ((.5 mrem) in any one hour. On
the basis of this exposure rate

this source would contrib
ute about 0.003 uSv (0.3 urem) as an annual dose equiva

lent to each flight passenger. Assuming 30 million passen

gers travel per year, the estimated annual collective
< effective dose equivalent is about 0.6 person-Sy
(60 person-rem)
‘
o
Phis assessment indicated that a structural engineering

study will be reguired to ensure that the weight of the

EDS-3C can be accommaodated safely on the concourse
ievel of airports. Construction, installation, and use of the
EDS-3C will affect nearby passenger traffic patterns to

some degree at international ticket counters. However,
essential nigging equipment such as air dollies or forklifts

the EDS-3C components into the

ferminal
building during a week night or on a weekend when traffic
in the termnal 18 at & minimum

can mowy

I'ne NRC staff assessed the internal dose (o passengers
from irradiated foodstufls. It determined the 1otal effec
tive dose equivalent from the average daily intake of the
major elements contributing the

ICRP Publication 23). II § percent of the passengers
carnied 1ood items in their lug
30 seconds of

largest doses (using

page and consumed it within
recia ming then

screened by the FDS-3C), the annual collective dose to

lugpage (alter it was

an estimated 1.1 million passengers would be 1.3x10.¢

person-Sy (1.3x10-° person-rem)

'he stall calculated the collective effective dose cquiIva

lent from wearing 40 g (1.4 o2) ol

pold jewelry that had
Faaf€d through the DS~

1 ’ ]
It 1 percent of th

C Ppassen

gers carned pold jewelry in the peapge and subsi
quently wore it {or an exter d penod, the dose trom this
scenano would be Z2.5x| person-Sv/yr 28 persor

remrivr)

| 9 SUMMARY AND CONCLUSIONS

For the purposes of nvironmental analysis, the staff
assessed the impact of several different accident scenar
108 10 selectively bound a spectrum of accidents that could
It evaluaied three potential acadent scenarios
(1.e., accidents that could occur during source transfer,
transportation, and operation of the system) involving the
partial or complete fragmentation of the Cf-252 source
e resuiting maximum inhalation dose from the worst-
case accident involving 100-percent dispersion of the
source at a distance of 100 m (110 yd) would be 1.0x10-2 8§y
(0.10 rem), which is well within the U.S. Environmental
Protection Agency (1990) protective action guidelines of
0.25 Sv (25 rem) for emergency workers

ogcur

e staffl performed a cost-benefit analysis of alternatives
1o the EDS-3(
following

I'e alternatives considered were the
no action, individual hand search of checked
luggage, use of the EDS-3 in the ramp area, use of the
EDS-3C in the concourse area, and use of the EDS-3(
with enhanced radiation protection features. The evalu
ation clearly demonstrated that the EDS-3C curbside
alternative was the most cost-elfective method of screen

\

ing passenger check-in lupgage

As tllustratcd in this assessment,
FDS-3(

the annual dose from
operations 1o members of the public could be
compared with that from x ray inspection systems that
have been in use since the early 1970s. Even in the worst
case scenario (pre-check-in), the maximum individual
dose for passengers was 0. 18 udv/yr (I8 wrem/yr), and the
maximum individual dose to members of the public was
0.0067 uSv (0.67 prem). The average doses L0 passengers
and members of the public from all four scenarios were
Q.08 uSvy (0008 mrem) and 0.04 uSv (0.004 mrem), re
spectively. If the additional conservatism of the neutron
quality factor was not used (10 rather than 20), the above
caiculated doses from the EDS-3C would be half the
doses shown

On the basis of the foregoing assessment, the NRC stafl
concludes that the environmental effects of normal op
eration of the EDS-3C when located in any on¢ of the
four concourse areas of an awrport are expected 1o be
extremely small. For all scenarios, the macimum values of
radiation exposure that may be received by workers in
restricted areas (such as the operators) and those in unre
stricted areas (other non-TNA workers, passengers, and
members of the public) are well below the limits specified
in 10 CFR Part 20

9.2 Basis for Finding of No Significant
Impact

On the basis of the foregoing assessment, the NRC stafl

concludes that the environmental impacts that would

NUREG
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9 Summary and Conclusions

result from the proposed hicensing action would not be
significant and do not warrant the preparation of an envi
ronmental impact statement. Accordingly, the stafl has
determined that a finding of no significant impact 1§ ap-
propriate

For further technical details with respect to this action,
sce the application for & license dated October 31, 1986,
amendments dated April 19 and August 22, 1989; the

NUREPG-1396

supporting environmental reports; and other related
correspondence. These documents (in Docket Number
030-30885) and this final environmental assessment may
be examined or copied for a fee at both the NRC's Publi
Document Room at 2121 L Street NW., Washington,
D.C. 20555, and the NRC's Region 1 Public Document
Room, 475 Allendale Road, King of Prussia,
Pennsylvania 19406
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SECTION 1
GENERAL

1.1 STAFFING

All work on and around the gystem shall ba done undéer the iImmediate supanvision of an
authorized systom operator who has been Yained and gualiied in opsration, source
hangling, and emargency procedures. The cparator must have recsived training and

mewhmmmwmmmmmmm
dstection system.

1.2 PERSONNEL DOSIMETRY

TNA opsrators shall wear 2 noutron/gamma radiation badge cosimatar fc. aﬁworkon
WMMWMMMBWMMW/m =

giso be required to wear mmm

Pergonnel must Not 6Mer t1he DegRage Dasea(s

operating position. Film badges sha! m:"'mwm Th., contractor for

mmmmmmwm Natensa
Program (NVLAP).

1.3 EQUIPMENT

mwmmmnzwmwmem in operational cendition, and

calibrated appropriatoly. Portable survey maters will ba calibrated gvery six months with
wmmwumbwmameowm

An lon chamber survey mater capalble of reacing 0.1 awvem/hr.

A nautron survey meter capable of measuring levels as low as 0.1 mrem/hr.
baggage activation exit monitor system will be mounted so that all baggage

TMA is monitored. Visable and audible devices will be used as required

for alarm purposs. A check source shall be available for daily oparational checks.

Long-handled tools for emergency source handling and baggage retrieval.

Warning signs, ysliow/magenta ropes, tc., for defining a radiaton area.

Sourcs transport cask.
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Tamper 4ndicating seals, paper type, with SAIC 10go.

1.4 DOCUMENTATION

The following documents will be on sie and readily availadle:

Copy of the Radioactive Materials License and State X-ray machine registration.

Copies of epplicable radiation safety reguistions (6.9. NRC Regulations and any
appliceble State Regulations)

SAIC Radiation Safety Guide

Radiation Safety Operating Procadures for the TNA
Notices to employees and the public, &s required
{_mergency call liet with numbers for:

- System Oparators

- FAA (local)

- SAIC 24-hour Eme Contact
- Airport Emargency

- NRC Ragion Office

- State Rodistion Protection Office

Copies of survey instrumant calibrations, survey results, leak test results, parsonal
dosimeter results oparator training certificates.

1.5 DAILY CHECKS

The alerm threshold for t 2 bag activation exit monitor shall be tested daily with & check
sourcs. (See Section 4.3.) Operstion of the shisld doors and indicator lights shall be
checked dally by obsarving the lights tum off and on while passing 8 bag through the
systern. Opsr@ion of the "X-ray-On* indicstor lights shall also be checked dally.
Complation of the & ;ove checks shall be logged daily.

18 ACCESS ° O INTERIOR OF SHIELDING MODULES

The doors to the areas undemesth the outer “skin® shall remain closed and locked, the
keys will ba kopt in the possession of e Systern OpSrator.

AoC2ss 10 the computer and HV powsr supply is limited to 1 hour per week (within any
seven day psriod) with the source in the system.

NUREG-1396 Appendix A




1.7  ACCESS TO BAGGAGE PASSAGEWAY

ACCess, maaning parsonng! antering irto the bagpage passage, is prohidbited
muwwmuhmnﬁmmm Briefly (on the order of one minute)

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

Amshmmmrybymm@mma Gammg and neutron survey maters wil
b8 used before any person enters the bagpage Pasens to insure that the raciation dose
equivalent lavel is scceptable, |.e. indicat Mmmbmﬁyrwam

The duration of stey by the operator ingide the newtron interregeation region of the TNA,
with the sSourca in the retracisd Position, is imited 10 @ cumulgtive 1otal of one hour within
any seven day penod. Tha scurce will be removed from the sysiam i the operator must
be inside for longer than the one hour limit. The operator shall log his etay tima in the
in@rrogation region for dose accumuletion.

18 UNATTENDED SYSTEM

. whan the system must be left unatiended, the entrance and 8xit doors to the ba
passageway will be closed and locked. The source shall be loft in the OPERA
posttion t0 maintain the lowest axtermnal dose rates. mmw-hmoealmumbe
in place. Figure 1 shows where this sael is 10 bs loeated. The seal ig the paner type
tmpnmodwnhthosmcmo The date when seal was put in place ahall be recorded on

18 TNA DALY LOG

Radiation safety-ralated incidents shall be noted in the daily log by the system operator,
items to ba noted shail include but not b limited to.

- Source transfars

- Source retractions

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

- Parsonnel anmtering the baggoege passapeway (Include duration)

- BaggaQe jams (include raasons for jams)

- Inspections

- Emargencies

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

- Daily exit monitor calibration

- Door position indicator operation

- Proper cperation of “X-ray-On® indicator light.
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This log will e kept at the TNA site, svailadle for inspaction by the figld maintenance sta,

the radiation safety efficsr, and the raguistory agencies. The log shall be property dated,
and signed at completion of the work day.

1.10 SURVEYS

A radiation survey will be taken immaedistely following the initial soures instaiav n into the
TNA, using both neutron and gamma ray survey metors capeble of 0.1 mem /b,
i @ mainte 3NCe &Ctivity Or uNusUa! oceurenes Mgt have sflacted the ghiglainy,
@ NeW NBLTON @Nd pamma ray survey must be performed before proceeding with system
oparation.

Mnroudmmrmﬁdhgaorr@plm mmne/mwmyshwbo
m'yagmmycmywmmdtom@kon

mmmmmwmmmmamwmmw
values with the source IN or RETRACTED. nr@mmmmwmmwm

values aro obtained (allowing for source cecay), contact SAIC for instructions. Note
survay resuits in the log book.

1.11  TNA ALARMS

If the TNA alarms, the alasrm condition must be rescived. All alarma

to real explosives and must bs resoived befors the bag 8 permitie

aircraft. mmmwmmmmuwmmdmwammby
trained security personnel in 1he prasence of the Dassenger. The suspsact bag or centain
susmmmmmb@gmymmwwmm@mmwmom
the alarm. if suspact contents have been separated out from the bag, he nonsuspsact
pRioNg MUst also b run through the TNA to clear thet portion as well. In all ©ases, the
bag or selected contents of 2 bag should not pass through the TNA more than a
maximum of fhree times. The bag should be placed in a difigrent orisntstion on each
sucCosasive pase twough the gystem. i the bag fails 1w dlear ater 3 times through the

;‘NAWWMWWM(WSm.M)mwAMMMWm
required.
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BAGGAGE BAGGAGE
A e e T S A R R ’ 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 Expected Values.
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SECTION 2
SOURCFE HANDUING

21 TRANSPORT CASK

The cask is boitnd to the shipping platform for shipment. The platform ig &lso usaed for
sourcs trangiers to assure alignment of the cask with the TNA. The cask i in flush
comact with the 8ide of the TNA 80 that the sourcs is naver unshiglded during transfer.
The fromt of the cesk (Figure 32) has & Source Ingerion/Exit Point in the center. The
Sourcs ingsrtion/Exit Point has a polysthylens plug to reduce radistion baam exiting out

of the sourcs holg, 10 acceptable levels for shipment. This plug i coversd by @
removable maetal plate.

Tha raer of the cask (Figure 3b) has & companrment for Telefiex cable storage. This ie
also covored by & removable metal plate. The compariment comains a padiock, a cable
lock bracket, and & removable cable pressure bracket (Figure 3¢). When the cable lotk
bracket is fastensd in place, it locks the Telefiex cable in position, holding the scurcs in
the comer Of the cask. The cable pressure bracket covers the cable lock bracket. The
cable pressure bracket is removed by unlocking the padiock and lifting the bracket out
anc gway from the lip on the bottom edge of the cable lock bracket. The Teleflex cable
ig released by pardially unscrewing the two fiathead screws in the cable lock bracket until

it i3 10086 eNC _ 4 10 raise. Then the brackst is lited up and off the Telefiex cable and the
right-hand serew is tightened to hold it out of the way.

22 TRANSFER AND RETRACTION HARDWARE

Figure 4 shows the cask in position for source transter, and @ detailed view of the source
transter nng and source transfer adapter. The ring and adapier are ony used for source
trangler; they ere stored inside the racess in the TNA. The looss support of the adapter
allows it congidsrable lbews) ‘n adapting to misalignment of the cask and the TNA. Both

wmgmdmgpmwomammd?rompommmbrlowmﬂ.

Figurs § shows e retraction stop assembly in the source cask which prevents tha source
from bsing retraciad ferther than the intendad distancs. K consists of an aluminum holder
{0 which a polyethyiene tube is aiteched, the inside diamatsr of thy tube (0.25°) aliows the
Tolofiex cable to pass sasily (0.21°) but i is too small to et the adurce (0.37°) go through.
The tubs is threaded and pinned into the holder. A swiveling bar engages the cable and
clamps R in place. The bar is held in position by & padiock. Whan the bar is raised the
cable is free to slide through. The holder is attached to the TNA by two screws which can
be accessad only whan the bar is raised.
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Sovrce Inserlion/Exit Point \
) O

Telefiex Toble Storoge

b)
/ Podioc «
4
¢) Q =t Coble Pressure Brocket
£ a
Teletiex Coble Mole / \ Coble Lock Brocket
Figure 3. Transport Cask.
a) Front View
b) Rear View
¢) Locking Assembly
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EXTERIOR COVER REMOVED FROM
(US FOR SOURCE TRANSFER

SEE EM ARGEMENT —n

DN

o souRaT TRANGTER A0

\-W’U BUBRCAT

Figure 4. Placement of Cask for Sourca Trenster,
a) Overall View
b) Detail View of Source Transier Ring end Sourcs Transier Adapter
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RETRACTION STOP ASSEMBLY —‘/»"‘\\\

Yoy PADX OCK
- \
»> Y
e ;
/'-?\.\ [ ‘,
\
AVOT PONT \ \ 7
~
i N qAMe 0o B4R
S ——-
TELEFLEX CABLE
a)
// ,
L
STOR N
D
\\} \
‘ STor N
; . L L e
K, \\‘\'\f'l‘('{(’.\'\\_'uf\"\ LTI ST TR E
‘\‘”\1&".“‘.“”’-" YOUPOIGRIOTATROG T ITW e
§
G AP OCKIND BAR

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 ingtallaticn, source gxchange, or source removal for

planned system maintenance shall be scheduled &t a time of day when few or no
nonesssntial parsonngl &re present, 8.9., 12 midnight. Pror to beginning any trangfer
\ | operstior:, the *Scheduling Checklist for Source Handling® (Figure 8) shall be comoleted
. to ensure coordingtion of date and time with airport facilitly managemant, airport security |
v . and airline managemant.

- To evoid possible redigtion sxposure to the gensral public or airport personnel, an ares
o out 1o 45 feat In all dirsctions from the TNA unit ghall be cordened off using
. yellow/magents rope and posted with ‘radiation area’ waming signs. At 45 feet the cose
rate from a bare 150 microgram Cf-252 sourcs is less than 2 mrem/hr. Also @nsure that

%* the airport security has cordoned off the areas above and balow the unit. Only the TNA
oparator and other authorized personnsl shall be allowsd in the controlied aree during
source transfer operations.

When moving the sourc= batween the EDS unit and the cask, maks sure the source 8
in ts proper position by observing the cable markings (Figure 7). Use the gamma survey
meter 1o eonfirm the source I8 the correct location.

Move the source quickly 80 as to minimize the time the source spends between posiions,
because the source path comes close o the underside of the TNA, resuRing in high
radiation lavels in the downward dirgction.

All source handling operations must be carried out by &t least two people, one of whom
is @ qualified system operator. A survey metar must bs used. Review Section 2.3 before
stanting.

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 hanc'ing operations for TNA systems shall be done at & time of day when &
minimum number of people are present (e.

0. g
wommmwmmmwwmm

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 Secur ity

Airline Management

The above personnel have been notified that 8 source handiing procedure has been
schedule at the time listed above.

Operator Signatures: /

Figure 6. Scheduling Checklist for Source Handling.
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EXTERIOR COVER REAOVED FROM .
EOS FOR SOURCE TRANSFER Y i

? SEE ENARGEMENT
“ posTION #2° - e GO§ |
] SOURCE CASK ;
W POSITION » I.\:’ i
¢ | PLATEORM .
‘ %

*TELEFLEX CABLE VEWING POSITIONS
FOR OBSERVING COLORED BANDS RELATED TO SOURCE POSITION w

a)

QAEEN SOURGE FULY INSERTED WTO EDS
VISILE AT POSITION 41

GREEN SCNRCE FLALY INSERTED WTO EDS,
VISBLE AT POSITRON 82

TELEFLEX CABLE

SOURCE RETRACTED WITHIN BDS,
VISELE AT POSITION 92

VELLOW .
ROTE QRAWGNG MOT TO SCALE SCLACE RALY WITHDRAWN WTO CASK s
VIBRLE AT FROSITION 21

Figure 7.
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CHECKLIST FOR SOURCE LOADING

All source handling operations mus: be carried o 1t by at least two people, one of whom
:‘:quumod system operator. A gamma survey meter must be used. Review Section 2.3
ore starting.

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

__ Familisri=a yourself with the entire procedure before starting. Check off each step as
itis - . r eted on a copy of this procedure.

complete *Scheduling * = list for Source Handhi.3".

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

Unfasten the cask ir=m the platform, roll it off onto the floor.

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

__ Adjust the piatform 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 Lar 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 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 polyethylene plug from the Source
insertion/Exit Point by unscrewing the two screws and pulling out the plug. Avoid the
it i0a 1 hole.

Figure 8. Checklist for Source Loading

NUREG-1396 14 Appendix A



Mount the source transfer ring on the front of the cask with its screws, with the
conical hole toward tho TNA. (See Figure 4).

Unscrew the Retraction Stop tube assemb™ Gube with adached aluminum piece)
retaining screws and remove the assembly from the TNA.

Place the source transter adapter on the adaptsr suppor loosely held in posiion for
transfer. (Sesd Figure 4).

Crank the cagk up 0 the TNA siowty until & it in firm contact, guiding the adapter as
necessary 10 Make sure that the adapter engages U ring property.

Unlock and disengage the cable clamp &t the back of the cask.

Insert the source imo the TNA by pushing the cable into the cask until i stops. A
green mark on the eable will be &t the cask surface. (See Figure 7.)

Verify source insartion with the gamma survey meter &t the TNA suriace above the
cask. A reading less than 0.1 mrem/hv should be Cbtained.

Relsase the ratchet and unwind the winch 15 tums, re-engage ratehet.

Slowiy roll the eask away to the winch cable limi, about 18° - 2', reaching in after
sbout 68° separation to hold the cable fixed &t the TNA wall 20 that the sourcs is not
pulled out of the TNA.

Pull the cable threugh the front of the cask, making sure the sourcs stays fully
inserted in the TNA.

Remove the sourcs transfor adapter, making sure the sourcs stays fully inseried in
the TNA, and lower the adapter suppor.

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

Screw the Retraction Stop in placs.

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

Coil the oxosss cable up neatly and tuck into the TNA 8oUrce access recess.
Release the winch ratchet and roll the cask off the platform, detach the platicrm.

Close and lock doc:, replace duter panal and lower the top panel. Stors the cask on
«8 platform. Store keys securely.

Replace tamper-indicating paper seal.

Figure 8 (con't). Checklist for Sourcs Loading
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25 REMOVAL

All source handliing operations must be carmed out by &t loast two psople, one of whom

is a qualified system operator. A gamma survey meter must ba usad. Review Section 2.3
before startng.

The °Checklist for Sourcs Removal® (Figure 8) should be completed each time this
~peration is performed.

26 STORAGE OR TRANSPORT

The following procedures shall be followed to prepare & sourcs for storage

After placing the sourca in the cask, thread a tampsr-indicating wire seal with the padiock

through the locking holes. Close the padiock and &ffix a lead seal over the ends of the
wire. (See Figure 3c.)

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

Unbot the cask from the platform and roll tho cask away from the TNA. Unbolt the
platform from the TNA.

Insert the polyethylene plug into the front of the cask and replace the cover plate en 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
frort and rear of \ne cask

Replace and lock the cover panel on the TNA.

For shipment, roll the c.ask onto the platiorm and bolt them togsther. The platform serves

as a shipping pallet. Follow DOT shipping procedures for labeling and compieting the
forms,

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

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

i
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All source handling operations must be carried out by at least two people, ong of whom

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

A copy of this checklist is 10 be completed each time the operation is parformed.

Familiarize yourseli with the entire procedure .sfore starting. Chock off sach step as
it is completed on & copy of this procadure.

Complate the *Scheduling Chacklist for Sourca Handling®.

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

Unfasten the cask from the platform, roll it off ento the ficor.

Place the p'atiorm &t the side of the TNA bslow the sOurce access.

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

Fasten the platform to the TNA with boits.
Boit the aye-hook bar to the system and the winch on o the cask.
Roll the cask up to the platform, ling up the whaels with the rail.

Unlock and opsen the TNA sourcs 8ccoss door a3 wide as possible so it will not
interiore with the cask movement.

Hook cable t0 ays-hook and crank up 0 Dot two feet from TNA.

Remova the cover plates from the cask Sourss ingertion/Exit Point and the Teleflex
cable storage compantment 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.

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.

Uniock and Iift 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

position for wransfer, being careful to leave the source fully inserted in the TMA,

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

insert the free end of the cable into and through the cask.

Crank the cask up td the TNA slowly until it is in firm contact, guiding the adanter and

cable as necessary to make sure that the adapter engages the ring property and the
cable does not kink.

Draw the source into the cask by pulling 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 . the middie of the
cask with lower, approximately equal readings at the ends of the cask.

Clamp and lock the source cable at the back of the cask.

Coil 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 turns, 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 82urcd during emergencies, except when the passageway must be sntered
by cperator. Maximum shiglding exists only when soures ig in the normal operating
position.

The sourcr shall bo moved to the RETRACTED position i it is nacassary for the operator
to enter the baggage passageway for any reason. The operator Must not remain in the
baggage paseagowey

ovonwm\tm;ourmrwww nOt® PASSAQe activities in the log with EMes 10 keep track
of the time.

I the source must be retracted, koep nongssential personn

6l ot of the work erea by

roping off the ares to 8 fust from the side of the TNA with the source access pansl. Use
maganta and yellow rops and post ‘radiation area® cawion signs. TO reétract the source,
follow these procsdures:

Unlock and remuve the source cover panel from the TNA.

Pull the Telefiex cable until it is stopped by the source retréctien plug. Do not remove
1.8 retraction plug.

Lock the Talaflex cable in the RETRACTED posiion 20 that & does not move back
into the system.
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NUREG-1396



SECTION 3
EMERGENCY PROCEDURES

3.1 BAGGAGE JAMS

Bagpage may be stopped in the TNA due to & bagpe(e jam, such OCoUTencss pose No
imminemt danger of radiation 3xposurs 10 paersonnel. H@}@mm m@bwgagomm
TNA should ba removed as 800N a8 poseible to MiNIMIZE bag activel

PEMGWIF Mhavar@mmhmmm.mvwgmmto
suuwy tfm on m radiation level is loas than 0.5 mrem/hr.
nmemaamwoswm/m mmmmmmmmmsmmms
until the level decays t0 less than 0.5 mrem/hw. soction 4.1 for bag actvation
precedures.

m g glonp
Daily L -,
lavel.
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EMERGENCY CONTACT GUIDE
Emarpency Tynd Eersons 10 be Contacied

Fire /Expicaion /Disastor 1. Airpon Fire Dspaimant - immadiate Emergency

Assistance

2. Airport Security - Corgon off Ares

3. Cy /Stats Radaton Conrol - Immediate Radiologicsl
Assistance

4. Cry/State Emargency Managemant

5 N.R.C. Repon Office

6. SAIC/Sania Clars - Radistion Safety Offtcer

7. SAIC/Sarvia Clars - Mansgsr of Fisld Cpsrstions

8. Liconse Moidar (FAA)

1. SAIC/Sana Clara - Manager of Fisld Operations
2. Onarstor 10 88rve 8 ropiecemeant

1. SAIC/Santa Clern - Enginesr (Cortast elihar enginser.

kianager of Fisld Cperations
SAIC Registion Safety Offtoor

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

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

exposure. The foliowing procedure is supplied in checklist form for rapid and accurate
handling of such emergencies.

__ Call the airport fire department.

Remove any injured personnel to a safe distance.
Give emergency first aid if necessary.

Call airport security.

__ Conduct area survey to determine level/extent of exposure or radioastive material
reiease.

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

Maintain security until assistance arrives.

Call NRC reqional offica.

Call SAIC radiation safety officer.

Call license holder.

Render emergency assistance as needed.

3.3 EARTHQUAKE

Earthquakes Qive rise to concems for imminent danger of radiation exposure. The
following procedure is supplied in checklist form for 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/kocal radietion control for immadiate radiciogicel assistancs.
Maintain security until assistancs arfves.
Call NRC rogional office.
Cail SAIC radiation safety officer.
radigtion exposure oxists, clear the Bagoage If the

power ks off, follow the procedures in Section 3.8. mma mstorod of if power
remainad on after the earthauake, initiatd System Bower Up BeQUeNc

34 SOQURCE STUCK AT INTERFACE
A sourcs stuck &t the interfacs is @ situation whaere thore 8 imminent danger of radiation
exposure. The following procedure for handling such a situation is given in chacklist form
for rapid end ascurate handling of such an emergency.

Alert girport security porsonnel present. Area should already be clear.

Ene re area within 45 feet ¢i TNA has been cordoned off, and that the areas above
ana velow the system are clear.

Condluct a gamma survey to verity stuck source and determing exient of dose rate.
Attempt to dislodge sourea | Aﬁempt to reabgn ' /mk mnng by wagglmg the

It $aurce does not dislodge:

Call state/Iceal radiation control for immediate radiclogical assistance.
Call NRC regional office.

Call SAIC radiation safety officer.
Call license holder.

Maintain security until assistance arives.
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3.5 SOURCE TRANSFER INCIDENTS
Source transfer incidents include a source stuck in 8 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 handiing already requires airport security personnel to be present (see
Suction 2.3), inform them of the situation. Ensure that the area within 45 feet of the TNA
has '.een cordoned off, and that areas above and below the TNA are clear.

Att
all cases to push the source into a norma! operating position, but do not atiempt repair.
Call the SAIC radiation safety officer for further instructions. Also call: 1) state/local
radiation control, 2) NRC regional office, and 3) license holder.
36 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, ciear baggage from the system with long-handied

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

3.7 DETECTION OF SOURCE LEAK

In the unlikely 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 anc
release of airbome 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 & 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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SECTION 4
BAG ACTIVATION

41 MONITORING

All baggage leaving the system passes the exit monitor detector. Baggage which does
not trigger the alarm may be handed over to be loaded on aircraft.

Baggage which exceeds the activation threshold triggers the indicator light and audible
alarms. Such bags mus. . hecked with an ion chamber su: vey meter (Bicron RSO-5
or equivalent) 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 ail
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
ma‘erial. Notify local airport security personnel and the SAIC radiation safety officer for
further instructions.

42 EXIT MONITOR SYSTEM

The baggage activation exit monitoring system consists of a detector assembly with lead
collumatortomwmobaggagomdmdoumnmnortypoomnmpw(lgo

high voltage supply, ampiification, count rate meter circuitry with adjustable
threshold whic triggers audible/visible alarm indicators and a signal to the TNA
computer.

When a bag | asses the detector, somdmncﬂvaﬁongmmyuromthobugue
detected. If tie 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
individualty.

43 CAUBRATION/CHECK PROCEDURE

This calibration procedure is used to set the exit monitor threshold where it will trigger on
any bag which might have & surface dose rate above 0.5 mrem/hr.
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Set threshold using & Cs-137 check source of 5 microcurias strength placed in the middle
- . bag with light weight contents o that the threshold triggers when the bag passes.
ae 9 will B@ ome Of the bags used for daily TNA cparational checks. Exit monitor
opée &tion is 10 be verified daily @ one of the reguler daily system tasts.
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SECTION §
Ct-252 SOURCE LEAK TEST PROCEDURI

The californium-252 sealed source must be tested for leakage of radioactive material every
six months. This involves 1'sing 8 cotton swab to wipe the surfaces as close to the souce
as possible. (Wiping thx ~~urce itself would result in an unacceptable exposure).
Similarty, the conveyor be:  viped as a check on accumuiated activation contamination,
also at six mo th intervals. The leak test samples are then sent to a specifical!
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 foliowing mataricls are needed for the wie wiis.

- @ wipe test cotton swab with piast? cover

- @ wipe test filter paper with plastic hag

- @an ion chamber gamma survey meter
5.1 SOURCE LEAK TEST
The source transport cask is placed in position for .inloading the source. The procedures
for these tasks are given in Sections 2.1, 2.5, and ¢'.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.

5.2 CONVEYOR BELT WIPE TEST

The filter paper is used to wipe the surface of the TNA conveyor belt, wiping across the
belt surtace 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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.3 SAMPLE ANALYSIS

The cotion swab and fiker paper are then held close 0 the survey meter to make a
preliminary measuroment. If the meter registers anv radiation level above normal
background, iollow the emergency procadurss in Sec. 3.7. If the radiation level of the
test wips is simply equal 1o the background levels, the test wipe is placed in an envelope
and mailed to Radiation Detection Company.

The results of the wipe test analysis will be provided within two weeks. A record of these
wipo tests and the analysis resuls must be maintained on file for three years following

8ach test.
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. APPENDIX B
;; TABLES IN ENGLISH SYSTEM OF UNITS CORRESPONDING
! TO TABLES IN SECTIONS 5 AND 6

i
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. Table 5.1(a) Potential activation products (for slow neutrons®) of baggage contents contsining 1-kg
n (2.2-1b) masses of various elements

0.5-min delay 10-min delay 60-min delay )
; !
Drose rate Dose rate Dose rate j
Gamma (mrem/hr/ (mrem/hr (mrem/hr/ l:
Half-life (Mev/ Activity 221 Activity 22 Activity 221
Product dps/ug®®  (min) dist) (uCilg @1f) (uCi/g) @ify (uCi/g) @if) i
o H-3 842E-10 649E+06 - 102E-15  O000E+00 102E-15 OO00E+00 102E-15 0OFJE+00
L N-16 350B-03  1.19E-01 AG0E+ 00 231E-10 639E-09 21BE-3  6.01E-33 O00E400 CO0E+00
v 0-19 3S1E-03 4 48E-01 1LME+ 00 197E-09 1.23E-08 8.17E-16 SJ0E-15 2.10E-49 1.31E-48
* F-20 197E402 183E-01 164E+ 90 361E-05 31SSE-04 BSSE-21 B 44E-20 0.00E+00 0.00E+ 00
] Ne-23 243E+401 6.20E-0] 1.45E-01] 1.69E-05 1.47E-05 4 13E- 10 J.60E-10 221E-34 192E-34 .
Na-24 1B0E+00 BBOE402 41:E+00 219806 SA41E-05 217E-06 S37E-0S 2.00E-(x 5 16E-0S E
Mg-27 1.20E400 946E<+00 914E-01 1S5IE-06 829E-06 7S54E-07 4. 14E-06 194E-08  106E-07 |
f Al-28 2MRE+02 224E400 17BE+00 283E-04 JO3E-02 1.50E-0S L6OE-04 287E-12 307E-11 i
Cl-38 555E+00 372E401 149E< 00 669E-06 S98E-05 SO0E-06  SO1E-0f 2.21E-06 1. 97E~0S -
Ar-4] 1L06E+01 L1L10E+402 128E+00 129E-05 987E-05 1.21E-05  9.30E-0 883E-06 678E-05 ]
; K-42 2.39E-01 742E402 27E+02 291E-07 4 76E-04 2.88E-017 4 2E-04 2.75E-07 4 50E-04
Sc-46m 473E+04 3.12E-01 142E-01 189E-02 161E-02 1.30E-11 1.11E-11 762E-60  649E-60
! Ti-51 ISTE400 S76E+00 3.50E-01 409E-06  8.59E-06 130E-06  2.74E-(X JIRE-09  G.O8E-(9
‘ V-52 1.79E403 37SE+00 143E+00 198E-03 1.70E-02 J4AJE-4 2.94E- J33E-08 2.86E-07
Cr-55 J22E+00 356E4+00 657E-04  3S5SE-06 140E-08 S.S9E-07  2.20E-0 J3IE-11 1.31E-13
Mn-56 LilE+02 155E+402 170E+00 135E-04 1.37E 03 1.20E-04 1.32E-0 1L03E-04 10SE-03
Co-60m 233E+03 105E+00 123E-03 204E-03 1.50E-05  3BSE-06  2.84E-08 1LBOE-20  133E-22 f
Ni-65 764E4+00 151 +02 S63E-01 927E-06 J13E-0S 8. B8E-06 3.00E-05 TO06E-06 2.38E-05 ‘
Cu-64 458E+00 764402 195E-01 SS7E-06 651E-06 S552E-06  646E-06 528E-06  6.17E-06 !
: Cu-66 147E4+02 SI10E400 956E-02 167E-04  95S8E-05  4.59E-05 264105 SASE-08  295E-08 |
Zn-69 360E400 S70E+01 478E-06 446E-06 128E-10 3 97E-(X 1.14E-10 216E-06 621E-11 ?
‘ Ga-70 S43E+01 211E+401 S5SE-03 6.50E-05 216E-06  4.76E-05 1.58E~06 0.20E-06  306E-07
¢« 4 Ga-72 29E+00 B46E+02 203E+00 31SE-06 3B4E-05  312E-06  3BIE-05 JE-06  3.65E-05
- Ge-75m 638E+01 B.I1SE-01 SSOE-02  S.07E-0S 1.70E-05 1L.57E-08  S5.28E-(9 541E-27 1.81E-27
” Ge-75 10SE+00 828E+01 J18E-(2 1.27E-06 243E-07 1.17E-06 2.24E-07 7.73E-07 147007 .
Ge-TTm 9.05E-01 B B4E-01 6.31E-02 744E-07 2.82E-07 434710 L.6AE-10 4. 11E-27 1.56E-27 7
i As-70 326E+00 158E+03 337E-01 39%E-06 802E-06 395E-06 7.98E-06 3B6E-06  78IE-06 J
Se-TTm SO6VE+03 29%E-01 9.63E-02 210E-03 1.21IE-03  290E-13 1.67E-13 3 73E-65 2.15E-65 !
' Se-79m  215E401 29IE+00 9S57E-03 239E-05 137E-06 d444E-06 255E-07  630E-10  361E-11
Se-Bl LBE+0] I18SE+01 144E-02 1.59E-05 LI7TE-06 L1IE-05 9.61E-07 1.71E-06 1 48E-07
" Se-83 J45E400 225E+01 127E+400 413E-06 31SE-05  JO0SE-06  23SE-05 6.61E-07  SO4E-06
) Br-8Om SASE+00 265E+02 241E-02 6.66E-06 9.62E-07 6.49E-06 0.39E-07 S TOE-06 8.24E-07
. Br-80 201E402 1L77E401 700E-02 347E-04 146E-04 239B-04  LOOE-(M 338E-05  142E-03
7‘ Br-82m 231E402 610E+00 422E-04 265E-04 672E-07 9.02E-05  2.28E-07 JOBE-07  779E-10
Kr-81m JTIE+02 222E-0] 127E-01  9.63E-05  7.34E-05 1.27E-17  9.69E-i8 2.09E-85 1.59E-85 )
! Kr-83m 1.74E+01 L12E+02 226E-03 2.11E-05  286E-07 1L99E-05 2. 70E-07 1. 46E-05 1.98E-07 |
’ Rb-86m 420E401 LO2E+00 S46E-01 3.64E-05 L19E-04  5ST2E-08 1.87E-07 1.01E-22  331E-22 ‘
Rb-88 205E400 L78E+01 637E-01 245E-06  935E-06 LGOE-06  6.46E-06 241E-07 9.22E-07
‘ Y-90m 416E+00 191E402 630E-01 S.0SE-06 191E-05 4 88E-06 1.B4E-05 4 07E-06 1. S4E-05 ;
k Nb-9%4m JRE+01 626E+00 117E-02 437E-05 307E-06 1S3E-05  J.O7E-06 6.03E-08  423E-09
- i Mo-101 LISE4+00 146E+01 1S5IE4+ 00 L60E-D6 1 45E-05 LRE-06  9.25E-06 9.52E-08 8.62E-07 ‘
“ Rh-10dm 360E+03 43SE+00 348FE-02 404E-03 B44E-04  BOOE-04 |.86E-04 J0OE-07  64SE-08
Rh-104 1L.5E+04 705E-01 1L11E-02 L1SE-02 7.63E-04 LOIE-~06 6.71E-08 4 SSE-28 JOIE-29
Pd-107m  842E+00 355E-01 1.52E-C1 386E-06 3.52E-06 341E-14 3 11E-14 1.39E-56 1.27E-56
Pd-109m Q12E+00 469E+00 1 14E-0] LO3IE-035 70SE-06 2.53E-06 1L.73E-06 L.STE-(0 LO7E-(0 ﬁ
; Pd-100 JITE+00 BOSE+02 124E-02 4 10E-06 JOSE-07 4 6E-06 3.02E-07 3R9E-06 2 90E-07
; Ag-108 SOE+03 24IE400 29E-02 S36E-03 946E-04  349E-04  6.16E-05 | 9E-10 351E-11 1
Ag-110 B3IE+04  4.10E-01 296E-02 434E-02 7.71E-03 4GIE-09 8. 19E-10 9.14E-46 1.62E-46 f
e In-114 943E+0! 120E+00 221E-03 B8.59E-05 LI4E-06  3S6E-07 4.72E-(00 1L.O3E-19 1.36E-21
‘ In-116m(2) 126E+06 36IE-02 B.2E-02 LIDE-04 S.J9E-05 | 8883 926E-84 000 +00  000E+ 00
oo In-116m(1) 1.29E+03 S42E+01 247E+00 156E-03 2.31E-02 1 38E-03 2.05E-02 7.28E-04 |LOSE-(02

See footnotes at end of 1able
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Table §.1(a) (continued)

0.5-min delay 10-min delay 60-min delay
Dose rate Dose rate Dose rate
Gamma (mrem/hr/ (mzem/hr/ (mrem/hr/
Half-life (Mev/ Activity 221 Activity 221 Activity 221b
Prod st dps/pug**  (min) dist) (uCilg @if (pCi/e) @1fn (uCi/g) @1if
In-116 1L36E+04 237E-01I 1.85E-02 383E-0) 357E-04 331E-15  3.0BE-16 e 9B4E-80
Sn-18m LOE+00 952E+00 329E-01 128E-06 252E-06 640E-07 1.26E-06 1.68E-08  3.32E-08
Sb-12m TOSE4+00 Z421E+00 S96E-02 793E-06 284E-06 166E-06 594E-07 442E-10  1.58E-10
Sb-1 4m RA2E4+0; 155E+00 348E-01 B 19E-06 1L71E-05 L17E-07 245E-07 229E-17 4. TBE-17
Te-131 208E+ 00 250E+401 354E-01 249E-06 S3E-06 192E-06 4.07E-06 AME-07  1LO2E-06
1-128 200E+02 250E+01 B75E-02 240E-04 1.26E-04 1.84E-04  9.68E-0S 461E-05 242E-05
Xe-125m L7E+01 9S0E-01 1L11E<01 144E-05 956E-06 140E-08 935E-09 203E-24  1.35E-24
Xe-137 1L99E+00 3B4E4+00 150E-01 221E-06 199E-06 398E-07 3.58E-07 480E-11 432E-11
Cs-134m 928E+00 174E-02 234E-02 254E-14 356E-15 O000E+00 00E+00 000E+06 000E+00
Ba-136m 131E403 SI13E-03  192E400 739E-33  8S5I1E-32 O00E400 000E+4+00 000E+00 0.00E+00
Ba-139 1LSSE4+00 B833E+01 418E-02 188E-06 471E-07 173E-06 4.35E-07 1.14E-06  2B87E-07
la-140 12E400 241E403 232E400 233E-06 325E-05 233E-06 3.24E-05 230E-06  3.19E-05
Pr-142 343E400 LISE+03 S5B3E-02 417E-06 146E-06 415E-06 145E-06 42E-06 141E-06
Nd-151 IS2E400 124E401 169E-01 416E-06 422E-06 245E-06 248E-06 1.S0E-07  1.52E-07
Sm-153 LIVE401 279E+03 S535E-02 145E-05 465E-06 144E-05 4.63E-06 143E-G5S  4.58E-06
Sm-155 281E401 222E+01 824E-02 336E-05 166B-05 250E-05 124E-05 S25E-06  2.60E-06
Bu-152m(2) 921E+00 960E+01 738E-02 1.12E-05 4945-006 1.04E-05 4 61E-06 7.26E-06 3.22E-06
Eu-152m(1) 1.32E+03 SS8E+02 241E-01 160E-03 232E-03 159E-03  2.29E-03 1L49E-03  2.15E-03
Gd-161 219E401 JA70E+00 3MWE-01 243E-05 4 56E-05 4.00E-06 7.59E-06 351E-10 6.50E-10
Dy-165m 1L6AE4+05 126E+00 109E-02 1.52E-01 991E-03 8.15E-(4 S$33E-05 929E-16 6.08E-17
Dy-165 BGUE402 141E+02 128E-02 105E-03 8 10E-05 1LO1E-G3 7.73E-05 787E-(4  6.04E-05
Ho- 166 198E401 161E+0) 275E-02 241E-05 397E-06 240E-05 J96E-06 235E-05  387E-06
Er<167m 479E+04 378E-02 971E-02 609E-06 A55E-06 140E-81 8.13E-82 COOE+00 G.OOE+00
Yb-175 LYE+00 603E+03 300E-02 1.69E-06 3. 13E-07 1L.6OE-06  3.13E-07 1.68E-06  3.11E-07
Yb-177 LIBE400 1M4E+02 1.22B-01 137E-06 1LO0E-06 1.29E-06  9.47E-07 0.54E-07  6.99E-07
la-176m  478E401 221E+02 182E-02 SBOE-05 6.3E-06 S563E-05 6.15E-06 482E-05  5.26E-06
Lo-177 222E400 966E+0) 302E-02 270E-06 489E-07 270E-06 489E-07 269E-06  487E-07
Hi-178m LIOE+03 7.17E-02 9.77E-01 1.07E-0S 6.25E-05 141E-45 8.29E-45 O00E+00  0.00E+00
HE179m 246E+ 04 3.12E-01 287E-01 98SE-03 L70E-02 675E-12 1.16E-11 JO96E-60  6.82E-60
W-187 J47TE+ 00 1L43E+03 431E-0) 4. 22E-06 1L.0OE-05 4. 20E-06 1L.OOE-05 4. 10E-06 LOGE-0S
Re-186 J62E400 S44E403 1 B0E-02  440E-06 475E-07 440E-06 475E-07 437E-06 4ATE-07
Re-188m 218E+01 186E+01 796E-02 260E-05 1.24E-05 1.83E-05 8. 72E-06 2.84E-06 1.35E-06
Re-188 185E401 102E+03 478E-02 225E-05 645E-06 223E-05 641E-06 2.16E-05  6.20E-06
Os-191Im LIVE+00 780E+02 651E-03 L 4SE-06 S.65E-08 1 43E-06 S.60E-08 1L37E-06 5.36E-08
1r-192m JI2E404 140E4+00 247E-04 296E-02 4.39E-05 2.69E-04 3.98E-07 479E-15  7.10E-18
1r-194 2BE+01 116E+03 S12E-02 332E-05 102E-05 3.30E-05  LOIE-05 J20E-05  984E-06
Pt-199m JRIE+ 00 240E-01 342E-01 1L 10E-06 226E-06 1.J4E-18 2.76E-18 2.6TE-81 5 48E-81
Pt-199 J80E+00 3J08E+01 107E-01 4.68E-06 J00E-06 3 BE-06 2. 43E-06 1.23E-06 7.87E-07
Au-198 LISE+01l 388E+03 4.03E-01 1.44E-05 J47E-05 1.43E-05 3 46E-05 142E-05  343E-05
Hg-205 203E+00 S520E+400 480E-03 231E-06 665E-08 6.51E-07 1 RRE-08 B31E-10 239E-11
Th-233 L19E+02 223E+0] 1.08E-02 L42E-04  9.23E-06 LOGE-04  687E-06 2.24E-05 145E-06
1J-239 10IE4+02 235E+01 S521E-02 1.21E-04 3 78E-05 9.15E-05 2.86E-05 200E-05  6.54E-06

*Integrated thermal fluence in EDS-1C = 4.5E+ 05 nevtrons/cm?,
**dps = disintegration(s) per second
tdis = dismintegration
Note: B42E-10 = B42x10-"% ele
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Table 5.2(a) Potential activation products (for fast neutrons®) of baggage contents containing 1-kg (2.2-1b) masses of various clements
0.5-min delay 19-min delay &0-min delay
Dose rate Dose rate Deose rate
Gamma (mrem/ hr/ (mrem/hr/ (mrem/hr/
Half-life {MeV/ Activity 221 Activity 22 Activity 22
dps/ugt (min) dist? (uCi/g) @1t (uCi/g) @1ft) (unCig @ifn

{1 xipuoddy

Target
1sotope

Be-9 a 127E+03  134E-02 A - , . = .
¢ 1 18E-08 203E + 01 1LO2E + 00 784E-14 480FE-13 S67E-14 I47E-13 103E-14  629E-14
N- : 1 49E-03 9.96E + 00 1LO2E + 00 9 72E-09 5 9SE-08 S O2E-09 307E-08 1SSE-10  948E-10
0O-16 : { 1. 74E-03 1. 19E-01 4 R6F + 00 6.39E-10 1 RoE-0O8 601E-34 1L7SE-32 O00E + 00 N 00F + 00
0-18 n.a ‘ 798E-03 4 10E-02 362E +00 1.1SE-11 SOE-10 2 12E-81 4.59E-80 OODE+00  0.00E +00
1WE+00  452E-01 | 04E + 00 142E-06 14E-0° 1 62E-12 LOIE-11 R24E-46  S.IME-45
IVE+01  LI9E-01 4 86F + 00 S2E-06 49F - £ 02E-30 2 34FE-28 Q00E+00 000E+00
128E-01 1 83E-01 6 33E-01 JOE-07 O9SE-07 1 0E-23 1LI1RE-22 000F + 00 000E + 00
3 92E-03 452E-01 | 4F + 00 1 23E-08 68E-08 SB1E-15 363E-14 296F 48 1 8SE-47
7.18E-01 6.27E-01 4 39E-01 79E-06

3SE 769F-11 202E-10 T.68E-35 202E-34
121E+ 00 1 83IE-01 163E + 00 1.23E-06 1. 20E-8 293E-22 286E-21 000E + 00 G00E + 00
1 67TE-2 1LOOF + 00 393E-01 98E-08 881 1.10E-10 2 60E-10 987E-26 2.33E-25
682E-G3 LATE-02 181E+ 00 49E-17 RRE-1 000F + 00 0 00E + 00 000 + 00 000E + 00
1 09E-01 G 4SF + 00 R 93F-1 7 10E-07 ROFE 06 3 54E-07 1 90F-06 9 4L -9 4 RB4E-O8
6. S1E-01 225E+00 1 7RE+ 00 3.77E-06 4 03E-0S 202E-07 2. 16E-06 4 15E-14 443FE-13
1 00F + 00 6S2FE+00 2 3RE + 00 6 41FE-06 9 ISE-0S 2 33E-06 3.33F 1.15FE-08 1 64E-07
5 14FE-02 157TE+02 R 66E-04 3I4TE-O7 1 SOE-0? 332E-07 1.73 2 66E-07 1.38E-09
1L90E-01 225E+00 1 7RE + 00 10E-06 1.18E-05 S 90E-R 6. 30E-07 1.21E-14 129E-13

3

2.2¢ ]
1 84E-02 207E-01 3 19E-01 2 33E-08 46E-N8 3 S9E-22 687E 7.21E-95 1 3RE-94
.
1

1
i
)

16 MNMNN

4

269E-01 207E-0] 3.19E-01 41E-07 52E-07 5.25E-21 1L00E 105E-93 202E-93
3 7TE-03 5.06E + 00 2.79E + 00 ) 3I8ER 398E-07 6 4SE-09 1 08 6.88E-12 1.1SE-10
4 ROF-03 145E-02 102F « 00 1.36F-18 R31FE-18 000F + 00 0.00E N0E +00 0.00E + 00
206E-02 5.76E + 00 3 SSE-01 131E-07 82E-07 4 18E-08 8 9808 1LO2E-10 219E-10
325E-02 376F + 00 143 +00 2 00E-07 L T2E-06 3 48E-08 298E 3 &46E-12 297E-11
3I60E-03 1.55E +00 1 04E + 00 1.95E-08 121E-07 2.78E-10 1.74E-09 5 44FE-20 340E-19
1.07TE-02 IS6E+00 6.57TE-N4 6 SOE-08 S59E-10 1 03E-08 4 07E-11 6.12E-13 241E-15
3 70E-03 376E + 00 144E + 00 2 28E-O8 9TE-07 396E-09 342E-08 394E-13 340E-12
Co-60m 6.23E-03 LOSE +01 SRSE-M2 407E-08 1 43E-08 2 IRE-08 7.64E-09 ROZE-10 2R82E-10
Cu-64 2 11E-03 7.64E-02 1.89E-01 1.53E-10 1.73E-10 S TH6E-48 653E-48 000E +00 0.00E + 00
3 S9E-03 5 10E + 00 9 35E-02 227E-08 127E-08 6.23E-09 350E-09 6 98E-12 392E-12
Cu-66 7.R86E-03 7.66E-09 1.53E-11 8.58E-12

S.10E+00 9 35E-02 4 96E-08 2 7RE-0R 1.36E-08
Se-7Tm 1L63E +01 292E-01 9. 70E-02 3.36E-95 1.96E-05 S43E-15 3.16E-15 1. 58E-66 9 22E-67
y Br-78 1LO3E-N3 6.40F + 00 103E + 00 6.59E-09 407E-08 2 36E-09 1.46E-08 1LO5E-11 6.49E-11
Y-89 LN Y-89m 3.75E+01 2 62E-01 901E-01 6.7SE-05 I6SE-04 R 2SE-16 4 46E-15 302E-73 163E-72
Ru-100 ", Tc-100 220E-03 267E-01 6.75E-02 4 06E-09 1.64E-09 7.94E-20 322E-20 3 46F-76 1. 40E-76
Rh-103 Te-100 397TE+00 267E-01 6 TSE-02 7.33E-06 297E-06 143E-16 SBIE-17 6.25E-73 253E-73
6.43E-01 S61E+01 L69E-03 4 32E-06 4 3RE-08 3 B4E-06 389E-08 207E-06 2.10E-08
; 2 48E-07 4 26E-07 2. 16E-07 3I72E07 1.06E-07 1.83E-07

Cu-66

OMMON

Rh-103 1N Rh-113m
-

Cd-112 2n Cd-111m 369E-02 4R7TE + 01 2877

See foomotes at end of table
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Table 5.2(a) (continued)

0.5-min delay 10-min delay
Dese rate - ose rate Dose rate

Gamma (mvem/br/ (mrem/hr/ ‘mrem/hr/
Target Reac- Half-life (MeV/ Activity 22H Activity 22 Activity 22k
isotape tion**  Product dps/pgt {min) distt (uCi/g) @1ft) (nCig) @1y (uCi'g) @im
In-115 n.n In-115m 4 04E-02 270E-02 1.65E-m 729E-13 T22E-13 G00E +00 000E + 00 OOE+00  000E <90
Ba-137 n.n Ba-137m SO0E-01 255E+00 S99E-01 295E-06 106E-05 223E-07 8 02E-07 280E-13 101E-12
Pr-141 2n Pr-140 125E-02 3IVE+MM SOSE-Mm T63E-08 231E-08 LOPE-08 331E9 398E-13 121E-13

*Fast neutron fluence in EDS-3C = 2.5E + 05 neutrons/cm?®.
“*n = neutron, a = 3 . p = proton.
tdps = dmlegralm';:?’m second.

T4dis = disntegration.
Note: 1.27E +03 = 1.27x10° etc.




Table 8.3(a) Major activation products of baggage contents containing 1-kg (2.2-1b) masses of various elements

Product dps/ug®

Half-life
{min)

Gamima
(Mev/
dis®®)

0.5-min delay

10-min delay

60-min delay

Activity
(uCvp)

Dose rate
(mrem/hr/
221
@i

Activity
(uCi/g)

Dose rate
(mrem/hr/
221
@i

Activity
(uCilg)

Dose rate
(mrem/hr/
221
@1

F-20 197E+ 02
Na-24 1.80E + (0
Al-28 2NRE+02
K-42 2.39E-0!

Sc-46m 4A73E+ 04
V.52 1L.7E+ 03
Mn-56 L1LIE+ 02
Se-TTm S569E+ 03
Br-80 291E+4 02
Rb-86m 420E + 01
Rh-104m  3.60E + 03
Rh-104 1.54E + 04
Ag-108 SOOE+ 03
Ag-110 B31E+ 04
In-116m(1) 129E+ 0}
In-116 1.36E + 04
1-128 200E - (02
Bu-152m(1) L32E+03
Dy-165m 1L6AE + 05
HI-179m 246E + 04

Total

183E-01
8.80E + (12
224E 400
TA2E+ (2
3.12E-01
375E+ (0
155E+02
290E-01
177E 401
1.02E 4+ 00
435E+ 00
7.0SE-01
241E+00
4 10E-01
S42E+ 01
2.37E-01
250E+ 01
SSSE+ (2
1.26E + (0
3.12E-01

1.64E + 60
412E+00
1.78E + (0
273E+02
1 42E-C1
143E+ 00
L70E + 00
9.63E-02
T00E-02
5.46E-01
J48E-(2
111E-02
294E-02
296E-02
247E+4+ 00
1.55E-02
B7SE-02
241E-01
1LOOE-02
2.87E-01

361E-05
2. 19E-06
283E-04
291E-07
1.89E-02
1.98E-03
1.35E-04
2.10E-03
J47E-4
364E-05
4.04E-03
1L.1SE-02
$.36E-03
4 J4E-02
1.56E-03
IR3IE-03
240E-04
1.60E-03
1.52E-01
985E-03

3.55E-04
S41E-05
J03E-03
4 76E-04
1L61E-02
1L TCE-02
1.37E-03
1.21E-03
1.46E-04
1.19E-04
B 44E-04
7.63E-04
9 46F -4
7.71E-03
231E-02
JSTE-(4
1.26E-04
2.32E-03
991E-03
1. 70E-02

1.03E-01

8.58E-2]
2.17E-06
1.50E-05
2.88E-07
1.30E-11
343E-04
1.20E-04
29%E-13
2.39E-04
5. 72E-08
8 9E-04
1LO1E-06
JAE-04
461E-09
1.38E-05
331E-15
1. 84E-04
1.59E-03
8.1SE-04
6.75E-~12

8.44E-20
S37E- 0§
1.60E-04
4 2E-(4
1.11E-11
294E-03
1.32E-03
1.67E-13
1.OOE-04
1.B7E-07
1.86E-04
6.71E-08
6.16E-05
RI19E-10
2.05E-02
J08E-16
9.68E-05
2.29E-03
S.33E-05
1.16E-11

2.82E-02

0.00E + 00

20E-06
287E~12
2.75E-07
7.62E-60
3 33E-08
1.03E-04
3. 73E-65
3 3RE-05
1.01E-22
J.(0E-07
4 55E-28
1.99E-10
0.14E-46
7.28E-(4
l(“li 7\
461E-05
1L.49E-03
929E-16
J96E-60

S.16E

6.49E

0.00E + 00
-(S

307E-
4.50E-

il

-04
60

2.86E-07

1.0SE

1.42E
J31E
6.45E
303E
151E
1.62E
1081
O84E
2421
2.15E
6081
6.821

-03
2.15E-
-05
-8
_2\)
-11
~46
02

65

80

-05
(03

o
17

-Ol)

L4SE

02

“dps = disintegration(s) per second

**dis = dsintegration

Note: 197E4 02 = 1.97x102 etc
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Table 5.4(a) Calculated beta dose to the skin

from a 1 uCi/em? source

Beta dose (rem}

::' :r.e‘:d dover At points

skin at the on the skin
Variable basal layer basal layer
Radius (in.)/area (in2)
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 - 0.1
1.8125 - 0.154
1.8539 - 0.157
1.8889 0.152
1.9176 - 0.146
1.9398 - 0.136
1.9558 - 0.121
1.9653 - 0.099
1.9685 - 0.080
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 - 9.003
2.1723 - 0.001
2.2264 - 0.000
2.2869 - 0.000
2.3538 - 0.000
24270 - 0.000

Note:  The doses were calculated nsing VARSKIN MOD 1

Dise source with radins = 1.9685 in.

Skin thickness = 0.0028 in.
Souree:
Radionuclide = Al-2R
Average beta energy = 1.240 MeV
X-90 distance = ().2547 in.
Source strength = 045 uCi/in?
Irradiation time = 60s

Al cell damage occurs in an area with a radius of 2.427 in
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Tabie 5§.5(a) Elemental composition of the contents of an aluminum suitcase (quantities in ounces)

Cloth- Toilet- Tooth- Suit.
Element ing Shoes ries paste Shaver Shamipoo Paper case Total

Hydrogen 10.8 1.9 0.8 0.6 - . 5.0 9.0 29.5
Carbon 89.8 17.3 5.1 0.4 0.08 8 353 46.1 201.1
Nitrogen 17.0 5.1 1.0 - - - 234
Oxygen 371 7.7 1.1 38 - 4 39.7 41.0 133.0
Sodium - 0.01 - - - 0.01
Manganese - 0.1 - 0.2 - - 0.3
Silicon , 0.03 . - 0.06 - - - 0.1
Phosphorous - 0.003 0.007 0.5
Sulfur - 0.003 - 0.007 - - - 0.02
Iron 15.8 - - 32 - - - 19.0
Caicium - . - 7 - : . 0.7

Aluminum®* - . - . 160.1 160.1

* All data are from Westinghouse (1986) report, except the weight from aluminum (this amount was increased 10 reflect an all-aluminum suiicase

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

Gamma
Eiement Suitcase (mrem/hr Gamma dose
mass activity 221b rate @ 1 ft
Element (02) (uCi) @1 (mrem/hr)

Hydrogen 29.3 -

Carbon 201.1 1.40E-13

Nitrogen 234 2.40E-09

Oxygen 133.0 1.10E-05

Sodium 0.01 6.20E-(7 SA41E-05 1.54E-08
Manganese 0.03 1.30E-03 L3I7TE-03 1.17E-06
Silicon 0.3 3.50E-08

Phosphorous 0.5 2.00E-13

Sulfur .02

lron 19.0

Calcium 0.7

Aluminum 160.1 1.28E + (0 3.03E-0; 1.38E-02

lotal 1.38E-02

Note: 140613 = 1 40x10-"9 e

Appendix B NURLG-1396




Table 5.7(a) Committed effective dose equivalent from daily intakes
of elements 1 hour after EDS-3C screening

Weighted Committed effective dose
Mean committed Microcuries/gram of element equivalent from 1 day's intake
dail Induced dose
Target intake radio- equivalent 0.5-min delay*  10-min deiay* 0.5min delay  10-min delay
nuclide (02) nuclide (rem/Ci) (uCi/g) (uCi'g) (mrem) (mrem)
Na-23 1.85E-01 Na-24 L43E + 03 6.20E-05 6.15E-05 1.38E-05 1.37E-05
P-31 494E-02 P32 7.77E403 1.22E-06 1.22E-06 4.65E-07 4.65E-07
Cl1-37 1.84E-01 Cl-38 200E + 02 1.99E-04 1.59E-04 6.95E-00 S.B2E-06
K-41 1.16E-01 K-42 L10E+03 8.24E-06 8.16E-06 1.06E-06 LO4E-06
Mn-55 1.31E-04 Mn-56 032E+ (02 3.82E-03 3.65E-03 4.66E-07 445E-07
Cu-63 1.24E-04 Cu-64 429E+ 02 1.58E-04 1L.56E-04 8.37E-09 8.29E-09
As-75 3.53E-05 As-76 4.74E 4+ 03 1.12E-04 112E-04 1.88E-(15 1.87E-08
Br-79 2.65E-04 DBr-80m 231E+ 02 1L.89E-~04 1.84E-04 1. 15E-05 1.12E-08
Br-79 2.65E-04 Br-80 S.55E+01 9.83E-03 0.77E-03 1 44E-07 955E-08
Total 220E-05 216E-05
*From Table 5.1(a).
Note: 1.55E-01 = 1.55x10-' etc.
Table 5.9(a) Summary of collective doses from all scenarios
Scenario
Behind the In front of
counter the counter Pre-check-in Curbside
Radiation exposure (person-rem) (person-rem) (person-rem) (person-rem)
Workers
Operators 1.2E +00 1.2E+00 1.2E+00 1L.2E+00
Baggage handlers 6.0E-01 6.0E-01 6.0E-01 6.0E-01
Ticket counter personnel 3.0E+00 3.0E+00 1.0E + 00 0
Security screeners 9.5E-02 9.5E-02 9.5E-02 9.5E-02
Sky-caps 0 0 0 3.8E-01
Passengers 0 1LIE+00 20E+01 SSE-+00
Public
Below the TNA system 6.8E + 00 6.8E+ 00 6.8E + 00 6.8E + 00
Near the TNA system 0 1L.1IE+00 6.0 + 00 6.0E-01
From irradiation of baggage contents
Consumable items 0 0 1.3E-03 0
Nonconsumable items (suitcase, 2.8E-01 2.8E-01 2.8E-01 28E-01
clothing, etc.)
Total 1.2+ 01 1.4E + 01 3LE +01 1.6E 401

Noto: 1.2E+ 00 = 1.2x10° ete,

NURLEG-1396
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Table 5.10(a) Summary of annual individual doses from all scenarios

Scenario

Behind the

counter
Radiation exposure (mrem)

in front of
the counter
(mrem)

Pre-check-in Curbside

(mrem)

(mrem)

NRC
limit
(mrem)

Workers
Operators 2.0E
Baggape handiers 1.01
Ticket counter personnel 6.01
Security screeners 3.2
Sky-caps 0

Passengers
Public
Below the TNA system
Near the TNA system
From irradiation of baggage contents

Consumable items
Nonconsumable items (suitcase,
clothing, etc.)

208+ 02
1.0E+02
6 0E+01
32E+01
0

1.0E-03

20+ 02
1.0E+02
1.7E+ 00
3.2E+01
0

1.8E-02

7.5E-03
6.7E-04

2.0E +02
OE+02

1
(
3
2

2E 401
SE+01

S.0E-03

7.5E-03
). TE~04

SOE+03
SOE+02
SOE +02
SOE+02
SOE+02

SOE+02

501402
S0E+02

Notes:  Natural sources of radiation
Natural background VOE+02
Yearly dose from foodstufls 1 41+ 01

200402 = 2.0x102 etc

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

fotal

source

activity Release Emission
(Ci/yr) fraction (Ci)

x/Q*

(s/m?)

Maximum
permissible
concentra-
tion (MPC)
(nCi/ml)

Offsite concentration

(Ci/m?)

Fraction
of MPC
(%)

8.00E-02 1.OOE-01 8.00E-03
8.00E-02 S.00E-01 4.00E-02
8.001:-02 LOOE + 00 8.00E-02

6.40E-05
6.40E-05
6.40E-05

1.OOE-12
1.00E-~12
1.00E-12

1.62E-14
8.12E-14
1.62E-13

1.62
8.12
16.24

*XQ at SOm
Note: ROOE-02 = R 00x10-2 ¢i1¢
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Table 6.3(a) Annuai inhalation dose to the
nearest individual 56 m (54 yd) away
from postulated C{-252 accident

Committed

effective
Activity® Pose 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 4+ 05 1.20E-01
1.30E-06 1.85E + 0§ 2.40E-01

*Breathing rate = 8.00E+ 03 m*/yr
**ICRP Publication 30
Note: 1.30E-07 = 1.30x10-7 ete

Table 6.4(a) Offsiv: coneentrations [at 300 m (328 yd)) of airborne
releases {rr various fractions of Cr.252

Maximum Offsite concentration
Total permissible
concentra- Fraction

of MPC
(uCi/m') (Ci/m?) (%)

source

activity Release Emission x/Q* tion (MPC)
(Ci/yr) fraction {Ci) (s/m?)

8.00E-02 1.OOE-01 8.00E-03 2.80E-05 1.00E-12 7.10E-1§ 0.71
8.00E-02 S.00E-01 4.00E-02 2.80E-0S 1.00OE-12 3.55E-14 3.55
8.00E~02 1.00E + 00 8.00E-02 2.80E-05 1LOOE-~12 7.10E~14

*X/Q at 300 m
Note: 8.00E-02 = B00x10-2 ete

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 facter*® equivalent
(mCi) (rem/50 yr-mCi) ‘rem/50 yr)

S.68E-08 1.85E + 05 1.0SE~02
2.B4E-07 1.85E + 05 5.26E-02
S.68E-07 1.85E + 08§ 1.05E-01

*Dreathing rate = 8.00E + 03 m?/yr
**JCRP Publicaiion 30
Note: S68E-08 = S.68x10-® et
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APPENDIN C
DOSE RATE AND FLUENCE INFORMATION FOR EDS-3C
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DOSE RATE MEASUREMENTS ON EDS-3

Dose rates for neutrons and gamma rays ware measured using survev instruments for
various posmions and system conditions. Measurements ware parformaed with and without
the &xtra shielding on *he sides of the system, both with the sourca in the operating
DOSMION and In the retracted position. Addmional maasuramants were made with the
$0urce cask placed against the system with the source postionad at the intarface 10
simulate a source stuck in mid-trans‘er at the worst Case position. The results of earlier
measuraments of radiation from the ends of the system &re also given.

METHOD OF DOSE RATE MEASUREMENT

Neutron dose rates were measured using the Nuciear Research Corporation tAodel NP-2
Snoopy. Two instruments wers used. The NP-2 uses a BF3 proporional counter inside
a roughly 8°x8" cylindrical mocieratnr /absorber t0 achieve & rém response. At 8 detector

count rate of approximately two counts per second, a ona mrem/hr 9ose rate reading i8
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 allevials this problem and achieve better precision, the readings were
obtained by counting pulses from the NP-2 counter output in 8 counter gated by a timer,
For all except the interiace measurements, a counting time of 1000 seconds was used.
The counter-to-dose rate calibration was obtained separately for each meter using
reprodunible positions at which the dose rates were high enough o provide reliable direct
readings of the meter face. The statistical contribution to the counting @rror 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 *rmicro rem* meter,
calibrated by the manutacturer.

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

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

All the dose rates are normalized to the nominal maximum source strength of
150 micrograms. The data are given 10 three places for more accurate rounding.
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Figure F-1. Positions for dose rate measurements
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MEASUREMENT RESULTS

Tables F-1 and F-2 show results with and without extre 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 approxinate isodose cor s 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 sourc ... ‘ar. The source was then retracted to the interface position, using |
the neutron 38 ¢« seter 1o find the maximum dose rate position. Measurements for Rin
this condition <& ~ snin Table F.5 and associated isodose contours given in Figure F.3, W

; When the EDS  in use for screening baggage, the doors will be pushed partially open
by the bags to permit them 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 fairty good absorbers.

The neutron and gamma ray dose rates were measured with baggage flowing in a
recycling mode. The begs were filled with clothing tems, though generally not as heavily
packed as bags actually seen at airports; actual heavy bags would give lower dose rates. !
The bag flow rate was gt or above the maximum raté that the system computer can \
handie, 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
lowsr 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 @ baggage handier loading or
unloading the EDS was also measured; this position is 7S em (30%) from the end of the !
EDS and 50 em (20°) off axis. These measurements were made at the mid-height of the
bagoage 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 ir Tabie F6
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Table F-1.

EDS~3 Dose Rates with Extra Shielding

Scurce in Operating Position
Neutron Q F multiplier
Normalized to 150 microgram source

Dose Rates

Dose Rates

(emmmmmesmrem/ A scccmeue Cmw cmeemrem/Nifeccsccee)
Position Gamma Neutron Total Position Gamma Neutren Total
10 em: 50 cm:

(A 1 0.043 0.030 0.073 (E)
2 0.056 0.024 0.080 L) 0.02% 0.030 0.086%
3 0.173 0.166 0.33%¢% 14 0.028% 0.027 0.082
4 0.037 0.03¢4 0.07
$ 0.037 0.036 0.073 100 em:
6 0.028% 0.045 0.070 (C)
? 0.142 0.108 0.247 1 0.02% 0.023 0.048
& 0.031 0.023 0.083 2 0.00 0.027 C.058
) 0.0 0.018 0.049 3 0.043 0.042 0.088%

10 0.037 0.018 0.086 4 0.031 2.036 0.066

1} 0.037 0.01¢ 0.0851 L 0.02% 0.033 0.0%8

12 0.161 0.127 0.288 6 0.028% 0.02% 0.080

13 0.03) 0.036 0.067 7 0.037 0.030 0.067

i4 0.037 0.030 0.067 8 0.02% 0.019 0.044

18 0.037 0.034 0.071 9 0.01¢% 0.02¢ 0.042

16 0.204 0.188 0.3%9 10 0.0i9 0.01% 0.03¢4

17 0.043 0.020 0.064 11 0.028% 0.017 0.042

16 0.043 0.022 0.0u8 12 0.086 n.033 0.089

13 0.02% 0.020 0.04%
30 em: 14 0.025% 0.029 0.083
(B) 15 0.025 0.029 C.054
b} 0.037 0.033 0.070 16 0.043 0.032 0.07%
2 0.089 0.031 0.080 17 0.03 0.012 0.043
3 0.111 0.083 0.19¢ 18 0.025% 0.018 0.043
< 0.027 0.034¢ 0.071
L} 0.02% 0.037 0.062 200 em:
3 0.0 0.038 0.06% (D)
7 0.0989 0.060 0.159 b 0.012 0.023 0.036
] 0.031 0,022 0.083 g 0.02% 0.031 0.056
w 0.025 0.02% 0.049 $ 0.019 0.028% 0.045

10 0.02% 0.017 0.042 8 0.019 0.022 0.040

1] 0.031 0.018 0.049 ) 0.019 0.020 0.038

12 0.089 0.082 0.19! 10 ¢.012 0.016 0.028

13 0.03) 0.032 0..,63 11 0.01¢ 0.016 0.034

14 0.037 0.022 0.089 14 0.019 0.013 0.032

15 0.037 0.039 0.076 17 0.02% 0.012 0.036

16 0.130 0.127 0.287 18 0.019 0.009 0.027

17 0.043 0.016 0.060

18 0.037 0.014 0.081
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Table F-2.

EDS-3 Dose Rates, NO Extra Shielding
Soufce in Operating Position

Neutren Q F multiplier o 2
Normalized to 150 microgram source

Dose Rates

Dose Rates

-------- nrem/hreescececes el T 1 WA 13 S
Position Gamma Neutreon Total Position Gamma Neutgon Total
10 cm: 50 cm:

(A) b 0.065% 0.035% 0.07% (E)
2 0.04% 0.042 0.087 -3 0.028 0.037 0.065%
3 0.195 0.35% 0.%49 14 0.033 0.082 0.085
« 0.045% 0.093 0.127
) 0.033 0.074 0.108 100 em:
3 0.033 0.082 0.08% (€)
7 0.161 C.23¢ 0.400 b 0.0%4¢ 0.033 0.058
3] 0.033 0.035 0.0686 2 0.033 0.087 0.0980
® 0.033 0.032 0.066 3 0.053 0.061 0.114

10 0.033 0.033 0.0867 4 0.033 0.074 0.108

11 0.033 0.030 0.063 $ 0.022 0.026 0.048

12 0.1861 0.368 0.5829 (3 0.028 0.030 0.0586

13 0.036 0.137 0.173 7 0.048 0.066 0.113

14 0.045% 0.073 0.118 [ 0.028 0.022 0.050

16 0.045 0.111 0.156 9 0.022 0.041 0.063

16 0.167 0.338% 0.%02 10 0.020 0.033 0.083

17 0.086€ 0.047 0.103 1] 0.03 0.03) 0.0862

186 0.000 0.0563 0.083 12 0.045 0.0980 0.138%

13 0.028 0.061 0.068
30 ¢m: 14 0.028 0.081 0.079
(B) 15 0.033 0.0862 0.098
0.033 0.019% 0.062 16 0.056 0.073 0.129
0.045 0.037 0.082 17 0.033% 0.059 0.093
0.138 O.18s 0.324 18 0.000 0.045% 0.045%
0. 0. 0.111
0. 0. D.075 200 cm:
0. 0. 0.071 (v)
0. 0. 0.228 1 0.017 0.017 0.034
0. 0. 0.076 2 0.022 0.028 0.081
0. 0. 0.064 $ 0.017 0.017 0.034
0. 0. 0.081 8 0.022 0.020 0.042
0. Q. 0.449 ) 0.013 0.041 0.08¢
0. 0. 0.333 10 0.013 0.036 0.049
0. Q. 0.119 11 0.022 0.030 0.052
0. 0. 0.092 14 0.020 0.027 0.047
o] 0. 0.116 17 0.022 0.C38 0.061
o 0. 0.377 18 0.000 0.048 0.0¢8
. < 3 0.
0 0. 0.
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Toble F-3. EDS-3 Dose Rates with Extra Shielding
Souzce in Retracted Position
Neutron Q F multiplier = 2
Normalized to 150 micrograms source

Dose Rates Dose Rates

Covncnmns Rrea/hr
Position Neutron Total Position Neutron

10 em: 50 em:
(A) .041) ()
042
027
028
. 036
, 081
046
,054
0862
136
« 589
L163
. 257
278
., 240
164
. 193
148

OO0

OOOOOOOOOOOOOOOOOO
OO e N~
o

0O0C0CO0O000O0O
000000020

OOOOOOOOCOOOOOOO0.0

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0000000000

o

OOOOOOOOOOOOOOO?O?
o
o000 COO

o000 C0000 o
0000000000
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3 Teble F-4. EDS-3 Dosc Retes, NO Extra Shielding
- Source in Retracted Poeition
Neutron Q F aultiplier = 2
Normalized to 130 microgram source
Dose Ratas Dose Rates
: (erosnve “RroA/Apeccevcss) = (Lessssrew arem/hr-s=sweecu.
& Position Gamma Neutron Total Position Cemme Neutron Tota)
J 10 ~a: 80 cm:
‘ (a) 1 (E)
2 s
‘ 3 0.063 1¢ 0.180 0.453 0.603
;;; 4
$ 100 cm:
‘ 8 (<)
;y,‘ 7 b
ﬂ 3 2
| « K
10 0.080 0.223 0.273 4
i1 0.060 0.247 0.307 ®
12 0.100 0.198 0.29% )
13 0.0%0 0.319 0.409 7
14 0.100 0.241 0.3%4) 8
15 0.088 0.333 0.418 9
16 0.110 0.2%4 0.364 10 0.080 0.181 0.271
17 0.060 0.280 0.340 11 0.108 0.276 0.381
18 0.025 0.239 0.264 12 0.160 0.36% 0.52¢%
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.

000000000
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Figure F-2. Isodose contours based on dose rate
measurements.
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Appendix C

Table F-9 Dose Rate Messurements for Source "Stuck"
at Interface Position During Transfer

Line

.4

(mrea/hr)
10 em 30 c@ 100 em 200 ¢cm

10
11
12
13
14
19
16
17
18

8.1 1.
13.1 12.
26.1 20.

8.
0.
6.
17.
10.
8.

8.3
3.7

e ORYdwOe

Figure F-3.

isodose contours for source “stuck"
interface of cask and EOS-3 aysten.
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Table F-6. I0S DOSE RATES FROM ENDS

€<=~ SCALED TO 1850 ug ==>»>
NEUTRON N DOSRAT GAMMA TOTAL
FOSITION DOSRAT QF=2 DOSRAT DOSRAT

100 CM, entrance 0.095% 0.208 0.097 0.303
Handler, entrance 0.092 0.199 0.086 0.285%

100 cm, exit 0.082 0.177 0.129 0.306
Handler, exit v.n8) 0.11% 0.068 0.180
no baggage flow, doors c'osed

100 em, exit 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

INTRCOUCTION

This report is the Final Reort of the Interagency Agreemer.. between the Federal Aviation Administration
(FAA) (Aviation Security Branch, ACT-360; Contract No. DTFAD3-87-A-00008) and the National institute of
Standards and Technology (NIST) [formerly, National Bureau of Standards (NBS)). The titie of this project is

“Quanthative Assessment of Induced Radioacti/ity in Baggage'. The interagency Agreement became effective
In April 1967, This report covers all work accomplished during the entire 2 year project.

The overall approach used by NIST involves the evaluation of induced radicactivity in each element in the
pericaic table, ar 1 consists of three phases. These phases are. 1) neutron activation calculations; 2) neutron
fluence characteriza‘ion: and 3) quantiative assessment of actual induced radicactivities.

The first phase, heutron ¢ 2tivation calculations, involves the critical evaluation of activation calculations for
the prototype neutron acth ation systems, and the development o @ complete set of expected induced
radioactivities for all elements, including thermal, epithermal, and fast neutron activations. These calcuiations

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 transporting systems. This includes a mapping of the thermal fluence rate over the baggage travel
area. Further, the neutron energy spectrum characteristics will be evaluated for the baggage irradiation 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 low fluence rates expected.

The t-ird nhase of the project Is the quantitative determination of actual induced radicactivity levels for a
number of elernents, using one or both of the FAA prototype neutron activation detection systems, s avallable.
The data from this phase provides a verification of the calculated induced activities. The data from al three
phases will then provide a comprehensive understanding of the levels of induced radicactivities 1o be expected
from any element or combination of elements wrich passes through the thermal neutron activation explosive
detection system (EDS). Once fully understood, the data will provide the means to systema ically establish
a verified maximum and expected induced raclioactivity level for any material.
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This project required 2 years for completion. The first 6 months of work (FY27) included all of phase one and
part of phase two. The second year of work included the completion of phase two and all of phase three. In
addition, the FAA requested and obtained a six month ro-cost extension to this project. This Final Repont
contains all of the Information from the entire project Inaluding all Information previously reported 10 the FAA

PHASE 1. NEUTRON ACTIVATION CALCULATIONS
Neutron Irradiation of the various elements to form radicactive products Is well understcod, and the physics
Is relatively straightforward. The equation to calc llate these values is as fol.ows:

Ao = TE (o + g ) (167

Ao = Initial radicactivity, 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 weight (6.022 x 10%%)
A = gram atomic weight of the element

¢ = thermal neutron fuence rate (n em™ sec™)
o = thermal neutron cross section In bams (102 cm?)
tepi = eplthermal neutron fluence rate (n om™ sec™)

| = resonance Integral in bams (102 om?)

A

In 2

= doouyeonmm(uc") - —m

t = Irradiation time (sec)

Thus, the factor — 'A N caloulates the number of atoms of the element being Iradiated;  (1-6™)

the saturation factor which is a characteristic of the halfife of the activation product; ¢mo caiculates the
reaction rue 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
fluence and cross sections. Further, caution must be used In calculating the epithermal raaction ra‘e per
atom because the resonance .ntegral | Is highly depencient on the irradiation facliity used.)

The above calculation holds for the normal case of a single activation product. In some cases there are
muitiple activation products, 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 activity values contained in this report.

Neutron Energies. Thermal, Epkhermal, Fast
_ Nuciear reactors fueled by uranium-235 are th~ most common source of neutrons for irradiation. Thelr neutro. |
enery spectrum consists of three components: thermal nautrons; epithermal neutrons; and fission spectrum
” {or tast) neutrons. A typical neutron spectrum piot is shown in Figure 1, with the three components clearty
shown. The fission apsotrum newtrons (or fast flux) are those obtained from the fission 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 spactrum, the epithermal fux. Finally, when the neitrons have been ,,
totally thermalized, they have only the normal thermal energy or Maxwellian distribution (thermal neutrons).
Different irradiation envi-onments or conditions will result in different ratios of the three components, as can
be seen In Figure 2, which shows the neutron energy spectrum for the National Bureau of Standards Reactor |
(NBSR), pneumatic tube irradiation position RT-4. it is clear that this pesition Is highly thermalized, with very
ittle contribution from fast fux.

While most of the Information and cross sections r/allable In the Iterature have been determined for *‘
uranium-236 fission neutrons, the neutron energy spectrum for 25201 fisslon neutrons Is virtually identically 1o -
that from 235U, and thus data from uranium fission neutrons can be correctly appl ~d 1o californium neutrons *
and vice versa Intact, a recent publication, Compendium of Benchmark Neutron Fields for Reactor Dosimetry |
(1), contains substantial Information gained from **2Cf measuren ants which s used for ***U reactor

dosimetry. A comparison between the unmoderated fission spectrum from *Cr and the unmaoderated fission

spectrum from U?*® g taken from this publication and shown as Figure 3, end demonstrates ihe similarity

between these two fission spestra. It should also be obvious tha! since the neutron energy loss and CL
thermalization processes for the two types of fission spectra are the same, the thermal and epithermal portions #-

of the 25201 neutron energy spactrum under consideration hero will be essentially identical to the **%U data '
In the Ilterature

R-D Neutron Generator as & Neutron Sourge
The deuterium-euterium (12-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 preduces fast
neutrons with an average energy of approximately 14 MeV which are used for a variety of purposes

The D-D gencrator utilizes the nuclear reaction:
%4 4 %M —» e + 'n + 3.266 MeV
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with ar average neutron energy output of approximately 2.6 MeV In the frontal direction [6) However, this
energy is somewhat variable depending on the neutron direction. For example, at 2ero degrees from frontal,
2 200 KV D-D generator emits neutrons of 3.05 MeV, compared to an energy of 2.10 MeV at 150° from frontal
[5). These neutrons are moderated and thermalized in similar ways to the fission spectrum neutrons discussed
above with the advantage that no high energy neutrons above ™ 3.5 MeV are produced. Thus, in the highly
thermalizing environment Ls.d by the contractor in the explosive detection system (EDS), the neutron energy
spectrum experienced by the bagguge should not be greatly differert from that expected from the *50f
system. If it Is significantly different, the neutron energy measurements which are described below should
document any such differences.

Newtron Energy Measurements

Measurements of neutron energies (1.e., thermal, epithermal, fast) with foll techniques are made with several
conventions which, while not strictly accurate for all cases, are sufficlently accurate so that exceptions may
be neglected. The first convention is that all (n, gamma) nuclear reactions which are due 10 neutron energles
below 0.5 eV (the energy below which 1 mm of Cd absorbs virtually all neutrons; the “cadmium cutoff) are
called thermal neutron reactions, and are defined using em and 0. (Note' An assumption is made here that
the thermalization process ocours at roughly room temperature (20 °C, 283 °K) and the neutrons thus have
a velocity of approxirnately 2200 mys). The second convention Is that all (n, gamma) nuclear reactions which
ocour due 1o neutrons which are not absorbed by 1 mm of Cd are called epithermal neutron reactions, and
are defined using gepi and the resonance Integral cross section | (Note: As mentioned previously, caution
must be used when selecting the appropriate resonance integral to match as closely as possible the irradiation
environments.) The fast neutrons are characterized by tast neutron reactions such as (n, p), (n, alpha), and
(n, 2n). These fast neutron reactions have threshold energles for their production and Individual measured
or calculated cross sections.

These above conventions are used throughout the nuclear sclentific 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
8.

Caiculated Activities

Caloulated 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 irr lon time, and on the Iiterature 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 also be discussed more
fully below.
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The generel assumptions used in Table 1 are as follows:
Thermal neutron fluence rate = 1 x 10% n « em™ gec”
Eplithermal nieutron fluence rate = 2 x 10* n + om™ sec™
Fast noutron fluence rate « 1%10%n ¢ om® sec”
Effective irradiation time = 1 second

The thermal neutron fluence rate an! effective Irradiatio. time were chosen 1o provide a total neutron dose
close to, but slightly higher than, the neutron dose information provided by the FAA contractor (SAIC). The
best estimate of the contractor for the exisiing **“Cf system (with two opposed 143 ug sources) was a total
average fluence of ~ 6 x 10° neutrons/om® per pass. Thus, the 1 x 10° thermal neutrons for a one second
Iradiation used in calculations for the theoretical interrogation system as shown In Table 1 should always
produce a calculated activity which is somewhat higher than expectad in the actual system(s).

The nuclear constants used In these calculations were generally those contained in Erdtmann's Neutron
Activation Tables [2). Al activation praducts with halfiives greater than 0.1 sscond were considered. Initial
activities shown In Table 1 were obtained from this compilation, v *h modifications for the luence rates given
above. In addition, two computer programs were written in the BASIC language on a CP/M microcomputer
to caloulate Inltial activitie: and decaysd activities from the basic nuclear constants. Using these compurer
programs, cnecks were made of the calcuiated activities found In Reference 2, and with a few excepti ins
(most of which were typographical errors in the book) the data agreed very well,

It should also be noted that t“ese calculations assume 2ero neutron self-shielding effects, « ich Is the
appropriate ‘worst case" assumption. Elements with high neutron cross sections and/or reso’ ince integrals
(e.9.. greater than ~ 10 barns) begin to see an effect called neutron self-shielding, where the interior of & thick
sample "sees" fewer neutrons than the exterior of the sample, due to neutron absorption by the exterior. Thus,
one gram of gald In a spherical shape would activate much less than, say, one gram of gold as a thin gold
plating on the surface of many articies scattered throughout a container. This effect would reduce the
expscted activities of many of the activation products listed in Table 1, but Is an uncontrollable variable. As
a consequence, the zero neutron self-shielding assumption Is used.

In Table 1, only reactions which produced inltial activities greater than 0.001 Becquersl/gram of slement
(disintegratiorysec/g) are shown. This levei was chosen in order to prevent the table from becoming totally
useless due to excessive size, yet contain all activitias that are significant. The basis for choosing the value
0! 0.001 Becquerel/g, was :he levels of naturally occurring radioactivity found in food. For example, %K is &
. ly cccurring radioactive Isotope which Is contained In essentially all fcod that we eat. It has an
abundance of 0.0117%, a halfife of 1.26 x 10° years, and a high energy gamma-ray line as well. Since K
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has a specific activity of 838 picocuries/gram of potassium, and, for example, peanuts contain 0.674%
potassium [3), one gram of peanuts has 5.65 pCl of “)K or 0.209 Becquerels (dps). 1t seems reasonable to
consider an amount of Induced radicacthity equal to 1/100 that contained naturally in a single peanut 10 be
negligible. (it should aiso be noted that the naturally occurring radionuciides '‘C and *H add a further
50%-100% of dose 1o that due 10 the *K disintegrations in foods.|

The data in Table 1 does not contain information on the type of emissions f:om the various activation products,
because of the varied potential use of this Information. Thus, a nuclear reaction which has a relatively high
activity level but no gamma-ray emission may be significant for some considarations (e.g., Ingestion of food)
but not others (e.g., baggage handling). Information on the particle and gamma-ray emission abundances
and energles of the various radiolsotopes 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 criterla: > 100 Becquerel/g at zerc decay, > 10 Becquerel/g at 1.0 minute decay. > 1 Becquerel/g at
1.0 hour decay. These times were selected to Nustrate: at zero decay, the maximum activity produced; at
one minute decay, an activity level which may be relevant for baggage handlers; and at one hour decay, most
MhthMmanmdroodvothdrbnqgnguﬂoroomuubndamgn.
It can be seen from Table 2 that in only three cases, for Indium, europlum and dysprosium (three relatively
mdmﬁ).mﬁdhmmymmhnmmdthopmdomomaﬂu1homdocayucomm
amount of natural radioactivity In a 2 ounce bag of peanuts. 't should also be noted that all of the activities
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 KATES AND ENERGIES IN THE BAGGAGE
IRBADIATION SYSTEMS

The second phase consists of a systematic characterization of the actual neutron fluence rates axperienced
wmmmtmmwwwmwmwmm systems (EDS). There
were a total of four irradiations In the EDS systems to measure the neutron fluences and energies seen by
folls passing through the systems. Two kradiations used the **Ct EDS, and two irradiations used the
deuterlum-deuterium (D-D) neutron generator EDS system. All iradiations and the results obtained are
discussed In detall below, after a brief description of the techniques used for tnese determinations.
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The measurement of a neutron field using the foll activalion technique ls both relatively simple and taify
accurate. The varlous elements which may be used as indicator tolls undergo nuciear reactions according
to the previously described equation when passed through an EDS system or ather neutron field, and they

are then counted on a callbrated radioactivity detector In order 10 accurataly determing the induced numbsr
of disintegrations per unit time

The aquation used earfler In this report for the activation calculations can be rearranged as follows:

CoA

T meaNotoie 1 6

neutron fluence rate (n*cm?sec’’) (for the neutron enargy range of interest)
net detector counts per second of the gamma-ray of interest corrected for decay,
deadtime and pulse plieup (sec’’)
gram atomic weight of the slement
mass of element In grams
isotopic abundance of target isotope (1.00 = 100% abundanoce)
- number of atoms/gram atomic weight (6.022 x 10”)

neutron cross section In bams (10%*em®) (for the neutron energy range of interest)

K n2
decay constant (sec’’) = - —
halflite (sec)

« rradiation time {sec)

detector efficlency for the gamma-ray of interest and the counting geometry used (o
obtein C

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) neutron cross section (ow) and the activity found
in a bare foll after subtraction of the activity determined in a cadmium covered foll [C = (Cobar - 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 foll (Ced) 10 estimate the epithermal neutron fluence
rate in & 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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energy threshokd and specific reaction cross section. These calculations are used below 10 measure neutron
fuence rates in the two EDS systems.

mmdmﬁmw»mmmmmmmwwﬂmmmmdmmw
and epithermal fluences, based on the following derivation:

Since
(90 )iow = (o O + epi )
then

- o[ ARORE S

- Sop,
njome s 1

Theretore, i, as In NBSR RT-4, the eepi = 0.02 du Is known, then for a well characterized facility like RT-4 the
epithermal contrit ution can be estimated by ¢ 0 = ¢ [on + 0.021), and the thermal fluence can be estimated
using a bare foll, oy use of the o = o + 0.02 | relationship [ = total (thermal + epithermal) cross section,
in barns).

Thus, the eplth armal fiuence fraction, Gepl/n, can be roughly estimated by Irradiating several elemental folls
with differing r ssonance integral cross sections |, and solving the calculations for various epthermal fractions
untll the therrnal fivence values agree. This was done for the first two Irradiations described below, and
reasonable v ilues for the epithermal fraction were obtained. In the second two irradiations, actual cadmium
covered foll Iradiations were made using gold folls and the gold-cadmium ratio determined for both the D-D
and 201 sy stems, as well as for several of the NIST nuclear reactor irradiation positions.

leradiation 511, - Calffornium - 262 System
The firs’ ol Irradiation In an EVS for this prolect took place on July 6, 1987, using the **Cf EDS system as

se! up for tusting at the San Francisco airport. A package of three folls, including one each of gold, tungsten
and coppe ', were irradiated by SAIC. The folls were positioned inskle & piece of luggage and passed 10 times
through th: EDS. The ten passes were completed at 22:50 EDT on July 6, 1987, and that time was taken as
the effecthe To. Thus all foll activities were decay corrected 10 that time.

Unfortunately, transfer of the irradiated folls to NIST by SAIC ran afoul of an air 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 tingsten, could still be counted. The copper-64 activity, with & 12.7 hour halfdife, was not able to
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be used. The loss of the copper activity is particula 1y unfortunate because the small resonance integral for

the copper provides a good measure of the thermal reutron fluence withoui significant activation by epithermal
neutrons

Results obtained from this first Iradiation &re given in Table 3. As can be seen from this table. the gold and
turigsten foll data agree reasonably well, and provide an estimate of the total neutron fluence for the 2520y

system of ~ 7% 10® n « om™ per pass (220% relative). Evaiuation of the apparent eptthermal fracti~, provicied

an estimate of 6% epithermal neutrons. This | apparent epithermal fraction has a higher une artainty than does
tha second irradiation, because no copper data was avallable to confirm the true thermal neutron fluence
value. Note also that the fluence rate given above is for the date of inradiation only, July 6, 1987, due 10 the
decay of “*Ct with a 2.64 year halfife. (Note: The actual fluence values shown In Tables 2 and 3 have been
recalculated using the gold-cadmium ratio data obtained from irradiations 3 and 4. This data now provides

an improved evaluation of the epithermal neutron contribution, and this will be discussed more completely
under the Neutron Energy Measurements section in this report )

Irradiation #2 - D-D Neutron Generalor System

The second foll irradiation took place In the prototype D-D neutron generator EDS system. The foll samples
were irradiated between 15:56 and 16:39 (EDT) on September 21, 1987, by passing them through the EDS
system a total - “ 100 times by the FAA contractor, SAIC. A total of five different folls were used, the copper,

gold and tungsten used previously plus folls of nickel and thanium in an attempt to measure the fast neution
fiuence

Accordingto P. Ryge of SAIC, the five folls were kept in the original malling envelope, placed inside a sultcase
near the top, with the remainder of the sultcase filled with “normal” travel Rems. This sultcase was then passed

through the system 100 times over the approximately 4 hour period. The series of passes ware expectad 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 Irradiation period might have, a calculation was also made for the hypothetical situation of a
continuous Irradiation 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 smail effect was considered 1o be within the measurement unscenainty, and
thus all other calcuiations assurne the single irradiation at 18:00 hours.
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The results fror this second kradiation are given in Tatde 4. A trangter time 1o NIST of approximately 15 hours
mmmmwunmum.wnmnmmdm
the neutron fluence/pass and the eplthermal fraction. An estimate of the total neutron fiuence for this D-D
neutron generator system is about 3 x 10° n « om™ per pass («20% relative). Evaluation of the eplthermal
fraction provides a very approximate value of 5% epithermal feutrons.

memmmmmmmmwmmm(mwmmmummnmm
detectable radioactivity above background from fast netron activation. This Is very likely due to the very low
tast neutron component in the D-D EDS system. An additional attempt to measure the iast neutron cormponent
was carried out In the third irradiation, and is described in that section.

Lradiation #3 D-D Neutron Generator System
mmmsmmmaookmmmmmoommwmchmum
time located at the Los Angeies International Alrpont. The foll samples were fixed to a cardboard holder In a
udwmmm.mohmmummmwmwmwmmm
through the system by SAIC. The Irradiations took place between 6:00 and 8:00 pm (EST) on Monday,
December 7, 1987. A total of four cifterent folls were in the packuge (Au, NI, Cu, W) plus a cadmium covered
goid foll. According to P. Ryge of SAIC, the package was handied in a way 10 be “representative of normal
exposure to the baggage transfer EDS systems.*

Mmmmmlummoammm.wmdmm (Tzero) used
was #00 pm EST, December 7, 1087,

The recults from this third irradiation are given In Table 5. Again the transfer time for the folls package to NIST
was about 15 hours, prmmqoodmmmmmm.mwwmm The measured
total neutron fluence per pass was approximately 2.2 x 10° neem ¥, with an uncertainty of approximately 20%
(relative).

Again, there was no measurabie radioactivity above background for the nickel foll, due no doubt 10 the very
small fast neutron componant in the EDS systems. A caloulation of the minimum radioactivity detectable In
the counting system used gave a value of <2x10” fast neutrons/pass, which is less than 1% fast neutrons.

A goid-cadmium ratio was measured In this irradiation, and these results will be discussed below under the
section entitiecd Neutron Energy Measurements.
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luadiation ¢4, Caifornium:252 Svstem
The fourth and final EDS irradiation of this project took place between 08:47 and 11:25 on March 29, 1688,
The sample materials had been sent 1o P. Rygge of SAIC fixed In postion Inside of a large corrugated

cardboard container. This container s shown schematically In Figure 4, and was the largest possible container
stili able to fit through the EDS svstem

The system used for this fourth irradiation was the 2520t system, which was set up and workl g at the San
Francisco 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 contained a total of eight bare gold fol's distributed as shown in Figure 4, a ninth gold foll encapsulated
In cadmium (0.1 om 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 1o measure the neutron fluence

varlation throughout the iradiation volume. Positions were selected to represent the extreme locations
possible In the EDS sysiems

The results from liradlation #4 are given In Tables 6 and 7. Table 6 provides 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 5201
system in the first EDS Irradiation. Inttially, k was puzziing that there did not seem 10 be an appropriate
reduction In the last **201 Irradiation 1o account for decay of the sources, but upon calculation, the amount
of decay expected Is only about 17%, which could effectively be masked due to the large varation of relative
fluences in the Irradiation container due to position as discussed below (almost 50%)

Table 7 gives the results from the measurement of neutron fluence vs. posttion in the irradiation container.
From this data, it Is apparent that the neutron fluence Is about 30% higher In the vertical center portion of the
Irradiaticn cavity (Figure 4, A-3 1o A-5) compared to the vertical sides of the cavity (Figure 4, A-1 1o A-2, and
A-410 A€). The top-to-bottom fluence varietion is much smaller, particularty at the edges. It should also be
noted that this box was filled with several full boxes of paper towels and some additional crumpled paper
towels, 1o add stabllity and weight for the handling and Irradiation processes. The effective density and
composition was estimated 10 be a Iittie less dense than usual baggage, but not appreciably different from
the contents of a sutcase primarily packed with clothing

Neutron Engrgy Measurements

Neutron energy characterization was made of the EDS systems Iy using gold-cadmium ratio measurements

for estimating the epithermal neutron fluences and with several atte:npts at measuring fast nautrons throagh
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use of threshold folle These two meth.ads are discussed separately below. The cadmium ratio of any slement
hmuunmdnmawmmmudmdmwmmmwmmm
umudmmwmumummmmmmmwdym
with interdocking covers of 1 mm thick cadmium metal. Thus, for Qold the cadmium ratio Au(Cd) is defined
as

o ) (bare)
Au(Cd) = 24 ©d)

Ae(bare) = saturated activity at zero decay for the bare foll, and
Apled) = wwdmwmzmmwmmmmomcou.

Gold-cadmium ratio measurements were made In irradiations 3 and 4. This Information plus simiiar
measurements for three Irradiation poshions In the NIST nuclear research reactor (fueled by “*U) are shown
In Table 8. n.houdummwmmmmmmbmammmumm-nbymm
Mmmyuudblmuvmhvnm.-rm.undthohtghmmlymwdanm
mmmws.wy.mhmwmmunmgfiydom.c\tupompodlctolsu»ddmmnomm
uﬂMhoMandmwymghmmmudmmgdd-?w {the mono-nuclidic stable
Isotope of goid). in this study, the gold-cadmium ratio for the *2Cf EDS was very similar to the NBSR RT-3
Irradiation faciiity, and thus the - Jated fluence measurements could be compared directly 1o the known
fluence values for this NBSR facility. What was somewhat surprising was that the neutron energy spectrum
for the D-D EDS was substantially *harder (1., had more energetic neutrons and a lower Au(Cd) ratio) than
that from tie 2520 EDS. When corrected for neutron self-shielding in the gold folls (8], the D-D system
mouuromk\dbﬂtdthﬂdﬂdhﬂ.tlmhdwmm.amo.sw(!hoondmkmcut-oﬁ
energy), versus 29% epicadmium neutrons for the 250 EDS. (Note: The NBSR RT-3 irradiation facllity had
26% eploadmium neutrons.)

In addition to the epithermal (L.e., epicadmium) measurements made with cadmium ratios, measurements
were attempted using fast neutron threshold folls of tianium and/or nickel in irradiations number 2 and 3. All
ouohunompug-vomuuhwmmhohnnoutmmmem.coudnotbedmmdabcmm
background radioactivity, even with very long counts. This was not a surprise since the actual number of fast
neutrons above about 2 MeV (the tireshold for these fast neutron reactions) was expected 10 be very small
The data obtained from the best count (from & nickel fol) was used 1o calculate a less than" value, which
showed that there was < 2x10° fast neutrons/om */pass (above the 2.2 MeV threshold for this specific nuclear
reaction). An actual measurement of the *Co radioactivity from the 8Ni(n.p)®Co nuclear reaction on a nickel
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fol irradiated in the NBSR RT.3 taciity, when normalized 1o the 2.2x10° necm™ expected for a single pass in

the D-D EDS, gave a value of 0.001 count/d hours counting time. Even with 100 passes through the system,
the expected 0.1 count/d hours would be totally lost in the background of the lowest background counting
system avallable. Thus, direct fast neutron measurements using threshold tolls are just not possible for elther
EDS system unless the entire counting system is brought to the EDS system so shortdived radioactivities
could be attempted, and possibly could not be measured even then due 1o absolute sensitivity limitations.

PHASE 3. QUANTITATIVS DETERIANATION OF INDUCED RADIOACTIVITY LEVELS
In order to verity the calculated activity values reported in Phase 1 of this study, actual measured activity levels

were determined In elements exposed 10 the appropriate neutron fluences. This was accomplished using
two different methods as described below

Method 1 entalled the couriting of induced radioactivity in pure element folis actually passed through the . |
EDS and the D-D EDS. There are very few elements with both the sensitivity and the appropriate halfife 1o
allow such measurements without actually moving an entire germanium detector and counting system 10 the
airport iocation where the EDS was located. Three elements (copper, tungsten and gold) were used to
develop this data, and the results are found In Table 8 (**2C1 EDS) and Table 10 (D-D EDS).

in addition, Method 2 was empioyed. This method utilized the NiST nuclear reactor (NBSR) RT-3 irradiation
facility, shown in Table 8 to have neutron fluence characteristics very similar 10 the = °Cf EDS except that the
neutron fluence Is about 1.3x10° 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 o the 8x10°

neem™ fluence expected for one pass through the 25201 EDS. These results are found In Table 11 for 13
addhional elements

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

In addition to the above, one case merited special consideration. In Table 1, for the element bismuth (Z = 83),
& speclal case Is noted in a footnce. This concerns the potential problem of the bismuth-210 activation
product decaying 10 polonium-210, which is an alpha emitter. This would most probably be ignored except
that a common over-the-counter madicine contains large quantities of bismuth. Since alpha particles are
easlly stopped by something as thin as a sheet paper, they are usually only of concern when they may be
intaled (as radon) or ingested through food or medication
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it was therefore thought useful 10 consider the effect of neutron exposure In an EDS 1o the production of
polonium-210 from bismuth. This was done in two ways: first, a detaled calculation was made following the
production of bismuth-210, beta decay to polonium-210, and the alpha decay of polonium-210. Second,
several pellets of pure bismuth were Irradiated I Irradiatio., #4, with 100 passes through the “*Cf EDS. This
bismuth was then dissolved and the bismuth/polonium precipltated out, recovered, and counted In an alpha
detection system.

The results of the above bismuth evaluations indicated that the amount of polonium-210 produced In these
EDS systems Is minimal Calculation showed that 100 grams of bismuth passed through a neutron fluence
of 1x10® neem™® would produce a maximum of 0.0004 decays of polonium-210 per second (d/s).
Measurement of the radiochemically prepared bismuth/polonium sample (bismuth weight = 150.6 mg) which
had been passed 100 times through the 252Cf EDS gave no alpha counts detected for a 100 minute count,
confirming the calculation of minimal prouuction of polonium-210.

CONCLUSION

Although the Initial FAA project was for the evaluation and characterization of only the **2Cf EDS, soon
afterwards it became apparent that for a substantial portion of the project period only the D-D system was
avallable for irradlations. 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 **2Cf and D-D systems as
described below.

All thrue 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 in the EDS systems,
and these data are found In Tables 1 and 2. In Phase 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 Tabie 1 round. These data are found in Tables

9 through 11.

The combined information found In th's report provides a comprahensive understanding of the neutron
irradiation characteristics of these two EDS systems, and provides as well the information necessary 1o
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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Relative Neutrons/Energy Range

Neutron Energy Group

Course Seven Group Display of the Unmoderated Fission Neutron Spectra of Uranium-235 and
Californium-252 [1]. (Note: Energy Groups are: 1) 0-0.25 MeV, 2) 0.25-0.8 MeV; 3) 0.8-1.5 MeV,
4) 1523 N.eV. ) 2.3.3.7 MeV; 6) 3.7-8 MeV; and 7) 8-12MeV).
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Bottom

Figured. 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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; Table 1. Calculated Activities from One Pass
i {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 nune ® » *
3 Lithium-6 n,a Hydrogen-3 12.35 y| 0.011 0.011 0.011
| “ Beryllium-9 n,a Heliww o 0.802 s| 1280 * *
i 5 Boron none * * *
6 Carbon none * * *
7 Nitrogen-15 n,y Nitrogen-16 7.13 s | 0.0004 * *
Nitrogen-14 n,2n Nitrogen-13 9.96 m | 0.0001 * *

Oxygen-18

Oxygen-19

27:1 8

0.0004

Oxygen-18

Carbon-15

Fluorine-19

Fluorine-20

19.

7

0.449

Fluorine-19

Oxygen-19

27.1 s

g b

0.024

Fluorine-19

Nitrogen-16

7.13 8

2.

32

0.007

10

Neoa-22

Neon-23

—

1t

Neon-20

Fluorine-20

0.013

11

Sodium-23

Sodium-24

11

Sodivm-23

Neon-23

37.6 s

0.072

0.024

11

Sodium-23

Fluorine-20

121

12

Magnesium-26

Magnesium-27

9.45 m

129

0.120

12

Magnesium-25

n,p

Sodium-25

60 s

002

12

Magnesium-26

n,p

Sodium-26

1.0s

.001

Appendix D

®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.
in a Neutron Iuterrogation Syscem (Cont.)

Calculated Activities from One Pass

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

2 Isotope Reaction Product Halflife|Initial|{]l min decay|l hour decay
13 Aluminum-27 n,y Aluminum-28 2,25 m 27.2 20.0 .
13 Aluminum-27 n.p Magnesium-27 9.45m | 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 0.09%0 *
15| Poosphorus-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 n,a Aluminum-28 2.25m | 0,019 0.014 *
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,e S§ilicon-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 n,y Chlc vine-38m 0.8 s 12.0 * *
17 Chlorine-37 n,oa Phosphorus-34 12.4 s | 0.027 0.001 *
17 Chlorine-35 n,p Sulfur-35 87.2 4 | 0,001 0.001 0.001
18 Argon-40 n,y Argon-41 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 0.0359 *
21 Scandium-45 n,y Scandium-46 83.8d4 | 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 0.317 *

*Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 1.

Calculated Activities from One Pass
{n a Neutron Interrogation System (Cont.)

Target

Isotope

Reaction

Activation
Product

Product
Halflife

b

Activity

(decays/sec/gram of element)

Init.al

1 min decay

i hour decay

Vanadium-51

n.y

Vanadium-52

3.755 m

179.

149,

0.003

Vanadium-51

Titanium-51

5.76 m

0.002

0.002

*

Chromium-50

Chromium-$51

27.71 @

0.002

0,002

Chromium- 54

Chromium-55

3.5 m

0.322

0.265

24

Chromium-52

Vanadium-52

2.738 1

0.003

0.002

25

Manganese-55

Manganese-56

2.562 h

25

Manganese-55

Chromium-55

3.5 m

26

Iron

none®

27

Cobalt-59

Cobalt-60

5.272 y

27

Cobalt-59

Cobalt-60m

10,u8 m

218,

28

Nickel-64

Nickel-65

2,520 h

0.013

28

Nickel-58

Cobalt-58m

8.94 h

0.001

28

Nickel-60

Cobalt-60m

10,48 m

0.001

29

Copper-63

Copper-64

12.74 h

0.458

29

Copper-65

Copper-66

$5.10 m

14.7

12.8

30

Zinc-68

Zinc-69

ST m

0.369

0.365

30

Zinc-€8

Zinc-6%m

0.002

0.002

30

Zinc-70

Zinc-71

2. m

0.028

0.021

31

Gallium-69

Gallium-70

21.1 m

5.43

5.25

K

Gallfum-71

Gallium-72

14.10 h

0.259

0.259

K}

Callium-69

Copper-66

5.10 m

0.001

0.001

*None greater than 0,001 decays/sec, cam of element (<0 001 Becquerel/g)
*Less than 0.001 decays/sec/gram of element (<0.001 Be.querel/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 Froduct Halflife|Initial|l min decay|l hour decay
32| Germanium-70 n,y Germanium-71 11.2 4 | 0.004 0.004 0.004
32| Germanium-74 n,y Germanium-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| Germanium-76 n,y Germanium-77 11.30 h| 0.001 0.001 0.001
32| GCermanium-76 n,y Germanium-77m 54.3 8 | 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-7%m 3.89m 2.18 1.80 *
34 Selenium-80 n,y Selenium-81 18.5 m 1.33 1.28 0.140
34 Seleni- 20 n,y Selenium-81lm 57.3 m | 0.069 0.068 0.033
34 Selenium-82 n,y Seleniun-83 22.5 m | 0.345 0.335 0,054
34 Selenium-82 n,y Selenium-(3m 70.0 s | 0.040 0.022 *
34 Selenfum-77 n,n' Selenium-77m 17.5 s 1.63 0.151 *
35 Bromine-79 n,y Bromine-80 ‘7.4 m 29.1 28.0 2.67
35 Bromine-79 n,y Bromine-80m 4,42 h | 0.548 0.547 0.468
35 Bromine-81 n,y Bromine-82 35.4 h | 0.007 0.007 0.007
33 Bromine-81 n,y Bromine-82m 6.1m 23.1 20.6 0.025

*Less than 0.00]1 decays/sec/gram of element (<0.001 Becque-=!/g)
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Table 1. Calculated Activities from One Pass
in ~» Neutron Interrogation System (Cont.) ‘ .

!
? ] Activity
Target (aecays/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 3.9 h 0.001 0.001 0.001
36 Krypton-78 n,y Krypton-79mr 50 s 0.074 0.032 *

Krypton-80 n,y Krypton-8lm 13.3 s 37.7 1.65 "

36 Krypton-82 n,y Krypton-83m 1.86 h 1.74 1.738 1.20

Krypton-84 n,y Krypton-85m 4.48 h | 0,023 0.023 0.020

Krypton-86 ° n,y Krypton-87 76 m 0.012 0.012 0.007

37 Rubidium-85 n,y Rubidium-86 18.65 4| 0.001 C.001 0.001

Rubidium-85 n,y Rubidium-86m 1.018 m| 4.20 2.13 b

37| Rubidium-87 nYy Rubidium-88 17.7 m | 0.20%

Strontium-85m 67.7 m | 0.004 0.004 0.002

Strontium-84

Strontium-86 n,vy Strontium-87m 2.81 h 0.044 0.044 0.034

Yttrium-89 n,y Yetrium-90 64.0 h | 0.026 0.026 0 noc

Yetrium-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 *

Zirconium none *

Niobium-93 n,y Niobium-94m 6.26 m 3.80 3.40 0.005

Molybdenum-92 n,y Molybdenum-93m 6.85 h <0.,002 <0.002 <0.001

Molybdenum-98 n,y 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

unstable/not found naturally

43 Technetium

44| Ruthenium-102 n,y Ruthenium-103 39.6 d | 0.001 0.001 0.001

44| Ruthenium-104 n,y Ruthenium-105 4,64 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.

Calculated Activities from One Pass

in a Neutron Interrogation Syst ' (Cont,)
] Activity
Target (decays/sec/gram of element)
Activation Product

Z Isotope Reaction Product Halflife|Initial|l min decay|l hour decay
45 Rhod .um-103 n,y Rhodium-104 42 s 1543, 573. *
45 Rhor.ium-103 n,y Rhodium-104m 4.35 m 360, 307, 0.025
45 'hodium-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,y Palladium-107m | 21.3 s | 0.842 0.119 *
46| Falladium-108 n,y Palladium-109 13.46 h| 0,337 0.337 0.320
46| Palladium-108 n,y Palladium-109m | 6. 69 m | 0,912 0.787 *
46| Palladium-110 n,y Palladium-111 2m 0.0e8 0.085 0.013
46| Palladium-110 n,y Palladium-111lm 5.5h | 0.001 0.001 0.001
47 Silver-107 n,y Silver-108 2.4l m 509, 382. *
47 Silver-10¢9 n,y Silver-110 24.6 s | 8310, 1532, *
48 Cadmium-106 n,y Cadmium-107 €.5 h | 0,002 0.902 0.002
48 Cadmium-110 n.- Cadmium-111m 48.7 m | 0.022 0.0.2 0.00%
48 Cadmium-114 n,y Cadmium-115 53.5 h | 0.002 0.002 0.002
48 Cadmium-116 n,y Cadmium-117 2.6 h | 0,002 0.002 0.001
48 Cadmium-116 n,y Cadmium-117m 3.4h | 0.001 0.001 0.001
48 Cadmium-112 n,2n Cadmium-1ilm 48.7 m | 0.004 0.004 0.002
49 Indium-113 n,y Indium-114 71.9 8 9.43 5.29 *
49 Indium-113 n,y Indium-114m 49.51 d| 0.001 0.001 0.001
49 Indium-115 ny Indium-116 14.2 s | 1360, 72.7 *
49 Indium-115 -;.1 Indium-116m 5.2 m 129. 387, 59.9
49 Indium-115 n,v 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.

in a Neutron Interrogation System (Cont.)

Calculated Activities from One Pass

Target

Isotope

Reaction

Activation
Product

Product
Halflife

(decays/sec/gram of element)

Activity

Infitial

1 min decay

1 hour decay

Tin-112

Tin-113m

200m

0.018

0.017

0.002

50

Tin-120

Tin-121

0.002

0.002

0.002

50

Tin-122

Tin-123m

0.012

012

004

50

Tin-124

Tin-125m

.{

109

101

.001

51

Antimony-121

Antimony-122

073

.073

072

51

Antimony-121

Antimony-122m

. 708

. 600

*®

51

Antimony-123

Antimony-124

.003

003

51

Antimony-123

Antimony-124m

842

51

Antimony-123

Antimony-124m’

.013

52

Tellurium-126

Tellurium-127

019

52

Tellurium-128

Tellurium-129

057

52

Tellurium-130

Tellurium-131

. 208

53

lodine-127

Iodine-1.8

20.0

54

Xenon-124

Xenon-125

0.008

54

Xenon-124

Xenon-125m

57 s

1.7

54

Xenon-126

Xenon-127m

ok @

54

Xenon-130

Xencn-13im

11.97 d

54

Xenon-132

Xenon-133

5.29 ¢

54

Xenon-134

Xenon-135

9.17 h

54

Xenon-134

Xenon-135m

15.3 m

54

Xenon-136

Xenon-137

3.84m

.200

*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

Target

Isotope

Reaction

Activation
Product

Product
Halflife

Activity

(decays/sec/gram of element)

Initial

1 min decay

1 hour decay

Cesium-133

Cesium-134

2.06 y

0.002

0.002

0.002

Cesium-133

Cesium-134m

2.9 h

0.928

0.926

0.731

Barium-130

Barium-131m

14 ¢

0.009

0.009

.001

Barium-135

Barium-136m

0.31

131.

*

*

Barium-136

Barium-137m

2.55

0.039

*

Barium-138

Barium-139

83.3 m

0.155

Barium-137

Barium-137m

2.55m

.500

Lanthanum-139

Lanthanum- 140

40.23 h

180

Cerium-13~

Cerium-137

9.0 h

014

Ceriur-138

Cerium-13%w

56 s

054

Cer .um- 140

Cerium-141

9e.31 &

.005

Cirium-142

Cerium-143

33.0h

027

Praseodymium-141

Praseodymium-142

19.16 h

0.343

{raseodymiwn-141

Praseodymium-142m

14,6 m

13.3

Praseodymium-141

Praseodymium-140

3.9 m

0.012

Neodymium-146

Neodymium-147

10.99 4

0.007

Neodymium-148

Neodymium-149

1.73 h

0.073

Neodymium-150

Neodymium-151

124 m

0.352

Promethium

unstable/not

found naturally

Samarium-152

Samarium-153

46.5 h

1.19

Samarium-154

Samarium-155

22,2 m

2.81

than 0,001 decays/sec/gram of element (<0,001 Becquerel/g)
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Table 1.

in a Neutren Interrogation System (Cont.)

Calculated Activities from One Pass

Target

Isotope

Reacticn

Activation
Product

Product

Halflife

Acetivity

(decays/sec/gram of element)

Initial

1 min decay

1 hour decay

Europium-151

Europium-152

13,4y

0.029

0.020

0.020

Europium-151

Europium-152m

9.3 h

132,

3%

123.

Europium-151

Europium-152m’

96 m

0 ¢

0.914

0.597

Europium-153

Europium-154

8.5y

0.002

0.002

0.002

Gadolinium-158

Gadolinium-159

0.040

0.040

0.039

Gadolinium-160

Gadolinium-161

2.19

1.38

*

Terbium-159

Terbium-160

0.014

0.014

Dysprosium-156

Dysprosium-157

0.003

0.003

Dysprosium-164

Dysprosium-165

86.2

85.8

Dysprosium-164

Dysprosium-165m

16400

9420

Holmium-165

Holmium-166

1.98

i.98

Erbium-162

Erbium-163

5 m

0.022

Erbium-164

Erbium-165

10.36 h

0.016

Erbium-166

Erbium-167m

2.27 s

4790,

Erbium-168

Erbium-169

9.3 d

0.002

~rbium-170

Erbium-171

7.5 h

0.085

69

Thulium-169

Thulium-170

130 4

0.030

70

Ytterbium-168

Ytterbium-169

32,02 d

0.005

70

Ytterbium-174

Ytterbium-175

4.19 d

0.139

70

Ytterbium-176

Ytterbium-177

1.9h

0.113

71

Lutecium-175

lutecium-176m

3.69 h

4,78

71

lutecium-176

Lutecium-177

6.71 d

0.222

*Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 1. Calculated Aci.ivities from One Pass
in a Neutron Interroga ion System (Cont.)

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

Z Isotope Reaction Product Halflife|Initial|]l min decay|l hour decay
72 Hafnium-177 n,y Hafnium-178n 4.3 s 110, 0.007 *
72 Hafnium-178 n,y Hafnium-179%m 18.7 s 2460 2.66 *
72 Hafnium-179 n,y Hafnium-180m 5.5 h | 0.007 0.007 0.006
72 Hafnium-180 n,y Hafnium-181 42.4 4 | 0,003 0.003 0.003
73| Tantalum-181 n,y Tantalum-182 115 4 | 0.008 0.008 0.008
737 Tantalua-181 n,y Tantalum-182m 15,9 m | 0.038 0.036 0.003
74| Tungsten-184 n,y Tungsten-185m 1.64m | 0.014 0.009 *
741 Tungsten-186 n,y Tungsten-187 23.9 h | 0.347 0.347 0.337
75 Rhenium-185 N % 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 Rhenfum-187 n,y Rhenium-188m 18.6 m 2.18 2.10 0.233
76 Osmium-190 n,y Osimium-191 15.3 d | 0.002 0.002 0.002
76 Osmium-190 n,y Osmium-191m 13.0 h | 0.119 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-192 764.3 d | 0.090 0.09%0 0.090
77 Iridium-191 n,y Iridium-192m 1.4 m 3120 1900 *
77 Iridium-193 n,y Iridium-194 19.38 h| 2.73 .78 2.63
78| Platinum-196 n,y Platinum-197 18.3 h | 0,006 0.006 0.006
78| Platinum-196 n,y Platinum-197m 8l m 0.007 0.007 0.004
78| Platinum-198 n,y Platinum-199 3.8 m | 0.389 0.380 0.10!
78| Platinum-198 n,y Platinum-199m 14,1 s | 0.363 0.020 *
79 Gold-197 n,y CGold-198 2.695 df 1.18 1.18 1.17

*Less than 0.001 decays/sec/gram of element (<0.0J1 Becquerel/g)
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Table 1.
in a Neutron Interrogsation 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 Mercury-197 64.1 d | 0.042 0.042 0.042
80 Mercury-196 n,y Mercury-197m 23.8 h 0.004 0.004 0.004
80 Mercury-198 n,y Mercury-19%m 42.6 m | 0,004 0.004 0.002
80 M reury-202 n,y Mercury-203 46.60 4| 0.001 0.001 0.001
80 Mercury-204 n,y Mercury-205 5.2 m 0 203 0.178 *
81| Thallium-205 n,y Thallium-206 4.2 m | 0,651 0.552 *
82 Lead none* * * *
83 Bismuth none® * * *

84

Polonium

unstable/not found

naturally

85

Astatine

unstable/not found

naturally

86

Radon

unstable/not found

naturally

87

Francium

unstahle/not found

naturally

y -

Radium

unstable/not found

naturally

89

Actinium

unstable/not found nat

urally

90

Thoriua-232

Thorium-233

22.2 m 11.9

1.83

91

Protactinium

unstable/not found nat

urally

92

Uranium-238

n,y

Uranium-239

23.5 m 10.1

9.81

1.72

Ap

pendix D

*None greater than 0.001 decays/sec/gram of element
*Less than 0.001 decays/sec/gram of element (<0.001

.-
®The special case of 2°%B{ (n,y) 2'°B{ --= 21%po {5

(<0.001 Becquerel/g)
Becquerel/g)

discussed in the text under Phase 3J.
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Table 2.

Listing of Calculated Activities from Table 1 Having

the Highest Activities as Defined in the Text*®

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 Aluminum-28 2.25 m 27.2 20.0 *
21 Scandium-45 Scandium-46m 18.7 s LB25 522 *
23 Vanadium-51 Vanadium-52 3.76 m 179 149 0.003
25| Manganese-55 Manganese-56 2.58 h 11.1 11.1 8.49
27 Cobalt-59 Cobalt-60m 10.48 m| 233 218 4.40
29 Copper-65 Copper-66 510 m 14.7 12.8 0.004
34 Selenium-76 Selenium-77m i7.5 » 568 52.8 *
35 Bromine-79 Bromine-80 174 m 29.1 28.0 2.67
35 Bromine-81 Bromine-82m 6.1 m 3.1 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 Siiver-107 Silver-108 2,41 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 542 m 129 127 59.9
49 Indium-115 Indium-116m’ 2.16 s | 127000 0.001 *
.33 lodine-127 lodine-128 250 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)

NUREG-1396
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Table 2.
the

Listing of Calculated Activities from Table 1 Having
Highest Activities as Defined in the Text* (Cont.)

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

: Isotope Product Halflife|Initial|{l min decay|l hour decay
62| Samarium-152 Samarium-153 | 46.5h | 1.19 1.19 1.17
| 63| Europium-151 Europium-152m 9.3 h | 132 132 123
i 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
i 68 Erbium-166 Erbium-167m 2.27 s 4790 % *
ﬁ 71| Lutecium-175 Lutecium-176m 3.69 h 4.78 4.77 3.96

72 Hainfum-177 Hafnium-178m 4.3 s 110 0.007 ®

72

Hafnium-178

Hafnium-17%m

2460

2.66

75

Rhenium-187

Rhenium-188

16.7 h

1.85

1.85

1.77

77

Iridium-191

Iridium-192m

77

Iridium-193

Iridium-19¢6

19.38 h

2.73

2.73

2.63

79

Gold-197

Cold-198

2,695 d

1.18

1.

1.17

90

Thorium-232

Thorium-233

22.2 m

11.9

11.9

1.83

92

Uranium-238

Uranium-239

23.5 m

10.1

9.81

J s

Appendix D
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‘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 3. Nautron Fluence Results from Irradiation

No. 1 (*%01)
Activation Foll Gamma Ray Neutron Fluence
Elernent Product Weight (9)  Energy (kev)  per pass (n/om?)*
Gold %85y 0.7502 411 7.5x10°
Tungsten 7w 2.9598 479 7.6x10°

*Actual fluence values recalculated from first report using redetermined absolute e'ficiency values and using
the procedure from ASTM Standard Method E262 for gold. This procedure could only be used after the
gold-cadmiurn ratios had been measured. See text under Irradiation #4.

Table 4. Neutron Fluence Results from Irradiation

No. 2 (D-D Generator)

Activation Foll Garnma Ray Neutron Fluence
Element Product Weight (9)  Energy (kev) per pass (n/cm?)®
Copper 8¢, 9.204 511 3.0x10°
Meu 9.204 511 29x10%
Gold 1%8Au 0.7653 411 2.7x10°
Tungsten 87w 3.332 1497 34x10°

*Actual fluence values recalculated from first report using rodetermined absolute efficiency values and using
the procedure from ASTM Standard Method E262 for gold. This procedure could only *  ised after the
gold-cadmium ratios had been measured. See text under Irradiation #4.

®This value calculated for a continuous 4 hour irradiation at lower fluence instead of a siigle higher fluence
irradlation (See text).
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Appendix D

Table 5. Neutron Fluence Resuits from Irradiation

No. 3 (D-D Generator)

Activation Foll
Product Welght (@)

Gamma Ray
Energy (kev)

Neutron Fluence
per pass (n/em®)*

Copper

Tungsten

Elemen:

198A0 0.7503 a1

Scy 11.14 511

187y 3.331 479

1.9)(10s
27x10°

20x10°

Table 8. Neutron Fluence Resuits from Irradiation

No. 4 (**cf)

Gamma Ray
Energy (kev)

Activation Foll
Product Weight (9)

Neutron Fluence
per pass (n/em?)*

Gold

Copper

%8a0 0.3148 411

S4cu 7.417 511

79x%x10°

7.7 x10"
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Tatie 7. Neutron Fluence vs. Position i, 252Ct EDS Using Gold Folls

Relative Measure Fluoncg

Foll 1.D. Position in Container® Fluence per passs (n/em*®)
A-1 Top/Leht 0.87 6.9x 10°
A-2 Bottom/Left 0.86 68x10°
A3 Top/Middie 1.13 8.9x10°
A7 Middie/Middie 1.00 7.9x10°
A5 Bottom/Middle® 131 108x10°
A4 Top/Right 0.89 7.0 x 10°
A8 Lower Micdle/Right 08  67x10°
A6 Bottom/Right 0.85 6.7x10°

Average 7.6x 10° (217%)°
Range 6.7x10%1010.3x 10°

*See Figure 4 for diagram of positions in container.

PThis foild hacl moved somewhat by the time it was received back at NIST. Exact position during irradiation
sequence Is thus unknown, but fluence value is consistent with the position given here and shown in Figure

4

“Uncertainty value shown is the 1o standard deviation of all eight foils.
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Table 8. Results from Cadmium Ratio Measurements

Previously Measured Cadmium
Ratios (Ref. 7)*

Gold-Cadmium Ratios
Irradiation Facility (This Study) Gold Copper Cobalt

D-D EDS (irrad. #3) 5.0 - -

25201 EDS (Irvad. #4) 83

NBSR R1-3 92
NBSR RT-1 183 - -

NBSR RT-4 52.7 87 540 390

%3ee text about using caution in comparing different foll element cadmium ratios and even measurements for

the same elernent such as gold when small differences in thickness can produce significant differences In
neutron self-shielding factors
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Table 9.

Comparison of Calculated and Measured Radioactivities
from One Pass in the ?*2Cf EDS
[Irradiations No. 1 (Tungsten) and No. 4 (Cold and Copper))

Measured Activity
Target Calculated*
Activation | Product [Initial Activity!Initial Activity
z Isotope Froduct Halflife (d/g/s’ (d/s/g) Camma Ray
29 Copper-63 Copper-64 | 12.74 h 0.458 0.374 511 keV
74| Tungsten-186 |Tungsten-187| 23.9 h 0.347 0.217 479 keV
79 Cold-197 Gold-192 2.695 d 1.18 1.08 411 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 *%2Cf EDS puts out about 0.8 of this fluence/pass.)

[Note from Table 6

Table 10, Comparison of Calculated and Measured Radiocactivities
One Pase in the D-D EDS [Irradiation No. 3}
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 0.127 511 keV
74| Tungsten-186 |Tungsten-187| 23.9 h 0.347 0.077 479 keV
79 Gold-197 Gold-198 2.795 d 1.18 0.342 411 keV

*Calculated Initial Activity io 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 X of this fluence/pass.)

NUREG-1396
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Table 11. Comparison of Calculated and Measured Radiocactivities

from One Pass in a Simulated EDS

Measured Activity®
Target Calculated*

Initial Activity
(d/g/s)

Activation
Product

Product

Initial Activity
Halflife

Isotope

(d/8/g)

Camma Ray

Chromium-50

Chremium-51

27.71 4

0.002

0.003 320 keV

26

Iron-58

Iron-59

44 .50

d

<0.001°¢

0.0001 1099 keV

27

Cohalt-59

Cobalt-60

5.272

0.002

0.002 1332 keV

30

Zinc-64

Zinc-65

243,

9

<0,001

0.0001 1115 keV

37

Rubidium-85

Rubidiun .

18.65

0.001

0.001 1076 keV

38

Strontium-84

Strontium-85

64,84

001

0.00004 514 keV

51

Antimony 123

Antimony-124

60.

3

.003

0.002 1691 keV

55

Cesium-133

Cesium-~-134

2.06

.002

0.002 796 keV

56

Barium-130

Barium-131

11.

8

.001

0.00004 496 keV

63

Europium-.15]

Europium-152

12

b

.020

0.018 964 keV

63

Europium-151

Europium-152

13

A

.020

0.017 1408 keV

65

Terbium-159

Terbium-160

8

3

014

0.011 879 keV

72

Hafnium-180

Hafnium-181

42.39

d

.003

0.003 482 keV

10

Tantalum-181

Tantalum-182

114.5 d

.008

0.007 1221 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).

PIn this Table, the measured activity was obtained using the NBSR RT-3 irradiation
facility at NIST, whic™ was shown to be very similar to the 252¢cf EDS facility (see
The counting data this obtained was corrected to the experimentally determined
352¢0f 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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