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Abstract

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

1,1 Background tional airports. SAIC developed Model EDS-2, which
was originally designed as a one-of-a-kind prototype,

The Federal Aviation Administration (FAA) became in- into the current production .%'stem (Model EDS-3),
volved in developing an efficient explosive detection _s- which optimizes radiation levels, cost, bulk, weight, and
temin themid-1960s. Development efforts were initially complexity. This _stem, licensed for ramp use in
based on various technologies including vapor detection August 1989, uses less than half the amount of califor-
by olfactory (e.g., canines) and instrumental (chromatog- nium-252 (Cf-252) and only one-quarter theradiation
raphy) means, x ray radiography, and several nuclear shielding than did the original prototype.
methods. Although several of these technologies ap..
peared promising, none of the early efforts yielded satis- The findings of the NRC environmental assessments
factory results. _ associated with these two models were summarized and

published in the Federal Register (54 FR 33636) on
As a result of a rash of hijacking incidents in the early August 15, 1989 (NRC, 1989). The NRC concluded that
1970s, Congress recognized the need to increase the over- the environmental effects of normal use of the TNA
all security of the U.S, airspace and airport _stem. In the _stem in baggage- or cargo-handling ramp areas would
Anti-Hijacking Act of 1974, Public Imw 93-366, FAAwas be insignificant.
assigned the responsibility for research and development

in aviation Security. In the late 1970s and 1980s, FAA 1.2 Description of the Proposed Action
sponsored several programs to develop and demonstrate
a prototype explosive detection system using thermal By letter dated August 22, 1989, FAA (the licensee) sub-
neutron activation (TNA)analysis. The initial attempts at mitred a proposed amendment to its existing NRC Li-
developing prototype systems showed that explosive dc- cense No. 29-13141-05 to operate a TNA explosive de-
tection using TNA analysis was technically feasible, but tection system for routine screening of checked baggage
scanning times were too long for practical applications, in the lobby or concourse areas of international airports.

For concourse installations, additional shielding is added
In September 1985, FAA awarded Science Applications onto the sides of the El)S-3 near the source, underneath
International Corporation (SAIC) a contract to develop a the outer pancls (see Section 3.1). This new TNA system
second-generation, improved TNA explosive detection has been designated as EDS-3C and ha,.; been issued
system (EDS) that could screen a larger number of bags Certificate of Registration CA-590-D-118-S (California
and, in general, was more suitable for the operational Department of Health Services, 1990). lt is estimated that
screening of baggage (SAIC, 1988). Since 1985, one dcta- these systems (or their equivalent) will be installed at
onstration prototype and six other smaller production more than 200 major airports in the next 5 years and will
models have been, or are in the process of being, built for be used to screen luggage on international flights (U.S.
FAA. To test the explosive detection capabilities of these Department of Transportation, 1989). The term "con-
models, simulated explosives whose elemental composi- course area" refers to the area that is used inconjunction
tion and shape and, therefore, system response were simi- with passenger ticketing and baggage check-in operations
lar to those of actual explosives specified by r:AA were and is usually located in the main terminal area. The
used. These simulated explosives have been validated by proposed action involves the following:
tests in the laboratory by comparing them with actual
explosives (SAIC, 1988). Tests of the latest product"on (1) Modification of existing concourse areas (or con-
model, EDS-3, showed that the system could clear ali t ut struction of new ones) to allow installation of an
3 to 5 percent of the bags that did not contain explosive_. IiDS-3C. If existing concourse space is insufficient,

this could include additional construction of struc-
In 1988, the U.S. Nuclear RegulatoryCommission(Com- tural supports or the rebuilding of the ticketing
mission or NRC) began assessing the environmental ef- areas for operation of the system.
fects of installing and operating the prototype qNA _s-
tem (Model El)S-2) at the ramp level of an airport. This (2) Installation of one Cf252 source in an EI)S-3C,

containing 150 micrograms (_.g) [80 millicuries
included assessing scenarios for possible internal expo- (mCi)]. 'l'his includes transportation of the sourcesure of both workers and passengers, possible exposure of within a shielded cask to the EI)S-3C t'rom outside
passengers or other members of the public who may con- the airport.
sume irradiated food items packed in luggage, anticipated
radiation doses, possible exposure resulting t'rom mal- Since most systems will be placed in existing airport facili-
functions of the TNA system, and several types of plausi- ties, each site will dilTcr in terms of site-specific consid-
ble accidents. In I:ebruary 1989, the NRC issued a license erations, such as distances from the ticket counters to the
to I:AA to use the prototyl)e on the ramp level o1'intcrna- I:il)S-3C, occupancy statistics in the airport, number of
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passengers, waiting time for tickets and boardingpasses, Engineering Laboratory (INEL) assessed for the NRC
and vehicular traffic. For this assessment, actual design the environmental effects of the EDS-2 in the "Environ-
and construction information from six international air- mental Assessment for Explosive Detection Systems Us-
ports in this country was use,dto create a "model airport" ing Thermal Neutron Activation for Airline Baggage In-
for calculating radiation dose and estimating the effect of spection" (INEL, 1988). On August 15, 1989, the NRC
possible accident scenarios, staff published a Finding of NoSignificant Impact in the

FederalRegister (54 FR 33636), which provided the evalu-
ation and summary of the environmental effects of using

1.3 Previous Environmental the EDS-3 at the ramp levels of airports (NRC, 1989).
Assessments and Supporting Finally, SAIC submitted to the NRC an environmental
Documents report related to the proposed EDS-3C for concourse

installation in October 1989 and a revised report in re-
Several environmental documents have been prepared sponse to NRC questions in December 1989 (SAIC,
that are Specific for the previous FAA license application 1989). For further technical details with respect to previ-
for SAIC ModeIs EDS-2 and EDS-3. FAA submitted an ous assessments, see the documents that are contained in
environmental report in support of the first prototype Docket Number 030.-30885 at NRC's Region I Public
device in February 1988 and a revised report for public Document Room, 475 Allendale Road, King of Prussia,
release in June 1988. In September 1988, Idaho National Pennsylvania 19406.

NUR !i(_- 13% 2 .

i



2 NEED FOR THE PROPOSED ACTION

The need for improved baggage security persists. Since check-in area, and (4) at a curbside k_cation near the
1985, more than 425 lives have been lost, several aircraft concourse level.
have been destroyed, and international commerce has

been disrupted. The nature of the security threat today is Even though the EDS-3 is currently licensed for Use at
far different from (and far more dangerous than) that in the ramp level of airports where baggage is sorted for
the early 1970swhen screening of passengers and luggage loading aboard planes and has been shown to have a high
first began. Previously, the primary threat was hijacking, sensitivity for detecting explosives in baggage, there has
Currently, it is sabotage by international terrorists seek- b_'en some difficulty in resolving false positive ("nui-
ing to influence the behaviorof governments through acts sance" or "false") alarms on a small percentage of ali bags
of violence against commercial aviation (U.S: House of inspected. These alarms are presumed to be real until
Representatives, 1989). they are proven to be false. Various methods are used for

Although the first slc TNA systems are owned and oper- resolving the problem ot' false alarms, but the method
ated by FAA, the subsequent widespread use of these currently used is to open and hand search the bag, which
systems would be bythe airline carriers rather than FAA. (under FAA regulations) must be done in the presence of
On September 5, 1989, FAA published a t'inal rule that the passenger. At John l:;.Kennedy (JFK) International
would require, by amendment, under Section 108.25 of Airport, where the EDS-3 has bcen in operation since
Title 14of the Code of FederalRegulations (14 CFR), that September 1989, the only way to do this is by paging and
each airline carrier use an explosive detection :ystcm that locating the passenger in the terminal, having the passen-
has been approved by the FAA Administrate r to screen gcr come to the TNA area, and hand inspecting the lug-
checked baggage on international flights (sl:e U.S. De- gage irtquestion. At JFK Airport, it has taken up to 1hour
partment of Transportation, 1989). So far, the only explo- to locate a passenger and resolve the alarmproblem At
sire detection systems that have been approved are Sci- many proposed airport sites, the only practical way to
ence Applications International Corporation (SAIC) screen luggage for explosives is to locate the system so
Models EDS-3 and EI)S-3C. Once ihis r ale is enforced, that it is near the area where the baggage is checked in (at
an estimated 200 to 400 TNA system', will have to be the concourse level) so that the passenger is immediately
licensed in both this counto, and abroad. FAA, in its available to give his or her consent to Openbags that cause
continuing program to collect operating data in various an alarm. This environmental assessment addresses the
airport environments, has requested the NRC to evaluate expected environmental effects associated with the pro-
the TNA system in one of four possible areas on the posed operation of and the construction that might be
concourse level of airports: (I) behind the check-in pre- necessary for SAIC Model EI)S-3C at concourse loca-
counter, (2) in front of the check-in counter, (3) at a tions of international airports in the United States,
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3 EXPLOSIVE DETECTION SYSTEM MODEL EDS-3C

3.1 Description of the Concourse then cast into place. Sheet metal panels, not shown on the
section drawings, cover the entire system for cosmetic

System purposes.

Model F,DS-3C is shown in Figurcs 3.1 and 3.2. Baggage
is loaded onto a conveyor, passes over one source contain- The "I_A system consists of three major pieces of equip-
ing 150 lag(80 mCi) oi:californium-252 (Ct'-252), and then mcnt: the divcrtcr, the XENIS (x ray enhanced neutron
leavcs the s3,stcm at the opposite end. The Cf-252 doubly inspection system), and the EI)S-3C. The F,I)S-3C is the
encapsulated scalcd source is located inside a moderated only piece that is too heavy to bc placed directly on the
assembly containing heavy-metal panels to shield against floor without supplemental structural support. The over-
the direct gamma rays from the source. The principle of ali area needed for the installation of the EI)S-3C, the
0pcration is based on the propcrty Of nuclei of elements divertor, and the XENIS is approximately 41 me (438 fie).
in baggage absorbing the moderated neutrons and emit-

ting gamma rays with energies characteristic of a particu- The TNA system consists of three modular sections with a
lar element, such as nitrogen, which is a major constituent gross weight of 1.2,700 kg (28,000 lb) to facilitate transpor-
of all common explosives. By using many detectors and ration. The end sections weigh 2,720 kg (6,000 lb) each,
acquiring data in short time slices, the system is able to
generate an image of the nitrogen distribution The high. are supported on four lcgsl and impose a unirorm load oI"' 17 kilopascals (kPa) [353 pounds pcr square foot (psf)] on
nitrogen density allows the system to distinguish explo- the floor area bclowthe unit. The center section weighs
sives from benign high-nitrogen materials like wool or 7,260 kg (16,000 lb), is supportcd on cight legs, and inn,
silk. poses a uniform load of approximately 22.4 kPa (467 psr)

onthe floor area below the system, These three sections
Figure 3.3 shows the EI)S-3C completely assembled with are secured together at each installation site before the
tlm exterior panels. The mechanical structure is made of source is inserted. Figure 3,4 shows the dimensions of
aluminum channels and beams welded together, with a Model EDS-3C. For concourse installations, additional
welded-on outer shell oi' 5-mm (3/16-in,)aluminum. Alu- shielding is added on the sides of the system near the
minum was chosen because of its low interaction rate with source, underneath the outer panels (Figure 3.5). This
neutrons and thcrcforc minor production of activation model (EDS-3C) has additional shielding consisting of
gamma rays, ascomparcd with othcr choiccssuch as stcel, plates of lead [0.64-cm (1/4-in.) thick] and polyethylene
The structure is filled with moderators of low atomic [approximately 2.5-cm (1-in.)thick]. These plates occupy
number (mainly parat'fin loaded with boric acid) and is hollow spaces in the outer pancls, which are made of

Ra_,, lion Shielding .Detectors

I,

Shielding

Doors ._ - Cf-252 Source Hagg,ageIn

- - " ,,..?;+ mU,;rating

Radiation Shielding

lqgurc 3.1 l,engthwise section of I'.I)S,. (
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3 Model EDS-3C

I

I 2.24m I

' GammaDetect°rs_ / ' _ ""

Moderating
' , / I -_11 _ ' ' i ! .... , ' Assemblywith

' _ '.... , GammaShield
J ' ' ' ' lm m

RetractedSourcePosition'
, ' ' _ Pb GammaShielding "

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

l'igurc 3.3 Perspective view of LI)S-3C
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: 3 Model EDS-3C

-T2.24m
1.27m

_1 L____ ._._J

\ /J'

PlanView

Cf-252Source

, , m

132m 1I 1
Elevation

Figure 3.4 Dimensions of EDS-3C

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

14-gauge steel. This shielding significantly reduces the 3.3 Safety Features
exterior dose rate. Downward shielding has also been

added in the moderating assembly. "Iqaespaces above and "l'he following safety features have been incorporated in
below the ends of the baggage cavity coutain detector the concourse version of the EDS-3 (i.e., EDS-3C):
electronics, the system computer, electronics cooling

equipment, electric distribution components, conveyor • "Ilae outer shield doors are key locked when the
belt motors, and pulh:;ys. EDS-3C is unattended.

Three pivotedpanels of borated polyethylene and lead at • The outer shield doors are interlocked so that ff the
each end of the system attenuate the radiation emitted

system operator removes the computer system key
from either end ofth¢:i EDS-3C (see Figure 3.1).'llae end before locking the shiclded doors, an alarm is
panels are 10cm (4 in'.) thick and swingabout vertical axes sounded.
with return springs. Tbe four inner panels hang from a
horizontal pivot point with a cam-spring arrangement
that allows them to b,.._pushed up easily by the baggage. If • In casc of a baggage jam, the source can be with-
the Spring mechanis_n were to fail, it would fall in the drawn manually to a retracted position, allowing re-
closed position because of the weight of the panels. Indi- trieval of luggage stuck in the cavity while the radia-
viduaI position sensors for each panel are coupled to an tion fields are lower.
indicator light on the main panel to show that the doors
are closing when the:e is no baggage. • The source is always confined within several layers

of shielding, and a locked panel covers the Teleflex
cable to whiclLthe source is mounted.

3.2 Properties of Californium-252
• A tamper-indicating seal is used (see Figure 3.6) to

Calit'ornium-252 (Cf,.252) decays by both alpha emission show ii?tampering has be'en attempted.
and spontaneous fission and has an effective hall'-life of

2.646 years. The dcminant decay mechanism is alpha ® A baggage activation monitor checks ali baggage
decay, and the alpha emission rate is about 32 tirnes that paSsi:,g through the TNA system for excessive radia-
for spontaneous fissicm.A 1-)sgsample of Cf-252 will emit lion levels. This monitor is equipped with both audi-
1.97x107 alpha particles and undergo 6.14x10s spontane- ble and visible indicators. The sensitivity is adjusted
ous fissions per secord (Knoll, 1979).The neutron energy to a level that will ensure that any bag that has a sur-
spectrum peaks at ;:_.bout1.0 megaelectronvolt (MEV), face 0ose rate of more than 5 _tSv/hr (0.5 mrem/hr)
although a significant number of neutrons have energies will trigger the monitor.as high as 8 or 10 MeV. Cf-252 emits 2,34x10_2neutrons
t3er second per gram and 1.3x10_3photons per second per

® A permanent "Radioactive Material" sign with iso-gram of material, ex_:lusiveof internal conversion x rays.
No beta radiation ha_ been reported from the decay proc, tope identification and dated source strength is lo-
ess. The beta radiation associated with the equilibrium catcd at the locked panels that cover the source
fission ,_roducts during spontaneous fission is easily ab- cable.
sorbed and does not contribute significantly to dose rates
(E.I. du Pont de Nernours and Company, 1971). • Caution signs indicating a high-radiation area are

placed at the entrance and exit of the system. A
The neutron fluence rate at 1m (3.3 ft) for I gof Cf-252 is "Caution--Radioactive Materials" sign is placed on
1.9x10z neutrons/cm2-s, the absorbed dose rate in tissue top of the system.
is 2.84 grays (Gy)/hr (284,rad/br), and the dose equivalent
is 24 sieverts (Sv)/hr (2400 rem/br). ® Additional shielding barriers are used in any instaL-

lation where the public might otherwise be exposed
For the EI)S-3C, a .i50-_tg doubly encapsulated, sealed to the radiation field from the exit and entrance of
neutron sourcc (Frontier'l'echnology Model 100series or the TNA system.
Amersham Model CVN.CY6) is used (California Depart-
merit of Health Ser_,ices, 1989).The source is mechani- • A sign willbe prominently displayed inl'orming pas-
tally attached to the end ofa Teleflex cable and is held by sengers that their luggage will be screened with a
a locking compound. The cable is approximately 5 mm new type of detection system to detect the presence
(3/16 in.) in diamete!', and the source adapter is 9 mm of plastic explosives. Passengers will be advised to
(3/8 in.) in diameter. _['hesource can bc withdrawn manu- remove nccdcd items from thcir luggage bcl'ore
ally to a retracted po_;ition,which lowers radiation levels I::.13S-3Cscrecning. Passengers will not have access
in the baggage cavit3 to allow routine in-cavity mainte- to luggage contents once the luggage has gone
nance or to release a baggage jam. through the II:A)S-3C and has been I)anded with

N UREC_-1396 8



3 Model EDS-3C
o

Figure 3.6 'I'amper-indicating paper seal.
(a) Placement, (b) full-size sample

tamper-resistant security tape. In addition, hand- tamper-indicating seal by the operator during han-
outs will be available for those members of the pub- dling of the source or by actual or attempted

lic who request more information, tampering.

• A special shielded cask designed to reduce external
In addition, several internal safety features have been radiation fields during transfer is used to move the
added: source to or from the EDS-3C.

• A log book is used to record ali routine maintenance, , Environrnental monitors are used to monitor possi-
transfer of the source, retraction of the source, ble radiation doses in the area.

opening of computer and high-voltage access doors,
personnel entering the baggage passageway (includ- . One ion chamber gamma ray survey meter and one
ing duration), baggage jams (including reasons for neutron rem meter will be kept at each site for use
jams), inspections, emergencies, and breakage of by the TNA operators.

_0 NUREG-13961



4 ENVIRONMENTAL INTERFACES

4.1 System Locations Figure 4,1 shows the TNA system attached tO an x ray
inspection system labeled "XENIS" (x ray enhanced neu

In lobby (concourse) installations, the "l?qA system is tron inspection system). The TNA system consists of a
proposed to be installed at or near the ticket counter of an standard commercial baggage and cargo inspection sys-
international airline, or at a terminal's curbside check-in tem coupled to an image processing computer. X ray
area. For each of the scenarios, an airline baggage han- image information iscombincd with the nitrogen dlsiribu-
dler will feed the baggage into the system. As each bag rien image information ft'ore the EDS-3C in a separate
leaves the system, the computer will identify each bag computer, which correlates the information so that a deci-
with a "clear" or "alarm" signal from the TNA system. In sion can be made regarding the presence or absence of a
case of an alarm, the bag will be passed through the bomb (,AIC, 1989), This combination of technology has
EDS-3C again. If the bag still alarms, the bag will be cut the false-positive rate in approximately half. XENIS
removed to a secure area and will be opened by the also produces a combined image that can assist a trained
security attendant with the consent of the passenger. If security operator in resolving many of the rcmaining
the passenger does not consent, he or she will not be alarms, thus further reducing the number of passengerswhose bags must be opened. The use of XENIS adds
allowed to board the airplane, about $150,000 to the total cost of the installation, as well

as requires additional space.
The desirability of lobby installation stems from the FAA
requirement to have the passenger present when his or The following four locations for lobby installations are
her luggage is hand searched. In the ramp installation, as evaluated in this assessment:
explained earlier, there is no convenient way to contact
the passenger when a piece of luggage causes the TNA (1) Behind the check-in counter
system to alarm, perhaps 30 minutes or more after initial (2) In front of the check-in counter
check-in. Current methods used to locate these passen-
gers at JFK International Airport have taken on the aver.. (3) Pre-check-in area
age approximately 1 hour. (4) Curbside area

.--,_m--..r-_,_m _i-_̧ _,m _1 00._M,o,mum,_ _ I .-EXPLOSIVE DETECTON SYSTEM
EXIT STAGING TABLE - r'BAGGotkGED_v,"RTEn XENIS SYSTEMI \-'"

X_ _1 _ I _Y "\ _o,,_B_E
, _lrl. 'r-"l-" i'-:1.... ['--_lrTNATMI'- "!

T _ ;!','I;L J--LJ -!. _1. [._

3m Clearance
.... 11,6m "_ For Installation

"lOP VIEW 1l......... CLEARANCE PERIME'I'ER

_,,n._,,.,,oo.i 1.._ II--1 L_I II II ! '",.ni

SIDE VIEW

]:Jgure 4.1 'I'NA explosive delocli()n system with XENIS and divertor

i
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4 Environmental Interfaccs

4.1.1 Behind the Check-ln Counter 4.1.2 In Front of the Check-lh Counter

In this scenario, the 'I'NA system would be l',laced behind This scenario is similar to the one described in Section
the counter (probably behind airline personnel) where 4.1.1, except that the entrance to the EDS-3C would be
the passcngc,es check their baggage and get their airline in the public area in front of the check-in counter (Figure
tickets. Figure 4.2 shows one proposed setup for United 4.3), while the exit of the EDS-3C would be behind the
Airlines at San l:rancisco International Air'port. While ticket counter. Passengers would hand their luggage to a
the passenger's passport, ticket, and seat assignment 'FNA airline attendant who would place it on the conveyor
were being checked, the baggagewould be placed on a belt entering the TNA system. The passengers would
conveyor belt, which has two 90 ° turns, and enter the then wait in line at the check-in counter, check to make
TNA system. If the 'INA system alarmed, the passenger sure that their bags had passed the TNA check, and be
would be asked to step to the end of the counter where issued boarding passes. If a piece of luggage did not clear
the inspection station is located to have the baggage the 7I_A system, the passenger would be available to

witness a hand inspection at a nearby inspection counter.opened. The passenger would not receive a boarding pass
until the baggage had been cleared. I:or internaticmal "
check-in, which takes approximately 5 minutes pcr person Members of the public could stand immediately next to
at the counter, one TNA system could service about the TNA system unless a barrier was erected, which
20 check-in positions, would increase the qT,IA system's already considerable

size. A variation of this approach would be to have the
body of the TNA system behind the counter with only the
entrance in front of the counter; this probably would be

This scenario, in some respects, is similar to that for lhc more difficult and expensive to integrate into an existing
ramp EI)S-3, which has been in operation at JI:K Inter- airport.
national Airport since September 1989. Passengers
would still not be permitted to bc next to the machine, but An advantage of this scenario over the one described in
would, however, be able to view the F,I)S-3C from the Section 4,1.1 would be that two airlines with adjacent
ticket counter, ticket counters could both use rP" TNA system to screen

,_ PassengerCheck-InArea I Inspection

TNA
_

U

0 D r; t3 0 0

l:igurc 4.2 i.{ehind the check-in ,:()untcr--.t_rc)t_oscd setup for United Airlines at
San l"r_tr_(.:isc_lntcrnaticmal Airp_rt (e indicates location of an agent)
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4 Environmental Interfaces

AIR TERMINAL ENTRANCE

=LA#

CHECK-IN CHECK-IN

CONVEYOR BELl ...,._.___
IO AIRCRAFT

Figure 4.3 In front oi'check-in counter

luggage. In this case, tw() airlines could share tile resl)on-, station near the exit, perhaps at a table placed there t'()r
sibility and cost of operating the TNA system. Although that l_urpose. In addition, other member's of the general
two airlines could also share the TNA system as illus- public or airline employees might come close to theTNA
trated in l"igure 4.2, it would be much more dilTicuit, system as they walked about the terminal.

4.1.3 Pre-Cheek-ln Area An adwmtage of this scenario is that many airlines could
use this one system for screening international luggage.

In this scenario, the I_,I)S-3C would be placed in an open Passengers typically must arrive several hours before
area near the terminal entr_nce and check-in locations their scheduled flight is to depart, therefore allowing
(F'igure 4.4). When the luggage was cleared by the TNA plenty of time to have their checked luggage screened. If
,,;ystem, the attendant at the exit would band it with l).assengers allowect enough time for this screening proc-
tamper-resistant security tal)e and return it to the passen- ess at the beginning ot' their travel plans, there most
gcr. The passenger would then take it to the check-in probably would I)e no signit'icant scheduling delays.
counter of the al)propriate airline, where it would be
checked in for delivery to the aircraft. Several disadvantages are also foreseen in regard to this

scenario. Since the passengers would have access to their
Passengers whose bags were being inspected would come luggage immediately after'l'NA screening, they would be
to the entrance Of the 'I'NA system, walk ahmgside as the exposed to the potentially radioactive contents for a time
bags were g(fing through, and wait at the exit ot" the sys- del)ending on the scheduled departure. It' a t'light was
tern. lt,ags resulting in an alarm would be opened at a cancelled after a passenger's luggage was scanned by a

13 N U R1iG- 1396
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4 Environmental Interfaces

AIR TERMINAL ENIRANCE

' _L] ''

TNA
',

h____l _ BAGGAGE OUt

TICKET AN[) CHECK.IN COUNTERS

Figure 4.4 Pre-check-in area

TNA system, the passenger would have the slightly way construction would be used in these installations
activated luggage for a longer period than during any of (Figure 4.6). The passengers would still hand their lug-
the other scenarios. This additional dose has been calcu- gage to an airline baggage handler ("sky-cap"), wait for
lated and is assessed in Section 5.4.3.3. 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

4,1.4 Curbside Area to witness a hand inspection, if necessary.

For this installation, the TNA system would be placed Passengers would come within several feet of the qNA
along thc departure curb of an airport, similar to where system when they delivered their bags and,.dependingon
curbsidc check-in for domestic flights iS now permitted, the design of the installation, might walk alongside the
Because the TNA system could be located in an area that _stem (as discusscd in Section 4.l.3) to the exit. Alterna-
would not be sheltered from the elements, it would have tively, they might wait for a clear signal near the inspec-
tor be cncloscd within a small building (as is currently tionstation. Other members of the public might alsopass
down with the I::.DS-3 at JFK International Airport). In near the _stem, but probably fewer than those in the
addition, this enclosure would have to be protected from pre-check'in scenario.
vehicular traffic in thc at'ca adjacent to the system. Figure

4..5illustrates the type ot"barriers and setup that would be The TNA system is affected by temperature and humidity
rcquircd for this option. Vchicle barriers and Jersey walls in much the same way as any other electronic equipment
(c(mcrctc median barricrs) similar tct those uscd in high- might be. Internal thermal design considerations have

NLIRIi(;- !3q6 14



4 Environmental Interfaces
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Figure 4.5 Curbside check-in

resulted in the specification of ac circuits, fans, ducting, who may be at the airport, as well as employees who work
and thermostatically controlled heaters (SAIC, 1989). at the airport but who do not normally frequent the main
Rapid changes in temperature (such as a stream of sub- ticketing area of the airport.
zero air directly into the scanning chamber) could result
in some damage of the detector or temporary malfunction The population density in the vicinity of the EDS-3C at
of the computer equipment. A small building, such as the concourse installations of airports will vary with location.
One built for the El)S-3 at JFK International Airport, However, the number of passengers whose baggage is
would be suitable for protecting both the operating per- screened by conventional x ray equipment is known. The
sonnel and the EDS-3C from the elements. As in the case following list shows the number of people screened annu-
of any construction, buildings will have to be in compli- ally at eight major international airports in the United
ance with local building codes and any other regulatory States (see SAIC, 1988):
requirements.

Airport People screened

4.2 Demography
San Francisco 22.6 million

There are two types of workers who could have contact JFK 14.9 million
with the EDS-3C: those who would work directly with the
EDS-3C (such as the operators and baggage handlers) Los Angeles 89.7 million
and those whose duties would bring them infrequently Chicago-O'Hare 69.8 million
near the EDS-3C (such as airline ticketing agents, super- Miami 12.7 million

visory personnel, and baggage cart drivers). Detroit 3! .3 million

For purposes of this document, the public is defined as ali l)allas-Ft. Worth 70.4 million
those who are not workers as defined above. This includes Dulles 6.6 million
ali passengers and those mcmbcrs of the general public
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4 Environmental Interfaces

Barrier system to be twophased, Phase one would consist of a
deflecting shield such as ksused to separate opposed lanes of
traffic.

Incrosssection..... ,_

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

Curb
' J '

_ Phaseonebarrier

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

by rnotorized vehicles

The number of domestic and international passengers operations of U.S. certified route air carriers enplane
enplaning in the United States during the years 1985 (U.S. Bureau of the Census, 1989). From 198; statistics,
through 1987 has continued to increase, as shown below we can estimate the number of passengers in an average
(U.S. Bureau of the Census, 1989): airport to be:

448,913,700departing passengers
= 16,032,600 passengers/yr

Number in millions 28 large hubs

Percent The average number of passengers on a daily basis would
Passengers 1985 1986 1987 increase be approximately 44,000 (16,032,600/365). Although only

a small fraction of these passengers would be going on
Domestic 357 394 416 14.2 international travel, many of these passengers could pass
International 25 25 31 19.4 near the EDS-3C. The radiological impacts of the

EDS-3C located on the concourse level cff airports are
discussed in Section 5.4.

II' these trends continue at this rate, an estimated

38 million internati_nal passengers could travel in 1990. 4.3 Source Transport

'l'hc n umber of passengers traveling through each airport The average distance from the supplier of Cf--252 sources
daily cart bc estimated by dividing the total number of (located in Ohio) to various airport locations is approxi-
passengers departing by the number of large airport mately 1900 km (1200 mi). Because Cf-252 has an ct'fee-
"hubs." A lav'ge hub is one at which at least 1 percent of tivc half-life of 2.646 years, periodic rcplacement of the
the total revenue passengers using ali services and ali source is necessary to maintain the desired neutron
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4 Environmental Interfaces

fluence in the EDS-3C chamber cavity. ()n the basis ot" 4.4 Seismology
the estimated frequency (:!'replacing one Cf-252 source
annually, one truck shipmel,,t per EI)S-3C would be ex- Several of the airports that would be slated for a TNA
pected on local and interstate highways each year. Since system are located in earthquake areas. The most likely
local roadways going to and from each airport are cur- effect of an earthquake on the EDS-3C would be the

" shifting of the three major sections of the TNA system
rently heavily traveled by cargo and industrial traffic, an slightly apart, which could result in gaps in the system's
additional truck shipment peryeardueto F,l)S.--YCopera- shielding. To prevent this, each joint is tied together by
tion is not expected to be noticeable in existing traffic on four joining plates attached by six large bolts. A TNA
local roads leading to the interstate highways. Since the _stcm was assembled and operating at SAIC's Santa
estimated operational lifetime of the TNA systems is 15 Clara, California, facility during the October 17, 1989,
years, a total of 15 shipments is anticipated for each sys- l x_ma Prieta earthquake, which measured 7.1 on the
tem. F,stimatcsoflransportation tl_ccidentsinwflvingship- Richter scale. No et'fects on the TNA system were ob-
ments of radioactive material are ,Ji_,-.;ssedin Section 6. served, and the integrity of the source was maintained,
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5 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION

5.1 Methodology The dose equivalent (H) from external exposure from
sources of ionizing radiation depends on the absorbed

5.1.1 Regulations and Dose Criteria dose (D), the effective quality factor (Q), and other modi-fying factors (N) that may be specified:
The NRC promulgates regulations and establishes stan-
dards for protection against radiation arising out of activt- H = D x Q x N
ties conducted under licenses issued by the Cor.mission,
These requirements as set forth in Title 10 of the Code of where
Federal Regulations (10 CFR), Part 20, state:

H is in units of sievert (or rem)

Persons engaged in llicensed] activi- D is in units of gray (or rad)
ties,,,should, in addition to complying with
the requirements set forth in this part, N is the product of any other modifying factors
make every reasonable effort to maintain
radiation exposures, _nd releases of radio- The quality factor allows for the effect oi' higher energy
active, ttuents to unrestricted areas, aglow deposition along particle tracks produced by various ra-
as is reasonably achicvttble, The term "as diation types such as neutrons, alpha particles, x rays, or
low as is reasonably achievable" means as gamma rays, In ICRP Publication 21, a value of 2,3 is
l_w as is reasonably 0uhievable taking into given for Q for thermal neutrons, In 1985,the ICRP, and
account the state or technology, and the in 1987,the National Council of Radiation Protection and
economics of improvements in relation to Measurements (NCRP Report 91) recommended that
benefits to the public health and safety; and the quality factor for neutrons be increased bya factor of
other societal _md soci_cconomic consid- 2 as an interim measure pending full review. Report 40 of
erations, and in relation to the:utilization of the International Commission on Radiological Units
atomic energy in the pul:;licinlerest, (ICRU) indicates that an increase by a factor of 2.5 is

justified for neutrons, but states that furtlicr review is
Currently, 10 CI-:RParl 2()is b',:'.inllrevised and will intor- appropriate,
potato the most recent g,,tlidancc from the International
Commission on Radi(_lt_gical l'rotcction (ICRP). This Because the E13S-3C is expected to be deployed at U,S.
new guidance incorptm_tcs tlct'ivcd limits for intakes of carriers at airport locations worldwide, several intcrna-
radionuclides that harc In:cn dcvelc)ped using updated tional regulatory agencies that have adopted a neutron
metabolic and dosimctric n_c_dcls{1CI_.t'Publications 23, quality factor of 20 will use this environmental assess-
28, and 3[}), Radiati_m tl_;cs calculated ir_thi_;environ- ment as a reference for licensing this system at airports,
mental assessment rcl'lcct the _cw ICRP guidance pcr- Consequently, although the current NI,IC policy is to use
raining to external and illlcrnal dosimetry, a neutron quality factor o1'10, in this assessment a quality

l'actor of 20 is used for both international agreement and
Maximum allowed wllues ot' radiation dose that may be added conservatism,
received by workers in restricted area'.; (EI)S-3C opera-

mrs and assistants in this case) and those in unrestricted 5.1.2 Exposure Pathways
areas (othcr non-TNA workers, passengers, and mem-
bers of the public) arc pr()vidcd by the NI,tC in the current Individuals who may receive radiation cxp()surcs clue tr)
10CI:R Part 20: normal operations are divided into two major categories:

Iil)S-3C workers and members of the general public, 'l'hc

Restricted areas mSv/yr (rem/yr) personnel assigned to operate the Iil)S-3C will be spc-
cit'icallytrained t'or TNA system operations. 'l'hcsc per-

Whole b¢)dy;head and trunk; active sonncl will consist ot' tlm operator and other technical
blood-t'orming organs; Icns _t' assistants, such as baggage handlers and trained security
eyes; or gonads 5(1(5) specialists, Training t'or the 'I'NA operators will consist of

Hands and t'orcarms; t'cct and ankles 750 (75) lcc:.urcsand courses in radiation physics, radiation sal'cty,

Skin o1'whole N_dy 300 (30) biological effects of radiation, instrumentation, radiation
control, and operating procedures during normal and ac-

Unrestricted art:as cidcnt conditions. Each "I'N,,\operator will have to pass a
radiation sal'cty examination covering ali of these items,

Wtu_lc body (current regulations) 5 ((I,5) ()thcr'l'NA workers will load and unhnld the bags on and
Wla¢_leb_dy (pnq_oscd rcgtllatflms) 1 (0,1) off' the l il)S--3( _,'l'hese wtwkcrs will be st.ipervised by a
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5 l invlrtlllnloiltill Inlll_.icts

'I'NA t_llefiittlr lind will receive ii mt)re blisie i'_.lcli_ltilm dOC'l.inlc'nts tidclrussing l_LIlflic iic,c'c:ssclmillll0 security, ttr-
silt'etl' ti'_linJnl4 cl_tii'st', lhl.ll is t:clilllllCllStlr_.ilt2 wilh lh¢ir c'hJiucturill, iilc'chlllilclll, _illt.I clc,ctric.(ll i'r,!quil't.,iTl(,'.ll{_ o1'

limited dl.itics, 'l'his type tri' trllinJllg is ct)nsistt.'nt with thu the Ill'eject (l_e_.lc/)c:k, ltlSq), ()nee thu ct_llc'el_ltltll clesit!,n
trllining Sl_ecit'iud by 10 C1:14 l)iu't le, "Nitric'es,. instruc- p_lcl,t_lgt_hn_ bc'c'.ll l;',l>llll)lc'tel.I, ii sht_uld be si_ibnlittod it)
tiles, ltild i,tol)oris tl_ \Voi'koi's', lnspectitli_s," l;nch illdl- the owiler, thu t')rilll_iry usur (the liJrliilt' c_lrrit.,r), illltl lhc
vJdu_ll wlu_ enters _.lt'estrictod [.it'c:n tlnctcr stieh cii'cue, illrl)oi't tiuihtli'ity t'llr initilil review llrld _.il'll)l'clv;.il, It' lhc
st{inccs thnt he oi" Bile ret'eivi3s, til' IS likely it+ receive,+l ct+rieel+tutll dc,sign is _ll+l_i'lwud, the l'imll design clllcu-
(.tt_sein tiny c_.llencl_lr qui.ii'tei" iri excess tit' 25 pt.'rcunt tri' the mt'ills illtd eolltl'llct Cllll I_e tlrItwll tlp, 'l'huse tll_CtliTlelll..'.:,
villl.leS specil'iud in II) Cl,'l,t ,.l),101(_l) will I)¢ required Iii . slioLild illclLIde tirol\yields, ,_pucil'icntkms, c:ust estiinnlus,
weilr t_ersllnnel dosimeters, llt:c.'_.ltlSelhc only l_erslli'inol _.lild _tl'ucturtll c.'i.lletlllitil)i_ls shllwJi_t_ tile lnl2thtld id'clixtril_-
thilt mJgl!t receive _.1Cltl_irteliy dllse irl u×ces_t_l'2$ l_orcc'nt tltJllg the lt)tld ilrlcl/tlr rt_'illl't_l'Ciilt_ the I'llllli' strtlCttlrc',
will Ile i;he 1,;I)S-3[" Op¢l';.lttu's, thuy will be the tlnly 'I'NA

elnl)lt_yeus rc'cluJrod tl_ wellr l')ersoilnel clt/silllOtry tnt21.1- _,2,l SIIc ]_,t'(ltlil'l_InOlllS
tl't_ll i.;ilt] g_.lllli11_i), 'l'he 'I'NA otlerlittll" will Ilo the tlllly
llulhtli'Jzotl [IS(.,l'Wile 11111yilllinJl)uilitc the sllurce, i)crl'lU'lll 1,tflfl)ytil" ttlllttlUl'_e 'I'NA .gystt'ills ctiil bc pltlcud tit _,.'_li'il_tis
tile l);.is_lt,_c:i11_lJlll(,'ll_.lllCt_,illld extr_.lct j(llllllll.'d I'_lggll_c, lt/ctltJtlllS, tis ,l:, .ClSSUclin Soc'film 4, I, I _11<1__,12,til)ell ticket-

ing _ll't2_lst)l'i the _l'tltliitl Iov01 i_l' till _iJi'l'J/_lt_ll'e clesirlllfle
iNt_n-'I'NA wtukors, i);.lssengtrs, _.lnd nleil"il)ers of the l'tlr CllllCl_tll'Se [IS(.' iii' the 1{I)_---.'t(' I)uc_il.ise iii' the c'llilsid-

public ctluld he (.,×l_l_seclto lhc: It_w levels Irl' rnt.lilltitm thlit er;.ihly reducc'd cllst i_l' Jnsl_lllntiiln, Iloc'iitisc i_l'eserlt tlit'-
illJb,ht exist illOtillt.I llie "I'NA systeM, 'l'hc:i'e _11'¢three port t'iicilitJus h_lv(,'.11ol bec'n l_l_.lnlic'd I'ur ti systc'ln ns I_.li'gt.'
inn jr_r exl)l_Stllt: Il;.iihv.,':t_,'_'l_, lhc I)ul_lic '', (,'X'l_lstli'C' til' iii" _l,_hu_wy (l,_tilt I{I)S--?,(', I'JllclJng _lsuitnlflu It>t.'iiiJt>ll in
ilc.'islllis till thu c.'tlllCtltii'so level llu_ir the 171)S--.4C, cliruct till uxisling _lJrptu'l nltly ht.' dilTicult, k'lll,_l illSillllliliilllS will
r_lcliiiiJtln cXlltlstirc', iii' Il_lsSeilgors lt) bel;.I t>r t,j.lnlillll I'iulct,_ rucltiJre sit'nJl'i¢nnt I'll_l_r-ltl_lclillg slticlJus bcl'iii'c, ii situ is
I'rl_lil lll eg_igt.' ill_ll lllls b(,'en thi'lltlgh lhr: I{I)S-3(', til' sul(,'ctecl lincl, in st_llll.: c'_ist_'s,Ii1_i)' t.!vt.,rl recluiru I)uildiny, ii
Jille_'lllll tlllst.: til I'l_.lSSellttel'Stil" otllor 111elllllel'_ iii' lhc l';.icilily specil'icnlly t.'llnsti'tlC:tl.,d I'l)l' the ,,,Ny,'lt'l11(ctirbsicle
i_tll_lic' whtl t'tH1SIlIllU li t'tilld ill' I)thtr irrlidi_ltc'd ilclll tll_it SCell_.lrJtl),

w_ls c'l_l'_i_linl.'cl iii lhc: rc'clilirned Itlgg_lge, l(_ich i>t' these

l.,.\l_l_sure scC,illirJt_s I,L;e,,'illti_llc:cl ii1clct_lil ii1_ectJllil $,4,3, In ilclclitit)ll tl_ lilt: rccltlirerrienls _ll)lwc, the _41.11"[iic¢tliider
iht: ,,4ystenl i11ust I'_¢ hl_rJzllnllll lind lc,vul to wJthirl _.ll)otit

_,2 C(lllSl;l'il(21JOli Ilnl)_lcts I_ n_m (1/4 in,)s/i tll_ll thu systt.'lll'N illtltltlllli' ctlnlllt._nc:nts
c_ln t'it together _intl illi!,j_ I_rol_erly, ,'\dditiumll splice i11u,'gl

'lllu I{I )_--7(' silt: ili't.'n will bu designocl _l_iclmt_cljl'iud sll _.ls _llsll be l_rcwlt.led nutu' lhc' 1{1)S-.-4(' til stl_l'e the cnsk _.lIId
tt_ lnillJnlize c:llll_truc:tJlln iilll)iicts, Ali iiJl'l'Jt)l't C(ll-iStitlC- the _lclclitilm_ll rtlclJt_hlgJctll Jllstrulllt.,ritlltJtln tllllt wilulcl I)¢
tJlm _utivitiu._t_ nuc_uilnl_dlilu lhc: systoln will cl_lnl_lY nuc;essni'y ill t'_l_(,'til' _il1 elliUl_.,,t'ncy,
with l"c'clurlil, ,"gillie, ill,tJ ll_c:ll rcgul_llJ¢llls _t_vcrlljl_g

llc'_tltll [tntl s_il'ut), durinl:, citnstructitin, _.lswill nii I_l'st.'i'ci- l:tlr Ji]stlilllil.Joiis irl. c,xJstJnt,_I'tlc'Jlitlus, lt n-lily be rlucessni'y
tJtlll.<4iii CtUlliC't:tJt_ll v,'{th Lhc: trllnsl_t)i'ttitJt_il, stt_l'_l_e, iiild
tl._t_'t_l' r_.lclJl_lt:tJ,,'¢ IlllitfelJlll, \Vt>l'k will I_e 111tinJtlll'ccl by til build ul'l thu surl'tlc¢ with Celllellt t?,l't)tlt 1.t)lallS[ll'O tIHlt
thu _lJil_llit ntithl_rJiy _.ltollC:ll ,_itelllciltJtlil, whtl, iii i111_st thu ensk will nfll unsily _li'lt.I '<llJ_.nwith thu sou rcu-ll_ilcl Jl_b, "
c_isus, illsl_ will I_e the t_l/v_elilJlllg ;.iuthl_rJty is.,4tlJl_glhc: Ilt_sitJt_ilS' '
initinl c_llstl_tlc'tjllll I_c.'rlllJt,

'l'l'illl_l)Ol't_ltJtlll o1' thu I)ilt.,giilLc: I'rtmA the 1{!)S-3(' tl_ the

A Stl'tlCttll'_ll Cllt{jlleOlill _ sttit.ly will Ive recltiJi'et.l h_ei-lstii'e b_.lggtigc hldding _lren [iii' llltlclJllg til]tD ilircr_ll't iilsl) llltlNl -
tll_lt the' wuit'Jit iii' thu I:,l)S--3( _ c',lil be tlcct>lllrnlldlitt2cl fie l'_rtwiclul.I for, 'l'his lll_ly rucluiru ndclititlrinl st)nl'u For

s,'.lluly i_n thu cl_ilc/itllst., luvul i_l' ilJl'l)l)l'lS, AJl'l)lllt plissuil- h_lggl.igc' c_ilts n(,'iir ihu ICl.)S--3(' i_i' llt2_.li' the _tickt't "
<i.,C.'i"clt.'l'_ll'ltii'l.' i.iild _lrrJv_ll iiiells ill'e gencrlilly I)uJlt til ii clltliilt:l', 'l'hcrt.' _ilstl intist I)u ;,l 2-1ii (h,f_-I't) cle;.lrllilCle tu_
intich hit:thur livc'-I_l_ld i'iitJng ill,in lhc elev_itc, d l'llllli's the _icle el' til(., 1{1),"4.3(' wht.,rt., tile,, stltiicl0 L',:,Jn,,4ertet.II't_r

within the _iJil)_li+l IC_l'lllJtl_ll, ' 1t_wuvc;', Ilc'c_.ttisu thu _lccuss til thu ,_t_tit'c'.ocllsk,
t_,luv;ticd-t'ltll_r sii'tic'ttire irl' (tJllltli't tc'rillJrlllls vlii'jf0s I_t_-

c,_iti,_12iii' Stll_._t_tlltJlll clilTurei_uus In dc:sign, the .'.;titiCtUl'_il I1'iht; i{I)S-3(' is lllcnt(,'d iwui +_lll tlCCUl_i0d _lrt.,ii, it 1111iVbi.'
rc.:clti{l'C'lll(.'llt.'4t.'t_tiltl ch_lllt:to, sit_nil'icnntly t'l'lnrl ilJl'lltlrt til ilccc'_siiryttl _lcltl llc, tilrllll _iiitl tt_illllli_l i'_ly sllil.'lclin<L,,,uitht:r ---
'niil'_ll. 'l'liu t_xt:ul)tJllilllll )' il(,,_ivy Ii'llidJng lit' thu I!I)S--;t(' Iletwc, en tllu 1{i)_ 3(' lind tllu l'lt_llr t_r ti_ the cc.'Jlint_, -
cl_nlhinuci with tile l'etll.lJl'cI11t.'llt til pl_lt:e the'su .'.;)'_It_ill_iii1 tilldt.'rrit2;.ll.h. 'l'h¢ shiulclin b, shell be sulTi¢iunt Ulltltl_h {li
tllu t.'tHIClltll'_U levo'Is lll'_iir'l)lli'ts Cl'C'_ltOsthu [J,lelitt2Nt v(iri- bl'jil_ the cltl.<',uI'ntus tl_ Ic'_s tll_lll ] ii_v/hl (t), I II11'¢111/hi')
_lblu iii thu clusi_tn lH' _.lri jn._t_llllltJl_il, t_li the cuilill_ irl' tile, luvt.,I bc,lllw tliu Iii )_ ..4('. I1' ii Ill(td

distrJbutil_n lll_itl'tlrill Js Jilcllrl_llrlltt.,d Jnill illu dusjgii til'

Ll,_Jllt:, lhc' Jill'lli'll_llJllll I'l'tllll llle .gtltlt, tUl_ll i;llt?,Jllt_L'.l'- the C(lllC()UlNt: ili._t_lll_ltil_n, lilt:ii thi,<i._lliulclirig._huulcl bu -
Jet!. ,_lticl),, _l clc;xJtti/ lc';ilil xhl_llld cluw.,l_q_ c;llllt'Cl)tti_ll jncllrl_li'_ll(,'d ilitl_ Jt,
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5 l!nvironmental Impacts

J

5.2.2 Land Use I'errcd l'rom the cask (soc l:igure 5,2) to lhc system, l,',atlia-
titre CXl_osurc to individuals could occur during transport

At the 13t'Ol_osedl)ulles International Airport si tc, the o1'the Cf-252 source and during its installation or opera-
'I'NA system will be installed at the United Afl'line,_tinter- tide at the airt_ort,
taational ticket counter, As shown ip, Figure 5,1, the
XI_NIS and the EI)S-3C are ai right angles to one Im-
t_thcr in order to "fit" the E1)S-3C into an existing ticket Average estimated radiation doses io the truck drivers,
counter area, A nearby utility roorn will serve as a,storage who might spend 24 hours tit a distance o1'2 m (6,6 rt) from
t'acility t'or the cask and the associated survey equipment the cask, arc abt_ut 0, 16 mSv (16 torero) pcr driver per
nccdcd t'orthc I:A)S-3C, , delivery, Transl_ortatitm regulations undcr 10 CF!,',

71,50(3)(d) cl't'ectively restrict the radiation clt_se to
(},(}2mSv/hr (2 rilrcial/hr)in tiny norrnally oCCUl_icdparts

Additional construction nettled tit the LJnited Airlines ot' the vehicle, In addition, there can bc iso loading or
international ticket counter will aft'ect nearby passenger unloading Ol'_cratit_nsbetween the beginning atadtbe end
tralTic patterns to stmac degree be-suse of its close prox- ot' the transl_ortation, Assuming that there are two drivers
imity to the security at'ca, lt is anticipated that esscntiar per truck and that the used source is rcturncd yearly to
rigging equit3mcnt such as air dollies or forklit'ts could be the manul'acturcr, yearly replacement of the source is
moved into the terminal building during a week night or expected to result in a collective dose to lhc drivers of
on a weekend when trafric is at a nairlirnuna, II' till the bxl0 -4 person-Sv (bxl0 -2 l_crson-rcm)pcr'l'NA system, lr
necessary requirements have beenmet and constructi¢m the average distance t'rom the cask to the driver was
has bccn ct_ml)lctcd, _.hc in(wing process should take fao incrca_.,;d to 3 m (9.q t't), the CXl)Cctcd collcctivc dose
nlorc than 2 to 3 days. wo'uld decretisc to 2,8x I()-n persian-Sv (2,8x10 -e person-

rem), 'l'hc dt_sc to an individual member or the public
during transl'_t,rtation ot' the st_urcc rrom the manurac-
turcr to the site would be less than 10 l.tSv (1 torero),

5.3 Nonoperational Impacts

5.3.1 Transportation 5.3.2 System Installation and Source
Transt'cr

'l'he cenliniments o1'the EI)S-3C will bc slail3pcd ir_dividu-
ally and ',',,iiibc assembled at the location where the sys- 'l'hc st_urcc transl_ort cask (soc l:igurc 5.2) is ct_nstructcd
tetrl will be used, Nt_ radiation cxt'_t_surc tt_workers or tt_ t_l' steel, welded together, and l'illcd with a COml_t_site
mentl3crs of the public will result t'rt,m either the ship- ncutvt_n and gamtaaa ray shield or water-extended polycs-
mcnt or assembly ot' the system because the radiation tct" with lcat.I surrt_undirlg thc source position, lt is a
stmrce will not la;we bccta installed in the system, 'l'hc I)()'I'-7A cask ccrtit'icd by the LI.S, l)cpartrncnt ol"l'rarls,,
(.'1'-252 st)urcc will bc slail)pcd in one shiclcled cask, l:ol- pt_rtatitm that is (I,75 m (2.5 t't) in diameter and 0,84 m
l_wing assembly ¢_1'the 1!11).'.;-3(',the source will bc tt'ans- (2,75 t't) long,

SECURITY

g//(// ×.,,y l BAG WELL SCALES

(MODEL EDS-aC) [![ COUNTERS il / [LC OUNTERS

l:igtJrc 5, 1 l'rtq_t,st.'d l il)_--3(' at l)ulles lnternatit_nal Airl'_ort
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' ' Neutron
Shielding Teleflex Cable

Storage' ' PBGamma ' _ .,

exit / / ', ? \

_'.-_1;;-'" o.Tem

......o,a4rn ,_ END VIEW
FRONTVIEW

Figure 5.2 EDS-3C source transport cask

To transfer the source from the cask to the systenl, a operators must get inside the I!H)S-3C to perform main-
special platform has been manufactured that helps guide tcnance, the source will be placed in a retracted position.
the source into the EI)S-3C (Figure 5.3). A polyethylene In this position, the source will bc surrounded by a mod-
adapter with a conical hole fits into a recess in the end of orator and a 25,4-mm (1-in.) lead gamma radiation shield.
the cask and is bolted onto the _stem for transfer. The The radiation dose to El)S-3(_ ' "operators from clearing a
cask is then rolled onto the platform and locked into baggage jam is expected to be less than 0.05 mSv
position against the side ot' the EDS-3C, which engages (5 mrem). Experience with the EDS-3 at JFK Interna-
the adapter with the cask recess. The source is transferred tional Airport indicates that baggage jams are rare and
to the EI)S-3C by ptlshing the 'I'eleflex cable into the the vast majority o1'these jams can be cleared without
system until it stops. Altor the source is in the system and entering the cavity. In the past6 months of oper'_tion at
the cask and transfer adapter are removed, a flexible JFK International Airport, it has not bccn necessary to
plastic tube is inscrtcd ovcr the cable and clamped into enter the passagcway lo dislodge jammed luggage.
piace. Its inner diameter is slightly greater than the di-

ameter of the cable but less than the diameter of the Major maintenance Work,such as repairing a broken con-
source. At its longest length, itjust rc,aches the"retracted veyor, replacing NaI(TI) detectors, or repairing interior-
source position" and thus serves as a stop to prevent the cavity materials, rcquircs partial disassembly of the TNA
source from being retracted too far. See Appendix A for system. For these types of "' ' '"tcp,uls, the Cf-252 source will
further details associated with the installation of and the be removed from the systcm and will be placed in its
radiation safety operating procedures for the EDS-3C. shipping and storage cask. Once the source is removed

from the sYstem, radiation cxposure during maintenance
The expected radiation doses outside a shipping cask work will be minimal.
loaded with a 150.gg source of Cf-252 are shown in Figure

5.4. The nearest point that a member of the public could ._.4 Operational and Radiologicalget t() the cask during source transfer would be approxi-
mately 3 m (10 ft), which would correspond to a dose rate Impacts °
o1"lcss than 10 _Sv/hr (1 mrem/hr).

5.4.1 Neutron DoseContours

5.3,3 Radiation Exposure During The thermal neutron flux inside lhc shicldcd'l'NA systcm
Maintenance was mappctl using small helium-3 (He-3) dctcctors with a

small (0.2-_.g) Cf-252 sourcc substituted for the normal
When the EI)S-3C is in the operating mode, the source 150-_tgsource, l:lux maps wcrc measured and thcn eor-
will reside in a bismuth gamma ray shield and will be rected for actual st)urcc strength. 'l'he detectors were
surrounded bya neutron rnoderator and absorber. I1'the calibrated against activation l'¢)ilsusing the American
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EXTERIOR COVER R_MOVED FROM

EDS FOR ,._,OURCETRANSFER

b)

Figure 5.3 Placernent of cask for source transfer. (a) Overall view,
(b) detail view of source transfer ring and source transfer adapter

Society t'orTesting and Materials method (ASTM, 1989). the calculated activation rates from Erdtmann's Neutron
The low-energy epithermal flux was measured in some of , lctivation Tables'. 'Fables 5.1 and 5.2 show the potential
the same map locations using a cadmium foil-wrapped activation products, activities, and dose rates for baggage
He-3 detector: it was nominally 3 percent of the thermal contents containing 1-kg (2.2-1b) masses of various ele-
value(see SAIC, 1989).The thermal fhlx peak was about ments. Only reactions that produced initial activities
8xll)4 neutrons/cm2-s for the 150-gg source. The fluence grt.ater than 0.001 becquerel (Bq) (2.7x10-8 gCi) per
impinging on a item as it travels through the center cavity gram of element are shown. The value of 0.001 Bq/g was
at 15cm (6 in.) pcr second was determined by integrating chosen because that is the amount of induced radioactiv-
the mapped flux; it was calculated to be 4.5x10s neutrons/ ity equal to one-hundredth of that contained naturally in
cm_ '!'hc fast neutron fluence was estimated by calculat- food (see Section 5.4.4).
ing ti_,. uncollidcd flux and integrating along the path of
thc item being scanned; it was calculated to be 2.5x10s

ncut r°ns/cm2. A cursory glance at these tables shows that the vast major-
ity of isotopes are rare earths and elements unlikely to be

'l'hc neutron fluence calculated with the source in the found in suitcases except in trace quantities. After only a
opcrating position provides the basis for estimating the 30-second delay, the largest remaining isotopes are
intc_.,ratcd neutron flux to which the baggage would be Sc-46m, V-52, In-116ro(l), and Hf-179m, with an average
exposed. The measured fluence, values were used in esti- dose rate of 0.18 _Sv/hr (18 grem/hr). Ali tables listing
mating the actwation products in baggage contents using activity, dose rates, and total committed doses are in tile
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.- ..- ._ ::_.. -.. EDS-3C oper 'ons be_mse of possible neutron activa-
/ _ ,, tion of items it. o.:?,gage or from the small radiation field

/ \ in the area they occupy. Workers may be exposed to

/ // .,, \ radiation via four different pathways: exposure during
/ / \ ..,,_,:_, normal operation to leakage radiation from the Cf-252

! / r-£. _7--- ] -.._\_,'-_ _ source in the immediate area of the EDS-3C, direct ra-
I I _am 1..-'5.,,.£, _, diation exposure to beta or gamma fields from luggage

I Ce/) ] _:_ _ that has been through the EDS-3C, exposure of security
I _" _ ,,,,._ _ _ screeners resulting from hand inspection of "suspect"

L..£:'_.__] /I II irradiated luggage, and exposure during the transfer of
\

\ \ DOSE RATE
\ ,\ , / / Neut¢on Gamma the source to or from a shipping cask.

\ \ /
"\ (_ / / (_Sv/hr)0aSv_r)• / The direct radiation fields around the EDS-3C have bccn•,, / O) 65 30

"""-- -" / _ 18 9 measured. Figure 5.6 shows that the total d0sc rates (ntu-
"" ---'" tron plus gamma) in the area occupied during baggage

"'(_)" @ 80 40 loading and unloading are ali less than 3 gSv/hr
TOP ViEW i_) 18 10 (0.3 mrem/hr) at any distance 30 cm (1 ft) from the sys-

09 30 20 tem. Atdistances greater than 1 m (3.3 ft), the total dose
(_ L_ 6 5 rates are ali less than 0.9 iLtSv/hr(0.09 mrem/hr). As an

(_) 80 40 estimate, the average dose rates from cach end at 30 cm
and 100 cm (l ft and 3.3 ft) were calculated to be 0.6 and

_ ® 75 40 0.45 gSv/hr (0.06 and 0.045 mrcm/hr), respectively. As a
result, the average dose rate for personnel would be

_ 11 11 0.5 gSv/hr (0.05 mrem/hr).

O O ' * O O If the F.I)S-3C is cont'igured as shown in Figure 4.!, only
one baggage handler would be near the TNA system

ENDVIEW Nole: 10/aSv/hr= 1toTem/he

Figure 5.4 F,I)S-3C shiplging cask dose rates

International Systcrn of Units (SI) (i.e., gray, sievert, and
becquerel.) (ICRU Rel}ort 33). F()r corresponding tables
using the Fmglish system of units (i.e., rad, rem, and
microcurie), ,_;eeAppendix 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- ,sv_mrenVhr)
dix C.

TNA Model pSr/br

lt should Ix: noted that 1 sievert (Sv), tlm Sl unit for dose, EDS-3C nvem/hr)
is equal to 100 rem (R), the English unit. In addition, the _,Sv/hr
becquerel (Bq) is equal to 1 disintegration per second, ,nn_vt_0
and 1 microcurie (laCi) is equal to 3.7x104 Bq.

Activation foils provided and analyzed by the National
Institute of Standards and Technology (l'ormerly the Na-
tional Bureau of Standards) were used to measure the
baggage passage neutron flux in the prototype TNA sys-
tem, Model EI)S-2. The results (see Appendix I))were
consistent with the determination ot'lhe thermal neutron
fluence calculations in Tables 5.1 and 5.2.

L t I 1 I I ,1 ..J

0 1 2 3 4 5 6 7

5.4.2 Radiation Exposure of Workers Met°,,,

Workers suchasopcrators, baggage handlers, and trained Figure 5.5 TNA system t'()r lobby installation with
security screeners may be exposed to radiation from is:)ch_se c(mtours
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Table 5.1 Potential activation products (fi)r slow neutrons*) of baggage contents
containing l'kg (2.2-Ib) masses of various elements

i i il llill ii .i.. i i

0.5-min delay 10.rain delay 60-mln delay

Dose rate Dose rate Dose rate
Half-life Gamma Activity (gSv/hr/kg Activity (gSv/hr/kg Activity (gSv/hr/kg

Product Bq/gg (min) (MeV/Bq) (Bq/g) @ 30 cm) (Bq/g) @ 30 cm) (Bq/g) @ 30 cm)

H-3 8,42E-10 6A9E+06 - 3,79E-11 - 3,79E-11 - 3,79E-11 -
N-16 3,50E-03 1,19E-01 4.60E + 00 8,56E-06 6.39E-08 8.05E-30 6.01E-32 0,00E + 00 0,00E + 00
O-19 3,51E-03 4,48E-01 1.04E + 00 7.29E-05 1.23E-07 3,02E-11 5,10E-14 7,77E-45 1,31E-47
F-20 1,97E -_02 1,83E-01 1.64E+00 1,33E+00 3,55E-03 3,17E-16 8,44E-19 1.86E-98 0,00E+00
Ne-23 2.43E+01 6,20E-01 1,45E-01 6.25E-01 1.47E-04 1,53E-05 3,60E-09 8,19E-30 1,92E-33
Na-24 1.80Eli- 00 8,80E+ 02 4,12E + 00 8,10E-02 5.41E-04 8.04E-02 5.37E-04 7,73E-02 5,16E-04
Mg-27 1,29E + 00 9,46E + 00 9,14E-01 5.60E-02 8.29E-05 2,79E-02 4,14E-05 7,16E-.04 1,06E-06
A1-28 2,72E.02 2.24E+00 1.78E+00 1,05E+01 3,03E-02 5,55E-01 1,60E-03 1.06E-07 3.07E-10
CI-38 5,55E+00 3,72E+01 1,49E+ 00 2,47E-01 5,98E-04 2,07E-01 5,01E-04 8,17E-02 1.97E-04
Ar-41 1,06E + 01 1.10E + 02 1.28E + 00 4,75E-01 9.87E-04 4,48E-01 9.30E-04 3.27E-01 6.78E-04
Sc-46m 4.73E + 04 3.12E-01 1.42E-01 7,0lE+ 02 1.6lE-01 4,81E-07 1.1lE-10 2.82E-55 6.49E-59
Ti-51 3,57E + 00 5,76E + 00 3.50E-01 1.51E-01 8.59E-05 4.82E-02 2,74E-05 1,18E-04 6,68E-08
V-52 1.79E+03 3,75E+00 1,43E+00 7,34E+01 1,70E-01 1.27E+01 2,94E-02 1,23E-03 2.86E-06
Cr-55 3.22E+00 3,56E+00 6.57E-04 1.3lE-01 1.40E-07 2,07E-02 2,20E-08 1,23E-06 1,31E-12
Mn-56 1.1 lE + 02 1.55E + 02 1.70E + 00 4,98E + 00 1.37E-02 4,78E +00 1,32E-02 3,82E + 00 1,05E-02
Co-60m 2.33E + 113 1,05E + 00 1.23E-03 7,54E + 01 1.50E'04 1,43E-01 2,84E-07 6.65E--16 1.33E-21
Ni-65 7,64E + 00 1.5lE + 02 5,63E-01 3,43E-01 3.13E--04 3,28E-01 3.00E-04 2,61E-01 2.38E-04
Cu.64 4,58E + 00 7.64E+ 02 1.95E-01 2.06E-01 6,51E-05 2,04E-01 6,46E-05 1,95E-01 6,17E-05
Cu-66 1,47E+02 5.10E+ 00 9.56E-02 6,18E+00 9,58E-04 1.70E+00 2,64E-04 1.90E-03 2.95E-07
Zn-69 3,69E + 00 5,70E + 01 4,78E-06 1,65E-01 1.28E-09 1.47E-0] 1,14E-09 8,01E-02 6.21E- 10
Ga-70 5.43E+01 2.1lE+01 5.55E-03 2.40E+00 2.16E-05 1,76E+00 1,58E-05 3,41E-01 3.06E-06
Ga-72 2.59E + 00 8.46E + 02 2,03E + 00 1,17E-01 3,84E-04 iI16E.-01 3,81E-04 1.1 lE-01 3,65E-04
Ge-75m 6.38E+ 01 8,15E-01 5,59E-02 1.88E+ 00 1.70E-04 5.82E-04 5.28E-08 2,00E-22 1.81E-26
Ge-75 1.05E +00 8.28E+ 01 3.18E-02 4,71E-02 2,43E-06 4.35E-02 2,24E-06 2.86E-02 1.47E-06
Ge-77m 9.05E-01 8.84E-01 6.31E-02 2,75E-02 2,82E-06 1,60E-05 1,64E-09 1.52E-22 1,56E-26
As-76 3,26E+00 1.58E+03 3.YTE-01 1.47E-01 8.02E-05 1,46E-01 7,98E-05 1,43E-01 7.81E-05
Se-77m 5.69E + 03 2.90E-01 9.63E-02 7,75E + 01 1.21E-02 1,07E-08 1.67E-12 1.38E-60 2.15E-64
Se-79m 2.15E+01 3.91E+ 00 9.57E-03 8.85E-01 1.37E-05 1.64E-01 2.55E-06 2,33E-05 3,61E-10
Sc-81 1,33E + 01 1,85E + 01 1.44E-02 5,87E-01 1.37E-05 4.12E-01 9,61E-06 6,32E-02 1.48E-06
Sc-83 3.45E + 00 2,25E+ 01 1.27E + 00 1,53E-01 3.15E-04 1.14E,-01 2,35E-04 2,45E-02 5,04E-05
Br-80m 5.48E + 00 2.65E + 02 2.41E-02 2,46E-01 9,62E-06 2,40E.-01 9,39E-06 2.1lE-01 8.24E-06
Br-80 2.9 lE + 02 1.77E + 01 7.(10E-02 1.28E + 01 1.46E-03 8,85E + 00 1.00E-03 1.25E + 00 1.42E-04

Br-82m 2.31E+02 6.10E+ 00 4.22E-04 9,82E+00 6.72E-06 3.34E+00 2.28E-06 1.14E-02 7,79E-09
Kr-81m 3,77E+02 2,22E-0! 1.27E-01 3,56E+00 7.34E-04 4,70E-13 9,69E-17 7.72E-81 1.59E-84
Kr-83m 1.74E + 01 1.12E + 02 2.26E-03 7.8 lE-01 2.86E-06 7.36E-01 2.70E-06 5,40E-01 1.98E-06
Rb-86m 4.20E + 01 1,02E + 00 5.46E-01 1.35E + 00 1,19E-03 2,12E-03 1.87E-06 3.74E-18 3,3 lE-21
Rb-88 2.05E + 0(1 1.78E + 01 6.37E-01 9,05E-02 9.35E-05 6,25E-02 6.46E-05 8.92E-03 9.22E-06
Y-.90m 4.16E+00 1.91E+02 6.30E-01 1,87E-01 1.91E-04 1,8lE-01 1.84E-04 1,5lE-01 1.54E-04
Nb-94m 3.80E+01 6,26E+00 1,17E-02 1.62E+00 3.07E-05 5,65E-01 1.07E-05 2.23E-03 4,23E-08
Mo-101 1.35E + 00 1,46E + 01 1.51E + 00 5,93E-02 1.45E-04 3.78E-02 9,25E-05 3.52E-03 8.62E-06
Rh-104m 3.60E + 03 4,35E+ (10 3.48E-02 1.50E+ 02 8.44E-03 3.29E +01 1.86E-03 1.14E-02 6.45E-07
Rh-104 1.54E+04 7.05E-01 1.1lE-lE 4,24E+02 7.63E-03 3,73E-02 6.71E-07 1.68E-23 3.03E-28
Pd-107m 8.42E+ 00 3,55E-01 1.52E-01 1,43E-01 3.52E-05 1.26E-09 3,11E-13 5,14E-52 1.27E-55
Pd'109m 9,12E + 00 4,69E + Of) 1.14E-01 3,8 lE-01 7.05E-05 9.36E-02 1.73E-05 5.79E-05 1.07E-08

Pd-109 3.37E + 00 8,08E + 02 1.24E-02 1,52E-(11 3.05E-06 1.50E-01 3.02E-06 1.44E-01 2.90E-06
Ag- 108 5.09E + 03 2.41E + 00 2.94E-02 1,98E + 02 9.46E-03 !,29E + 01 6.16E-04 7,36E-06 3.5 lE-10
Ag-110 8.3 lE + 04 4.10E-01 2,96E-02 1,6lE + 03 7,71E-02 1.71E-04 8.19E-09 3.38E-41 1,62E-45
In- 114 9,43E ,+ 01 1.20E + 00 2,21E-03 3,18E + 00 1,14E-05 1.32E-02 4.72E-08 3.80E- 15 1.36E-20
lh-116m(2) 1.26E + (16 3.63E-02 8.20E-02 4,116E+ 00 5.39E-04 6.96E-79 9126E-83 0.00E+ 00 0.00E+ 00
In-l!6m(l) 1.29E+03 5.42E+0l 2.47E+0(1 5.77E+01 2.31E-01 5,1lE+01 2.05E-01 2,70E+01 1.08E-01

See foolnolcs al end of table.
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Table 5.1 (continued)

0.5-min delay 10-rain delay 60-rain delay

Dose rate Dose rate Dose rate
Half-life Gamma Activity (gSv/hr/kg Activity (gSv/hr/kg Activity (gSv/hr/kg

Product Bq/gg (rain) (MeV/Bq) (Bq/g) @ 30 cno (Bq/g) @ 30 eta) (Bq/g) @ 30 cno

In-116 1.36E + 04 2,37E-01 1,55E-02 1.42E + 02 3,57E-03 1,22E-10 3,08E- 15 3,92E-74 9,84E-79

Sn-125m 1,09E+00 9.52E 5r00 3,29E-0I 4,73E-02 2,52E-05 2,37E-02 1,26E-05 6.22E-04 3132E-07
Sb-122m 7,08E-a- 00 4,21E + 00 5,96E-02 2.93E-01 2,84E-05 6,14E-(12 5,94Eq16 1,64E-05 1,58E-09
Sb- 124m 8.42E + 00 1,55E + 00 3,48E-01 3,03E-01 1,71E-()4 4,33E-03 2,45E-06 8,48E-13 4,78E-16
Tc-131 2,08E+00 2,50E+01 3,54E-01 9,23E-{)2 5,3()E-05 7.09E-02 4,07E-05 1,77E-02 1,02E-05
1-128 2.0(}i2+02 2,50E+01 8,75E-02 8,88E+00 1,26E-03 6,82E+00 9.68E-[)4 l:71E+00 2,42E-04
Xe-125m 1,70E+ 01 9,50E-01 1,11E-01 5,3!E-01 9,56E-05 5120E-04 (L35E-08 7,5(}E-2(I 1,35E-23
Xc- 137 1,99E + 00 3.84E + 0() 1.50E-01 8,18E-02 1,99E-05 1,47E-02 3,58E-116 1,78E-06 4,32E- II)
Cs-134m 9,28E+ 011 1.74E-02 2.34E-02 9,38E-1[) 3.56E-14 0.(}0E + 011 {),00E + (10 0.0lIE +III} 0,0(}E+ (11]
Ba-136m 1.31E + 03 5.13E-03 1,92E4- 00 2,73E-28 8,5 lE-31 0.0(lE + 00 0,0tIE+ 11(I 0.(10E +{Iii 0.0(lE 4-ii0
Ba-139 1.55E + 00 8,33E + 01 4.18E-02 6.95E-(12 4,71E-06 6,42E-112 4,35E-06 4.23E-02 2,87E-06

l.a-140 1.92E+ ()0 2.41E + 03 2.32E + 00 8,64E-02 3,25E-04 8.62E-02 3.24E-04 8.49E--(12 3.19E-04
Pr-142 3.43E+ 0(I 1,15E+(13 5.83E-02 1.54E-01 1.46E-05 1.53E-01 1.45E-[)5 1,49E-111 1,41E-115
Nd-151 3.52E + 00 1.24E + 01 1.69E-111 1,54E-01 4.22E-115 9,06E-02 2,48E-115 5.54E-03 1.52E-(16
Sm-153 1,19E+ 01 2.79E + 03 5,35E-02 5,35E-111 4,65E-05 5,34E-111 4,63E-05 5,28E-01 4.58E-05
Sm-155 2.81E+(11 2.22E-t-01 8,24E-02 1.24E+00 1.66E-04 9.25E-()1 1.24E--1)4 1,94F.-01 2,60E-115

Eu-152m(2) 9,21E+00 9,61)E+01 7,38E-112 4.13E-01 4.94E-115 3.86E-01 4,61E-(15 2,96E-111 3,22E-I)5
Eu-152m(l) 1.32E + 03 5,58E + 02 2.41E-(11 5.94E + {li 2.32E-02 5.87E+ 01 2,2912-1112 5,51E+01 2,15E-02
Od-161 2.19E+01 3,71)E + 011 3,(19E-.(11 8,97E-01 4,5{)E-04 1.51E-(}I 7.59E-115 1,30E-115 6.5{1E-1)9

l)y- 165m 1.64E + 115 1.26E + (1(1 1,09E-(12 5,61E + 113 9,91E-(12 3.02E + 11i 5,33E-1)4 3,44E-11 6,1)8E- 16
I)y-165 8.69E+ 112 1,41E+(12 1.28E-02 3.90E+01 8.10E-D4 3.72E+111 7,73E-(14 2,91E+111 6,1i4E-II4
Ho-166 1.98E. 01 1.61E+03 2.75E-02 8.91E-01 3.97E-.,05 8,87E-.1)1 3,96E-05 8,68E-111 3,87E-05
Er- 167_n 4.79E + 114 3.7BE-li2 9,711E-{12 2,25E-0 [ 3,55E-05 5,16E-77 8,13E-81 11,111112+ 00 ()I(}(}E+ 1)0
Yb-175 1,39E + 1/0 6.113E+ 11"_ 3,09E-02 6.25E-02 3.13E-06 6,25E-02 3,13E-116 6,21E-112 3,1 lE-II6
Yb-177 1,13E + (}{1 1.14E 4- 02 1.22E-111 5,{17E-(12 1,00E-05 4.79E--02 9:47E-116 3,53E-112 6,99E-06
I a_-176m 4,78E + 01 2.21E + 02 1,82E-112 2,15E + (1{1 6,34E-05 2,08E + 111) 6,15E-I15 1.78F_,+ 11(1 5,26E-115
I.u-177 2.22E + 0(1 9,66E + 03 3,(12E-112 9.99E-112 4,89E-I)6 9.98E-112 4,89E-116 9,95E-1)2 4,87E,-06
Hf..178m 1, IliE+ 1.13 7.17E--02 9,77E..111 3,94E-()1 25E-114 5,23E-41 8,29E-44 (I,(}{IE+ (111 {I,(}(}E+110
Hf- 179m 2,46E + 04 3.12E-til 2,87E-{)1 3,65E + 112 1,711E-I}I 2.5{1E-[17 1.16E-III 1,47E-55 6,82E-59
W- 187 3,47E + (111 1.43E + 03 4,31Eq)l 1,56Eq)l 1,09E-04 1,55E-111 1,09E-114 1,52E-1)1 1.06E-114
Rc-186 3.62E+(1(1 5,44E+03 1,80E-112 1.63E--{11 4.75E-06 1.63E-01 4,75E-{16 1,62E-(}1 4,72E-L)6
Rc- 188m 2,1BE + 1)1 1,86E + {11 7,96E--(}2 9.63E-111 1,24E-[14 6,76E-111 8,72E-{15 1,05E-01 1,35 I2-115

Rc-188 1.85E +Ill 1.02E + 113 4.78 F'02 8.32E-01 6,45E-115 8.27E-111 6,41 E-lI5 7.99E-111 6,2(}E-115
Os- 191m 1.19E + 0(I 7.81JE+ 02 6,51 E-lI3 5,35E-(12 5.65E-l}7 5.31E-02 5.60E-1)7 5,118E-02 5,36E-117
lr-192m 3,12E+ 04 1,4()E + 1)(1 2,47E-114 1, I(IE + 03 4,39E-04 9,95E + I){) 3,98E-116 1.77E- III 7.1(lE- 17
Ir-194 2.73E + [}I 1,16E + 03 5.12E-(12 1,23E 4-I111 1,02E-114 1.22E + 1)11 1.(}1E-(14 1,29E + (1{1 9.84E-115
Pt-199m 3,83E+ 11(I 2Al}E-lit 3,42I-2-111 4.(17E-02 2.26E-115 4,97E-14 Z76E=17 9.88E-77 5,48E-811
Pt-199 3,89E + (}l) 3,{18E + I)l I,(I7E-01 1.73E-01 3,110E-1)5 1.4(IE-(II 2,43E-115 4,54E-112 7,87E-f)6
Au-198 1.18E + ()1 3,88E + 03 4,03E-01 5,31E-{)I 3,47E-1)4 5,311E-111 3,46E-04 5,25E-111 3,43E-04

Hg-2(15 2,1)3E + (11} 5,21)E + {}[I 4,8(1E-(13 8,55E-112 6,65E-07 2,4 lE-f)2 1,88E--117 3.118E-{15 2.39E- 1{1
Th-233 1.19E + 02 2.23I!{-t-111 1,08E-112 5,27E + {10 9,23E-[15 3,92E + II0 6,87E-115 8,311E-111 1,45E-(15
IJ-239 1,01E+{12 2,35E+(11 5.21E-112 4.48E+1}11 3.78E-114 3,38E+1}11 2.86E-114 7,75E-(11 6,54E-115 :

"lnlcgratcd thcl"n'tal fluericc in EI)S-3(' = 4,501:+ II5 ,netflrt)ns/cme,
Nolo: ,q,421,_-1(I= g,42xl{}-1°t'.Ic.
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5 Environmental Impacts

Scale(Meters) Noto:lt_Sv/hr= 0,1 mrem/hr

Figure 5.6 Total dose equivalent rates around EDS-3C (_Sv/hr)

when loading luggage onto the conveyor belt. The other tive dose of 6x10 -a person-Sv will be used as ct conserva-
baggage handler would be at the exit of the divertor, more live estimate of expected radiation dose. 'l'he E1)S-3C,
than 6 m (20 ft) away. In this scenario (call it Option A), .which will bc used for lobby installations, is simila: to the
only one baggage handler would be in a potential radia- EDS-3, which is used for ramp installations, in terms of
lion field of (7.5 I.tSv/hr (0.05 mrcm/hr). Because it is potential radiation exposure to TNA operators. As dc-
assumed that the EI)S-3C will be in operation for scribed in SAIC's 1988 environmental report, theannual
16 hours a day, this option requires three full-time- exposure to TNA operators was calctilated by estimating
equivalent personnel per operating unit (three 40-hr/wk the dose from both routine [1.2 mSv/yr (120 mrem/yr)]
shifts). For the proposed scenario at Dulles International and source-transfer [0,8 mSv/yr (8(7 mrem/yr)] opera-
Airport (call it Option B), however, the EDS-3C and the lions. The total exposure _.oan operator t'or each EDS-3C
XENIS are at right angles to each other. In this case, both would be 2 mSv/yr (2{)(7 narcm/yr), l::or six full-time-
baggage handlers could be in radiation areas of 0.5 laSv/hr equivalent operators, the collective dose for each system
(0.05 mrem/hr). This option requires six full-time- would be 0.012 pcrson-Sv/yr (1.2 person-rem/yr).
equivalent personnel per operating unit (thrcc40-hr/wk

shifts). The total dose to workers from hand searching the lug.
gage does not depend on the choice of EDS-3C installa-

The estimated annual dose to a baggage handler would bc lion scenario. If the TNA system alarms, the baggage
must be hand searched. This usually will take place imme-

0,5 I.tSv/hrx 40 hr/wk x 50 wk/yr = 1000 I.tSv diately after the bag leaves the system, allowing only
= 1 mSv/yr (100 mrcm/yr) perhaps 15 seconds l'or actwation lm)ducts to decay. The

security attendant conducting the search could get an
For Option B the estimated annual dose to baggage han- additional dose from activation products, and because
tilers would be 6x10-a person-Sv (6x10-1 person-rem) there is hand contact during the search, exposure to beta
(6 baggage handlers x 1 mSv/yr); for Option A it would be (and gamma) radiation may be possible.
3x10 -3 person-Sv (3x10-_ person-rem) (3 baggage han-

dlers x 1 mSv/yr) for each EI)S-3C. For each of the Direct exposure rates t'r()m irradiated luggage are shown
scenarios proposed in Section 4.1, the calculated collec- in Table 5.3.'l'his is f()r an cxposu re 30 cm (1 l't)away l'rona
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Table 5.3 Major activation productn of baggage contents containing 1-kg (2,2-1b)masses of
various elements

i i i i 11111i i iiii i iii1 i i i ii i --

0.5-min delay 10-mln delay 60-min delay

Doae rate Dose rate Dose rate
Half-life Gamma Activity (_Sv/hr/kg Activity (_tSv/hr/kg Activity (gSv/hr/kg

Product Bq/gg (min) (Mev/Bq) (Bq/g) @ 30 cm) (Bq/g) @ 30 cm) (Bq/g) @ 30 cm)

F-20 1,97E+ 02 1,83E-01 1,64E+ 00 1,33E+ 00 3,55E-03 3,17E-16 8.44E-19 1,86E-98 0,00E+ 00
Na-24 1.80E+00 8,80E+(}2 4,12E+00 8,10E-02 5,41E-04 8,04E-02 5,37E-04 7,73E-.02 5,16E-04
A1-28 2,72E+02 2,24E+00 1,78E+00 1,05E+01 3.03E-02 5,55E-01 1,60E-03 1,06E-07 3,07E-10
K-42 2.39E-01 7.42E+ 02 2,73E+02 1,07E-02 4,76E--03 1,07E-02 4,72E-03 1,02E-02 4,50E-03
Sc-46m 4.73E+04 3,12E-01 1,42E-01 7,01E+02 1,61E-01 4,81E-07 1.1lE-10 2,82E-55 6.49E-59
V-52 1,79E+ 03 3.75E+ 00 1,43E+00 7,34E+ 01 1,70E-01 1.27E+ 01 2,94E-02 1,23E-03 2,86E-06
Mn-56 1,11E+02 1,55E+ 02 1,70E+00 4,98E+00 1,37E-02 4,78E+00 1,32E-02 3,82E4-00 1,05E-02
Se-77m 5,69E + 03 2,90E-01 9.63E-02 7.75E+ 01 1.21E-02 1,07E-08 i,67E-12 1,38E-60 2,15E-64
Br-80 2,91E+ 02 1.77E+ 01 7,00E-02 1,28E+01 1,46E-03 8,85E+00 1.00E-03 1.25E+ 00 1,42E-04
Rb-86m 4,20E + 01 1,02E+ 00 5A6E-01 1,35E + 00 1,19E-03 2.12E-03 1,87E-06 3,74E-18 3,31E-21
Rh-104m 3,60E+03 4.35E+00 3,48E-02 1,50E+02 8,4zlE-03 3,29E+01 1,86E-03 1,14E-02 6,45E-07
Rh-104 1,54E+ 04 7,05E:01 1,1lE-02 4,24E+ 02 7,63E--03 3,73E'02 6,71E-07 1,68E-23 3,03E-28
Ag-108 5.09E+03 Z41E+ 00 2,94E:02 1,98E+02 9,46E-03 1,29E+ 01 6,16E-04 7.36E-06 3.51E-10
Ag-li0 8,31E+04 4,10E-01 2,96E-02 1,61E+03 7,71E-02 1,71E-04 8,19E-09 3,38E-41 1,62E--45
In-ll6m(1) 1,29E+03 5,42E+01 2.47E+00 5,77E+01 2,31E-,,01 5,1lE+01 2,05E-01 2,70E+01 1,08E-01
In-116 1.36E+ (14 2.37E-01 1155E-02 1.42E+ (12 3,57E-03 1,22E-10 3,08E-15 3,92E-74 9,84E-79
1-128 2,()0E+02 2,50E+ 01 8,75E-02 8,88E+ 00 1,26E-03 6,28E+ 011 9,68E-04 1,7lE+ 00 2,42E-04
Eu-152m(1) 1.32E+03 5.58E+02 2.41E-01 5.94E+01 2,32E.-02 5,87E+01 2.29E-02 5,51E+01 ' 2,15E-02
Dy-!65m 1,64E+ 05 1.26E+ II0 1,09E-02 5,61E+03 9,91E-02 3,02E+01 5.33E-04 3,44E-,11 6,08E-16
Hf-179m 2,46E + 04 3,12E-01 2,87E-01 3,65E+ 02 1,70E-01 2,51)E-(17 1.16E-10 1,47E-55 6,82E-59

_,_

Total 1,03E+ 011 2,82E-01 1,45E-01
., i i i ii Hl i

Nolo: 1.97E+02 = 1,97x10Zclc,

1 kg (2,2 lb) of irradiated material that has decayed 0.5,10, • The skin of the hand is in contact with a 10-cm (4-in.)
and 6171minutes after leavirlg the F.I)S-3C. The elements disk of aluminum for 617)seconds during the hand
listed (taken from 'l'ables 5.1 and 5.2) are those whose search.
initial activities are greater than 1 Bq/g of irradiated ma-
terial 1 second after leaving the EI)S-3C, • The entire suitcase frame is aluminum.

• Initially, approximately 10 percent (220,000) of the
Table 5.3 shows the elements that PrOduce the largest 2.2 million bags perycar will require a hand search.
activation products after passing through the EDS-3C.
Although aluminum is not the element with the greatest The computer code VARSKIN was used for cmlculating
activation, studies by Westinghouse have shown that it is beta dose from skin contamination. P,ccause of the limita-
the most predominant one found in luggage (Westing- tions of VARSKIN, the smallest value that could be used
house, 1986). Therefore, calculations presented in this to determine the beta skin dose for security screenms was
environmental assessment for skin dose have bccn based 3.7x104 Bq/cm 2 (1 gCi/cm2). Table 5.4 shows that the
on the dose from aluminum, lt should bc noted that dose rate for a 3,7x104 Bq/cm 2 source is 1.64x10 -a Sv/hr
bccause of the short range for the beta particles in tissue, (0.164 rem/br). Because the aluminurn suitcase only rep-
a relatively small area of tissue can be considered to be an resents a source activity of 4.8 Bq/cm 2 (1.3x10 -4 btCi/cme),
infinite plane for dose calculation purposes. This close is the close to both hands from a 60-second search of an
due to beta particles in a thin layer of activity equal to that aluminum suitcase is 2.1 gSv (0.021 torero), Because the
generated by activation in two half thicknesses, which is International Commission on Radiological t'rotcction has
4.8 Bq/cm 2 (1,3x10 -4 gCi/cm2). Ali beta particles emitted assigned a weighting factor for skin of 0.01, the collective
below two half thicknesses are self-absorlgcd in the alumi- effective dose equivalent for this assumption is 4,5x10 -4
num and therefore clo not contribute to the dose. person-Sv/yr (4,5x10 -2 person-rem/yr) for each system.

This dose is shared among the three security personnel
(one per shift) who conduct the searches. The passenger

'l'he following assumpticms were rnade: Presenting the bag must be present during the physical
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Table 5,4 Calculated beta dose to the sldn from a search, but may not participate directly in the search. The
3.7x104 Bq/cm a source carrier shall retain control of the bag being searched, and

: : ..... ................ tlm passenger may neither insert nt_r remove items from
Beta dose (Sv) it.

Averaged over The corresponding gamma ray dose was cstimatcd byan area of At points
Skin at the on the skin assuming that the suitcase would llavc the elemental

Variable basal layer basal layer composition shown in Table 5,5 (Wcstinghouse, 1986),
The weight of aluminum was incrcas,,:d to 4.5 kg (9.9 lb)

Radius (cm)/area (crn2) [from Westinghouse (.1986)] to obtain a realistic gamma
dose from an all-aluminum suitcase. Table 5.6 gives the

0.5462/1.000 0.0016 - activity and dose rates at 30 cna (1 ft), Clearly aluminum
6,14164/119,3869 0.0011 - dominatcs the close rate.

Horizontal distance (cre)
Initially, the alarmed-bag rate could be as high as 10 per-

0.0000.. ,- 0.0016 cent of the 2.2 million bags searched, or approximately
3.8354 - 0.0515 220,000 bags pcr year, Assuming that the average search

4.0214 -. 0.0010 lakes 1 minute, a conservative estimate of the corre-
sponding collective dose for cacl_ EDS-3C is 5.0x10 -4

4.1913 - 0.0016 pcrson-Sv/yr (5.0x 10-2.pcrson-rcm/yr) (220,000 bags/yr x
4.3449 - 0.0016 1 rain/bag x 1 hr/60 minx 1,38x10 -z Sv/hr). F,ven if it is

4.4824 - 0.0015 assumed that in the worst case, the suitcase contained I kg
(2.2, lh) ot' cvcry clement listed in Table 5.3, the corrc-

4.6037 - 0.0015 sponding collective dosc (at a 30-cre distance) would be
4,7089 - 0.0015 about 3.8x10 -a pcrson-Sv/yr (3.8x 10-1 pcrson-rcm/yr) for
4.7978 - 0.0015 each system. These doses are shared among the three

individuals as stated above, The total dose from both beta
4.87(,)6 - 0.0015 and gamma radiation to each security screener is
4.9272 - 0,0014 0.32 mSv/yr (32 narcrn/yr). The collcctivc dose to this

4.9677 - 0.0012 group of individuals is 9.5x10 -4 pcrson-Sv/yr (9.5x10 -2
pcrson-rcm/yr).4.9919 - 0.0009

5.0000 - 0.0008 5,4,3 Radiation Exposure of Passengers
5.0081 - 0.0006

Passengers and other mcrnbcrs of the public may be cx-
5.0323 - 0.0004 posed to radiation from 1!1)S-3C operations because of
5.0728 - 0.0003 possible neutron activation or items in their baggage or

5.1294 - 0.0002 because the device pre,ducts a small radiation field in the
area they occupy, As stated earlier, passengers may be

5,2022 - ,0,0001 exposed to radiation via three different pathways: cxpo-
5,2911 - 0,0001 sure of persons on the concourse level near the !!I)S-3C,

5,3963 - 0.0000 direct radiation exposure of passengers to beta or gamma °
fields from luggage that has been through the I',I)S-, (,

5.5176 - 0,0000
or intcrnal dose to passengers r,_rother members of the

5.6551 - 0.0000 public who c_msumc a food _r other irradiated item that

5.8087 - 0.0000 was contained in tlm reclaimed luggage,

5.9786 - 0,0000
In Sections 5,4.3.1 through 5,4,3.4, each ot' the concourse

6.1646 - 0.0000 scenarios propt_scd in this assessment is evaluated. 'l'ypi-
cally, the passengers will deliver their luggage to an attcn-

N_Ic: The doses were ealculaled using VARSK1N MOD 1: dant or baggage handler at the entrance ot' the 1:.!)S-3C,
Discsource wilh radius = 5.110t)0cm '!'he attendant will piace the luggage onto the conveyor
Skin thickness = 0,0070 cm belt, which will feed it into the I il)S-3C. 'l'hc baggage willSource:

l_,adionuclide = ,,,, _ then pass _mlo a roller platft_rm or another conveyor belt
Averagebeta energy = 1,2411MeV from which it will be taken off by another baggage atten-
X-.90 dislancc = 11,647{}12111 danl. In some cases, the passengers will not have access to
Source slrenglh = 3,71",+ 04 lkl/C,n a

Irradiation lime = 6o s their luggage once it has been checked by the !{1)S-3C; in
Ali cell tlanmgc _wcurs in an a,'ea with a rathus of 6,165 cre, _thcr scenarios, they may have to ca rtaj their luggage to a
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Table 5.5 Elemental composition of the contents of an aluminum suitcase (quantities in grams)
01 i i I .... , i ii i iii ib I ii imu|l all, i ii i . • . Ii i luaJi -lm, ii I i

Cloth. Toilet. Tooth. Suit.
Element ing Shoes des paste Shaver , Shampoo Paper case Total

Hydrogen 307,0 55,0 23,0 16,5 - 34,0 141.0 254,0 830,5
Carbon 2546,{) 490,0 145,0 10,6 2,2 194,0 1006,0 1307,0 5700,8

Nitrogen 483,0 145,0 27.0 - - 7.0 - - 662,0

Oxygen 1054.0 218,0 32,0 107,3 - 73.0 1124.0 1163,0 3771,3
Sodium - - - 0,3 - - .... 0,3

Manganese - 3,3 - - 6,5 - - - 9,8
Silicon - 0,9 - - 1.8 - - - 2,7

Phosphorous - 0,1 - 15.2 0,2 - - - 15,4
SUlfur - 0.1 - 0,4 0.2 .... 0,7

Iron - 448.0 - - 89.6 - - - 537,6

Calcium _ - - - 19,6 ..... 19,6
Aluminum* ....... 4540,0 4540,0

i illll r i i iiii i i iiiii1,1 i i iii i

*Ali data are from Westinghouse (1986) report, except the weight from ahmainmn (this amounl was increased lo reflect ata all-aluminum suitcase),

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

IIII

Element Suitcase Gamma Gamma dose
mass activity (IsSv/hr/kg rate @ 30 cm

Element (g) (Bq) @ 30 cre) (I.tSv/hr)

Hydrogen 830.5 - - -
Carbon 5700,8 5.18E'09 - -

Nitrogen 662.0 8,8812-05 .- -

O×ygen 3771,3 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 15.4 7.40E-09 - -

Sulfur 0.7 - - -

Iron 537.6 - - -

Calcium 19.6 - - -

Aluminum 4540.0 4.74E + 04 3,03E-02 1.38E-01

Total 1.38E-01

- lp ii ii iIii i

Nolo: 5,181:L-09 = 5.18x10 -9 etc,

different ticket counter and wait in line for some time material for neutron shielding and heavy metal for
before receiving their tickets, A complete summary of gamma ray absorption, Thcy will be sufficiently thick to
c¢)llective doses for each scenario is presented in Soc- reduce the penetrating radiation field to less than 1 gSv/

{ion 5.4.5. hr (0.1 narcm/hr) when the EI)S-3C is running at peak

Additional vertical shielding barriers will be placed at capacity. For installations that could be accessible to the
either end of the EI)S-3C to further lower the radiation public, an exit housing for the conveyor belt with an

ext_osure to members ot' the t_ublic and non-TNA person- opening for loading and unloading luggage will be
nel. q'hese barriers will be constructed of hydrogenous installed,
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Popuhltion distribution data on the nuiaber o1' interna- 50 wk/yr), These ticket personnel may be 2 m (6,6 ft) t'ronl
tional passengers enplaning tit JI;K International Airport tile l il)S-3C, which would have a radiation area oi' about
were used to estimate the downwarddose to passengers 0,3 gSv/hr (0,03 rnrem/hr), In addith)n, the ticket agents
located under the EDS.- _C, At this very busy t0rmtnal, will have to tag the luggage with a baggage chiim check.
9,010,570 international l,assengers boarded tin airphmc Assuming an 8.hour shift for each ticket agent, the esti-
in 1988 (Ryge, 1990), Statistics for 1987 (statistics for 1988 mated dose to a ticket agent from nearby 'I'NA system
were not available at the time of thts writing) show that operations would be 0.6 mSv/yr (60 mrem/yr). 'l'he total
2.2xlW passengers (on domestic and international flights) collective dose for tile ticket agents would bc 0,03 person-
flew ()tit of New York (U,S, Bureau of the Census, 1989), Sv/yr (3 person-rem/yr),
Because it is not reasonable to assume thal ali domestic
and international flight passengers would either pass by If non-passenger airport visitors and other airport pcr-
the counter where the F,I)S-3C was located or pass un. sonnel amount to 100 percent o1' the passenger popuht-
derneath the EDS-3C, it was assumed that only the inter- lion density, then it can be assumed that 9,(.)xl()° non.
national flight passengers (about 40 percent of the total passengers could pass by the airline counter where tile
passengers at 3FK Airport) would be in the vicinity of the E1)S-3C was located.
EDS-3C. If non-passenger airport visitors iliad other air-
port personnelamount to 100 percent of the passenger The estimated distance from the 1,1 S-3C to nearby
popuhttion :tensity, and only a small fraction (10 percent) members of the public is about I0 na (33 ft). The potential
pass underneath the 1H)S-3C on their way to claim their radiation exposure from tile EI.)S-3C iii this distance is

less than lxl(}-2 j,tSv/hr (1 grem/hr). Because the doseluggage, the total number ot' people atTected by the sce-
nario would be 9,(}x10s, from natural background radiation is apt')roximately

• (1,1 _Sv/hr (1(} grem/hr), rh0 dose lo passengers walking

In many cases, the baggage chitin area is in the main by the EI)S-3C (about 2 to 3 minutes) wot)ld be less than
terminal directly beneath the airline ticket counters. At one-tenth the dose from natural background radiation,

San Francisco and Gatwick (London, England) Interna- Pt)tcntial radiation exposure to
tional Airports, the average distance from tile main level operators 161' 1,2x 10-e person-Sv
to the basement level (where the baggage reclaim areas
are located) is 4,25 na (14 ft), and the concrete flooring Potential radiation exposure to
between these tw() levels is approximately 20 cm (8 in,) baggage handlers [61' 6.0xlO-'3 person-Sv

thick, The dose rate decreases rapidly with increasing Potential radiation exposure to
horizontal distance t'rom .Ihe center of the TNA system ticket agents [45]* 3,0x10 -2 person-Sv

because of the inverse square htw (sue Figure 5,6). As- Potential radiation exposure to
suming that the dose rate in the area dircctly underneath security screeners 13l* _).5x10-4 person-Sv
the TNA system is 1 laSv/hr (0. I mrcm/tlr) and that pas-
sengers only stay 15 minutes in the baggage reclaim tirea, Radiation exposure tc) the
the dose rate is 0,3 gSv/hr (0,03 mrem/hr), 'l'he total l_assengers [l,lx106] * 0 person-Sv

col!cctive dose to this group of pe()ple passing under- Radiation exposure to nearby
neath the 1:1. S-3(. is es(treated to be members ot" the public 19,0xl0a]* 0 person-Sv

0,3 p.Sv/hr x 0.25 hrx 9x10 s passengers x lt) -B Sv/tSr Totttl for the behind-the-check-
= 6,8x10-a perstm-Sv/yr in-counter scenario 4.9x 10-2 person.,Sv

5.4.3.1 Behind the Check.la Counter 5,4,3.2 in Front of the Check.la COlilll(2r

In this scenario, the EI)S-3C will be ph'teed behind the In this scenario, the entrance ot' the TNA systcrn will be
counter where passengers check their baggage, as they placed in a public area in front o1' the check-in counter,
currently do t'or international t'lights. Because the bags and the exit will be placed behind the counter. 'l'hc
will bc placed onto the conveyor belt leading to the passenger will approach the ,_ystem and wait in line until
EDS-3C, the passenger will not be close to the TNA the luggage is loaded onto the conveyor belt. Membersof
system and will not receive any additional dose. Because the pal)lie could stand next to the 'I'NA system unless a
the bag will nut be returned to the passenger at'tct inspec- barrier was erected, which would increase the system's
tion, there will be no dose from this pathway, already considerable size. Because tile luggage will n()t be

returned to the passenger after inspection, the passenger
At the proposed site tit the l)ulles klnited AMines inter- will not hc exposed to any radiati(m t'nma his or her lug-
national ticket counter, as many as 15 stations tire avail- gage. An average dose rate i)t'0.3 t.tSv/hr ((I,1.13mrem/hr)
able for ticket agents, Because these stations must be
oi)en for 16 hours a day, 7 days a week, this would require *Thellunlbcrs iii brackulsrefer lo lhc IlUilll)t.'r of fullqimc-cquivalclll

workers, passengers, t)r nclirl)y nlcmhers t)f lhc l)t)blic Ihal t:oukl be ifr-
50 full-time equivalent l,_ers()nnel (three 40-hr/wk shifts, reeled,
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is his,,_tJmcdfor a cturati(_n {)t'2 mtrlutcs (the thnc required gcr wttlks reasr, nldlly ch_e t(_ the system, he or she will
to scan the bags (ii' 10 l'liisserlgers with 2 bags) while tllc exl')crience llll tlver;.ige dust rllte oi' 1 t.tSv/hr ((1,1 llll'erll/
passerlger waits tn Ilnc,'l'l'lis hm'ltltint}_to hl l,(}xlO -P-ld.Sv Iii') for 6(1 sectlnl.ls (26 secl_rltts Willie the bag passes
(1 I,u'ein) dose per lXlsscrlger or l,lxl0-_ person.Sv through lhc system pltls sortie extra dehiy),'l'his amt)tints
(1,1 person-rem)for an estimated 1,1 million i_ilsscngrrs to a dose tit' 1,7x10 -_. p.Sv (1,7 _trern)pcr phissenger (it'
pcr year, At Dullcs AhTiort, al'lproxlmtitely 431.)iilterna- (),()18 l)el',,,ion-gv (I,8 1-112i's{lIl.l'12ill)t'or an esthntlted
tional lXisserlgers per day IGyon United Airlines (Hall, 1,1 rrlillitm IXlsserlgers a ycar, ()rite the ltiggilg¢ ts cleared
199(I), On ttlc basis tit' these actual numbers, the total by the 1!1.)S-3(?, the attendant tit the exit will band lt with
di)so estimated hit l)ulles for this sceruirio Is 1,6xlO -3 ianal'_er-reststant security tnpe and returri tt to the I_Iissen-
porstlri-gv/yr (0,16llerst_n-roirl/yr), 'l'hls dose comt'_orient gcr, 'l'tle I)lissenger will then carry the luggage to the
applies tn till concourse sccntu'ltls except the one dis- check-in c{lunter, where it will be checked iri for delivery
etlsscd in Section 5,4.3, I (bcl-iirlcl the check-in counter ), to the hlircral't,

'l'hc cstirrlatcd distance t'rtmi iilo Iil)S-3C to rietu'by 'rho turlount el' tirne that the passenger will cariy the
members o1'thc public ts about 4 rn (13 t't). 'l'lle potcritial slightly radioactive bag will vilry sigritl'icantly, II' for any
radiation exposure l'rorrl the 1:!I)S-3C tit this distance is reason the airline were t(! ciirlcel :i scheduled flight, tile
7,5x1()-e gSv/hr (7,5 l.trem/hr), Ilecause ttlt' a,,,eragc dose passenger would he with tile luggage hldel'initely, 'l'hls
l'rorn naturlll backgrotind radiatiorl is Ixl0 -e laSv/llr would b_cthe worst-case scenliritl I'or thisoptlorl,'rhc total
(1 Ixrem/hr), tllc d_lse to I'_assengcrs walking hy the dose rate t'rorrl ali the elements listed iri 'l'hiblc 5,3 is

I:,1)S-3C ,,votlld be less than that l'roni Ixickgrourld radii- 1 ixSv/tlr ((1,1 mrcrrl/hr)30 sec(inds after 1!1)S-3C scrccri-
ii(in, or alx)ut 1,2xlO -3 t.tSv (I,2×1() -1 t.trem), 'l'his dose is tng, Al'tor a lO-minute dCclly, however, the dose rate
(wily a small fraction o1'the pcrrrlissihlc limit o1' 5 mSv/yr decreases to 0,214laSv/hr ((),(128torteiiilr), Assuming that
(5()() rnrem/yr), I, 1 million t_assciigcrs w(_tllclhave to carry two I)l.lgso,[loh

from tlw liDS-3(' t(_ the intorntlti(mal ticket counter
I1"it is assumed that rncml)ers ifr the I)ul_lic tire rlear this 01Ix)ct 5 mirlutus) ;.lllclwait in line 15 rrlinutes to get Ii)irl
systctll for alx)tit 1 rrlintltc, the estimated tuantlal c(_llec- airline ticket agent ((),28laSv/hr could be used lls the
tive cl(_se to tllis gl'OUl'_i,<,1,lx 1()-2perslwi-Sv (1,1 i_crsorl- average di)so rate'), the estimated total collective tit)so
rem). annually to this group of IXlsscngers would be

l'oteritial racliatitm eXlXlsure to (1.214_Sv/hr x 2,2x111o bligs x 11,3 Ilrx iii -_ Sv/I.tkv

otlcrators li;ii* 1,2x 1()-2 llers()rl-Sv = l.SxlO__l_(.:rst)ri.Sv/yr

l't>teritial radiatitm expt_stlrc tt_
lxlggagc Ilandlcrs li>l* (>,(ix1(1-:_F_ersoi-l-Sv 'l'he t(_tal di)so l(_each ixlsscngrr I'mm this scorlario ,,v()uld

he 1,14xl()-_ I.tSv/yr (18,5 I.trerrl/yr), 'l'ho collective dose
l'tltential r_ldiatillrl cxl_i_sute to wotlld I'le 9,()x 1(1._l._erstlri-Sv/yr (2()l_crsorl-rcnl/yr),
ticket agents 1451" 3.()xi() -_ l)Orsl)n-Sv "

l'otential radiatitm eXlXlsuro tt_ tlecause perstmncl lit the ticket counter til many flit'lines
secl.lrityscrecncrsl3l* 9,5x1(1: pcrsl)rl-Sv will have to tag the slightly radioactive luggage with

I,tacliatiori eXlX_surc to tilt baggage claim checks and subsequently piace tt_c luggage
l.Xlssengers [ i,lxl0_l, l.lxl(), e l)orson_gv on the convey(w holt lo be transl'crred t(i the itri'llano,

llcrsoilnel also will receive tl small addiliorial dose, Ii'
Radiation CXl:X)surct()nearl_y 20 all'lines have international ticket counters that are
rneml_ors til' the pill)lie 19.0x10_l* 1. lxlO -e persian-Sv each staffed with ii) ticket agents, the rural number til'

....... t'ull-tinie-cquivalent i_ersonncl needed arlrlually would he
"l'otal for the in-l'r()nt-(ff-clleck- appr(_xirnately (_()(). If ticket agents recetvc the luggage
in.-countor scenario 7' lxl()'P l)°rs°n-Sv li) rriinutes al'tor I:,1)S--3(' scrccllillg, the cii)so rate out-

side Ctlc luggage would bc (),2g l.tgv/llr (0,028 lurelrl/hr),
5.4,3,3 Pre.Check.In Art.,a Asstirning it takes a ticket agent I iriirlute to tag two bags

l'r(_rneach lXisscnger, the annual close Ii1each ticket agent
In this scrrlario, the 1!1)S-3C will be placed hotweerl the would he 17 l-tSv/yr (1,7 rrlrenl/yr)'
terminal entrance arid the ticket check-in counters (set
l,'igtiro 4,4), I'assengcrs will htlnd their lugg[igo t(_(iii ai-
fondant, wh()will place it (m the 1:,1)S-3C conveylw holt, 2,2xl0 _' bltgs/yr

........................................... x 0,28 pSr/ht x 1/6(} hr :-=17,ttSv/yr
'l'hr l)hisserlgcrs will thcrl walk along the length of the 6oo lit:kel agt.,nls/yr

system as the luggage is scanned, Asstiming that _l IXlsscn-

°The IItllllh¢.'l'.,.:,ill I'lrllckcl,,.i rr/L'l' Icl lhc illilllhcr ot lull-.liinu-rt liivlllt'lll 'l'hr. t(_tnl u(fllecti,,,c ch_sut(_the ticket I'lUl'S(_llllCl W(_tlld be
wt_rkcls, i_l,_scllgt, l',_hor Iltqlrl_y nll.,llll_ri',,,;oi lhc i_t_,hlc Ihlil c'_tiltl bc lit.
Iet'h'tl. I,()XI()-e pers_m-Sv/yr (1 ,()i'lursorl-rt.'rri/yr),
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l'assengers, their entourages, and non-'l'NA personnel time-equivalent personnel (three 40-hr/wk shifts, 50 wk/
I-2I'_ q _('qwho also may need to walk by the ,,,...,- .... could receive yr), These sky-caps will have to tag the luggage with a

st,me radiation dose, If non-passenger airport visitors mad bagguge claim check, Assuming lt takes a sky.cap 1 rain-
other ab'port personnel amount to 1{)0 percent of the ute to tag two bags from each passenger° that each bag
passenger lmpulatton density, and assuming that each contains ali the elements listed in Table 5,3, and that the
passenger stays 2 minutes near the EI)S-3C' at a distance luggage contents have decayed only 30 seconds, the esti-

" Sof 3 m (10 ft) [radiation dose at this distance is [),2 _Sv/hr mated annual dose to each sky-cap woulcl be 0,25 na. v/yr
(0,02 torero/br)I, the total collective dose would be (25 mrem/yr):

0,2 1.tSr/brx 2 rain x 1 ht/60 rain x 1(I-t_Sv/l.tSvx 9,0x10e 2,22xlO 6 bngs/yr 0, 1 pSr/htx x 1/60 hr
= 6,(Ix1(I-_l_erstm/Sv 15 sky - caps bag

If the tirne for each pl_ssenger and accompanying visitor = 247 itsv/yr : 0,25 mSv/yr
were to increase to 5 minutes, the csthnated total collec-
tive close would bc (.1,15person-Sv (15 person-rem), The total collective dose to this group o1' workers wotlld

be 3,8× 10-a person.Sv/yr (3,8x 10-1 person.rern/yr),

Potential radiation expostlre to
operators [6 l* 1,2x Irl.2 person-Sv Other rnembcrs of the public mtght pass near the system,

but much fewer than in the pre-check.in-area scenario
Potential radiation exp(_sure to (Section 5,4,3,3), I1'the assumpti(m is made that 10 pwr-
baggage handlers 161* 6,0xl0-a person-Sv cent of the public (non-passengers) might walk near the

Potential radiation expostlre to I:,I)S-3C on their way lo the terminal, then the collective
ticket agents [600]* 1,0xl(l-eperstm-Sv dose to this groul) would bc 6,0x10 -a person-Sv

(0,6 person-rem) (0, I x 6,0x 10-2 person-Sv),
l'otcntial radiation cxpostlre to
security screeners 131' q.5xl() -4 person-Sv Potential radiation exposure to

Radial iorl exl_osure t,o the operators 16]* 1,2x 10-2 person-Sv
passengers [ 1, lxl() 6 ] 2,0xl(! -I person-Sv Potential radiation eXl)t,surc to

• Ssky.caps [151' 3,8x 1(}-a pers{}n-, v
Radiation expostlrc to nearby
mcnabcrs ofthe ptJblic lg,0xl00l* 6,0x10. 2 person-Sv l_otentinl radiatiorl exposure to

ticket agents [6001' 0 person-Sv

'l'otal for the pre-check-in-area t'otenti_d radiation exposure lo
scenario 2,0xi() .._person-Sv security screeners 131' 9.5x10 -a person-Sv

5,4,3,4 Curbside A,'t'u Radiation exposure to the
passengers [ 1,lx 1()o]* 5,5x10 ._ person-Sv

In the Inst sccnarb, the Iil)S-3C ,,,,,iiibe placed along the
departure curl) i_utsidc the main nirptwt terminal, 'l'he Radiation exp(}stJr'e t(, nearby
i,_asscngers will hand their lugguge to an attendant anti mernl'mrs ot' tlm pul'flic lg,0xt0Sl' .,0xi0-a pcrs(m-Sv :
wait for it lo be' cleared in twtlcr to receive a claim check,

l)cpctlclitag _ta the specil'ic setup, the passenger might 'l'otal t'or the curl_sicle-nreascenario 7,8x I{)-2person-Svwalk altlngsiclc the system to the exit, Ata average dose

rate ot' (1,3 _.tSv/hr ((!,()3 mrem/hr') is assumed l'(,r a dura. 5.4.4 Effects of Irradiation on Baggage
lion ot' 10 minutes, Passengers ,,viii Imvc to wait longer COlllenlsnear the 1{1)S-3(' than in the in-t'ront-ot'-the-check-in-

counter scelmrit_ because they will hiwe to wait for the i:ood, medical supplies, and other cimstlmnblc items nru
I'mggage chitin clleck, 'l'his anaounts to a close of subjectetl daily tc, radialktn (.'Xl_Osures,without pn_tective
5,()xi[) -_ I.tSv (5 j.trem)l'or each passenger or 5,5x1() -_. meastlres, above those which they wotlld receive
pers_m-Sv (5,5 pcrs_ua-rem) for an estimated 1,1 milli_m nlmnally, 'l'hts occurs while the items nrc in transit on
imsscngers "tyear, airline I'lights to the desired destination, Neutnm and

galllma ray exposure rates have I_een rne_sured for aver-
At many intended ctJrhsidc liwliticlns, three to five sky- age flight pl tths, A 5-hour trarlscimtitlentld i_t'trims/ltlim- [
caps may he availldflc I'_w ticketing checked-in luggage, tic I'light at 12 krn (7,5 mi) lind _.lt mid-hltitudes ,,v(_uld
1._,ecausetilt' sky-cap stntiimsct_uld ht:open f(w 16 hours a result in nn id_stwhcd dose o1' 15 micmgrnys 0.t(iY) "
day, 7 cklys ii week, this wtmld require ils many Its 15 l'ull- (I,5 rnrr_d) in it dose etltlivnlel_t (_1'25 _.LSv(2,5 torero) to

-

"'l'ht' IIUIIIht'lS hl I_rackt.ls rclcr It, lilt' Illllllht'l (,[ full-lillW.t, tluivah, nl *The illllllht'ts iii hrackt, ls I't'ft'l lt_ lhc' IlilllllWl' ()1" lull.lilllt'-t'tlllJVlllt'lll
_,Vtqkt't s, passctll,t'_ s, m' IIt';ll by nwl_llWlS of lilt' puldh' !lllll tttmld ht' all wurkcrs, pllsst'llgt'l's, el' Iltqll'by IIIt'llll_t'l'S (_t lilt' Imhih' Ileal c_t_ltl ht' glf.
lt'Uk'ii, lt't'k't{. *
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the whole hody (NCI,tPl_,el_ort¢}4),An extremecase system,About !)(}perccnlofthecommltiedeffectivedose
would he (t 10-hour polar flight, fi,r exlunple, fr(un (.'illt- cquivlllen{ of the 2,3x10.'t _tSv(2,3x l().s torero) would he
fornii_ to i!uropc, iii which case Iorlg t'ligh[ limes lind due to ingestion of sodium and chlorine, In principle, ii
hlgl_er cosmic-ray intensities iii high lutitudes wotlld rc- passenger could oimn his or htr luggage _il'ter ii pre-
stlltinitriahsorheddoseoI'50 tLGy(5mrad)or l(}()-IJ.Svcheck-ininspection,takean itemortwoout(ifthecheck-
(l(}-mrem) doseequivalent, lt should he noted, however, iii luggtige to consume either nt the uirport or litter on the
that frequent flyers nnd most crew members may receive airplane, Persons consuming slllt pills or highly salted
annum dose equivalents of al_out I mSv (10() mrcm)0 foods after their luggnge lind been screened by the
while some crew recruiters may receive dose equivalents !!I)S-3C could receive most i,t' the radiation dose shown
thai Iire severul tirnes hitthcr (see Ni'RP l/eporl q4), in 'l'lihle 5,7,

Passngethrough Ihe'l'NA syslem would eXlm_e medicine, Assuming 5 percent ct' the 1,1 mtlltorl tillernatlonnl pas-
Iotiorl, drugs, iii" other itenls ili Ii stlitcllse 1oIi slow netltron sengers whose ltlg_ltige is screened by the i,I)S-. ( clirry
fltience o["4,5x10;_lletlt trills/trii;: ii' Lhc item were locnied salt tablets or snll(.'ks(such lls peanuts or sahlmt) in their
iii the peak t'ill×. 'l'tlis iletitrlln e×i',Ostlre is 10sstj'ian iliili ltlg_ilge and stlhseclucntly ent thes_: items (within 30sec-
experienced t'l'tml cosmic rays iii l)enver each year, which ends at'lcr screening), lhc collective dose to this group of
results in ii close eqtliv;.llen( rate oi'(},5 rnSv/yr (,5()torero/ pilssengers would be 1,3x 1(}-,s persim-Sv/yr (1.3xl(} -a
yr) (see NCI,tP iteport I),l), pcrson-rem/yr), In ICRP l'ubltcntlon 23, ii Imrrnal runge

of sodium (Na) tnttlke for liduils is indiclited to be 2,8 to
5,4,4,1 CoilSilinill)le llenls 7,8 g/day (0, 1to 0,3 oz/dny), Iii Jiipnnese adults° however,

intakes as lllgh lls 27 g (0,95 ez) hnve I)een reported, 'l'he

Passengers 'l'nlly also cait'ry'cimsum;.ll'lle items (incltlding effective cit,su eqtliwllent ftinll li so(.tttlnl intake (if 27 II
food) in their lllggage, Snliill ;.lirlOtllltSllf ruilurally occur- wtiuld I,le 8.6x10 -'l IxSv (8,6x10 -5 rnrem),
ring rlldiimticlides alrcndy exist in the t'oild that we ent,
l:(Irexample, l'lOillssii.lfn-4()(K-4(I)is li rlilttir(illyocctirrillg ltoth lhc daily intake lind the dose conversiori factor
raclioilctivc isi_topethai is c_mtuin(_'din essenthilly nii the change with age, Table 5,8 shows both f)aralnetei's for
I't,od i[liit we (.'tit. lt has tin ii[+tln(.ltlllce(['titlnd in nattll'e)()t' ['our different lice grotlfJS for wl'itch dose C(,llVCrSii)rl

0,()117 percent, ii raclitnlctive half-life o1' .I,25x I()9 yeilrs, factors were availnhlo (NUR.I:{G-0172), 'l'he results shiny
urld ii high-ener D' t;ammcl ray as weil, Since K-40 hns a tluit children receive ii dose from Na-24 that iS about

specific activity o1' 838 pic'octlries per gram of potassium 60 percent greater than thnt estimnted l'or adults, In
tind peanuts, for example, c_mtain 0,b74 percent potas- an extreme cnse, ii child with ii 12-g/day (0,4-ez/day)
sitim, 1 g (0,()35 (_z)I,f peantlls contains 0.200 lk Iof K-40 sodium intake could receive ii dose o!' l,Sx10 -4 I.tSv
(National Insiiluie oi'Standards and'l'et:hrllflt_gy° 1989), lt (1,Sx10-s torero)from that intake,
seems relts(_lllible {() C(_llSideriiii _iil)()tlllt (_t'illdtlc.e(.l l'll-
diinlctivity equal lo (_nc-htiilclrcdth of that contained
n;.ittlrally in ii single pcilntit to he neglil;ihle, lt is for this Because o1 the hirge ilrrlotlnt ct' K-40 iri the body [140 g
reiISl)ll thai 'i'llhlcs 5, I lliltl 5,2 only irlcltlde incltlced i'_ldio- (4,9 ez) in "referellCe IYIIIFI°' 1, K-40 is the priricipiil natu-
nctivity grellter thai {},ii(ii llq/g (set Section 5,4, I), ()ely rally (}ectlrl'irlg source o[' internal rlidiaticln (ICItP Ptibli-
['()tlr mdiinlctively int.ltlced c'leirlcnts-rhodiilm (Rh), in- cation 23), l>olassitlm el'lters the body llllllllly throtlgh
diunl (Ii'ii, curl',piurn (Itri), and dyspr(Isitiill (1)y) (four t'o(ldsttlfl's lit the rate of ab(mt 2,5 g/dny (0,09 oz/(.tay)or
i'el_ltivclv i'_lre elemenls) .....would exceed the _.llrlotint of 28,3 kBq/yr (NCIt.P l,tel_')rt 94),l_or ndults, the whole-

• body dose conversion factor is 5,0x10 -a t.tSv/Bq
ruitural r_.ldioilciivily iri a 142-g (5-1_z) hag (_t' pellnuts (18,5 mrem/p.Ci): therel'ore, the yearly dose from food-
ii} minules al'lcr they lert thL' 'I'NA system, slufl's ix {},14 rnSv/yr (14, 1 mrern/yr) (see ICRI' l'ublica-

ti(m 30), However, because potassium is an essentild ele-
'l'ahle 5.7 shows the daily il}takes (ft' the elcnlenls that ai'e ment und under melaboltc control, varilitioris iii dietary
the I_rincilml c_mtlihul_lrs t_, the ¢.hlse thai w(_uld I_e re- composittorl have little effect on the body content or on
ceived arid the closeestimates t'(,i' e_lchelement urltler lhc the radhltilni dose received (NLIR! iG-0172), l"or exam-
{lSStlll'le(.l t'(}ilcli{i(lil,s, 'l'he iItelln daily intakes (ii' Viit'i(ItlS pie, the mIIXill'itlm potential dose ['rem C,OllStllTlpti()n Of

elen_ents shown iii tllis table were obtained t'roil_ I('RI' Iii g (ll,35 ez) of potlissiurrl that was in ltlggiige thill was
l'til'lliL';.itil,lil 23 ilfld apPlY In the "l'efer(.,.llCC111{111"ctlnc.ept screcrie(.I every week l'(ir '1yea.lrby the 1{I),"4--3("wotild I'le
iil i'aciialilm iu'l_l(.'ctit_n, 'l'lle L'lTeclive Ll(Ise L,qtlivlllents
were c_llctllaletl tlSint, (.It_sec.'_mvcrsi_mI'_lctorsI'r(url lt'RP
I'ul_lic:atilln 3(), ,,vhic:hl't.'l'l(.'c:l,_ilhc l('141'-.bast.,dsyslcnl (ii' I(I l:,,/tltly× 1duyAvkx .";2wk/yr x 31 lltl/g × 5×Iii-:' ltSv/Ikl
Lib,s(.'linlilati_u _ll_cl lile. I_tc,st illCl_ll'lt_lit! ill_clels illltl .....141I.lSv/yr(8 1nlrem/yr)
cltlsilnet iic' par;linetels, 'l'llu I_lhleshl_v,'silial salt (sl,dilim)
is the I,l'inc'iplll slliiict' llf i_lcli_llit_il t:xptl.C;tlrt.,I'r(llli ctlil.. 'l'llis is llilly 5'7 I)erc'eni til' the yearly ch}serecL'ivet.II'ix_lll ,
>;iiilipli(,ll (ii' Iln,_l Ililil li_is p_issl'cl lllrllill._h ilie 'I'NA I'(_(_clslul'l's,'l'hu.<;,the cl_ilSelV_lliVelissliilll'liillll iii' l_lking
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5 l!llvironmcnt[tl Impacts

Ttlble 5,7 Conuultted elTectlvedose equlviilent fl'o.l dlllly intl_,kesiii' tqt,mt,llts I hour id'tt,r I,;i)S.3C screenl.g
.... " I III II I I I i - - : /iii ii i ii i _.

Wt,tghti,d C.mnllttt'll elTectlvedllse
Mean coiumitt,:d Ilecquerel/granl tit' t,lemt,nt t,quh'alt'llt t'roln 1 day's httake
dillly hlduced dose

'l'lirl4et Intake radio- equlvalt, nt 0,5,mhl dtdtiy* 10.1uhl delay* 0,5.rain delay 10-rain delay
nut'lltle (g) tuicllde (Sv/ilq) (llq/g) ii|q/g) (_Sv) (_.tSv)

N_-23 4,40E + (}0 Na-24 3,87E-Iii 8,10E-02 8,03E-I.)2 t,38Eq14 1,37E-I14
P-31 1,4tiE+ ti(I P-32 2,08E-09 1,6(1E-03 1,61)E-113 4,65E-06 4,65E-Ii6
' 91L l-. 7 5,2tiE 4. I.)0 CI-38 5,411E-11 2,48E-.01 2,()7E-IIl 6,95E-I)5 5,82E-115

K-41 3,311E+ O0 K.42 2,97E- 10 l,t)SE-02 l,I)7E-I)2 1,1)6E-05 ' l,INE-.ll5
Mn-55 3,70E-03 Mn-56 2,52E- l{I 5,0tie + I.}l.I 4,77E + ()0 4,66E-{16 4,45E-I)6
Cu-63 3,50E-03 Cu-64 [,16E- 1(1 2,()6E-1)1 2,t14E'l) l 8,37E-(18 8,2!)E,.[)8
As,75 |,I)0E-03 As-76 1,28E-()9 1,47E-I11 1,46E-111 1,88E-t17 1,87E--(17
I]r-79 7,50E..03 llr-8(Im 6,23E-,I 1 2,46E-I) 1 2,4liE-t) 1 1.15E-t)7 I,1217,-117
11r-79 7.50E-II3 lh'-80 1,5()E-11 1,28E+ (ii 8,84E + II0 1,44E--116 9,95E-07

'lk_tlll 2,291-2-04 2,16E-114
I II I II I iiiiiii ...... . ' II i I I I I I III I IIII iii ii

*l:l't_N'l'l'llble 5, I,
Nixie: 4.41)1!-t.()11 = 4,4()xlIP cit,

Table 5,8 Age (It,l.lencleilci_iii' sticlliliu inliikt_ liild thistr t'iinversliin I

t'l_cllirs (Slietlllc liellvlty iii' 8.1xltl. 'l li(i/g)
- ] ,..,, n i ,i

Slldiilnl

inliikt,, Wluilt,.body dlise t'on, Pi'lldllCt ot'i x i)(71"

I Vt'l'Sllln factor, DCI;* /SvLs_I-K-'_/_"h

Catt'go,'y(_,gt') (g/day) (_tSvlm_) (,.,'t'.,l_tCi)\llqlday] k_tCl.day)

Int'cult (0,5 yr) 0,5 2,71{-03 10 i.41{--03 5,()

Child (5 yr) 2,() 1,61i-()3 5,8 3,21!-03 11,{,

'l'centlgcr (15 yr) 3.6 6,21i-04 2,3 2,21i-(13 g,3

Adull ( > 2() yr) 4,4 4,(_1i-()4 1,7 2,()1i-03 7,5

"Ii'IfP lhibliciltilm 3li,
Nlllt': ,2,71g-113 = 2,7xlli- _ cit,
_tlilrt't,: NI I1{I:(i-li172,

potassium (10 g) 3() seconds al'tor it leaves the 'I'NA sys- indicates th_lt the timor.tnt iii'nllirlg;.illese is generally loss
tem 52 times a yetlr wi_uld not ellntribute signiricantly to than 5 pcrcelat, 'l'ypical items likely t_)cl)ntain these clo-
the tot_ll t'¢ldi_ltitm dose, rncnts are jewelry, cii)ck alarms, travel irons, electric ra-

zors, hair dlTers, l_ortable radios, tincl nail l'iles,
5,4,4,2 Nolil2tiliSillnllbhr Ilems

(]old is ITItii'e likely to be I'ourld il_ I;u'gcr clU[il-ltities ttl[ul
Neulron activation (ii' lhc elemenls ill elllthing (hydrilgell, manganese iii" illdiuln, (]lllcl _dlt)ys use0 l't)r jewelry tied
earlion, nitrl)_erl, and o×ygel-i)dees not le;.id lt)signit'icant other objects hz.lye ;I gold t.'ontel]t of 5{? Ii) 70 1)crcont
_liriol.lrlls iii' residual aclivily in suitcases, ;.is indic_lted in (lqodgmarl ct_ll,, ltir)()), ('atal()gs shl)w thtlt mi)st cl)rrliTli)rl
'l'ables 5, I _.llld5,2, ()1' lhc na{_sthighly activated isl)tl_pcs gold jewelry such ;ls Ileckl[ices, elll'riill4s, and l'illgS h;.lve ii
after _l l()-il]intlte decay listed in 'l'Itl_lc 5,3 (v_tilzlc.tiuiTi, gold ctmtcnt riinging t'r()lll ill)tlut 1()g to 50 t4(0.3 _lz to
rn_lrll4_ll]cse,iilcliun_, and euroi'Jiurn), (inly indium _.lildto _l [,8 t)z), Sirlme the price iii' l!,l>lt.Iis t:i.irl'{;ritly _lbt_ut$15 _!
le.,_sel"extent llldll,lUirlo.qcl.li'Ct'oulld iii C(}lllll'lOll (Ihjt'cts, grain ($420 _111Ill.iiiCe), (,)ilowt_tlld expect tl'l;.ll very expeu-
lndiunl, ace{_rdinl.;tr) the Humlb<,ok off'tu'mistryamll'hys- sivc jewelry would I_e either wtl!'ll (ii' stint'cot in c;),rry-orl
)cs, is l)rincipally used in alhlys for jewelry and in tlcntal Iugt_[lge or t)ui'ses by I);lsst.'llt4ers,I ii)wcvcr, iri tin extrenlc
illltb, s (t It)ctgmill] el al,, ltJ{_l)),MIlIlgilI1CSU iNused i)rill;tai '- case, sl)nlOilllC CilLIIclI.'tlnccival_lypltice, l'tlr exanlplc, 40 g
ily iii t.'Ol_l_Ci';iitin, lind nickel _llll,ys, A SLll'veytil' lillllys (1,4 llz) iii' giHd jewelry iii his llr hor chc,ckccl Ilagt_a#e,'l'hc
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5 Environment(li Imrmcts

product radionuulMe, gol<.t-+t++)8,hns a ImH'-lit'e of 2,7 duys; both sensiomett'ic lmrl'orn'tttnce nnd grttnularity were un-
thererore, nenrly tilt the irl(.luced rudioactivity would still ehttnged from those o1' eontt'ol snml)les, 't'hu tests', nrtd
be present wllen the owner claimed the luggage, results are discussed by 13eckett and Schneider (lt)87),

'l'he tutui beta particle (.lose +.lttx depth oi' 0,007 cm 5.4.5 Summary of Collective Doses
(,+.Sx10-3 in,) beneath tile skin directly under the jewelry
is estitamtecl to t)e about 23 _.t{._y(2,3 mt'ad) ii' the jewelry is In the previous discussions in Suction 5,4, the collective
worrt contirtuously for tG')proximtxtely t0 days at'tev the (+Joset'rorn w.trious r)ttthways was derived, 'l'he collective
luggage is clnirned (Sherbirli, Igt)0), 'l'hc gtxmrna dose doses to workers and security screeners do not depend on
adds upproximately 2 1.tSr(0,2 torero)', therefore, the total the choice t)f'l'NA system itlstallatiort scenario, The total
dose is 25 _.tSv(2,5 rnrern). I1' the I(..'1_,1'weiglltirtg t'acttw doses to passengers t'ronl the activutiot_ of consumtlble
for skin is used ((1,01), the totul effective dose equivalerlt iterns titld npparel nrc gre_itest for the pre-check-tri see-
for this nssumed exposure scenario is tfl'>out {,),25 p,Sv re.trio, because passengers (or rrternbers of the public) natty
(0,025 torero). If 1 percent of the i'msserlgers entry gold have nccess to checked lugg_ige /mmediately nfter it
je,,velt,y in their luggage Illtd then wenr it indefinitely, leaves the TNA system, 'l'lte down.wf.xrdcontribution to
the effective dose equivnlent is 2.8x10 -a person-Sv/yr the floor belov,, the 'I'NA systern muy npply to ali scenar-
(0,28 perstm+rem/yr), 'l'his dose is well below tt'le public los, tuld the nmxirnum cnse is assurned,
exposure limits t'econtrnended fLYICRP.

'l'he direct dose to other persons al_l_lies in vt.xtTirtgde-
l'otenti_ll doses due to a mnll'unetiorl o1'the 'I'NA system grees to nii but the first scenario (l>ehirtd tile check-in
(.such us n ctmveyor-bclt breatkd_wn, n power fnilure, or n counter),'l'he scennt'io sltmving the lnrgest collective dose
I:mgg_tgejura) ct_uh.l be Inrger because ol',l longer neutrort is the pre-c'lleck-irt-nrea scenttrio.
irr_tdiation tirne. 'l'he potentitll effective dose equiv;,ilent
rrotn wearing gr)ld jewelry for 1()d_iys t't+llowing Iil)S-3C 'Fables 5.{) tlllcl 5, 10 summttrize the tlnntltll collective and
screenirlg could I'w ns high us l(I _.tSv (1 inrem), l:,xpet'i- indMduttt doses for ench of the four scermrios described
encc with rtttnp irtstnllation +lt .11:KIntet'natiorml Airport in this section. 'l'he doses for ali the irtdivMtlttls involved
has sht+wrt that these irr_idiutions nt'e rut'e, usunlly less (opertttors, baggnge hnndlers, ticket counter perstmnel,
thnn one pcr rnt:nth t)l' oper_xtitm. It' this scennrio occurs security screeners, pnsset+gers, nnd members of the Imb-
o'ncc euch montli, the resulting collective effective dose lie) nrc v,,ithirl the l0 CI:I_. Pnrt 20 limits for individuals irt
equivtxlent is 1.2xi0 -4 pcrst)n-Sv/yr (l.2x10 -e perst)n-rem/ restricted httd unrestricted nrens. 'l'nble 5, 10 sltows tlmt
yr), the tinnu;.tl dose from natural bt!ckgrourid t'adintiort is

3 mSv/yr (300 mrem/yr), which is more tlmrt the dose
l{xisting l"ecler_il guiclnncu ,trlcl I¢lt+t)tgttt)l.v¢.tntttbt)th pro- t'rorn nny one of the scennrios preseltted (NCRI) l_.el_Ot't
vMe ;.tsst)rance thnt neutron irr_tdi;ition or luggage as pro- 94).
posed will not cause deleterious effects, 'l'he 1,'ood und
l)rug Administrnti(m (I:I)A) Ims tlpl_roved neutron irt'n- 'l'he collective doses were ct_lculttted for sever+alsce,mrios
di_ltion t)l" food using ('t'..252 sources to determirte its involving tt single 1{i)S-3(" installed nnd operated il:_four
rrtt+isturc content, Sucll irr+tdi_ttiort is permitted for dilTerent ways at _ltt nit'port. It"several oI' these systems
tll:_st)rl_ecldoses or up to 2 m(_y (200 rnrncl) (21 ('1,'I,', wereirlstnlledirlttntlirl_ort, the doses would be ctmtrolled
l'art 17tj), by the expusure scelmrio (sue Section 5.4,3.3)in wlticlt the

passenger hands the luggage to ti 'I'NA attendant for
'i'he elTcct _)t'the system t)n pht)togr_tphic film, iiicluding screening, wnlks nlorlg tile systern (in the area of ltighest
both movie film nnd high-sl_eed film, is urldetectable I)n- exposure rate), ttnd retrieves the luggnge at the exit of the
der liorillttl ct)nditit)nso 'l'his wus dcterrnined by testing system, Because the passerlger would i_resurnably check
several types of film thnt hnd been passed once nnd ser.. the luggnge tht't_ugh a single systern, it is highly probable
eml times through the t)rigitml l_t't_totype system, 1{1)S-2 thnt tlm I'mssenger checking irt lugg_lge would not Im irt
(l_e<.:kettllm.ISchneider, l!)F,7), which contnirled 340 _.tg(;1' the vicinity t)l' mt)re th_lrt one system. 'l'hereft)re, tltc col-
('t'-25',, 'l'hc film shmvecl no el't'eets t'rorrt the radintiorl leetive and maximurn doses in an airport using multiple

exposure tr) the 1!1)S--2 when subjected to 5(} times the systcrns in parnltel Iwob,'tbly would rtot exceccl the results
statlclard dose, Wherl corrll)_lred witli ct_rltt't_l sarrll>les, o1'the _ttl;.llysisiri this section,

37 Nt irl i(_ " L 13%
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Table 5.9 Summary of collective doses from ali scenarios
' " ' i 1i ii i i i i i i ii i iii

Scenario

Behind the In front of
counter the counter ,_ Pre-check.in Curbside

Radiation exposure (person- Sv) (person- Sv) (person-Sv) (person- Sv)

Workers

Operators 1.2E-02 1.2E-02 1.2E-02 1.2E-02

Baggage handlers 6.0E-03 6.0E-03 6.0E-03 6:0E-03
Ticket counter personnel 3.0E-02 3,0E-02 1.0E-02 0

Security screeners 9.5E-04 9.5E'04 9.5E-04 9.5E-04

Sk3_-caps , 0 0 0 3.8E-03
Passengers 0 1. lE-02 2.0E-01 5.5E-02
Public

Below the TNA system 6.8E-02 6.8E-02 6.8E-02 6.8E-02

Near the TNA system 0 1.1E=.02 6.0E-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 1.4E-01 3.6E-01 1.6E-.01

Person-rem 12.0 14.2 36.0 15.5

Note: 1.2E-02 = 1,2x10 -_' elc.

Table 5.10 Summary of annual individual doses from ali scenarios
i mi ii i i , ..... i -- : iiii iii iii li ii i

Scenario

Behind the In front of NRC
counter the counter Pre.check.in Curbside limit ;

Radialion exposure (mSv) (mSv) (mSv) (mSv) (mSv)

Workers

Operators 2.0E +00 2.0E+00 2.0E+00 2.0E+00 5.0E+01

Baggage handlers 1.0E + 00 1.0E + 130 1.0E + 00 1.0E + 00 5.0E + 00

Ticket counter personnel 6.0E-01 6.0E-01 1.7E-02 0 5.0E + 00 :
Security screeners 3.2E-01 3.2E-01 3.2E-01 3.2E-01 5.0E + 00

Sky-caps 0 0 0 2.5E-01 5.0I?`+00

Passengers 0 1.0 E-05 1.8E-04 5.0 E-05 5.0E + 00
Public

Below the TNA system 7.5E-05 7.5E-05 7.51]-05 7.5E-05 5.0E + 00

Near the TNA system 0 1.2E-06 6.7E-06 6.7I?.-06 5.0E + 00

From irradiation of baggage contents
Consumable items 0 0 2.413--07 0 -

Nonconsumable items (suitcase, 2.513-04 2.513-04 2.5E-04 2.512--04 -
clothing, etc.)

i iii li i _ . IIIIII I II ,111111 I I II II I I IIII I I I II II

Notes: Natilrai sources of radiation:

Natural background 3.0E + 00
Yea['ly dose frot_ foodsluffs 1.413,-01

E
2,0E+00 = 2.0x10 ° cfc.
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6 EFFECTS OF ACCIDENTS

For the purposes of environmental analysis, several acci- Figure 6.1 illustrates the isodose contours for a source ina
dent scenarios were selected to conservatively bound a stuck position. Additional dose rate measurements can be
spectrum of accidents that could occur. Scenarios other found in the licensee's environmental report (SAIC,
than those discussed also would be possible, but their 1989).
consequences are expected to be lower. The described

scenarios are considered conservative in terms of both The operating procedures for the EDS'3Cs installed in
accident potential and radiological consequences, concourse areas require that the source be transferred

when the number of people in the airport is low and that
In assessing potential accidents, two major factors were the immediate area be cordoned off at approximately
considered in developing a series of postulated accidents: 14 m (45 ft) to limit the radiation exposures to members of
the probability of occurrence and the subsequent severity the public to 0.02 mSv/hr (2 mrem/hr). TNA personnel
of an accident. A complete range of postulated accidents would limit their exposure while working to dislodge the
was described in FAA's application for an amendment to source by positioning themselve s away from the interface
its license for proposed operations. These included an between the cask and the EDS-3C. Their average dose
accident involving the transfer of the californium-252 rate would be about 0.2 mSv/hr (20 mrem/hr) during the
(Cf-252) source from the caskinto the EDS-3C, an acci- 15 minutes it might take to dislodge the source. The
dent during transport from the manufacturer, and postu- estimated collective dose for this scenario is less than
lated operational accidents, such as a fire or an explosion. 3.0x10 -4 person-Sv (0.03 person-rem). The estimated

probability that the source might become dislodged is less
The doses calculated for these accidents are effective than 10-3 per source insertion or removal (SAIC, 1989).
dose equivalents resulting from the inhalation of dis-

persed radioactive material. Exposure pathways other

than inhalation can be expected tc) result in minor in- 6.2 Transportation Accidents
creases in dose commitment received. Deposition of

Ct'-252 in soil and/or vegetables may require decontami- The environmental impacts of radioactive shipments in-
nation ii' the accident involves significant amounts of volving all modes of transportation in the United States
Cf-252. under regulations in effect as of June 30, 1975, have been

documented in the "Final Environmental Statement on

6.1 Source-Transfer Accidents the Transportation of P,adioactive Material by Air and
Other Modes" (NUREG-0170).

External dose rates during transfer ot' a source would be
slightly higher than those during normal operations be- This section addresses the radiological impact of an acci-
cause the shielding would be less as the source was moved dent resulting from the transportation of one Cf-252
from the transfer cask to the F,I)S-3C. The highest dose source annually. Minor traffic accidents would have no
rate would occur at the time the source was passed from effect on the integrity of the cask containing the source
the cask into the EI)S-3C. If the source were to become and would not pose a radiological hazard (Bozorgmanesh,
stuck in this position, a high radiation field would result. 1981).

/ /I/ I /" 0.2 mSv/hr _ i __

,100 cm x_x,,,. 0"1 mSv/hr/(10 mrem.m_/hr)

(5 mrem/hr)

200 cm

lqgure 6.1 lsod()se c()nt()urs t'or st)urce wedged at interface ot' cask and iii)S-3(.."
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6 Effects of Accidents

The bulk of the cask is composed of water-extended- 'lhble 6,1 shows that the potential for serious exposure
polyester neutron shielding, which does not melt like the would not exist following a postulated accident involving a
borated wax compounds used previously in the prototype, fire. Cleanup of the accident would be complicated, lt
Model EDS-2 (Ryge, 1989), Lead shielding around the might require bringing in a crane to manipulate the rc-
center of the cask where the source is located reduces th.e mains ot' the shielded cask or bringing in another shielded
gamma ray dose rate. Although the melting point of lead cask for source storage, A large water-filled tank could
is about 327°C (620°F), a serious crash followed by a hot serve as both a receptacle for the source and a shielding
fire of long duration could destroy the neutron shielding teel to provide protection against radiation emitting from
and seriously compromise the gamma ray shielding. Tab!e the source. Careful emergcn W planning for such scenar-
6.1 shows the dose equiwdent rates from neutron and ios would limit the dose during recovery o1'the source. A
gamma radiation at various distances from ;.in unshielded person working at an average distance oi' 10 m (33 t't) from
150-p.g point source of Cf-252. The absorbed dose rates in the source t'or 4 hours could receive a dose equivalent of
tissue are based on data given for a distance of 1 in (3 ft) in about 0,3 mSv (30 mrem).
ICRP Publication 21. 'l'he dose equivalent rates in Table

6.1 are based on the assumption that the mean quality 'l"he second type of tralmportation accident is assumed to
t'actor for neutrons will increase by a factor of 2. The dose be even more severe that the scenario considered above.
rates shown are the upper limits for a radiation field that l:or this accident, it is assumed that the accident and
might be prese, nt following a postulated severe accident subsequent fire lead tO the complete fragmentation of the
and subsequent fire involving the truck transporting the Cf-252 source and its dispersion to the atmosphere. The
source. The gamma ray doses rates would be much lower accidental release ot" radioactivity from ground level and
if the lead shield remained intact, transported in the atmosphere under stable conditions

was calculated at 4 m/s (13 ft/s),, NRC Regulatory Guide
I. 145, "Atnmspheric Dispersion Models for Potential Ac-

Table6.1 Maximum potentialdose equivalent cident Consequence Assessments at Nuclear Pc,wetrates from one lS0-1ag Cf.252 source
following a severe accident and fire Plants," was used to calculate the average x/Q values of

6.4xl0-Ss/m a and 2.Sxl0-Ss/m a at 50 and 300 m (54 and
328 yd), respectively, from the accident location.Dose equivalent rate (mSv/hr)

Distance
lm (fill Neutron Gamma Total 'l'ables 6.2 through 6.5 summarize the etl'site concentra-

tions and annual inhalation doses for 10-, 50-, and
100-percent dispersion from the Cf-252 " _ "s_ urce at 50 and

1(3.3) 7.2I:,+00 2.1l_.-()I 7.4f{+00 300 m, respectively, from the point oi" release. 'l'he
2 (6.6) 1.81:,+ 0() 5.01:,-02 1.81- + (}(} resulting maximum inhalation dose for 100-percent dis-

5 (16.4) 2.81:,-01 8.5I,_-03 2.8li-01 l)ersion at ztdistance o1750 m is 2.4x 1()-a Sv (2.4x 1()-1 rem),
which is well within the LI.S. l¢nvironmental Protection

10(32.8) 7.51,_-(12 2.1E-03 7.71ii-02 Agency's (I:.PA, 1990) protective action guMelines
(I'AGs) of 0.25 Sv (25 rem) for emergency workers.

Nolo: 7,2]{+(}() = 7.2x1(} ° elc.

Table 6.20tTsite concentrations lat 51)m (54 yd)] of airborne releases
for wwious fractions of Cf-252

Maximum OlTsite concentration
Total permissible
source concentra- Fraction :

activity Release Emission x/Q* tion (Mi'C) o1'MPC
(nBq/yr) I'ractiml (MBq) (s/m a) (Bq/ml) (MBq/m 3) (%)

2.961!+03 1.00l :,--01 2.96li+02 6.401!-05 3.701:,-08 6,101i--10 1.62

2.961-+03 5,00I!-01 1.481_;+ ()3 6.4()1"-05 3.70I!-08 3.001i-09 8.12

2.961 !+ 03 1.()()li + 00 2.961 i 4 03 6.401 i-l)5 3.701 :,-08 6.01 !i-09 11).24
7

"x/O al 50 m.
N_de: 2.9fi]'_+03 = 2,96x1(} aclc.
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6 Effects of Accidents

Table 6.3 Annuaiinhalation dose to the nearest individual
50 m (54 yd) away from postulated Cf.252 accident

t i

Committed
effective

Activity* Dose conver- dose
inhaled sion factor** equivalent
(Bq) (Sv/50 yr.Bq) (Sv/50 yr)

4.8 lE + 00 5.00E-05 2.40E-04

2,40E + 01 5.00E-05 1.20E-03

4.81E + 01 5.00E-05 2.40E-03

*Breathingrate = 8.00E+ 03 m3/yr'.
**ICRPPublication30.
Note: 4.81E+00 = 4.81x10°etc,

Table 6.40ffsite concentrations lat 300 m (328 yd)l of airborne
releases for various fractions of Cf-252

Maximum Offsite concentration
Total permissible
source concentra- Fraction
activity Release Emission x/Q* tion (MPC) of MPC
(MBq/yr) fraction (MBq) (s/m a) (Bq/ml) (MBq/m 3) (%)

2.96E + 03 1.00E-01 2.96E + 02 2.80E-05 3.70E-08 2.63E-10 0.71

2.96E + 03 5.00E-.91 1.48E + 03 2.801]-05 3,70E-08 1,3 lE-09 3.55

2.96E+03 1.00E+00 2.96E+03 2.80E-05 3.70E-08 2.63E-09 7.10
II I Bl I I II I I

*x/Q at 300 na.
Note: 2.96E4.03 = 2.96x103etc.

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

-- i iii

Committed
effective

Activity* Dose conver- dose
inhaled sion factor** equivalent
(Bq) (Sv/50 yr.Bq) (Sv/50 yr)

2.10E + 00 5.00E-05 1.05E-04

lI05E + 01 5.00E-05 5.26E-04

2.10E + 0I 5.00E-05 1.05E-03
li IDOl I ,

*Breafllingrate 8.00E. 03 m_/yr.
**ICRPPublication30.
Note: 2.10E+00 = 2.10x10° etc.

This scenario assumes that ali the shielding materials are fighting time of 4 hours, the total dose to an individual
destroyedo The dose rate at 10 m, a reasonable distance would be approximately 0.31 mSv (31 torero). Such a dose
for t,ire control and containment, is approximately does not exceed the PAG limit of l-rem whole-bodydose
7.7x10 -2 mSv/hr (7.7 mrem/hr). For a maximum fire- (EPA, 1990). Although the dose estimates would not
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6 Effects of Accidents

i

necessitate offsite protective actions, all U.S. airports explosion were to occur, the force of the explosion could
have implemented fire protection and emergency prepar- destroy the inside chamber and leave the source virtually
edness plans as part of their building code requirements, unshielded. Table 6.1 provides an upper be)und for the

radiation field that could result. Unless the source was

The average distance from a supplier of Cf-252 sourcesto blown completely away from the EDS-3C, the field "
various airport locations was approximately 1.900 km would not be radially uniform because of the presence of
(1200 mi). The probability dfa severe truck accident dur- the shielding components. The problem of retrieving the
ing shipment of a Cf-252 source to and from an airport is source and placing it in a shielded container is similar to
about 7.2xl0-a/yr (Sandia National Laboratory, 1978). that described in Section 6,2, but the process could be
For actual locations, the accident probability ranges from aided with the use of the neutron and gamma-ray survey
2.9xl0,a/yr to 1.4xl0-Uyr. instruments that are always kept on site at the airport in

The consequences of the postulated accident would another (but immediate)location.
depend on location. To assess the population close result-
ing from the Cf-252 dispersal accident, a reference popu-
lation density of 386 persons/km 2 (1000 persons/mi 2) To evaluate the possibility of such a bomb breaching the
within a 16-km (10-mi) radius of the accident location was source encapsulation, st test was pcrl'ormcd sit the U.S.
used. lt was assumed that 10 percent of the Cf-252 was Bureau of Mines in 1988 using 4.5 kg (10 lb)of plastic
released downwind and that a 60 o sector was affected, explosive and a dummy (empty) source capsule simulated
The total number of people affected in this postulated in sin EDS-3C mockup device (U.S. Bureau of Mines,
scenario would be 5.2x104.The collective dose received 1988). The results showed that the detonation of the
by individuals within that _ector out to 16 km would be charge did very little damage to the surrounding cnclo-
about 5.5 person-Sv (550 person-rem), lt should be noted, sure, although the mockup itself was completely dc-
however, that dispersion and dilution of the plume due to stroyed. Most of the framework for the mockup was shat-
deposition of Cf-252 on the ground will significantly rc- tered, and pieces of the bismuth block and paraffin shicld-
duce the radioactive airborne concentration at 16km. For ing were scattered around the area. 'l'hc polyethylene
further information rcgarding tiaisscenario, see the licen- tube containing the dummy source capsule was found
see's environmental report (SAIC, 1989). essentially undamaged under the dcbris. Although ttac

inner metal sleeve and polyethylene were tightly swaged

6.3 Operational Accidents onto the source capsule, the source still api)eared to be in
good condition, as was later verified by the source manu-

The p()ssibilityexists that an accident followed bya fire at facturcr's leak tests. For further information regarding
an airport could happen. If a fire followcd by a I_rgc the results of these tcsts, scc SAIC (1988).
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7 DECOMMISSIONING

The structural components of the EDS-3 and EDS-3C tions are described in literature. Water plays a significant
are not expected to contain significant amounts of role in ensuring the effectiveness of concrete as a neutron
radionuclides after 15 years of _stem operation, lt is shield because hydrogen is the most effective light ele-
estimated that a total of 7.4x104 Bq (0,002 gCi) would be ment for slowing down neutrons from Cf-252.
present, mainly as a result of the activation of bismuth in
the shield. Neutron activation of the concrete platform For estimation purposes, it can be assumed that ali the
beneath the EDS-3C is also expected to be small. After neutrons impinging on the surface below the'FN A system
the initial testing of the prototype model (EDS-2) at both are fission-spectrum neutrons (thermal neutrons would
Los Angeles and San Francisco International Airports be strongly absorbed by the borated paraffin wax shield-
was stopped in 1988, the concrete surface under the ing). The dose rate at the bottom center outside the
EDS-2 was surveyed with an ion chamber survey instru- EDS-3C exterior shielding is approximately 0.3 mSv/hr
merit. Although the system had only been tested for (30 mrem/hr). For fission-spectrum neutrons, 0.3 mSv/hr
6 weeks at each airport, no activity above background was corresponds to 240 neutrons/cm2-s. Table 7.1 lists the
observed, principal constituents of concrete and the long-term acti-

vation products from this neutron fluxusing the data from
Erdtmann (1976). Assuming the constituents of concrete

Because concrete is used as a floor barrier at most airport are those listed in Table 7.1, the total activity (for ali
facilities, the amount of activation products that may be products) remaining after 15years is 65 Bq (0.0017 _Ci).
found in concrete 15years after system operation can be
calculated. Concrete is a natural choice for a shielding Although other elements such as chromium, manganese,
material; it is cheap, structurally useful, and versatile. A vanadium, aluminum, sulfur, phosphorus, and titanium
great deal of work has been done on conventional and may also exist in elemental concrete, the elements listed
special shielding concretes, and a wide variety of compost- in the table are the primary ones (Jaeger et al., 1970).

Table 7,1 Major constituents of concrete and long.term activation products
i [ ,I li| i. i I lH . H iii '

Average
percent Gamma
composition energy Activity

Constituent by weight Product Half-life (MEV) (Bq/kg) (_tCi/kg)

Calcium (Ca) 22 Ar-37 34.8 d 0 4.4E + 01 1.2E-03
K-42 12.4 hr 1.52 6.7E-02 1.8E-06

Hydrogen (H) 1 H-3 12.3 yr 0 1.lE-01 3.1E-06

Oxygen (O) 51 O-15 2 min 1.02 1.8E-03 4.9E-08

Silicon (Si) 22 Mn--27 10min 0.89 2.5E-02 6.7E-07
Carbon (C) 3 C-11 20 min 1.02 4.8E-06 1.3E-10

Be-10 1.6E + 06 yr 0 4.4E-02 1.2E-06

Iron (Fe) 0.5 Mn-54 312 d 0.83 1.3E-01 3.4E-04

Manganese (Mg) 0.5 Na-24 15 hr 4.12 7.4E+00 2.0E-04

Total 6.512+ 01 1.8E-03
i i i

Note: 4,4E+01 = 4,4xl(P ctc,
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8 ALTERNATIVES

8.1 Attributes ibr Evaluation The cctmornic impacts discussed are largely qunlitntive,
The alternatives related to the use of the TNA system will

The prinaary considerations in a wflue-irnpact assessment require an additional 6 to 9 positions per operational unit;
are 'the attributes 'that are used to characterize the cerise- the hund-search nlternative will require an equivalent

quences ot' a pr()posed action, l:or this assessment, the increase of 33 positions, 'l'he cost in tariffs or dollar
staff evaluated four categories: (1) costs of each alterna- charge per flight passenger also was estimnted for each
tive, (2) health and safety impacts, (3) economic impacts, alternative,
and (4)radiological impacts, 'l'he costs related to each
alternative refer to the actual moneta,y expenditures re- 8'2 Identification and Assessment of

quircd to implemer_t and conduct operations under that Alternatives
alternative, As a baseline, the no-action alternative can

be ascribed a cost ot"zero dollars, Although current pelt- In accordance with the guidance in NUI,',I:!,G/CI{-3568,
ties and procedures for airline sat'cry and security inw_lve FAA evaluated a number of alternatives and selected a

real cost expenditures, these costs are not considered in range oi'possible options for the detection of explosives in
the present context because the costs t'¢:_rthe various checked airline baggage, 'Fhe alternatives studied did not
uction alteri_atives are evaluated relative to the no-action sul'fictently meet the requirernents for detection of exPlo-
alternative, styes as defined by I,'AA in "Background 'l'echnical Inl'or-

mation for the Broad Agency Announcement" [L1,S, l)c-

(_'apital costs include ali monetary expenditures required partment ol"l'ransportation, 1989(u)], These nlternatives
to cover initial costs ot' system construction and installa- were the following:

tion t() the point where the system is l'unclionnl. Capital • No action,
costs in this assessment were amortized annually over the
estimated 1S-year operatitmal life of the EI)S-3C assum- • Individunl hand search o1' ali checked luggnge.

ing an interest rate o1' 10 percent. Operational costs in- • Use of enhanced x ray screening, This might include
elude nii labor, maintenance, and overhead expenditures the use ot' color monitoring screens with enlmnced
required to t_perate the system. '1'o facilitate the evalu- image scanners to distinguish betweer) organic and
alien ot' relative c_sts on a compnrablc basis, annual capi- inorganic materials.
(al and ()perntitmal ct)sis were pr()ralcd (ma per-t'light-
passengerbusis. Unit costs are expressed in terms of • Use of chemical vapor detccti(m methods, 'l'hese
dollars per t'light passenger, might include use ot' cherntcg.fl vapor detectors ("snit'-

t'ers") sen.,;itive to expl_sives or use t_l' trained ca-
nines (oll'uctory methods),

'l'he staff nlso assesse(.1 the health nnd safety impacts for
each alternative. '1'o detern-linc oCCUl)ational sul'ety, it • Use of the El)S-3 in the ramp arch (as currently li-
analyzed the vauing degree!; ()1'baggage handling an(.t tensed).
occupational habits for each alternative. Industrial expe- • Use o1'the I(il)S-3C in .the concourse area.
rience in regard to similar types (ff work environments
(e.g., warehouse operations and parcel delivery) indicates • Use of the EI)S-3C with enhanced radiatitm protec-
the rates o1' Ic_sttime resulting t'ron-_injury and accidental tion features to t'urther rninimize possible human ex-
depths ot' workers per unit time that can be expected for posure to ionizing radiation in the concourse area,

these occupations, O1' the alternatives considered, I:AA eliminated two as

being inelTective arid, theret'_)re, not feasible (FAA,
Potential radiol()gical conse(.lUenCeS c(mstitute the major 1989), The alternatives considered to be inclTcctive (be-
concern associ_ted with the 'I'NA system. Because the cause ()t"the I:AA requirement pertaining to the percent-
baggage and its c()ntents may be activated, both workers age of false positives nnd the 6-second requirement l'or
and the public may I)e expt)sed t() the radiati(m emitted screening) were enhanced x ray screenirlg nnd chemical
during the decay of the induced radioactivity. In cases vapor detection, 'l'he remaining nltcrnativcs are dc-
where hand search ot' alarmed bags (those .that have indi. scribed in this secticm, '1'o ewtluate the rclutive ;.lc.Ivan-
cared potentially positive for high nitt't)gen density) is rages and disadvantages ()1' these alternatives, the NRC
required, residual radiation from the h;Jndling of the bags statT perl't_rmed an assessment using the methodology in
could als(_ expose the pul31ic tt_ small am(rants o1' radia- NUI{I{G/CI{-35(_8.
rien. l:or purp(_ses of wllue-impact ussessment, the c¢_l-
lective dose measured in per'stm-Sv (perstm-rem) is the '1'¢_estimate the nnticil)ated numl)er oi'occupational acci-
measure us(.'d t() quantify the effect, dci:ts t'(_reach (ff the nlternatives evalunted, the National
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8 Alternatives

gaiety ( ( uncd ,' annual statistics for rates oi'occupational 8.2.2 Hand Search
accidents were used (National Sarety Council, 1986),
'l'hese rates arc expressed in terms of resulting lost work- This alternative assumes that ali checked luggage is flu.li-
days, l:orexample, thefollowingindustry-rehxtedjc_bsare vidually hand searched, lt will require a significant in-
cited it_ the document published by the National Safety crease in inspection staff, along with attendant labor

costs, lt also may require changes in airline scheduling to
Council (1986): allow for the additional time tr) complete inspection pro-

cedures. Because it is assumed that capital costs for this
alternative are relatively small (i,e,, inspection tables),

l_,ost workday/ thcy arc not considered in this assessrnent,
' Industry person.yr

The operating costs to consider l'or this alternative would
'l'ranSportatiun and public utilities 1,(15 be (1) costs associated with the additional space needed

for tlm inspection tables and (2) costs associated with theMan ul'act u ring 0,78
hiring of additional inspection personnel to hand search

Wholesale and retail trade 0,50 each piece oi' luggage. 'l'hc average space needed for
l0 inspection stations would be 18,6 ma (200() fie), with a
cost of approximately $269/m e ($25/1'te), 'Fo inspect the
same amount of baggage that an 1.I)S.. C. would be able

'1'o estimate the anticipated industrial accident rate, an to screen, approximately 67,000 hr/yr would be needed:
average of the above three examples ((I,75 lost workday/

person-yr) was used, For example, ii' one alternative rc- 2 x 1(I° bags/yr x 2 rain/bag x 1 llr/611 rain = 66,666 hr/yr
quit'cd 20 employees to aceornplisla the job, the accident
rate would be 15 lost workdays/yr (20 eml:floyees x 0,75 I1'an employee working full time t'or 2000 hours a year is
lost workday/person-yr), assumed, a total oi' 33 inspection personnel would be

required to hand search the sarne number ot' bags as
l:or ptJrpt)ses (ii' this assessment, the t'ollowing opera- would be screened by one I::I)S-. C, To calculate the total
tional assumptions were made for the EI)S-3C: labor costs, it was assumed that eacli inspector was paid

$10 an hour, with an annual salary of $20,000 ($10/hr x
• 'l'he est imated operating life of the unit is 15years, 2000 hr/yr), l:;or overhead, health insurance, general, and

administrative expenses, another IC)Opercent was added,• 'l'he unit inspects baggage at a rate of 400 bags an
hour and operates 16 hours a day, This amounts to $40,000 in labor costs for each inspector,

resulting in a total labor cost of $1,320,0(10 for each in-
• Approximately 6000 bags a day are inspected, As- spection station (33 x $40,000/t)crson-yr),

suming cacti passenger has two bags, the baggage
from about 1,1 rnillion passengers will be inspected, The total annual costs t'or this alternative are as follows:

• Two operational personnel are required to attend Imbor cost (33 x $40,000/person-yr) $1,320,00(I
the lil)S-3C during operating hours, This requires
six full-time-equivalent personnel per operating Space cost ($269/m a x 186 naa) $50.000
unit (three 40-hr/wk shil'ts). TOTAl_, ANNUAl_, COST $1,370,000

• 'l'wo baggage handlers are required to load luggage Accordingly, for the hand-search option, the estimated
onto the EI)S-3C during operating hours, This rc- accident rate is 25 lost workdays/yr (33 personnel x 0,75
quires six full-tirne-equivalent personnel per oper- lost workday/person-yr).
ating unit (three 40-hr/wk shil'ts),

• l';stimated average annual perstmnel costs are as fol- 8.2.3 TNA System in Ramp Area
lows: the I_I)S operatt)r, $60;0()0; each baggage han-
dler, $45,000; and each I:_I.)Sassistant or "runner," 'l'his alternative involves the use o1' the TNA system
$35,000 (all estimates inel ude overhead costs), Sal- (El)S-3) in the ramp or cargo-handling area of an airport,
aW estimates arc from the International Association This alternative is currently licensed and is being used at
o1' Machinists. JFK International Airport in New York and Miami Inter-

national Airport in lqorida, lt was evaluated in a preva!ms

8.2.1 No Action environmental assessment (NRC, 1989).

'l'his altermttive assumes that prcsent policies and prate.. Recent experience at JI,'K lnternatitmal Airport has
dures invt_lving inspcctitm of checked airline baggage are shown thai additional labor cost is associated with the
continued and that present levels of security are main- ramp locati(m relative to the proposed use of the
rained. Ni)additi_mal (q)erating or capital c_)sts are as- 1:,11S-3(2 in the lobby or concourse at'ca. l'his cost iu
sunlet.I, related to the logistical problem o1' h)cating and bringing
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passengers whose bags have alarmed to the 'rNA inspec., ture gamma rays, and additional panels of borated poly-
tion area (near the ramp area of an airport) where the ethylene and lead were added to further reduce the exter.
bags in question are opened and inspected, This was as- nal dose rates. Dose rate data are gtven in Seotttm 3,1,
sumed to require one assistant (during TNA _stem op-

eration), 16 hours a day, 7days a week, for a total of three For this alternative, the cost of supplementary suppc_rt
assistants, The additional labor costs for these three assis- and additional building materials needed for the installa-
rants are $35,000 x 3 ,= $105,000, Currently, two baggage rien of the EI)S-3C at indoor and outdoor locations tit the
handlers and two EDS-3 trained operators must attend airport has been added, 'l'he indoor locations would in-
the unit during its operation. This requires 12 full.time- elude the following: behind the check-in counter, in front
cquiwdent personnel for each operating unit (six 40-br/ of the check-in counter, and at the pre-check-in area,'l'he
wk shifts) at a cost of approximately $45,000 a year for only outdoor lo_dion would be at the curbside, Because
each baggage handler and $60,000 a year for each opera- only 6 full-time operators and 6 full-time baggage ban,
tor, The average space needed for each EDS-3 is tilers would be needed for the indoor scenario, the esti-
93 ma (1000 ft2), with a cost of approximately $269/m 2 mated accident rate for this option is 9 lost workdays/yr
($25/ft2). The estimated accident rate for this alternative (12 personnel x 0.75 lost workday/person-yr),
is 11.3 lost workdays/yr (15 personnel X0.75 lost workday/
pcrson-yr).

In the curbside scenario, however, the baggage may go

The capital, operational, and annual costs for thlsalterna- directly into a baggage chute rather than staying on the
tive are as follows: same level as the LI)S-3C. If this were the case, only

three full-time baggage handlers would be needed to load

Capital Costs luggage onto the system; ali bags leaving the system would
be automatically passed tct the plane, The estimated accl-

I!stimated fabrication and construction dent rate for the curbstde ttptitm is 6.75 lost workdays/yr
costs $1,000,000 (9 personnel x 0,75 lost workday/pcrson-yr). The de-

creases in estimated labor costs t'or the curbside scenario
Installation costs are reflected in Table 8.1.

Site modification (includes housing) $125,000

Transportation, setup, and testing $5(1,(1(1(1 '1"oestimate the costs asmciated with the construction and- installation of the 1_{1)S-3C2at the concourse level of an
TO'I'AI, CAPrI_AI. COSTS $1,175,000 airport, a structural feasibility study was performed (sec

Peacock, 1989), This study definecl the structural con-
Amortized Amlual Cost ($/yr, 15 yr' ccms related to the suppc)rt for the system, defined a

(W 10%) $151,500 cctnceptual solution for the SUl3portand placemc,nt ot'tlae
Operational Costs system, and estimated the construction cctsts associated

with the installation of the system. 'l'able 8,1 shows the
",.1SI ace cost ($269/m2x 93 rn2) $25,000 differences in capital and operational costs for both the
l_d_or cost curbside and indoor scenarios.

6 operators @ $60,O00/yr $360,000
8.2.5 TNA System With Enhanced Radiation

6 baggage handlers @ $45,()()()/yr $270,(._00 Protection
3 runners (ii_$35,000/yr $105,000

l:or this alternative, cldditional shielding, moden_tors, and
Source change $25,000 controls are added to the basic design of the l,l)S-3(.,

Calihration, leak testing, and repair $25,0f1() 'l'hese additional materials are assumed tctbe capable of
reducing the radiation cxpt_sures by at least 50 percent.

'I'()TAI, ()PI:{I_.A'I'I()NAI. C()STS $810,000 lnstallatllm cost would be increased because ot' the added

'I'()'I'AI.. ANNUAl, (?()S'I'S $961,500 weight and materials.

8.2.4 TNA System iii Concourse Area latecause 6 full-time operators and 6 t'ull-tirne baggageImndlers would be needed for this alternative, the esti-

'l'his alternative is as described in this environmental as- mated accident rate is 9 lost workdays/yr (12 l_ersonnel x
sessment. 'l'he original 1!1)S-3 has been modil'ied slightly 0.75 h_st workday/pcrscm-yr).
for concourse installatitm (now designated as Model
1:,I)S-3C) to decrease, the external radiation levels. 'l'hecapital, olterationnl, andannualcc_stsl'_rtlaisalterna -
l)ilTerent materials were selected to reduce neutnm cap- five are as t'ollows:
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Table 8.1 Construction costs for curbslde and indoor EDS-3C installations

.... ............. , ............. i i i i i i ii i - "l i iii ii i ._ aallla!lll

Curbslde Indoor
Attribute Installation Installation

Capital Costs

Estimated fabrication costs for EI)S-3C $1,000,000 $1,000,000
Construction Costs

Outside housing $125,000 $0

Median barriers $5,500 $0

Structural 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

'l'ransl_ortation, setup, and testing $50,000 $50,000

'I'O'FAI_ CAPH'AI_ COS'FS $1,223,000 $1,098,500

Amortized atmual capital cost ($/yr, 15 yr @ 10%) $157,700 $141,700

Operational Costs

Space cost ($269/m 2 x 93 m2) $25,000 $25,000
1 .abor cost

6 operatc_rs @ $60,O00/yr $360,000 $36C),0C)C)

6 baggage handlers @ $45,000/yr - $270,000

3 baggage handlers @ $45,000/yr $135,000 -
S ,,.ource change $25,000 $25,000

Calibration, leak testing, and repair $25,000 $25,000

'I'()'I'AI, ()Iq_RA'I'IONAI, COS"I'S $57(),(,)()() $7()5,()()(1

'I'OTAI, ANNUAI_ C()S'I'S $727,700 $846,700

1

Capital Costs to the no-action alternative. The table shows that the

Estimated fabrication and construction average cost of the TNA system, normalized to a per-
costs $1,200,000 flight-passenger basis, is about $0,78, and the per-flight-

passenger cost for the hand-search alternative Is about
Installation costs , , __0__ $1.25. The difference is attributahle to the number of °

TOTAl_. CAPI'I'AI. COSTS $1,400,000 employees needed to hand search baggage.

Amortized Annual Cost ($/yr, 15 yr
@ 10%) $180,500

Operational Costs 'Fhe cost el'l'ectivcness of a 'I'NA. system with enhanced

Same a," those in Table 8.1 for indoor radiation protection features car, also be determined
instmlation t'rom this study. With a marginal anntial dose reduction of -

0.057 person-Sv (5.7 rem)and a ditTcrential annual cost of
'I'()'I'AI.()I_I:.I{A'I'I()NAI.C()S'I'S $705,00(1 $38,800, the cost for this systcrn would be about

'I'()'I'AI. ANNUAl. C'()S'I'S $885,500 $6,800/perscm-rem (the traditional unit of rem is used
here for simplicity). 'i'his value exceeds the NI,tC guide- _-

8.3 Summary lint: of $100/lmrson-rcm (NU1_,1{(}/131,I-0058); therefore,
under the assuml_tions applied in this analysis, the en- =

'l'able 8.2 gives the value-impact summary I't)r the four hanced radiaticm protection features wt)uld not be consid-
alternatives described in the previous sections in relation ered ccmt effective.
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8 Altm'natlves

Table 14,2Value.hupact sulnmary for aIrlIne t,xt)ioslve duteclhm altt, l'natlvus
li i I i iiii iii I II II II II I I I II . ] I IIII II lilm IIII I II I II ..... i'1 . ] J l, ' " "7_,T

TNA system TNA system
TNA system as proposed wltll enhanced

No Ihtnd in ramp radhttlon
Attribute action search area Cuvbshle Indoor protuction

Costs

Unit capital cost ($) 0 0 1,175,000 1,223,00(] 1,0t)8,500 1,40f),000

Alnortizcd annual capital
cost ($/yr) 0 0 151,500 157,700 141,700 18(),500

Operational kt)st ($1yr) 0 1,370,000 8 t0,00{) 570,00() 705,000 705,0(]0

Unit total cost ($/yr)
(amortized annual ct)st plus
operational cost) 0 1,37(},0{)0 961,500 727,700 846,7{)0 88. )500

Cost pcr flight F)aSscngcr ($) 0 1.25 0.87 {1.6(} 0.77 0.81

Health am/S,]!qy hnl)UCts

Atrcral't safety and security ' No cllangc Improved Imprt)vcd lmpri)vcd llT_l)rt)vcd lnlprovcd

Industrial accident rate
(lost workdays/unit/yr) 0 25 11.3 6.7 q 9

Rudiological hnpacts

Collective dose

(pcrson-Sv/unit/yr)

Occupatitmal (1 0 6,0E-(}3 1,21i-02 1,21i.-()2 6,()E-()3

Public 0 (} 1,01i-02 1,51i-01 1,41!-01 6,41 i-02

Public (pre-check-in
sccnari()) N/A N/A N/A N/A 3.41 i-01 N/A

Ct)nsurnablc items 0 0 0 (} 1.31!-05 (.)

Norlct)nsumablc itcrns () 0 2,8E-03 2,81 i-()3 2,81 i--03 2,81,,-0.

Tt)tal 0 0 1,91!-02 1,61_,-()l 4 ,(:)Ii-.()1 7,31 i-02

Sociul and Economic h.pucts

Added cmph)ymcnt 0 33 15 9 12 12

l'tlblic fear due to

Radioactivity None Norm Increased Increased Increased Increased

l.'light risks Nt) change 1)ccrcased l)ccrcased l)ccrcascd l)ccreascd l)ccrcascd
ii ii iiiii

=

Note: N/A = m)l applicltl)lc,
6,0I"_-(13 = 6,()xl(I -a (.'lc,

]
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9 SUMMARY ANl) CONCIUSIONS

9.1 SUllfllllal'y of EIIVil'Ollllleillal l,'or tllu purl_t)ses til' unviroluv+erlltll tllmiy_tm, the ,qtalT

Impacts amscsmed the hupact oi' several dtlTcl'Cilt acch.lcllt sccmir-los to selectively I_ouncla spectrunl of ac'uldt'nts that tuuld
occur, lt evaluated three pt+tcntllil auolduttt st:cl,i+,u'lom

l,tcClUircmcntm rc,grlrdttlg the insl:eutitm til' passcngcrt¢ ii,c,, accidents that couh+l occur clurttlg sUttl'CCIrtlnml'er,
luggage arc not new, An l+xecutive ()r<.lur t,q'Jtmutu'y 5, Ir+,lnml_t+rlatloil,and Ul:Cratitm tlpthe system) tnvulvlng lhc
1973, required airline tOtal'tunics to inspect tilt 13assengers lmrtl+al or cOnll+lete t'rtlgmenttltloti of the C1'.252 st)urcu,
Iuicl theh' hmnd-uarried luggage for ctmuealcd gun.q, chtm- The resulting maxhnum lt_htihltlon dome I'rtml tilt,, wormt-
gert+um wt,.tll+Unm,explosives, and it,iucnditxry devices be- case acoh.lent lnvolvlt,ig l()(}-l+erccnt dlsl+ersltm +of the
l'orc l+el'mitting the ptismellgut's t_) I+oard ct)mmcrcltd +,iii'- source atli dl.qttlnce t)l' 100 m (110 yd) would bc 1,0×l{)-3 Sv
Cl'lll't (N('I,tP l,',eport ¢>5),l_,y 1t)85, +,lh'linus see,tuned the (0, I0 rem), wltlch Is well within tile l..I,S, lhlvh'tmmental
luggage for tlbtmt 4(1(Imillion tmmmcllger II'ii'lmusing x ray l'r¢ltuctltm Ageltt'y (199[)) protect)rc action gob.Icl)nem of
l'lutlrosctil+iu scllniling systems irt tl.ic pul_lic access tlt'c.at.+ 0,25 Sv (2+":,rcrn) for crl.icrgerlcy worket't,;,
of itirptlrls, 'l'llc !:cdural l>erl'tlrrrmrwc sttu ldard (2l Ct:le.
102,4()) l'tlr +at+iuut x +t'uymystemstim)tru×ray errtimmlt)rtstit tl 'l'hc st+aft'l)erl'ormcd +auost-bcrlcl'it armlysls t)l'tiltet'nrttive+;
point 5 cm (2 iii,) l't'()tn the u×ternttl surl'aco o1' the system to the F,I)S-3C, 'l'hc tllterntltivem considered were the
to l,3x I()-.?c_mhlmb/kg (0,5 rnrurlt) iri any one ht+uv, ()rl l'tlllt:wlng: rill +,lctltm, lridividtml hired se,sli'uh til' cheeRed
l!lu b+amim_)I'this exptlmurt, t+'lte, thimstint'ce would contrib- luggtigc,, use of lhc till)S-3 in lhc l'tl,illl') tit'cii, time tit' the
cite J.ihtltit (),()l)3I.tSv((),3 l.tren.i) +,istin tull,iual dose uquiva- I_I)S-3C tri lilt,. ¢oi_cotirse ill+eli, and Use_lt' the '1!17JS-3(+'
lent tc)e+,ii:ht'lit,,llt I'>tlsseiiget',Asstillling 30 millttm I_llssen+ with etlluiric'etl rtlclhltlim protectiol, l'etltures, 'l'hc evtllu-
gun,; travel l lc'r year, the estitTItlted +,lrii_lutlloollcutive +,ilioll cletlrly tleirit+nstrtitecl thr,it the l il)S-3C ourhsklo
elTeutive dt+,,;e t.'Cltiiv+'llc'.rltIs iii)out (),b t+or.',;ot,i-Sv +,llterrltttivo was lhc nltimtoost-ol'i'eotivo rl,+otht)dol'_ut'eun.
(60 Ilnrst_il-rL'ni), inlg i)tl.";st;ilpcr cllet'.k-trl lugg+,lt,o,

As lllustr+,ltcd iri lhts +,imsossnlorit,the llnllutll close l'roill
'l'him +'ls,,.;_,',;_lllC'.l'itiiidic'llted thltlt ii mtl'tlCttlr+'llengiiiucrirlg lil)S.-3(." Ollet'tltitms to iIlonlilor+,,;tit' tilt,, l'>ubliueoulcl I)c
study will I+t.,l+eCluiredli+ c.'n,,,;tll'eii)tit thu weight ot' the c,l._nil+l.ii'ottwith thtit 1'1'o111× i'[ly inml.')t+'ctitms)'stt.'+l+llsl.hilt
1{I)S-3{' Ctlli Ilc. _iCC'OlilMtlLliilt+'dstll'¢ly t+ll the COllt:tltll'SO htlvc I'l,aenin time,,,;inouthe early lt)70s, live),)til the WOl',,,;t-
level til'+.litTitll't.,.;,('Ol+lstrtlc,titm, illmltilhititin, tlricl ust.'+til'the ce'iso scene,li'icl(pro.check-iii), tj+le II"lll×ilTItlill irldividutll
1!1)S-3(' will al'l'ec'tne+'li'l_yilassenger trlllTic illlttci'llS til cit)soror i'ltlsserlgt;rs we,lm0, 11_t.i.Sv/yr(114t.trorrl/yr), tilicl lho
,,.;til'iii+,cll2giee _it iliLorli+'ltillil_ll tickel t+'Otil,itcl's,liowowr, lllil×ill.itlnl hlcllvidul.iI cttmc to Ineilii)t_i's til' the t)ubli¢ wilt,;
t.'mst:litial rig<l_,,irll, UCll.lil+n,ieill,'.;iIL'II+'lm+,iii'dollies or l'orklil'ts (),()0(17p.Sv({),(_17i.+,i'oi,il),'lTie +lvl.,i'tlgecltlsusIcl I'liiNSellgel'm
ce.)li tlltwt' thr.' 1!!)S.-.3(' cii)illtill,jUtits inttl the iei'lllintll and I,ilelllllei'm tit' the public l'i'Olll +,iii l'tltli' ,,,;oei,itlritlmwore
I+uilcling cltit'ii,it,+li week llight t+rOil ti wuul_erlclwheli tr+,lt't'io 0,014I.I.Sv(0,0()+t rrlrcm) +.lrid(),()4 p.Sv ((I,()()4 ll,il'Olll), l'e-

iri the to,rill)lUll i:.;_ll +,iilliiliilltllll, spcctively, I1'the +,lclditiorliil ct)ilservtitimll,i til' the neutrori
qu+,lllty t'tiuttlr was riot u,,,;od(10 rtither ihtlri 2()), the iibtlve
calcul+,ltccl clomcsl'rorrl the l il)S.,3(? would bc hall' the

'lTle Nit(' staff +'lssesml.'cltliu ilitt.'rl++tlldost+'lt) I)+'lmSCllgel'S closomshown,
l'rt)m irradiated I'tll)clstul'l's, lt dutot'minud tilt ttltal el'l'ec-

tivc dt),<',eequivtllerit t'rtml tile +,lverligedaily il,ittlkC ot' the ()ri the bamimo1'the l'tlrcgt_ing tlssesmrrient,the Ni(<.."staff'
in+,ljtlr elerrietlts t.'tiiitrihutirll_ the lal'gost tttl_es (tising Ot)l'lOltldosthat the oriviroilmcril+'ll etTccts of IlOi'Mtil (ll'J-
I(+'1,_,1'l'ulllicatitu,i 7."t), If 5 percent til" the l+ltis,',4ont;crs orlllioll of the l il)S-3C whot+lll_cilted ii+l lilly til,le of tj'lo
c+,irriuclt'ood itt.,nls iri till:it ItIp,tcllil.,,t.,lit+iclct,ilSUlllOd il within t'otlr etlnct_tll+St_+.lrotlsof +,cntiirlltlrt are u×pcuted to be
30 ,,.;ectlncl_til' reelailllirl t, their ll.lggllge (Ill'lcr it was e×trernelysnltxll, l"ortlllscelmrit_s, theirlll×illlul+riv+'iluosol '
screctlecl Ily the 1{1)S-.3('), the 14ililu+'llcolluctivu dose to rilditititln cxIlOstire that mtly he received by wot'kt.'rs iri
+'inest)marcel I,I illillitlii ll_i,,.;s¢ilgei'_would I+le1,3×10-_ restrictedlu.otls(suehtisthiotll-_er+,ltt_rs)liilcltht)moin tinr O.
i)_rstlii-Sv (1,3× Ill -3 i_er,,.;tli,i-i'uin), striuted til'ells (other ntlll-'l'NA wet'kel+S,I++,isscngerm,iult.I

nloMllt;rs tit' ii.lc llul'_lle.)tire well hclllw the Ii)nits specil'iod
iri 1{)4;'1:14Part 20,

'l'he stalT t:alt:tilatetl the c't_llc_ctivet.'lTemtiveclimeequiva-
Ici lt t'rttn,i wuai'iiig ,4()tt (lA tlz) til" _tllcl jewelry thtit had

"i i i ,t,i i1#

I++'l.';;;udthrt,ugll tliu I+l)S .3(' !1' I i+t+'.ruel,itoi' the i+llsmcn- 9.2 Basis for Finding of No _lgllltlCllllt

gul's c+'lrriucl gtllcl jewelry iii their Itll4gal,+_:lliid mullsc- Impact
Clueritly Wlll't.' it I'or fill t'.×tt_rlclt.'tlIlC,i'it_cl,the chl,'.;el'rtliii t hi,'.;
_c't.,l,i+.iritlwtlulcl I_li., 2,H_III-,'_I_t_t'_ll-_v/yr ((I,71,1llei'mtlll- ()li iilo t_+'t.'.;isof the t'tlrogoirlg tl,,.;st.,+,,.;Sllllt'lit,the I',t14.('mtlll'l'
rc.,.lll/yr), cotl¢ltit.les Ct)tit iilc envirtlilnlc',l_t+,ll iilit'l+,lci,,.;ii)lit wllultl
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9 Summary and Conclusions

result from tho proposed licensing action wouh;t nut tu: supporting ctlvtrorlmet_ttd reports; iutd t+ther rclntcd
_ilgnll!tcantand di) not wtirt'tltlt rho preptlratlon o[' lltl envt. correspondent_c, These dt_cumet_ts (in I)ocket Numt_er

ronmerlllll impact stlltcmeilt, Ai;i_clrdlngly, lhc stlll'l' has 030-30885) and this final cnvirl_nmental ll,tlse,',Isint_ntrally
ctetm'inllmd that ii findingof no slgrltflelmt lmpnt:t ts ap- be examined i)r copied for li fee lit both the Nl,tC's Public
proprhitc, l)l)curnent Iri)ore iii 2121 1, Street NW,, Wlishlngton,

lhr further techrltcal details with respect to this action, l),C, 20555, lind lilt; NR(P's Itep,ion 1 l'ublic l)ocument
see the application for ii lllJeliSOdated ()etoher31, 1986; l_,oiinl, 475 Allendale Riiacl, l(hlg of liru,,4stll,
limendlllents dllted April 1_1lind Aul, tlSi 22, 19891the Pcnnsylvllntll 1940(i,
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SECTION 1

GENERAL

1.1 STAFFING

Aliwork on and aroundthe systemshallbe done underthe immediatesupervisionof an
authorized system operator who has been ttslned end qualifiedin operation, source
handling,and emergency procedures. The operator must have received trainingand
demonstrated proficiency in radiation safety and these procedures for the explosive
detection system.

1,2 PERSONNELDOSIMETRY
t

TNA operatorsshallwear a neutron/gamma radiationbadge dosimeterfor ali work on
and around the systemwhen the source is on site. Other personnelsuch as baggage
handlerswhose work on the TNA is limitedto loadingand/or unloadingbaggage may
also be required to wear dosimeters depending on the particular installationsite.
Personnelmust not enter the baggage passage for any reason with the source in the
operatingposition.Filmbadges shallbe changed one monthlybasis. The contractorfor
this dosimetri¢devicewillbe accreditedbythe NationalVoluntaryLaboratoryAccreditation
Program(NVLAP).

1.3 EQUIPMENT

The followingequipment shallbe readilyavailableon site, in operationalcondition,and
calibratedappropriately.Portable surveymeterswillbe calibratedeverysixmonths with
sourceswhose calibrationis traceable to NIST,

An ion chamber survey meter capable of reading0.1 torero/hr.

A neutronsurvey meter capable of measuringlevelsas low as 0.1 torero/hr.

The baggage activationexit monitorsystemwillbe mountedso that ali baggage
leavingth,e TNA is monitored.Visableand audibledeviceswillbe usedas required
for alarmpurpose. A checksourceshallbe availablefordailyoperationalchecks.

Long-handledtoolsfor emergencysource handlingand baggage retrieval.

Warning signs,yellow/magenta ropes, etc., tor defininga radiationarea.

Source transportcask.
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Tamper-indicatingseals, paper type, with SAIC logo.

1.4 DOCUMENTATION

The followingdocumentswill be on siteand readilyavailable:

Copy of the RadioactiveMaterialsUcense andState X-ray machineregistration.

Copies of applicableradiationsafetyregulations(e.g. NRC Regulationsand any
applicableState Regulations)

SAIC RadiationSafety Guide

RadiationSafetyOperating Proceduresfor the TNA

Notices to employees and the public,as required

Emergency call listwith numbers for:

- SystemOperators
- FAA (Ioc_)
- SAIC 24-hour EmergencyContact
- AirportEmergency Contact
- NRC RegionOffice
. State RadiationProtectionOffice

Copies of surveyinstrumentcalibrations,surveyresults,leak test results,personal
dosimeterresults,operatortrainingcertificates.

1.5 DAILY CHECKS

The alarm thresholdfor the bag activationexitmonitorshallbe testeddaily witha check
source. (See Section 4.3.) Operation of the shielddoom and indicatorfightsshall be
checked dally by obsendngthe lightsturn off and on while passinga bag through the
system. Operation of the "X-ray-On" indicator lights shall also be checked dally.
Completionof the above checks shallbe loggeddaily.

1.6 ACCESS TO INTERIOROF SHIELDINGMODULES

The doors to the areas_underneaththe outer "skin"shall remaindosed and locked;the
keys willbe kept in the possessionof the systemoperator.

Access to the computerand HV power supplyis limited to 1 hour per week (withinany
seven day peried) withthe source in the system.
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1.7 ACCESS TO BAGGAGEPASSAGEWAY

Access,meaningpersonnelphysicallyentedng intothe baggage passage, is prohibited
unlessthe source is in the RETRACTED position. Briefly(on the order of one minute)
reachinginto the passage with toolsfrom outside is permittedwithoutretractionof the
source,

=

Access is permitted only by the systemoperator. Gamma and neutronsurveymeterswill
be used beforeany personentersthe baggage passageto insurethat the radiationdose
equivalentlevel is acceptable, i.e. indicatingthat the sourceis properlyretracted.

The durationof stay by the operator insidethe neutroninterrogationregionof the TNA,
withthe sourcein the retractedposition,is limitedto a cumulativetotalof onehourwithin
anysevenday pedod, The sourcewillbe removedfromthe systemifthe operatormust
belnside for longer than the one hour limit. The operatorshall log his stay time in the
interrogationregionfor dose accumulation.

1.8 UNATTENDED SYSTEM

When the systemmust be left unattended,the entranceand exit doors to the baggage
passagewaywill be closed_and locked. The source shall be left in the OPERATING
positionto maintainthe lowest external dose rates. The tarnper.indicattngsealmust be
in place. Figure 1 showswhere this seal is to be located. The seal is the paper type
imprintedwiththe SAIC logo. The date when seal waSput in place shall be recordedon
it.

1.9 TNA DAILY LOG

Radiationsafety-relatedincidentsshall be noted in the dailylog by the systemoperator.
Itemsto be noted shall includebut not be limited to:

- Source transfers
- Source retractions
. Opening of the computer and high voltage supply access doors (include

duration)
- Personnelentedngthe baggage passageway(includeduration)
. Baggage jams (includereasons for j=_s)
-Inspections
- Emergencies
- Tamper-indicatingseal breakage, by operatorduringsourcehandlingor

by actualattemptedtampering.
. Dailyexit monitorcalibration
- Door positionindicatoroperation
- Proper operationof "X-ray-On"indicatorlight.
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Thislog willbe keptat the TNA site, availablefor Inspectionby the fieldmaintenance staff,
the radiationsafetyofficer,and the regulatoryagencies. The logshallbe properlydated,
and signed at completionof the work day.

1.10 SURVEYS

A radiationsurveywill be taken Immediatelyfollowingthe Initialsource InstallationInto the
TNA, usingboth neutron andgamma raysurveyrneterscepable of reading0.1 mrem/hr.
If a maintenanceactivityor unusual occurrencerrdghthave affectedthe TNA shielding,
a new neutronandgamma ray surveyrnustbe performedbefore proceedingwithsystem
operation.

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

Dose rates shallbe measured 30 cm from the surface at the locations shown in the
Rgure 2. The readings shall be compared with the accompanyIngtable of expected
values with the source IN or RETRACTED. If readings Inconsistentwith the expected
values ere obtained (allowingfor source decay), contact SAIC for instructions. Note
survey resultsin the log book.

1.11 TNA ALARMS

If the TNA alarms,the alarmconditionmustbe resolved. Alialarms willbe treatedas due
to realexplosivesand must be resolvedbeforethe bag is permittedto be placed on the
aircraft. The most direct and sure method is by inspectionof the bag's contents by
trainedsecuritypersonnelinthe presence of the passenger. The suspectbag or certain
suspect contentsfrom the bag may be passed through the TNA a secondtime to resolve
the alarm. If suspectcontents have been separated out from the bag, the nonsuspect
portionsmustalsobe run throughthe TNA to clear that portionas weil. In ali cases,the
bag or selected contents of a bag should not pass through the TNA more than a
maximum of tt:E_ times. The bag shouldbe placed in a differentorientationon each
successivepass through the system. If the bag failsto clear after 3 times through the
TNA, survey the bag for residualactivity(see Sec. 4.1) and call securityfor hand search
If:required.
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_
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SECTION 2

SOURCE HANDLING

2.1 TRANSPORTCASK

The cask is bolted to the shippingplatformfo_shipment. The platformIs also used for
source transfers to assure alignment of the cask with the TNA. The cask is in flush
contactwith the side of the TNA so that the source ts neverunshleldedduring transfer.
The front of the cask (Rgure 3a) has e Source insertion/ExitPoint in the center, The
SourceInsertion/ExitPoint has a polyethyleneplug to reduceradiationbeam exitingout
of the source hole, to acceptable levels for shipment. This plug is covered by a
removablemetal plate.

The rear of the cask (Rgure 3b) has a compartment for Teleflexcable storage, This is
alsocoveredby a removablemetalplate. The compartmentcontains a padlock,a cable
lockbracket,and a removablecablepressurebracket (Figure3(:). When the cable lock
bracket is fastened in place,it locks the Teleflexcable in position,holdingthe source In
the centerof the cask. The cablepressurebracketcovers the cable lock bracket. The
cablepressurebracket is removedby unlockingthe padlockand liftingthe bracket out
and away from the lip on the bottom edge of the cable lock bracke;,. _fneTeleflexcable
is released by partiallyunscrewingthe two flatheadscrews inthe cable lock bracket until
tt isloose enoughto raise, Thenthe bracketis liftedupand offthe Teleflexcableand the
right-handscrew is tightenedto hold it out of the way.

2.2 TRANSFER AND RETRACTION HARDWARE

Rgure 4 showsthe cask In positionfor sourcetransfer,and a detailedviewof the source
. transferringand sourcetransferadapter. The ringand adapterare onlyused for source

transfer;they are stored Insidethe recess inthe TNA. The loosesupportof the adapter
allowsitconsiderableleewayin adaptingto mlsaltgnmentof the cask and the TNA. Both
the ringand the adapter are machined from polyethylenefor low friction.

Rgure5 showsthe retractionstopassemblyin the sourcecaskwhich preventsthesource
frombeingretractedfartherthan the intendeddistance, lt consistsof an aluminumholder
to whicha polyethylenetube tsattached;theinsidediameterof the tube (0.25") allowsthe
Teleflexcable to pass easily (0.21") but it is too smallto letthe source (0.37")go through.
The tube Is threaded and pinned intothe holder. A swivelingbar engages the cableand
clamps it in place. The bar is held in positionby a padlock, When the bar is raisedthe
cable isfree to slidethrough. The holderisattachedto the TNA by two screwswhichcan
be accessed onlywhen the bar is raised.
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Teleflex Cable Storoge
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/ Podlock
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/

Teieftex Coble Hole / _" Cobl_ Lock Brocket

Figure3, Transport Cask.
a) FrontView
b) RearView
c) Locking_Uy
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EXFERIORCOVER REMOVEOFROM

EOS FOR SOURCE tRANSFER

SET Etr.ARmF

! ,E_, z:::=_ , _ m .. /

SOURCE CASK .,,, ., ,, ,, ....

_ . i . ' '.',r-, ....... ,,., ii., I'"rl , T1, _L --

a)

Figure4, PlacementofCaskforSourceTransfer.
a) OverallView
b) DetailVlewofSourceTransferRingandSourceTransferAdapter
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: ..... L ......... . ,_

RETRACT/ONSTOP

//'----_\ X /

"-,-__,._.,..,Y....
--" '_-" T_EZ,EFLEX CABLE

" b)

Figure5. RetractionStopAssembly.
a) FrontView
b) Cross-sectionView
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2.3 SPECIALCONSIDERATIONSFOR INSTALLATIONSIN PUBUC AREAS

These safety-criticalproceduresmustbe observedto avoidoossibleradiationexposure
to membersof the public.

Standardoperationssuchas sourceinstallation,sourceexchange,or sourceremovalfor
planned system maintenance shall be scheduled at a time of day when few or no
nonessentialpersonnelare present,e.g., 12 midnight. Priorto beginningany transfer
operation,the 'SchedulingChecklistfor Source Handling"(Figure6) shallbe completed
to ensurecoordinationof date and time with airportfacilityrnanagem.3nt,airportsecurity
and airlinemanagement.

To avoidpossibleradiationexposureto the general publicor airportpersonnel,an area
out to 45 feet in ali directions from the TNA unit shall be cordoned off using
yellow/magenta rope and posted with"radiationarea' warningsigns. At45 feetthe dose
rate from a bare 150 microgramCf-252 sourceis less than 2 mrem/hr. Aisoensure that
the airport securityhas cordonedoff the areas above and below the unit. Onlythe TNA
operator and other authorizedpersonnelshall be allowed in the controlled area dudng
sourcetransfer operations.

When movingthe sourcebetween the EDS unitand the cask, make sure the source is
in its properpositionby observingthe cable markings(Figure7). Use the gamma survey
meter to confirmthe source is the correct location.

Movethe sourcequicklyso as to minimizethe time the sourcespends betweenpositions,
because the source path comes c_oseto the undersideof the TNA, resultingin high
radiationlevelsin the downward direction.

lt isimperativethat the sourcenotbe StOD_Oedbetweenthe IN and RETRACTEDoositions.

2.4 LOAE_ING

Thisis a safety-criticalDrocedurewhich couldresultina highradiationarea ifnot carded
out 0rooerly. lt is oossibleto accidentallyremove the b.are source from the system,
leavingitcom01etelyunshlelded.The o0eratormustreviewthe orocedure carefullybbefore
_tartina to make sure that it is ful_tyurlderstood. Also review aDPlicableemergency_
procedures.

Ali sourcehandlingoperationsmustbe carriedout by at least two people, one of whom
is a qualifiedsystemoperator. A surveymetermust be used. ReviewSection2.3 before
starting.

The "Checklistfor SourceLoading' (Figure8) isto be completedeach time thisoperation
is performed.

_11 113|
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SCHEDULING CHECKLIST FOR SOURCE HANDLING

Source handling operations for TNA systems shall be done at a time of day when a
minimumnumberof people are present(e.g. 12 midnight), tnali cases,an areato 45 feet
from the TNA unit shall be cordoned off to avoid possible radiation exposure to
nonessentialpersonnel. Use yellow/magenta rope and post "radiationarea' caution
signs. Nonessentialpersonnelincludeseveryoneexceptthe TNA operatorsperforming
the sourcehandlingand othera_rthodzedpersonnelwho may be presentfor maintenance
or as observers. Also ensurethat the airportsecurityhas cordonedoff the areas above
and belowthe TNA unit.

The necessityfora scheduledsource handlingprocedureis anticipatedfor:

DATE TIME .

L

The following must be notified. Indicatethe name of the person contacted alongwiththe
date and time notified.

Name Date Time _

Airport Facility Management

Airport Security °-

Airline Management

Y

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

-

Operator Signatures: / ....

Figure 6. Scheduling Checkli_ for Source Handling.
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v. _e_.g_so.ca _ r _SERrED)vroEDs.

V_aLEArPOS_Tg3N,t . ' ,
xx _ _EF._S,OUSCEFgZr avs_rEo,vroms

_ , _ _'ISIBLEA r POSIT/ON 12

v_ Ar _r_,v _,e ' YELLo_w,_'x
NOTE'ORAW_3Nor ro SCALE SOURCEFULLY WITHDRAWNIvro cAsK

14SI_E A T POS/770N #1

b)

Figure 7. Cable Markings.
a) ViewingPositions
b) ColorCoding
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CHECKLIST FOR SOURCE LOADING

is a safety-criticalprocedure which couldresult in a hiahradiationarea ifnotcarded
out orooertv, lt is oo_sible to accidentally remove the b-aresource from the svstem,
leavingitcomoletely-unshlelded,Theo0era-tormustreviewthe orocedure carefully_before
startingto make sure that it is fully understood. Also review applicableemeraencv
procedures, - -

Ali source handling operations must be carded out by at leasttwo people, one of whom
isa qualified system operator. A gamma survey meter must beused. ReviewSection2.3
before starting.

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

__ Familiarizeyourself with the entire pr_ure before starting. Check off each stepas
it is completed on a copy of this procedure.

__ Complete "Scheduling Checklist for Source Handling'.

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

Unfastenthe cask from the platform, roll it off onto the floor.

Placethe platformat the side of the TNA belowthe sourceaccess.

_.. Adjustthe platformlevelingscrewsto levelthe platformand lineup the platformholes
withthe tapped holes in the TNA. _-

Fastenthe platformto the TNA with bolts.

BoJtthe eye-hook bar to the system and the winchon to the cask.

Rollthe cask up to the platform,lineup the wheelswiththe rail.

._. Unlock.andopen the TNA source access door as wide as possibleso it willnot
interferewith the cask movement.

Hook cable to eye-hook and crankup to abouttwo feet from TNA.,=.==,m

_.._ Removethe cover platesfrom the cask Source Insertion/ExitPointand the Teleflex
cablestorage compartmentby unscrewingthe cap't!vescrews inthe plate.

From the FRONT of the cask, remove the polyethyleneplug from the Source
Insertion/ExitPointby unscrewingthetwoscrewsand pullingoutthe plug. _ .
r_diation12earncomingfromth_ _sk sourcehole.

Figure 8. Checklist for Source Loading
=
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Mount the source transfer ring on the front of the cask with its screws, with the
--- conicalholetoward the TNA. (See Figure4).

Unscrewthe RetractionStop tube assembly (tube with attachedaluminumpiece)
retainingscrewsand removethe assemblyfrom the TNA.

Placethe sourcetransferadapteron the adaptersupportlooselyheldin positionfor
"- transfer. (See Figure4)

Crank the caskup to the TNA slowlyuntil it isin firmcontact,guidingthe adapteras=====,=

necessaryto makesure that the adapter engagesthe ringproperly.

Unlockand disengagethe cable clampat the backof the cask.=w,.m

Insertthe source intothe TNA by pushingthe cable intothe cask until it stops. A.,==.mm

green markon the cable willbe at the casksurface. (See Figure7.)

verify source insertionwiththe gamma surveymeter at the TNA surfaceabovethe
"-- cask. A reading lessthan 0.1 mrem/hr shouldbe obtained.

__ Releasethe ratchetand unwindthe winch 15 turns, re-engageratchet.

n Slowlyrollthe cask away to the winch cable limit,about 18"- 2', reaching in after
about6' separationto holdthe cablefixedat the TNA wallso that the sourceis not
pulledout of the TNA.

Pullthe cable through the front of the cask, making sure the source stays fully
insertedin the TNA.

.._. Removethe source transferadapter, makingsurethe sourcestays fullyinsertedin
the TNA, and lower the adaptersupport.

Placethe RetractionStop tube on the cable, tube first,and slideit towardthe TNA,
finallyinsertingit.

Screwthe RetractionStop in place.=m_==

__ Clamp the sourcewith the clamp/lockingbar and lockwith padlock.

Coil the excess cable up neatlyand tuck intothe TNA source access recess.

Releasethe winch ratchetand rollthe cask off the platform,detachthe platform.

Closeand lockdoor, replaceouterpaneland lowerthe top panel. Storethe caskon=.==,.==.

its platform. Storekeys securely.

Replacetamper-indicatingpaper seal.

Figure8 (con't). Checklistfor Source Loading
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2.5 REMOVAl.

Z__j.___'_-_ALc_!proceclure whlcl_l__couldresultin a highradiationarea tfnotcarried
out _roperly:.__ is #osslb!e to accidentally remove the bare source from the svster%
leaving itcompletely unshlelded. The operator must review the orogodure carefultv-beforR
__.re that lt is fully understood, Also review a0oIicable pmergency
#rocedure_

Ali source handling operations must be carded out by at least two people, one of whom
is a qualified system operator. A gamma surveymeter muSt be used, ReviewSection2.3
before starting.

The *Checklist for Source Removal" (Figure 9) should be completed each time this
operation is performed.

2.6 STORAGE OR TRANSPORT

The following _3roceduresshall be followed to prepare a source for storage or transport.

After placing the source in the cask, thread a tamper-indicatingwire seal withthe padlock
through the locking holes. Close the padlock and affixa lead seal over the ends of the
wire. (See Figure 3c.)

Coil up the remainder of the "r'eleflexcable and piace it in the storage compartment.
Replace the cover plate on the rear of the cask.

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

Insert the polyethylene plug into the front of the cask and replace the cover plate on the
front of the cask. Avoid radiation beam coming from cask source hole. Thread one
tamper-indicating wire seal through the holes in the two bolts on the coverplates on the
front and rear of the cask.

Replace and lock the cover panel on the TNA.

For shipment, roll the cask onto the platform and bolt them together. The platformserves
as a shipping pallet. Follow DOT shipping procedures for labeling a(id completing the
forms,

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

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

Thisis a safety-criticalprocedure whiohcould resultin a hlah radiationarea ifnot carried
out property, lt is possibleto accidentallyremove the b-aresource from the system,
leavingitco-mDletelvunshlelded.The ooeratormustreviewtheprocedurecarefullybefore
startina to make_sure that lt ts fully Understood. Also r_view aDoltcableernergen_
orocedures.

Alisourcehandlingoperationsmust be carded out by at least two people, one of whom
ts a qualifiedsystemoperator. A surveymeter mustbe used. ReviewSection2.3
before starting.

A copy of thischecklistts to be completed each timethe operationis performed.

Familiarizeyourseffwiththe entireprocedurebeforestarting. Check offeachstepas
-- lt is completed on a copy of thisprocedure.

_ Completethe "SchedulingChecklistfor Source Handling'.

Pushup the TNA top cover end lift off the side panel.m

Unfasten the cask from the platform,roll itoff onto the floor.

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

Adjustthe platformlevelingscrewsto levelthe platformand lineup the platformholes
--"withthetappedholesintheTNA.

FastentheplatformtotheTNA withbolts.,===,,,.,

Bolttheeye-hookbartothesystemand thewinchon tothecask.

Rollthecaskup totheplatform,lineup thewheelswiththerail.

Unlock and open the TNA source access door as wide es possible so it will not
-- interferewith the cask movement.

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

Removethe cover plates from the cask Source Insertion/ExitPoint and the Teleflex
-- cable storage compartmentby unscrewingthe captivescrewsin the plate.

From the FRONT of the cask, remove the polyethyleneplug from the Source
-- Insertion/ExitPointby unscrewingthe two screwsandpullingout the plug.

Figure9. Checklistfor SourceRemoval.

J
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Mount the source transfer ring on the front of the cask with its screws, with the
"-- conicalhole toward theTNA.

Unlockand llft-theclamp/Iocklng bar, releasingthe cable.

Unscrew the RetractionStop tube assembly retaining screws and remove the
"- assembly from the TNA, being careful to leavethe source fullyinserted In the TNA.

._ Placethe sourcetransferadapteroverthecable, withthe taperedend away from the
TNA, slide it up to the TNA and positionit on the adapter supportloosely held in
positionfor transfer,being careful to leave the source fullyInsertedInthe TNA.

Unlockand disengage the cable clamp at the backof the cask.

Insert the free enclof the cable into and through the cask.

Crank the cask up to the TNA slowtyuntilit isinfirmcontact,=guidingthe adapterand
"- cableas necessaryto make surethat the adapterengagesthe ringproperlyand the

cable does not kink.

Draw the source intothe cask by pullingthe cable from the back Ofthe cask untilit
stops. A yellowmark on the cable willbe at the cask back surface,indicatingthe
source is In the cask. (See Figure7.)

___ Verifythat the source is in the cask withthe gamma surveymeter by movingitalong
the sur/ace of the cask. A maximum reading willbe obtained at the middleof the
cask with lower, approximatelyequal readingsat the ends of the cask.

_. Clamp and lock the sourcecable at the back of the cask.

Coil up the excess cable and place it in the cask recess.,==.,=..

._. Replacethe cask plugandcaskcovers. Avoid radiationbeam comingfromthe cask
sourcehole.

=

Releasethe 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 adaptersupport.

._ Replacethe RetnactionStop tube in the TNA and fasten.

__ Releasethe winch ratchet and roll the cask off the platform,detach the platform.

__ Closeand lock,door',replace outer panel and lower the top panel. Followprocedures
for storageor transport as appropriate. Storekeys securely.

z

Figure9 (con't). Checklistfor SourceRemoval.
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2,7 RETRACTION

Do notretractsourcedudngemergencies,exceptwhenthe passagewaymustbe entered
by operator, Maximum shielding existsonly when source is In the normal operating
position,

The sourceshallbe movedto the RETRACTEDpositionif tt isnecessaryfor the operator
to enter the baggage passageway for any reason, The operatormust not remain tn the
baggage passagewayfor longer than 1hour per week (totalwtthlnany sevenday period)
evenwiththe sourceretracted;note passageactivltlesinthe logwithtimesto keep track
of the time.

If the source must be retracted, keepnonessential personnelout of the work area by
ropingoff the area to 6 feet from the side of the TNA withthe source access panel. Use
magenta andyellowrope and post 'radiationarea' cautionsigns. To retractthe source,
_"_llowthese procedures:

Unlock and removethe sourcecover panel from the TNA.

Pullthe Teleflexcable untilttis stoppedbythe sourceretractionplug. Do notremove
the retractionplug,

Lock the Teleflexcable in the RETRACTEDpositionso that it does not move back
into the system.
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SECTION3

EMERGENCYPROCEDURES

Theseproceduresshallbe oost_l ina or0mlnentoosttiorlpearthe_NA {orimmediaJ;e
referenceintheeventofan emergent, Raure10 shouldbe oostedse0aratelyor asthe

3.1 BAGGAGEJAMS

Baggagemaybe stoppedIntheTNAduetoa baggageJam;suchoccurrencesposeno
imminentdangerofradistionexposureto personnel,ffa jamocx_rs,thebaggageinthe
TNAshouldbe removedas soonaspossibletominimizebagactivation.

Rrst,determinethe causeofthe stoppage.Thisisaccomplishedbyopeningtheexitand
entranceshieldingdoorsto visuallyInspectthe baggagepassagewaywhileremaining

the TNA. latch the doorsinthe open_. Caution: The doorsmust be
closedagainassoonesoosslbleto minimizeex=_osurefromthe_ae ooeplna.Under
noctrcum=ancesshouldthedoombe leftooenionaerthan10minutes_aSthecloserata
DLJtsldetheTNAwithalithreedoorsooenis an0roxlmetely20 mrem/hr,

Rrst, use long-handledtoolsto clearthe baggagewithoutentedngthepassageway.

If ttisnecessarytoenterthe baggagepassagewaytounjarnthesystem,the sourcemust
firstbe retracted. (SeeSection2.7). Accesstspermittedonlyby thesystemoperator=
Remembertousetheaemmasurveymetertoensurethatthesourceisret_ed before
entednapassageway,ff the ooerator'scumulativedurationof st_ insidethe neutrorl
interroc]ati0nregloEl-s9reaterthanI hourDerweekfdurinaand7 dayDedod}thesource
must]irstbe removedfromthesystem_odorto entrybvthe ooeretor.

-. -r ....

Afterremovingany bagsthat haveremainedtn the system,use the gammameterto
surveythem on thesurfaceto ensurethat the redistlonlevelis lessthan 0.5 torero/hr.
If the levelis higherthan0.5 mrem/hr,the bag mustbe putasideforat least5 minutes
untilthe leveldecaysto less than 0.5 mrem/hr. See Section4.1 for bag activation
procedures.

Oncethe stoppageis cleared,notethetimeandthereasonfor thestoppageintheTNA
DailyLog. Alsonote ffanyof the stoppedbaggagesurveyed=d:x:Nethe 0.5 torero/ht
level.
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EMERGENCYCONTACTGUIDE

,_E.g._L..T.,_t Persons_to bLC.,_ntau'-'ted

Flre/Explosk_/Diaaster 1, AirportFireDepa_In'_nt.l__e Emergency
Assistance

2. AirportSecurity- Cordonoff Area
3, City/StateRadiationConVo_.ImmediateRadiological
Assistance

4,City/StateEmergencyM_"m_t
5,N,R,C,ReglonOffice
e,SAIG/SantaCtara.P,a_tat_nS,_ety(:Hfk:_
7.SAiC/S_ntaCram.Ma_=0_o__ Oper=0o_
8, UoenseHolder(FAA)

__n _ _ I,Airpo_secu_. C,(xdo__ _Vu
(wherethe_ehasbeen 2,C_/St_e_
exposureorU_ereIs 3,c_/s_e _
tn'tndrtentdangerof 4, NRCRadiationOffice
exposure) 5.sAic/SantaClara.Rad_onSafe/Offlc_

e.s/do/sa_=C4ataM=_' oiFieldO_
7. Ucen=_Holder(FAA)

(_ =_rc=,_ z s_uo/santac_m. Ra_=_nsa_y
_, et_ whe_ 3, S,_C/SantaC4a_ Men_g_ of Re_ Operetlor_ff
thereI=no_ Wob_m¢=nnotbe_

5, NRC Region
6, Licen_ Holder (FAA)

Operator,Ine¢_or 1,s_c/Santa_. Manag_ot_
Aoclde_ (whichWeventsan 2. Operatorto serveasreplaoement
operatorfromreportingto
work)

System Failure,Itt_ 1. SAiC/,_itltaCJata.Engineer(ContactI1_ ertg_.
orActual(dueto h_ He willco¢I_1¢tthe_ period, byPlOer if

2.S/UC,_ Safety

Power Loss,Large.scale 1. Ak'pottFIK::attyManageme_
2. _klC/Sltltll Clltl - Managerof FieldOperations
3,SAIC_ SafetyOffcer

Power Loss,to Building 1. AlrpollFllcilt_ Manl_
2.SAK:/San=Ca_. ManaOero_F_CdOp=tat_

Figure 10. Emergency ContactGuide
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3,2 FIRE, EXPLOSION,DISASTER

Fires,explosions,or otherdisastersgiveriseto concernsfor Imminentdanger of radiation
exposure. The followingprocedureis supplied tn checklistformfor rapid and accurate
handlingof such emergencies.

Call the airport fire department,.,.,N.,

Removeany injuredpersonnelto a safe distance.

Giveemergency firstaid if necessary,

Callairport,security,

Conductarea surveyto determinelevel/extentof exposureor radioactivematedal
release.

Cordonoff area to a safe distance,where exposurelevelIs less than 2 mrem/hr.

Call state/local radiationcontrolfor immediate radiologicalassistance.

Maintainsecurityuntil assistancearrives.

CallNRC regionaloffice,

Call SA!Cradiationsafety officer.

Calllicenseholder,

Renderemergencyassistanceas needed.
,..=...

3.3 EARTHQUAKE

Earthquakes give rise to concerns for imminentdanger of radiationexposure. The
followingprocedureis suppliedinchecklistform for rapidandaccuratehandlingof such
emergencies.

Removeany injuredpersonnelto a safe distance,

Give emergencyfirstaid if necessary,...=,,.,
=_

.__ VisuallyinspectTNA for damageand areas whereradiationmay be released.

Surveyarea surroundingmachine. If highradiation levelsexist:

Callairportsecurity.,.,==.,=.

Cordon off area to a safedistance,wheree_sure levelis lessthan 2 intern/hr.
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__ Call state/local radiationcontrolfor Immediateradiologicalassistance.

Maintainsecurityuntil assistancearrives,

Call NRC regionaloffice.

Call SAIC radiationsafety officer.,,,,.,,,..=

Call licenseholder,

If no significantradiation exposJreexists,clear the baggage from the system, if the
power Is off, followthe proc_eduresin Se_on 3.6, When power Is restored,or if power
remainedon after the earthquake, initiatesystempowerup e4_quence.

3.4 SOURCE STUCK AT INTERFACE

A sourcestuckat the Ints;lace Is a situationwhere there Is Imminentdangerof radiation
exposure. The followingprocedurefor handlingsucha situationisgiveninchecklistform
for rapid and accuratehandlingof suchan emergency.

Alertairport securitypersonnel present. Area shouldalreadybe dear.,=.,4,,,,.',

Ensurearea within45 feet of TNA hasbeen cordonedoff, and that the areas above.,..=..,=

and below the systemare clear.

Conducta gamma surveyto verifystuck sourceand determineextentof dose rate.

_ Attemptto dislodgesource. Attemptto realignrnachlne/oaskmatingby wigglingthe
cask from side to side, withoutmovjpgthe aask backwards. WARNING:_Do n_
attemptto _ack out the cask. This couldresultirl a totallyunshlelcledsource.

If sourcedoes not dislodge:

Call state/local radiationcontrol for Immediateradiologicalassistance.

Call NRC regionaloffice.

Call SAIC radiationsafetyofficer.

Call licenseholder.

Maintainsecurityuntilassistancearrives.

Appendix A 23 N kIRI,;(;- 139(}



3,5 SOURCE TRANSFER INCIDENTS

Source transferincidents Include a source stuck in a cask or the TNA,a broken Teleflex
cable, or a sourcecoming off the end of the cable. These incidentspose no Imminent
danger of radiationexposure to personnel.

As source handling already requires airport security personnel to be present (see
Section 2.3), informthem of the situation. Ensure that the area within45 feet of the TNA
hasbeen cordonedoff, and that areas above and below the TNA are dear, Attempt in
ali cases to push the source Into a normaloperating _, but do not attempt repair,
Call the SAIC radiation safety officer for further Instructions, Also call: 1) state/local
radiationcontrol, 2) NRC regionaloffice, and 3) licenseholder.

-

3.6 POWERLOSS OR SYSTEM FAILURE
=

Power loss or system failure (e.g. conveyer belt failure)poses no imminentdanger of
radiationexposure, In such incidents,clear baggage from the systemwithlong-handled =
toolswithoutenteringthe passageway, if lt Is necessaryto enter the passageway,retract
the source first. (See Section 2.7.) Use a gamma survey meter to ensure source has
been retracted beforeenteringpassageway. Afterremovingthe baggage,ensurethat the
shleldlr_gdoors are closed and place source back into normal operating position for :
maximum shielding. Survey each bag to ensure residual activation is less than
0.5 torero/br, If the level is higher than 0.5 mrem/hr, the bag must be put aside for at
least 5 minutes until the level decays to less than 0.5 mrem/hr. Call airport facility
management to determineextent of power loss or call SAIC for assistance in system

failures. See Section 4.1 for bag activationprocedures.

3,7 DETECTION OF SOURCE LEAK

In the unlikelyevent that a sourceleak testor conveyorbeltwipe test revealsa teak, it is --
imperativeto performthefollowingproceduresto preventthespread of contaminationand
release of airborne activity.

__ Stop operation of the TNA system. Leave cask in piace flushwith the TNA system. _-

Ensurearea within45 feet of TNA has been cordoned off, and that the areasabove
-- and below the systemare clear. -_

Conduct a gamma surveyto determine extentof dose rate.,,==.=,.= =-

.-. Call state/local radiationcontrol for immediateradiologicalassis_'lce.

__ Call NRC regional office,

__ Call SAIC radiation safety officer.
,===_
,_===
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Calllicenseholder.

Maintainsecurityuntilassistancearrives.
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SECTION 4

BAG ACTIVATION

4.1 MONITORING

Alibaggage leaving the system passes the exit monitor detector. Baggage which does
not trigger the alarm may be handed over to be loaded,on air.aft.

Baggage whichexceeds the activationthreshold triggersthe indicator lightand audible
alarms. Such bags must be checked with an ion chamber surveymeter (BicronRSO-5
or equivalent)on the surfaceof the bag to assure that the activitylevel is acceptablefor
loadingon the aircraft.The dose rate must be less than 0.5 torero/br everywhere;if the
bag exceedsthisdose rate it mustbe putasidefor at least 5 minutesandrechecked until
the 0,5 mrem/hr level criterion is met. FNe minutesis generally sufficientto ensure ali
residualactivityof the bag andcontentshasdecayed. Bagswhichcontinueto fall to meet
the 0.5 mrem/hr cdtedon must remainaside sincethe bag itseffmay contain radioactive
material. Notifylocalairport security personneland the SAIC radiationsafety officerfor
further instructions.

4.2 EXIT MONITOR SYSTEM ._

The baggage activationexitmonitoringsystem consistsof a detectorassemblywith lead
collimator to view the baggage and an dose rate monitor type electronicspackage _-
containinghigh voltage supply, amplification,count rate meter circuitrywith adjustable
threshold which triggers audible/visible alarm indicators and a signal to the TNA
computer.

When a bag passes the detector, some of the activationgamma rays from the bag are
detected. If thecount rate exceeds the set threshold, the indicatorlightgoes on, the
audiblealarm soundsand the circuit communicatesthe event to the TNA computer.

Bags which triggerthe alarm are to be set asideto be checked usingthe surveymeter.
(SeeSection4.1 above). The TNA identifiesthe activationalarrnbags aswell as explosive
suspect bags. This typically operates with a mechanical di_erter which physically
separates these suspect bags from the baggage flow where they can be cleared
individually"

4.3 CAUBRATION/CHECK PROCEDURE ___

Thiscalib:ationprocedureis used to set the exitmonitor thresholdwhereitwill triggeron
any bag which mighthavea surface dose rate above 0.5 mrem/hr.

--_
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Set thresholdusinga Cs-137check sourceof5 microcuriesstrengthplaced in the middle
of a bag with lightweightcontentsso that the thresholdtriggerswhen the bag passes.
This bag willbe ore of the bags used for dailyTNA operationalchecks. Exit monitor
operationis to be verifieddailyas one of the regulardailysystemtests.
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' SECTION 5

Cf,252 SOURCE t.F_.AKTEST PROCEDURE

Thecalifornium.252sealedsourcemustbetestedfor leakageof radioactivematedalevery
sixmonths. Thisinvolvesusinga cotton swabto wipethe surfacesas closeto the source
as possible. (Wiping the Source itself would result in en unacceptable exposure).
Similarly,the conveyorbeltis wipedasa check onaccumulatedactivationcontamination,
also at six month intervals. The leak test samples are then sent_to a specifically
authorizedagency for analysis. The addressof the agencyutilized in thiscase is:

Radiation DetectionCompany
ATTN: ChemistryDepartment
162 Wolfe Road
Sunnyvale,California94086

The followingmaterialsare needed for the wipe tests:

, - a wipe testcotton swab with plasticcover
- e wipe test filterpaper with plasticbag
- an ion chamber gamma surveymeter

5.1 SOURCE LEAKTEST

The source_transportcaskis placed inpositionforunloadingthe source. The procedures
forthese tasks are given inSections2.1, 2.5, and 2.6. The source is withdrawnintothe
cask, then reinserted back into the system.

The cotton swab cover is labelledwiththe sourceserialnumber and the currentsource
strengthis noted. The apertureof the source transportcask iswiped thoroughlywiththe
swab,wiping as much area inside the apertureas can be reached. The cotton swab is
then removed and insertedinto itslabelledcover.

5.2 CONVEYOR BELTWIPE TEST

The filterpaper is used to wipe the surfaceof the TNA conveyorbelt, wipingacross the
beltsurfacein at least four places.

The plasticbag is labelled, identifyingthe place and date, and the filter paper placed in
it.
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5.3 SAMPLE ANALYSIS

The cotton swab and filter paper are then held close to the survey meter to make a
preliminary measurement. If the meter registers any radiation level above normal
background, follow the emergency procedures in Sec. 3.7. If the radiation level of the
test wipe is simply equal to 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
wipe tests and the analysis results must be maintained on file for three years following
each test.
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Table 5.1(ai Potential activation products (for slow neutrons*) of baggage contents containing 1-kg
(2.2-1b) masses of various elements

II I --'l II Illll I I IlL

0,5-min delay 10.rain delay 60-rain delay

Dose rate l)ose rate Dose rate
Gamma (mrem/hr/ (torero/br/ (toreroht

llalf-life (Mev/ Activity 2.2 Ib Activity 2.2 Ib Activity 2.2 Ib
Product dps/_g** (mini dlst) (gCi/g) @ 1 ft) (gCi/g) @ 1 ft) (gCt/g) @ 1 ft)

t-I-3 ' 8,42E-1[) 6,49E+06 - 1,02E-15 0,00E+00 1,02E-15 (),00I_+00 1,02E-15 0,[)UE+()(3
N-16 3,50E-03 1,19E-01 4,60E+00 2,31E-30 6,39E-09 2,18E-34 6,01E-33 0,()()E+ 110 0,{1111-_400
O-19 3,5 lE-03 4,48E-01 1,04E+ 00 3,97E-09 3,23E-08 8,17E-16 5, 3()E-15 2,1(IE-49 1.33E-48
F-20 1,97E + 02 1,83E-01 1,64E+ 00 3.61E-05 3,55E-04 8,58E-21 8,44E-20 0,0()I_ + ()0 (),00E+ 00
Nc-23 2,43E + 01 6,20E-01 1,45E-01 1,69E-05 1,47E-05 4,13E-10 3,60E-10 2,21E-34 1,92E-34
Na-24 1,8{)E+00 8,80E+02 4,12E+00 2,19E-06 5,41E-05 2,17E-06 5;37E-05 2,()9E-06 5,16E-05
Mg-27 129E + 00 9,46E + 00 9,14 E-01 1,53E-06 8.29E-06 7,54E.-07 4,14E-06 1,94E-(18 1,()6E-()7
A1-28 2,72E + 02 2,24E + 00 1,78E+ 00 2,83E,-04 3,03E-03 1,50E-05 1,60E-04 2,87E- 12 3,(17E- 13
(71-38 5,55E+00 3,72E+01 1,49E+00 6,69E-06 5,98E-05 5,60E-D6 5.01E-05 2,21F-()6 1,97E-()5
Ar-43 3,06E + 01 I, 10E + 02 3,28E+ 00 1,29E-05 9,87E-05 1,21E-(15 9,30E-,05 8,83E-06 6,78E-05
K-42 2,39E-01 7,42E+02 2.73E+ (12 2,91E-07 4,76E-04 2,88E-07 4,72E-()4 2,75E-{)7 4,5()E-()4
Sc-46m 4,73E + 04 3,12E-03 3,42E-0 3 1,89E-02 3,61E-02 l 1,30E- 31 1,31E-1 II 7,62E-()(1 (),49E..60
TJ-51 3.57E + 00 5,76E + 1111 3.50E-U 1 4,09E-06 8,59E-(16 1.30E-06 2,74E--(16 3,18I!!-()9 6:68E-()9
V-52 1,79E + 03 3.75E + 011 1,43E + 110 1,98E-03 1.70E-(12 3,43E-114 2,94 E-lI3 3,33E-[18 2,86E-(17
Cr-55 3,22E + 00 3,56E + ()(l 6.57E-04 3.55E-06 3.411E-08 5,59E-117 2,2(1F,-09 3,31 E- 1 I 1,31E- 13
Mn-56 1.3 lE + 02 1,55E + 02 1.70E+ ()0 1,35E-04 1,37E-03 1,29E-04 1,32E-03 1,03E-(14 1.()5E-1)3
(?t)-60m 2,3317.+ 03 3,(15E+ 11() 1,23E-f)3 2,04E-03 1,5()E-()5 3,85E-06 2.84E-()8 1,8()I!.-21) 1.33E-22
Ni-65 7,()4E + 00 1,513-2+ t)2 5.63E-() I 9,27E-06 3,13E-()5 8.88E-()6 3,1)()E-()5 7,II(IF,. ()6 2,38 E-I)5
Cu-64 4,58 F,+ 00 7,6437,+ 02 i .95E-01 5,57E-06 6,51 E--II6 5,52E-()6 6,46E-(16 5,28 E..(1() 6, 171:1!.,1)6
('u-66 3.47E 4-()2 5, IIIE + ()() 9,56E-1)2 3,67E-04 9,58E-(15 4,59E-,05 2,64E-.()5 5,15E--1)8 2.95 E- 118
Zn-69 3.6912 + 0(1 5.70E + III 4.78E-()6 4.40E-06 1.28E- I1) 3,97E-06 I, 143:..-1() 2, I(il);..()f) 0.2 Ii,;-I I
f ;a-711 5.43E + ()1 2, 1lE + 1)1 5,55E-()3 6,511E-05 2,16E-()6 4,76E-()5 1,58E-()6 9,2(11:..1)6 3,1)()E-(17
(_a-72 2.59F_ -I (10 8,46E 4-02 2,113E4-01) 3.15E-06 3,84E-(15 3,12E-116 3.811_.-(15 3,(IIIIT.(I() 3,65E-1)5
( ;c-75m (),38E + ()1 8.15E--()I 5,59E-()2 5,117E-(15 1,7(1Fi-()5 1,57E-(18 5.281]- (19 5,4117,--27 I 81 I;-27
(;c-75 I.I)5I!:,+ (li) 8,28E + (11 3.18E-(12 1.27Ii;-116 2,43 E-I)7 I, 1717.-116 2,241i-..117 7,73E-.(17 1.471!--117
(;c-77m q.ll5E-()l 8,84E-(11 (),31E-I)2 7,44E-117 2,82E-(17 ,'1.341:,_III I,()41:,-111 ,1,1 II!. 27 1,5(,1:i-27
As-7f) 3.2()E .1-{III 1,58E + 113 3,371:!--(11 3.9lIE-II0 8.112E-(10 ?,951:.-(16 7,981{--06 3.8()I", (li) 7,811.:,116
Sc-77m 5,691!,-I-I)3 2,9111:--()I ').031:,-()2 2,11)I!-.03 1,21Ii--II3 2.9()I i-13 I,(,71!,--13 3.731:i-()5 2. 151:.-85
Sc-79m 2.15E 4 ()1 3,9 I1:.+ ()() 9,571ii-()3 2.39I!:-4)5 1,37I:i-()() 4,441!!--1)(i 2.55Ii .()7 ().31)1_ II) 3._111i.11
Sc-81 1,33E +111 1,85E+()1 1,44E-()2 1,5912--()5 1.371.7,--116 I, 11I!--1)5 9.61 Ii.. 1)7 1.711-.I)0 I;481i. 1)7
Sc-83 3,4517:,4-Ifr) 2,251! + (11 1,27E-t 1111 4, 13E-1)6 3,15E-(15 3,()8E-1)6 2,3511!-1)5 ().01li 117 5.1141i-11() '
lh-8(lm 5,48E .t-(III 2,05I! + I)2 2,41E-.(I2 (),6f)I;--1)6 9,62E--1)7 0,491';.-()6 9.391:,-()7 5.'1(11i ..li() 8,241: (17
l)r-Sl) 2,9 lE + (12 I 771:,4-(11 7,11(1E-I)2 3,47E-114 t,401!';-(14 2,39F!,-114 I,IIIII;;-114 3,381;-05 1.421,i-115
l_r-82m 2,311:;4-{12 6, li)li-t.. 1)11 4,221'_-()4 2,()5E-04 6,72E.-117 9.(12E--1)5 2,2,qE-,(17 3,1181!-117 "1.791,;-.I(I
Kr-81 m 3.77E -)-()2 2,2212-01 1.27E-() 1 9,f)31-:--()5 7,343::--115 1,27[?,-17 9, (i9!:,.-18 2,1)(_1!. 85 1,591i-85
Kr-83m 1,74E + ()1 1,121:,+ 1)2 2,26Ii-(13 2,111'2-1)5 2,86E--()7 1.993.'-1)5 2,711E-117 1.4()1!--115 1//81 i.-(17
l,Ib-Slim 4,2(1E + ()1 I,(12E4-11(1 5,4()E--1)I 3,64E-()5 1,19E-.114 5,72E--1)8 1,87I,.-117 1,111li .22 3,3117,-22
Rb-88 2,05E + 1)0 1,78E -t-(11 6,37E-() 1 2,45E-l)6 9,35I?,-(16 1,691!...(16 0,463-_-.(1() 2141li.-1)7 9.221:;-.117
Y-9llm 4:16E+11(1 3,9133,-t--I)2 6,3(1E-()1 5,()5E-(16 1.91E-115 4,881i4)6 1,84E (15 4.(171i;-Ill) 1,54F--(15
Nb-94m 3,8()E + (}1 6,26I?,+ 1}(1 1,171!4)2 4,37E-()5 3,(17I';-()6 1,53li.--115 ,1,(171:i-.()() ().(131_()8 4,23E--119
MI)- I01 1,35E 4-1)0 1.46E + (}I 1.51E 4- (III 1.6()E--1)6 i,45E-1)5 I,()2E-()0 9.25 E-I)() 9,521,F ()8 8,()2Ii-,()7
RI1-ll)4m 3,6(1E + 03 4,35E + III) 3,48E-(12 4,()4F-()3 8,44I::,--I)4 8,9(11_:,.,.1)4 1,80li- ()4 3.()91:.•()7 0,451:! .1)8
R h-Ill4 1,54E -(-04 7,(15E-(11 1,11E--lI2 I, 15E--lI2 7,631!i-.1)4 1,1111!-1)6 6,71 Ii. I)8 4.55Ii--28 3.1131i-29
l)tl- 3(17m 8,42E + (10 3,55E-() 1 1,5217:,-II1 3,86E-.()6 3,52E-()6 3,4 Iii- 14 3, I 1lli--14 1,391!-5() 1,2"71!i-50
3)d-109m 9, 32E + 0() 4,69E ..)-(1() I, 14E-I) I I.(13F.-()5 7,()5E-(16 2,531,;--()() 1,731;-.()0 1,571i ()9 1,1)71:,(19
Pd-109 3,37E + 0() 8,()8E + 02 1.24E-1)2 4,3()E-()6 3,()5E-07 4.()01i...()0 3,()21i.-()7 3,8!.)I!.410 2.9()I.:,.()7

Ag- 1(18 5,09E + 113 2,41E + (11) 2,94E-(12 5,36E-03 9,4()1_;-()4 3,49E-114 6, 16E--()5 1.901:, 1() 3,5 li!i--I 1
Ag-13() 8.31E+04 4,30E--01 2.9bE-1)2 4,34E-1)2 7,71E-(13 4,613!';-I)9 8. II)E-Ill 9,141';-46 1,621i-4()
In- 114 9.43E-F 01 1,20E + til) 2.21E-()3 8,59E-1)5 1,14E-.1)6 3,56E-(17 4,72E-(19 1,()31! 19 1,3bE-21

!n-116m(2) 1,26E + 06 3,63E-02 8,2()E-(12 1,II)E-lI4 5,39E-(15 1,88E-83 9,26E.-84 (),[)()li-) 11(1 I1,(11)1!,',-1-1111
ln-ll6m(l) 1,29E+()3 5,42E-t-()1 2,47E+ 11(1 1,56E-03 2,31E-(12 1,38E-113 2,115E-(12 7,281,;4)4 1,1)81i.-112

See foolnoles al e.ntl {if lame.

APl}cndix !_ I N L.I!_,i i( 1--1396



Table 5.1(a) (continued)

0.5..rain delay 10-rain delay 60-min delay

Dose rate Dose rate Dose rate
Gamma (mrem/hr/ (torero/br/ (mrem/hr/

Half.life (Mev/ ActMty 2.2 lb Activity 2,2 lb Activity 2.2 Ib
Product dps/gg** (rain) dls't) (gCI/g) @ 1 ft) (gCi/g) @ 1 ft) (gCi/g) @ 1 ft)

In'li6 1,36E+ 04 2,37E-01 1.55E-02 3,83E-03 3,57E-()4 3.31E-15 3,08E-16 1,(k'}E-78 9.84E--80
Sn-125m 1,09E+ 00 9,52E+ 0II 3,29E-01 1,28E-(16 2,52E-116 6.411E-07 1.26E-06 1,68E-08 3,32E-08
Sb-122m 7,08E+ 00 4,2lE+i'll] 5,96E-112 7,93E-,116 2.84E-06 1,66E-06 5,94E-07 4,42E-10 1,58E-10
Sb- 124111 8,42E + 00 1.55E + 0li 3,48E-(11 8,19E-(16 1,7 lE-ft5 1,17E-117 ' 2,45E-[17 2,29E- 17 4,78E" 17
Tc-131 2,08E+ 00 2.511E+ 01 3,54E-01 2.49E-{16 5.311E-06 1,92E-06 4,117E-06 4,79E-(17 1,02E-06
1-128 2,()0E + 112 2,50E + 111 8,75E-112 2,411E=[14 1,26E-114 1,84E-114 9,68E.-115 4,61E-()5 2.42E-115
Xe-125m 1,70E+01 9,5BE-01 1,1lE-III 1,44E-05 9,56E-06 1,411I::.-08 9,35E-(19 2,113E-24 1.35E-24
Xe.,137 1,99E+ 00 3,84E+ 0tl 1.50E-01 2,21E-116 1,99E.-{)6 3,18|z-117 3,58E-117 4,80E-11 4,32E-11
Cs-134m 9,28E + ()0 1,741-112 2,34E-112 2,54E- 14 3.56E- 15 I),{10E-t-()B II,()ilE + II(| II,flt}E+ [1t) [).lille + IRI
Ila-1361n 1.31E+03 5.13E 113 1,92E+110 7,39E-33 8,51E--32 0,{XIE4- {){) II,(KIE-F{IO (},IXIE4-(I(I (I,(/(IE+.(XI
I]a-139 1.55E + {)t) 8,33E + Ill 4,18E-02 1,881i:,-116 4.71Eq17 1,73I?;-{)(_ 4,35E-117 I, 14E-{_i 2.87E-(17
l_t-141l 1,92E+1111 2,41F+113 2.32E+lt(I 2.33E-[16 3.25Eq)5 2.33E-(t6 3.24E-115 2.30E-116 3,19E-05
Pr- 142 3.43E q,,IX) 1, I5E + (13 5.83E-..(12 4,17E-06 1.46E-(16 4,15E--116 1,45F,-I)6 4.(12E-,116 1,41E-lI6
Nd.. 151 3,52E + 0(1 1 ;24E + 01 1,69E-111 4,16E-(16 4,2217,-116 2,45F,-06 2.48Ii-(16 1,5(IE-(17 1,52E-117
Sm- 153 1,1917,+ Ill 2,7!1I?;+ 113 5,35,E-112 1,45E.--{)5 4,65I';=06 1,441::,-115 4,63 E-lI6 1,4317-115 4,5BE-lR')
Sm- 155 2,8 lE + (li 2,22E + 111 8,24E--112 3,311E-115 ,I,()bE-.l)5 2,5111_-.-1)5 1.24E-115 5,25E-.06 2,6()E-(16
Eu-152m(2) 9,2112+ 1111 9,611E-t-111 7,38E-112 I, 12[:,-115 4 94E-I16 I,I14E--_15 4,61E- U6 7.26f_:.-116 3,22E-lR)
Eu-152m(l) 1,32I:;,+ (13 5.58E + 112 2.4 IF-Ill 1,6111:,113 2,321T-113 1,59l:.-.113 2.2tllL..(13 1,49E--113 2,15I?,-.tl3
(3d- 161 2. 1!112!+ 111 3,7111:]4-{III 3,119E-111 2,43E--115 4,5111T--115 4,1191£-116 7,59E--116 3,5 lE- 11) 6.5{IE- 111
I)y-165m 1,64E + [15 1,26E + Iii) 1,119E-112 1.52E-.111 9,911---1}3 8,15 F,-114 5,33E-lI5 9,29F,- 16 6.08E- 17
I )y- 1,(,5 8 69E + 02 1,4 lE 4.112 1.28E.-112 I,{15E-U3 8, llll._;q)5 I.I11I,'.--113 7,73Edl5 7,87E-lH 6,114I:.:,-115
Ho-166 1,98E+(11 1,61E+113 2,75I:,--112 2,4 lE-,[15 3,97E.-(16 2.4111>115 3,96Iv-.116 2.35E-U5 3,87E,-06
Er- 167m 4,79E '_114 3,78E-{12 !),7111";-I12 6,1191.:.-116 3,551:.-O6 1,41111;-81 8,1317-82 (LIIIIE-t-11tl li.lt{lE 4 {Rt
Yb-175 1,39E + I){) 6 II3F,4.113 3,1101;;-.I12 1.691i-I16 3 13E.O7 1,691!. I)(, 3,131::.,Ifr 1,68I.,;-1g) 3, I1E-07
Yb- 177 t, 131.7,'.4 (III 1,14E + 112 1.22E--II1 1,371:i.116 1.1)111'_--116 1,29E-.116 9.47F.--117 9,541i..-117 (),99E-117
l.tj- _76m 4,781!"-1-(11 22 117-t. 112 1,82E-112 5,811E-(15 (L34 E-{I(_ 5,631---115 6,15li-lt0 4,8211...()5 5,26E-lg)
I.u-177 '2,22l!'.'+ 1111 9,661:,+ 113 3,1121i--112 2,71117..11() 4,891::,.117 2,7111!-.116 4.89E-lfr 2.6917;--1R'_ 4,g7F.-{17
ltf-178m l, IIIE 4-113 7, 17E-.112 9.77E-111 1,117[,;.415 6,25E-115 I.d II!-..45 8,21)1:,--45 {),(ItlE4 I_ll 11,11011'-F1111
1 If-170m 2,46[! + 114 3.12E-Ill 2.87E-I11 0,851:.-18 1,7i)E. (12 ().75E. 12 I 161{-11 3.9611-(d1 6,821",.611
W-187 3,47E + II11 1,43[!"+ (13 4,311';-(I I 4,221:i-116 [.li!lIT 115 4 21lE-II() l,ll9I;, tl5 4. llll_:,--[l(_ 1.11111i-.115
Rc-186 3,621!!,+ I)ll 5.44F 4- 113 1,811E-I12 4,411[i-116 4,75E--117 4,4111:A16 4751!.';-1Y1 4,37E...116 4.72E--117
lte-1881n ,2,181!!4-()1 1,8(iE + 111 7.96E-112 2.6111i--115 1,241:.-115 1,83E--[15 8,72E-416 2,84E-.111_ 1,35 ['-(R'_

3") "Rr'-188 1,851!:,.t-I_l I,II2E 4-I13 4,781_-112 2,251i-115 ¢>451!';-I16 .....3I,-115 (i,4 II-116 2. 1617-115 6,211E-{16
()s-19lm 1.19E + 111i 7,811[,;+ 112 6,5 IE-4B , 1,451:.--1R_ 5.65E-118 1.43E-I16 5,61111;.-1)8 1,37E-.II(, 5,36E-[18
lr-192m 3, 12E 4-114 1,4(IE-t. I)ll 2,471!!.-114 2,961:;.-.[12 4.39I::-.(15 2,6911.-(14 3,981:i.-U7 4,791!!- 15 7, IUE- 18
lr.-194 2,73I!';4-III 1,161!+ 113 5, 12E--112 3,32I!:.-05 I.II2E-II5 3,311E-115 1,111E--lI5 3.211E-115 9,84 E-I16
Pl-199m . .83E + IIll 241117,-II1 3,4211',-II1 1,IIIE-()6 2.26E-116 1,3,11,:,--18 2,76E- 18 2,67E-81 5,481!-81
Pr- 1!19 _,81)E+ (Ill . ,IISE -t 111 I.IITE.-I)I 4,68I!-I)() 3.lillE-II() 3 78E-116 2,43E-()6 1,23E-116 7,87E-07
Au- 198 1.1BE + 111 3,88E + [13 4,i)3E-U 1 1,44[':--(_5 3,47[_:,-115 1,43E--(15 3.46E-I15 1,42E-I)5 3,43E-115
ltg-2l)5 2,(13E4-1111 5,211E+111) 4,8111::,.-113 2,31E--116 6,65I).',-118 6,5111;-1)7 1.88E-U8 ' 38,_ lE-10 2.39E--11 -
'1'h-233 1,19E + 112 2.23E + 01 1,(}8Iiq12 1,42E.--114 9,23E-116 1,1161.!-114 6,87E •116 2,24E-115 1,4512-06 ---
I.J-239 1,1111;;+112, 2,35E+ Ill 5,21E.-112 1,211!:,-.114 3,78E-115 9.15E-115 2,861.; ..115 2,119Ii-115 6,541:.!-116

*ll|le,r'| etl lhernY|l fltlt'llt'e ill I:l)S-'ff' 4.51i4-115 IlCUllOnS/t'nl a,

tt I ._ = tll,SlllleglIiIIt_n[s) pt.'r st't'l_lltl.
"Hlis = tlisintcgmti_m.

Nole: 8,42I.';-111= 8,42x111-_°(:'It',

N t.ll,t I i(]- 1396 2 Appendix 1_







Table 5,3(a) Mttjor activation products of baggage contents containing i-kg (2,2.1b) masses qJf various element_
I ' iii j I I iiiii I - iiiiii __ L I I I . I II II ilia i iiiii i i -- ,i r= .............. lill i iii .... i,i iiii iZ_l

0,5,min delay 10-rain delay 60-rain delay

Dose rate Dose rate Dose rate
Gamma (mrem/hr/ (mrem/hr/ (torero/br/

Half.life (Mev/ Activity 2.2 Ib Activity 2,2 Ib Activity 2,2 lh'
Product dps/gg* (rain) dis**) (gCl/g) @ 1 ft) (IJ.Ci/g) @ 1 ft) (gCl/g) (i:l 1 ft)
, _ . _ ..... i , ...... , -- , i_ _ .._

F-2[) 1,97E+02 1,83E-01 1,64E+00 3,61E-05 3,55E-04 8,58E-21 8,44E-2(1 0,00E+(frJ (I,(I(}E+0{I
Na-24 1,80E + (/0 8,80E+ 02 4,12E+ 00 2,19E-06 5,41E-05 2,17E-06 5,37E-05 2,09E-06 5,'16E-05
A1.28 2,72E + 02 2,24E+ 00 1,78E + 00 2,83E-04 3,03E-03 1,5(1E-05 1,60E-(}4 2,87E-12 3,1)7E- i I
K-42 2,39E-01 7,42E+02 2,73E+02 2,91E.-07 4,76E--04 2,88E-07 4,72E-()4 2,75E-(17 4,5(1E-(14
Sc-46m 4,73E + 04 3,12E-01 1,42E-01 1,89E-02 1,61E-02 1,30E-11 1,11E-11 7,62E-611 6,49E-61)
V-52 1,79E+ 03 3,75E+00 1,43E+00 1,98E-03 1,70E-02 3,43E-04 2,94E-(13 3,33E-1)8 2,861]-1)7
Mn-56 1,1lE+ 02 1,55E+ 02 1,70E+0{) 1,35E-04 1,37E-03 1,29E-04 1,32E,-(13 1,()3E-114 i,115E-1)3
Se-77m 5,69E-t-03 2,90E-01 9,63E-02 2,10E-03 1,21E-03 2,90E-13 1,67E-13 3,73E-65 2,15E-b5
lh'-80 2,91E+02 1,77E+01 7,00E-02 3,47E-04 1,46E-04 2,39E-04 I,()IIE-(}4 3,38E-115 1,42E--115
Rb-86m 4,20E + 01 1,02E + 00 5,46E-01 3,64E-05 1,19E-04 5,72E-08 1,87E-li7 1,1)1t]-22 3,3 IE-22
l_,h-104m 3,60E+03 4,35F,+00 3,48E.-02 4,04E.-03 8,44E-04 8,9(IE-04 1,86E-(14 3,119E--117 6,e15E-[_8
R h- 104 1,54E + (}4 7,05E-01 1,1 lE-02 1,15E-02 7,63E-04 1,1))E-lI6 6,7 IE_08 4,55E-28 3,1)31:!--29
Ag-108 5,09E+ (13 2,41E+ 00 2,94E-02 5,36E-03 9,46E-04 3,49E-04 6,16E-.(15 1,99E-11) 3,5 IE.-I 1
Ag-1111 8,31E + 04 4,10E-01 2,96E-02 4,34E-02 7,7 lE-(}3 4,61E-09 8,19E- I(} 9,14E--46 1,621:!-,46
h't-i 16rn(l) 1,29E+ 03 5,42E+01 2,47E+00 1,56E-03 2.31E-02 1.3817,-03 2.(15E.-112 7,28I.!-114 I,II8F,;-(12
In-116 1,36E + 04 2,37E,-01 1,55E-02 3.83E-03 3,57E-04 3,3 lE-15 3,(18E- 16 1,(16I!-78 9.841! 8(I
I. 128 2,00E + 02 2.50E + 01 8,75E-02 2,40E-04 1,26E-114 1,84E-04 9,681!!-115 4.61E-.(15 2,42.1!-[15
Eu-152m(l ) 1.32E+03 5,58E+ 02 2,41E-01 1,60E-(13 2,32F,-03 1,59E-{}3 2.29Fi--I}3 1,49E-I)3 2.151';413
l)y-165m 1,64E + I)5 1,26E+ 00 1,09E-02 1,52E-01 9,91E-113 8,15E-04 5,33E-1)5 9,2!)1i-16 6,()8F', 17
Hf-179m 2,46E + 04 3,12E-01 2,87E-01 9,85E-03 1,70E-02 6.75E--12 1,1617.- I 1 3,9(di-(dl 6,821:,-611

'l'olal 1,{}3E-OI 2.82E-112 1.451i, 112
_ .... i i _ _ i i i . •...... _1 ii i i

• dps = dishltcgration(s)pcr second,
• *dis tlistillcgralloll,
NOK,: 1,971!+ 1.12= 1,97x102 cit,

^,, ..... ,,_,, 1:t 5 Nl Jl/li(] ,139(_



'gable S.4(a) Calculated beta dose to the skin
frown a 1 gCl/cm 2 source

.,, -- , ,.. .m -- _7 . - ............

Beta dose (rent)

Ave_ aged over
an area of At points
skin at the on the skin

Variable basal layer basal layer

Radius (in,)/area (in,2)

0,2150/0,1550 0,164 -

2,4180/18.5050 0,105 -

Horizontal distance On,)

0,0000 - 0,164

1,5100 - 0,159

1,5832 - 0,1(713

1,6501 - 0,163

1,7106 - 0,163

1,7647 - 0,155

1,8125 -- 0,154

1,8539 - O.157

1.8889 - O.152

1.9176 - 0,146

1.9398 - 0.136

1.9558 - 0,121

1.9653 - 0,099

1.9685 - CI,0_0

1.9717 -- 0,063

1.9812 - 0.040

1.9972 - 0,026

2,0194 - (1.(}17

2.0481 - ().(}I0

2,0831 - 0,(}06

2,1245 -- (},003

2. i723 - 0,001

2,2264 - (1,(100

2,2869 - 0,000 B
2,3538 - 0.01}(71

2.427(! - 0,000

No_e:"n,edo_esw_,._C_,l,_L,l,,t,_lu._i,,gW,aS_IN 1:
Disc sourcewith radius = 1.9685in,
Skin thickness _ 0,0028 in,
Source:

Radionuclide -=.AI-28
Averagebeln energy = 1,240MeV
X-90 distance = (I,2547trc
Sourceslrcngtl'_ = 64.5 gCi/in,a

Irradiation lime .-=60 s
Ali cell dmrmgeoccurst11art area witha rndiusof 2,427 in,

NURi:.G- 1396 6 ,: ,pendix B



Table 5,5(a) Elemeutal composition of the conteuts of an ahuuinum suitc¢ise(quantities in ount'es)
..... . -- __ ...... . _ ..... _- I ..... _ II .., i , I ] -- • --.t__ ' ........ iii ::-71 iill 2 ......... ii

Cloth, Toilet. Tooih, Suit.
Elenleni lltg Slloes ries paste Shaver Shanll)OO Paper t'liSt' Total

Hydrogen 10,8 1,9 0,8 0,6 -- 1,2 5,0 9,{) 29,3
Carbon 89,8 17,3 5,1 0,4 0,08 6,8 35,5 46, l 201, l

Nitrogen 17,0 5,1 1,0 - - 0,2 - - 23,4

Oxygen 37,1 7,7 1,1 3,8 - 2,6 39,7 41,0 133,0
Sodium - - - (1,01 ...... 0,01

Manganese - O,1 - - 0,2 .... 0,3
Silicon - (I,(13 - - 0.06 - - - 0,1

Phosplmrous - 0,003 -. 0.5 0,0()7 - - - 0,5
Sulfur - 0,003 - 0,01 0,007 .... ('),{12

Iron - 15,8 .... 3,2 - - - I!),{1

Calcium - - - 0,7 ...... 03

Aluminum* ........ 160,1 160. I

___ " " I " l,iill . j - . " i i l_llill _ I , . _- Ii I illIl Ii I I Ii IlllIll

",&ll data ilre flOIII We,_lhlghotlSe (|9_q6)rt'porl, excepl the weight I'lOlll ahllnilnllll (this lllHOUllI was ilWt'eased Ill reflec111111111-1dunlhlt1111Stlih:IlSe),

Table 5,6(a) Gamma dose rates ft'ore EDS.3C actiwlttou
of the contents of tin alumjrlum suitcase

,Jill -- liliiigiI iii, i Ii -- _ - iii i

Gamma
Elelnenl SIIl|CltSe (nlrl_lll/hr[ Glimillll (Iosc

mass activily 2,2 Ib rate @ 1 i't
Elemen! (oz) (gCi) @ I ft) (torero/ht)

l--lydrogen 29,3 ....

Ca rb()n 20 I, I l, 4 0l i- 13 ....

Nitrogen 23,4 2,40E-09 - -

Oxygen 133.0 I, 10l!,-05 - -

. _ '" ,,)Sod iu m 0,01 6,20E--07 5,41 FrO 5 1,. 41:;-08

Manganese 0,03 1,30I?;-03 1,37t!',-(}3 I 17E-(}6

Silicon 0, I 3,501i-08 - -

l'h¢)sl_horous 0.5 2,001 i- 13 -- -

Sulfur 0,02 - - -

Iron 19,0 - -

Calcium 0,7 ....

Aluminum 160,1 1,281_,-I 00 3,03F,-03 1,381i-02

3);T()tal I,, 8L-02

--.

_,lole', 1,401';-13 = 1,40)_I0 -la elc,

A ........ _:,. ,, "7 NI IRl,'.{ I_. 13()6



'l'llblt, 5,7(,a_ (_(mllultt(,d et'l'l,(,llvedlJ._(,l'qulvalt, ttt I'r_lm (hilly lntltk_'s
{Jt'(,leinl'nts I imur al'l,.,r I,:i)N.3(! st.vel.,nin_,

Welghh.,d ('mnmltted _,,l'l'eetivedust,
IMetLu _.'lwnmittt'd MIt'l'm.'urlt,.s/_riurl (_t'l,lentent ('qilivtlh,,tlt frtiul 1 dlly',s Illtake
thllly itldtiei.'d thist: ..............................................................................................................

Till'14t,t liliiike rlitlltl, t,tltllvitlt, ilL <l,5-inlil tit, llly + lll-iillll tit,Iii)'+ t)05-1iilil iii{lilY li)-iutli tlt,hiY
liut'llde (ilz) liuelid+ (rl'mit+l) t_.t('l/l.l) t_tt!i/14) (lill't, lli) (llil'i, ni)

Nii-Zt I,$$[i..tli Nii-24 i,431.i .iii3 f_,21ili +tI$ I>,151i--.li5 1,3l+1!.li5 1,37l]-(15
P-3I ,l,9,lli-ii2 1'-32 7,771i + li) I,2717,.+1i6 1,2;>1i()f_ ,1,(_514(i7 4,051!-07

i "_ ,J('1-37 1,8,117,.-.()1 (I,, 8 ZIJIII?.t. l}2 I.tml !..li4 I,$tll:, ii4 (+,tI51_.l Iri 5,82I:, tl(_

K-41 1,161;i-tll K-12 l, ItlI+-t. (13 I4,2,ll{- tlb 14,I(_l!-.ll(_ l,ti(_li I){i i,ll<lli. 06
M n-,_5 l,,4ll-i...(14 M1_-56 t),321+,i. li2 3,_21+.-I)3 3,(_51i li3 4,(,fili, li7 +l,dSl!- li7

(.tl-6, 1,2,ll{+.-+ti,l (.'u,(i,l 4,2!)li .i+ii?, 1,5_1i+li,l 1.5(+li.(i+l S.?,71:11t) 14,2tJ1!--(19

As-7fi 3,,_31;{-I)5 /\s-7() 4,741g-i-I17 I, 121i-4).i 1,I,;}l{.+l),l 1,881.,lib IJ471i.li8
lh'-70 2,65 [:_.+.1i,1 ilr-Stlin 2.3 lli-t li2 1,8()l+-ti,l I._,ll+. (14 I. lilt! li8 I, I;_l.l-tj8

I]1'.,79 2,051]-(14 ili'-RI 5,551i-t lit tJ,_31!.t)3 f,,'Mli lid I,,l.lli If7 IJ.t)_l! (i_

'l'otal ;!,2iJli li5 ..2I(,1! ()5

° I"l'un'_'['ahk. 5.l/aS.
N_qt': I.SSl:..{ll "<.-_1.55xlll-_ t'l_'.

Tlihlt' ,4,_}(lil _lililiillii')' iii' clllleciivl' i,lll._l'_ I'rllln Jill _t't,lliirlil.',;

lh.,hilil;! the Iii I'i'liili iii' i
t'liutilt't" lilt, t'llililll, l' I'rt,. t'ht, t'lt.i n (.'tll'll._ iilt' __!

Rii(]iiiliiili t,.%li(l:iill't ' (lit, i'.',;ltil,rt.'Iii ) (I)t'i'._(tli.l'l, lil) (ilt, l'._itli, rt.'ili I (iii,' f_(lli, I't'lli )

I1."<_r/,_,r,v

()lwr_ll_i._ 1,21{ i (l(I i..71{ i til) 1,71i i I){) 1,21{.t Iii)

lt_ll.',lj,tt,V,c,h[ll_cllc'rs (_,(il{.()l (_,()1:]()1 {_,()1i. Ill (_,()1{ ()1 "

'l'ic.'kc't ctlLll]tcr i_(.'f.'.;t_illlt'.I 3,(iii -t ()() 3,(11i t (l(I I,(tl-i L(l(I (I
St.'cllrilv st'fct_'lit, l'S (),51i..()2 t),51i ().] t),.%l{ ()7>, Ii,5]{ ()2

/'usse_4_:crs (I 1, Iii t Iii) ,.>,Iii,; i I)l $,51i-i I)1)

l'ul,lic

llt'lt_w tilt' 'I'NA s)'StelU 1_._1{ i ()() (_,81i i 1)() I_,_li i. ()() (_,l;l{-i-(i()

Nl.'{Ir (lit.' 'I'NA _ysit.'lll () 1, l l{I (i(i (_,(lli-i ()(/ (_,l)li l) l

Fr<ira irrmliali<,n <!] l,f/,iil,'fl,L:('f.'<,_ltCm.V

('t_liStiil'l_ll_lt.' ii.ota.'.; () () 1,31t (Lt (I

Nllnc(lll_llm_l[_lo ,ilt.'lli_ {_tlitl.'_i,_t.', 2,_1!--(il 2,_lt- til 7,_1i-()1 2,141{-.I)l
cl(fl llii_t,,, c,lc,)

'l'_>t_l! 1,21{ i()l 1,,I1{ i Iii 3,{_1{-t ()1 I,(_l{.i ()1

Nl_l_,:1,21';i'Iii) .... 1,2xl(I(_('lt', •

NL IRl!( i-131)(_ _ Ai,i,ullcii,_ ii



Table 5.10(a) Summary of annual individual doses from ali scenarios
=_ i i . i ,.mm

Scenario

Behind the in front of NRC
counter the counter Pre.check-in Curbside limit

Radiation exposure (mrem) (mrem) (mrem) (torero) (totem)

•Workers

Operators 2.0E + 02 ZOE + 02 2.0E + 02 ' ZOE + 02 5.0E + 03
Baggage handlers 1.0E + 02 1.0E + 02 1.0E + 02 1.0E + 02 5.012+ 02
Ticket counter personnel 6.0E + 01 6.0E + 01 1.7E + 00 0 5.0E + 02
Security screeners 3.2E +01 3.2E+01 3.2E+ 01 3.2E+01 5.0E+ 02
Sky-caps 0 0 0 2.5E + 01 5.0E + 02

Passengers 0 1.0E-03 1.8E-02 5.013-03 5.0E + 02

Public

Bclow the TNA system 7.5E-03 7.5E-03 7.5E-03 7.5E-03 5.0E + 02
Near the TNA system 0 1.2E-04 6.7E-04 6.713-04 5.0E + 02

From irradiation of baggage contents

Consumable items 0 0 2.4E-05 0 -
Nonconsumable items (suitcase, 2.5E-02 2.5E-02 2.5E-02 2.5E-02 -
clothing, e!c.)

Noles: Natural sources of radialion:

Nalural background 3.01.2+ 02
Yearly dose from foodslttffs 1,417.+ 01 ,

2.0E+02 = 2.0x102 etc.

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

Maximum Offsite concen!ration
Total permissible
source concentra- Fraction
activity Release Emission x/Q* tion (MPC) of MPC
(Ci/yr) ft'action (Ci) (s/m a) (gCi/ml) (Ci/m 3) (%)

8.00 E-02 1.00E-01 8.00 E-03 6.40E-05 1.00E'I 2 1.62E.- 14 1.62
8.00E-02 5.00E-01 4.00E-02 6.40E-05 1.00E-12 8.12E-14 8.12
8,00E-02 1.00E + 00 8,00E-02 6.40E-05 1.00E-12 1.62E-13 16.24

*x/Q at f0 m.
Nole: 8,00E-02 = 8.00x10 -2 clc.
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Table 6.3(a) Annual inhalation dose to the
nearest individual 50 m (54 yd) away

from postulated Cf.252 accident
i ,,i i i li i J III ., i

• ' Committed
effective

Activity* Dose conver- dose
inhaled sion factor** equivalent
(mCi) (rem/50 yr-mCi) (rem/50 yr)

1,30E-07 ' 1,85E + 05 2,40E-02
6.49E-07 1.85E + 05 1.20E-01
1.30E-06 1.85E + 05 2.40E-01

*Breathing,'ate = 8.00E+03 ro'a/yr. '..........
**ICRP Publication30,
Note: 1.30E-07 = 1.30x10-7elc.

Table 6.4(a) Offsite concentrations lat 300 m (328 yd)l of airborne
releases for various fractions of Cf-252

i li i ,, , ,1 ,, 1, 1 iiii , ,11 j 1, 11

Maximum Offsite concentration

Total permissible
source concentra- Fraction

activity Release Emission x/Q* lion (MPC) of MPC
(Ci/yr) fraction (Ci) (s/m 3) (_tCi/ml) (Ci/m 3) (%)

8.00E-02 1.00E-01 8.00E-03 2.80E-05 1.00E-12 7.10E-15 0.71
8.00E-02 5.00E-01 4.00E-02 2.80E-05 1.00E-12 3.55E-14 3.55
8.00E'02 1.00E + 00 8.00E-02 2.80E-05 1.00E-12 7.10E-14 7.10

_l i i i i, i ..................................

*x/Q at 300 m.
Note: 8,00E-02 = 8,00xi0-' elc,

Table 6.5(a) Annual inhalation dose to the
nearest individual 300 m (328 yd) away

from postulated Cf-252 accident _=
-- iii i. i i

Committed
effective

Activity* Dose conver- dose E
inhaled sion factor** equivalent
(mCi) (rem/50 yr.mCi) (rem/50 yr)

5.68E-08 1.85E + 05 1.05E-02
2.84E--07 1.85E + 05 5.26E.02
5.68E-07 1.85E + 05 1.05E-01
_ _ ii ii i i i

°Breathingrale = 8.00E+ 0'3 m3/yr,
**ICRP Publicalion30,
Nolo: 5.68E-08 = 5.68x10-° etc,
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APPENDIX C

DOSE RATE AND FLUENCE INFORMATION FOR EDS-3C
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DOSE RATE MEASUREMENTSON EDS-3

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

METHOD OF DOSE RATE MEASUREMENT

Neutron close rates were measured using the Nuclear Research Corporation Model NP.2
Snoopy. Two instruments were used. The NP-2 uses a BF3 proportional mounterinside
a roughly 9'x9" cylindrical moderator/absorber to achieve a rem response. At a detector
count rate of approximately two counts per second, a one torero/ht dose rate reading is
produced.

Because most of the close 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 indMdual
neutrons. To alleviate this problem and achieve better precision, the readings were
obtained by counting pulses from the NP-2counter output in a counter gated by a timer.
For ali except the interface measurements, a counting time of 1000seconds was used.
The counter-to-dose rate calibration was obtained separately for each meter using
reproducible positions at which the dose rateswere high enough to provide reliable direct
readings of the meter face. The statistical contribution to the counting error averaged
about 10-20%at the one sigma level. The calibration error of the NP- 2 is given as 15%.

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

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

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

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

Tables F-1 and F-2 show resultswith and withoutextrashieldingwiththe source in the
operating position. Tables F-3 and F4 give the resultswith the source in the retracted
position. FigureF-2 shows approximateisodosecontoursfor the data of Table F.1, with
extra shielding, source in operatingposition,

For the transferinterfacemeasurements,the caskwasplaced in contactwiththe system
as for a source transfer. The source was then retractedto the interface position,using
the neutrondose rate meter to find the maximum dose rate position. Measurementsfor
thisconditionare giveninTableF-5 andassociatedisodosecontoursgiveninFigureF.3.

When the EDS is in use for screeningbaggage, the doorswillbe pushedpartiallyopen
by the bags to permit them to flow through. The openingisthen obstructedby the bag
whichshieldssomeof the neutronsand gamma rays. IndMdualbagsvarygreatlyintheir
effectivenessas sh!elding,but they are on the averagefairly good absorbers.

The neutron and gamma ray dose rates were measured with baggage flowing in a
recyclingmode, The bags were filled withclothingitems,though generaJlynot as heavily
packed as bags actuallyseen at airports;actualheavybagswould givelowerdose rates.
The bag flow rate was at or above the maximum rate that the system computer can
handle, 10 or more bags per minute. At this ratethe doors are continuouslybeing held
partly open by the bags so that they never fully close, Lower bag flow rates result in
lower dose rates.

Measurementswere made on axis 100 cm from the entranceand exitends of the EDS.
The position of the body of an individual working as a baggage handler loading or
unloading the EDS was also measured; this positionis 75 cm (30") from the end of the
EDS and 50 cm (20") off axis. These measurementswere made at the mid-heightof the
baggage passage. For comparison, measurementswere also made at these same
positions without baggage flow and with the doors closed. The results of these
measurements are given in Table F-6.
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Table F-1. EDS-3 Dose Rates with Extra Shielding

Source in Operating Position

Neutron Q F mul_ipller - 2

Normalized to 150 microgram source

Dose Rates Dose Ra_es

< mrem/hr ........ < mrem/hr >

Pos_tlon Gamma Neutron Total Poslt_on Gamma Neutron Total

,, ,,, ,, , _L_

I 0 cm : 50 cm

(A) I 0.043 0.030 0.073 (E)

2 o. 056 0.024 0.080 5 o. 025 0.030 o. 055
3 0.173 O,166 0,339 14 0.025 0.02? 0.052

4 0 •037 0 .r034 0 •071

5 0"037 0.036 0.073 200 cm:

6 O. 025 O. 045 0 •070 (C)
7 O. 142 0. 105 0. 247 1 O. 025 O. 023 O. 048
8 0 • 031 0. 023 0. 053 2 O. 031 O. 027 O. 058
9 O. 031 0,018 0. 049 3 O. 043 0. 042 0. 085

10 0.037 0.018 0.056 4 0.031 0.036 0.06,6
11 0.037 0.014 0.051 5 0.025 0.033 0.058

12 0.161 O.127 0.288 6 0.025 0.025 0.050

13 O. 031 O. 036 0. 067 7 O. 037 O. 030 0. 067

14 0.037 0.030 0.067 8 0.025 0.019 0,044

15 0.037 0.034 0.071 9 0,O19 0.024 0.042

16 0.204 0.155 0.359 I0 0.O19 0,015 0,034

17 0.043 0.020 0.064 11 0.025 0.O17 0,042

18 0.043 0,022 0.065 12 0.056 0.033 0.089

13 0.025 0,020 0.045

30 cre: 14 0.025 0.029 0,053

(B) 15 O. 025 0. 029 0. 054

1 0. 037 0. 033 0. 070 16 O. 043 0. 032 0. 075 E

2 0,050 0,031 0.080 17 0.O31 0.012 0.043

3 O. 111 0.083 O. 194 18 0,025 0,018 0.043
4 O. 037 O. 034 O. 071

5 0.025 0.037 0.062 200 cm:

6 0, O31 0. 038 0. 069 (D)

7 0,099 0,060 O. 159 i 0.012 0.023 0.036

8 0.O31 0.022 0.053 2 0.025 00031 0.056

9 0. 025 O. 025 0,049 5 O. 019 0. 025 O. 043

10 0,025 0.017 0.042 8 0,O19 0.022 0.040

11 0.O31 0.018 0.049 9 0.O19 0.020 0.038

12 0.099 0.092 0. 191 10 0.012 0.O16 0,028

13 0,O31 0.032 0,063 11 0,019 0.016 0.034

14 0.037 0.022 0.059 14 O.O19 0.013 0.032

15 0.037 0,039 0.076 17 0.025 0,O12 0,036

16 0.130 O. 127 0,257 18 0,019 0.009 0.027 •

17 O. 043 O. 016 O. 060

18 0.037 0,014 0.O51 -
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Table F-2. EDS-3 Dose Rates, NO Extra Shleldlng
Source in Operating Position
Neutron Q F multlplier - 2
Normalized to 150 ,nlcrogram source

Dose Rates Dose Rates
< mrem/hr -) <- torero/ht ;

Posi tlon Gamma Neutron Total Position Gamma Neutron Total

i0 cre: 50 cre:

(A) i O.O45 O.O35 0'.079 (E)
2 o.045 0.042 o.087 5 0.028 o.037 0.065
3 O. 195 O. 354 O. 549 14 O. 033 O. 052 O. 085
4 0. 045 0,093 O. 137
5 0.033 0.074 O. 108 I00 cre:
6 0.033 0.052 0.085 (C)
7 0.161 0 239 0.400 1 0.024 0,033 0.058
8 0.033 0 o35 0.068 2 0.033 0.057 0,090
9 0.033 0 032 0.066 3 0.053 0.061 0.114

10 0.033 0 033 0.067 4 0.033 0.074 0,108
11 0.033 0 030 0.063 5 0.022 0.026 0.048
12 0.161 0 368 0.529 6 0.028 0.030 0.058
13 0.036 0 137 0.173 7 0.045 0.068 0,113
14 0.045 0 073 0.118 8 0.028 0,022 0.050
15 0.045 0.111 0.156 9 0.022 0.041 0.063
16 0.167 0.335 0.502 10 0.020 0.033 0.053
17 0.056 0.047 0.103 11 0.031 0.031 0.062
18 0.000 0.053 0.053 12 0.045 0.090 0.135

13 0.028 0.061 0.088
30 cm: 14 0.028 0;051 0.079

(B) 15 0.033 0,062 0.095
1 0.033 0,019 0.052 16 0.056 0.073 0.129
2 0.045 0.037 0.082 17 0,033 0.059 0,093
3 0.139 0.184 0,324 18 0.000 0,045 0.045
4 0.045 0.067 O. 111
5 0.033 0.042 0.075 200 cre:

6 0.033 0.037 0.071 (D)
7 0.111 0.116 0.228 1 0.017 0.017 0.034
8 0.036 0.041 0.076 2 0.022 0.028 0.051

9 0.028 0.036 0.064 5 0.017 0.017 0.034
10 0.028 0.033 0.061 8 0.022 0.020 0.042
11 0.390 0.059 0.449 9 0.013 0.041 0.054

12 0.122 0 210 0.333 10 0.013 0.036 0.049

13 0.036 0 083 0.119 II 0.022 0.030 0.052
14 0.045 0 047 0.092 14 0.020 0.027 0.047
15 0.045 0 072 0.116 17 0.022 0.038 0.061

16 0.167 0 210 0.377 18 0.000 0.048 0.048
17 0.045 0 045 0.089
18 0.000 0 067 0.067
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Table F-3. EDS-3 Dose Rates with Extra Shieldlng
Source Jn Re_racted Posltlon

Neutron Q F mult_pller - 2

Noz-mallzed to 150 microgram source

Dose Rates Dose Rates
< mrem/hr-- > < mrem/hr-

Posl t_on Gamma Neutron Total PosJtlon Gamma Neutron Total

10 cm: 50 cre:

(A) I 0.041 (E)

2 0.042 5 o.009 0.052 0.061
3 0.003 0.02"/ 0.031 14 0.130 0.396 0.527
4 O .028
5 0.004 0.036 0,040 100 cre:
6 0_051 (C)

7 o.o46 . I o.o52
8 0.054 2 0.066
9 0.052 3 0.037

10 0.033 O, 136 0.170 4 0.066
11 0.042 0.123 0.165 5 0.05';'
12 0.0,56 O. 163 0.219 6 ' " 0.041
13 0.056 c .257 0.313 7 0.009 0.042 0.051
14 0.139 J.275 0.414 8 0.063
15 0.069 0.240 0,309 9 0.008 0,061 0.068
16 0.056 0,164 0.219 10 0.050 0,122 0.173
17 0.042 0.193 0.235 11 0,072 0,193 0,266

18 0,028 O. 148 O. 175 12 O. 122 0.250 0.373
13 O.100 0.286 0.386

30 cm: 14 0,111 O.301 0.412

(B) 15 O. 100 0,282 0.382
I 0,038 16 0,117 0,273 0.390

2 0.047 17 0,075 0.195 0.270
3 0.O07 0.O31 O.038 18 0.O47 0.107 0.154
4 0.042 =
5 0.O08 0.O51 O.059 200 cm:
6 0.052 (D)

7 0.009 0,045 0,053 1 0.051
8 0.063 2 0.057
9 o_ 007 o. 049 0. 056 5 o. 042

I0 0.O47 O. 141 0.187 8 0.042 _

11 0.056 0.158 0.214 9 0.053 _
12 0. 100 0.166 0.266 10 0,011 0.087 0.098 _'"

13 0,102 0.306 0.408 11 0,050 0,104 0.154 "L
14 0.139 0.396 0_535 14 0,O61 O.172 0.234
15 0. 104 0. 294 O. 397 17 0.050 O. 134 O. 184
16 0.102 0.208 0.311 18 0.036 0.068 0.104
17 0.O72 O, 180 0.253 =
18 0,045 0. 145 O. 190
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Table F-4. EDS-3 Dose Rates, NO Extra Shleldlng
Source in Retracted Posltlon

Neutron Q F mult_pl_er - 2
Normal lzed to 150 microgram source

Dose Rates Dose Rates

< mrem/hr- -> <....... --mrem/hr
Pos_tlon Gamma Neutron Total Posltlon Gamma Neutron Total

10 cm: _ 50 cm:
(A) 1 (E)

2 5
3 0. 063 14 O. 150 0. 453 0. 603
4

5 100 cm:
6 (C)
7 1
8 2
9 3

, 10 0.050 0.223 0.273 4
11 0.'060 0.247 0.307 5
12 0.100 0.195 0,295 6
13 0.090 0.319 0.409 7

14 O.100 0.241 0,341 8
15 0.085 0.333 0.418 9
16 0.110 0.254 0.364 10 0.090 0.181 0.271

17 0'060 0.280 0.340 11 O.105 0.276 0,381
18 0,055 0.239 0.294 12 O.160 0.369 0.529

13 O.120 0.391 O.511
30 cm: 14 O.150 0.376 0.526

(B) 15 0,130 0.374 0.504
1 16 0.175 0.377 0.552
2 17 0.115 0.309 0.424
3 18 0.075 0.204 0.279
4
5 200 cm:
6 (D)

,7 I
8 2
9 5

10 0.050 0.238 0.288 8
11 0.115 0.289 0.404 9
12 0.165 0.293 0.458 10 0.055 0.125 O.180
13 O.120 0.358 0.478 11 0.070 0.156 0.226

14 0,135 0.370 0,505 14 0.090 0.204 0.294
15 0.130 0.427 0.557 17 0.085 0.175 0.260
16 0.165 0.338 0.503 18 0.060 0.118 O.178
17 0.120 0.290 0,410

18 0.060 0.239 0.299

Appendix C 7 N UREG- 1396



0.04

i// o.os _--

Figure F-2. Isodose contours based on dose rate
measurements,
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Table F-5 Dose Rate Measurements for Source "Stuck"
at Interface Position During Transfer

(torero/ht )
Line # 10 cm 30 cm 100 cm 200 cm

zo 9.3 8._ "iz.5 5.3
11 ,9.3 13.1 z2.6 3._
12 14.3 26.1 20.2
13 5.9
Z4, ' 0.5 o.e
15 6.0
16 12.9 22.2 17.2
1"2 '7.8 10.9 10.1 3.1
18 7.8, 1!.0 8.1 4.0

IT

11 5 torero/br _q200¢1[n

F_gure F-3, Isodose contours for source "stuck" at

interface of cask and EDS-3 sTstem.
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Table F-6. EDS DOSE RATES FROM ENDS

<<-- SCALED TO 150 ug -->>
NEUTRON N DOSRAT GAMMA TOTAL

POSITION DOSRAT QF=2 DOSRAT DOSRAT

i00 CM, entrance 0.095 0.205 0.097 0.303

Handler, entrance 0.092 0.199 0.086 0.285

I00 cm, exit 0.082 0.177 0.129 0.306

Ha_dler, exit O.O53 0,115 0.065 0.180

no baggage flow, doorG closed

I00 cm, exlt 0.012 0.027 0.043 0.070

Handler, exit 0.009 0.020 0.043 0.063
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QUANTITATIVE ASSESSMENTOF INDUCED
RADIOACTIVITYINBAGGAGE

JNTRQDU(_TION

Thls report is the Final Report of the Interagency Agreement between the Federal Aviation Admlnlstration

(FAA) (Aviation Security Branch. ACT-360;Contract No. DTFA03-87-A-O0008)and theNational Institute of

Standards andTechnology (NIST)[formerly, NationalBureauof Standards (NBS)]. Thetltle of this project is

""" it t_uant a ire Assessmentof Induced Radioactivityin Baggage".TheInteragencYAgreementbecameeffective

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

The overall approach used by NISTInvolves the evaluation of Induced radioactivity In each element in the

periodic table, andconsists of threephases. Thesephasesare: 1)neutronactivationcalculatlons;2) neutron

fluence characterization; and3)quantitative assessmentof actual Induced radioactivities.

The first phase, neutron activation calculatlons, Involvesthe critical evaluation of activation calculationsfor

the prototype neutron activation systems, and the development of a complete set of expected Induced

radioactivitiesfor ali elements,Includingthermal, epithermal,and fastneutronactivations. Thesecalculations

arebased on neutronfluenceratesand energy spectra informationprovidedbythe FAAcontractor 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 themlal fluence rate over the baggagetravel

area. Further, the neutronenergy spectrum characteristicswill be evaluatedfor the baggageirradiationarea.

This latter Information should provide useful Information on the actual epithermal and fast neutron

components, if any, but may be limited due to the relativelylow fluence ratesexpected.

The third phase of the project is the quantitativedeterminationof actual Induced radioactivitylevelsfor a

numberofelements,usingoneorbothof theFAAprototypeneutronactivationdetectionsystems,asavailable.

Thedata.fromthisphaseprovidesa verificationof the calculatedinducedactivities.Thedatafromalithree

phaseswillthenprovide_ comprehensiveunderstandingof thelevelsof inducedradioactivitlestobeexpected

fromanyelementor combinationof elementswhichpassesthroughthethermalneutronactivationexplosive

detectionsystem(EDS). Oncefully understood,thedata willprovidethe meansto systematicallyestablish

a verifiedmaximumand expectedinduced radioactiv_jlevelfor anymaterial.
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Thisprojectrequired2 yearsfor completion.The first6 monthsofwork (FY87)Includedali ofphaseoneand

part of phasetwo. The secondyear of work Includedthecompletlon of phasetwo andali of phasethree. In

addition, the FAA requested andobtained a six month no-cost extensionto this project. This FinalReport
,,

contains aliof the Informationfrom theentire project including ali Informationpreviously reportedto the FAA.

PHASE!. NEUTRONACTIVATIONCALCULATIONS

Neutron irradiation of the various elementsto form radioactive products iswell understood, and the physics

is relativelystraightforward. The equationto calculatethesevalues is as follows:

Ao = rn*a.,No (_hO .F (_epll) (1 -e -_'t)A

Where:

Ao = initlal radioactivity,at zero decaytime in unitsof Becquerels (disintegrations/second)

m = massof element Ingrams

a = Isotopic abundanceof target Isotope (1.00 = 100%abundance)

No = number of atoms/gram atomic welght (6.022x 1023)

A = gram atomlc weight of the element

_th = thermal neutronfluence rate (n cm"2sec"1)

o = thermal neutroncross section In barns (10.24cm2)

_pl = epithermalneutronfluence rate (n cm"2sec"1)

I = resonanceIntegralin barns (10"24cm2)

;L = decay constant (sec"1)= In2
halfllfe (see)

t = Irradiationtime (sec)

Thus,the factor m *ao No calculates the number of atoms of the element being Irradiated; (1-e")'t)
A

the saturation factor which is a characteristic of the halflifeof the activation product; (l_thOcalculates the

reaction rate per atom for thermal neutrons;and _pl I calculatesthe reaction rate per atom for epithermal

neutrons. (Note: Forthis work the'thermal" neutronfluence andcross sectionsare definedas the 2200nVs

fluence and cross sections. Further, caution must be used in calculating the epithermal reaction rate per

atom becausethe resonance IntegralI is highly dependent on the irradiationfacility used.)

The above calculation holds for the normal case of a single activation product. In some casesthere are

multiple activation products, and more complicated calculations are required. While multiple activation
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products will notbe discussedIndetailhere, theyhave beentaken intoconsiderationwhere appropriatefor'

the calculated activity values contained In this report.

NeutrQnEnergi_.L_.T'nerma!.Epithermal.Fast

Nuclear t'eactors_ueledby uranium-235arethemostcommon source of neutronsfor Irradiation.'Theirneutron

energy spectrumconsists of threecomponents: thermal neutrons;epithermalneutrons;and fissionspectrum

(or fast) neutrons. A typical neutron spectrumplot Isshown in Figure 1,wtth the three components clearly

shown. The fission spectrum neutrons (or fast flux)are those obtained from the fission process, Itself,with

little or no moderation or thermalization. As these fast neutrons are moderated or slowed down, they

contribute the second component to thespectrum,the epithermalflux. Finally,whenthe neutronshavebeen

totally thermallzed,they have only the normal thermal energy or Maxwelliandistribution (thermal neutrons).

Different irradlatlonenvironments or conditions'will result In different ratios of the threecomponents,as can

be seen InFigure 2, which shows the neutronenergy spectrum for the NationalBureauof Standards Reactor

(NBSR),pneumatictube irradiation position FIT-4.lt is clear that this position is highly thermallzed,with very

little contribution from fast flux.

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

uranium-235fission neutrons, the neutronenergy spectrumfor 2_Cf fission neutronsIsvirtually identlcally to

that from 2_U, and thusdata from uraniumfission neutronscan be correctly appliedto californium neutrons

andviceversa. Infact, a recentpublication,Compendlurnof Benchmark NeutronFieldsfor ReactorDosimetry

[1], contains substantial information gained from 2S2Cfmeasurements which is used for 23"SLIreactor

dosimetry. Acomparisonbetweenthe unmoderatedfissionspectrum from 2'_'Cfand the unmoderatedfission

spectrum from U2_ is taken from this publication and shown as Figure 3, arEIdemonstrates the similarity

between these two fission spectra, lt should also be obvious that since the neutron energy loss and

thermalizationprocessesfor thetwo typesof fissionspectraare thesame,thethermala:_depithermalportions

of the 252Cfneutron energy spectrum under consideration here will be essentially identical to the 23._ data

In the literature.

D-D Neutron(_eneratoras a Net_ron Source

The deuterium-deuterium(D-D) neutrongenerator is a smallcharged particle accelerator,which accelerates

charged deuterium atoms to an energy of 150-200kV and directs them into a deuterium target. The D-D

generator is a variation of the better known deuterium-tritium (D-T)neutron generatorwhich produces fast

neutronswtth an average energy of approximately14 MeVwhich are used for a variety of purposes.

The D-Dgenerator utilizes the nuclear reaction:

2H + 2H --_ 3He + in + 3.266 MeV

Apl)cndix I) 3 NURIi(;- 1396



with an average neutron energy output of approximately 2.5 MeV in the frontaldirectl0n [5]. However, tns

energy is somewhatvariable dependlng on the neutrondirection. For example,at zero degreesfrom frontal,

a 200 kVD-Dgenerator emits neutrons of 3.05 MeV,compared to an energyof 2.10MeVat 150" from frontal

[5]. Theseneutronsaremoderated and thermallzedInslmllarways to theflsslonspectrumneutronsdiscussed

above with the advantage that no high energy neutronsabove " 3.5 MeVare produced. Thus, in the highly

thermallzing environmentused by thecontractor Inthe explosivedetection system(EDS),theneutron energy

spectrum experienced by the baggage should not be greatly different from that expected from the 252Cf

system. If lt is slgniflcantly different, the neutron energy measurementswhich are described below should

document any such differences.

Neutron Energy Measurements °

Measurementsof neutron energies (i.e.,thermal,epithermal,fast)with foil technlques are madewith several

conventions which, while not strlctly accurate for ali cases,are sufficientlyaccurate so that exceptions may

be neglected. Thefirst convention Is thatali (n,gamma)nuclear reactionswhich are due to neutron energies

below 0.5 eV(the energy below which 1 mm of Cd absorbs virtually ali neutrons; the "cadmium cutoff") are

called thermal neutrorl reactions, and are definedusing _h ando. (Note: An assumptionis made herethat

the thermalization process ocm'rs at roughly room temperature(20 °C, 293°K) and the neutrons thus have

a velocity of approximately2200m/s). The secondconvention is that ali (n, gamma)nuclear reactions which __

occur due to neutrons which are not absorbed by 1 mm of Cd are called epithermal neutronreactions, and

are definedusing cNp{and the resonance Integral cross section I, (Note: As mentionedpreviously, caution

mustbe usedwhenselecting the appropriate resonanceIntegralto matchas closelyas posslblethe irradiation

environments.) The fast neutrons are characterizedby fast neutron reactions such as (n,p), (n,alpha), and

(n, 2n). These fast neutron reactions have threshold energies for their production and individual measured
_

or calculated cross sections.

These above conventions are used throughout the nuclearscientific community, andwlll help to understand,,

the calculations used in Phase1 of tns project as well as the measurementtechniques used In Phases2 and

3.

i

._,_1culated Activitles

Calculated radioacttvltlesfrom one pass in a theoretical neutron Interrogation systemare shown In Table 1.

Thesevalues are based on a number of assumptions Includingthe neutron fluencerate, the neutron energy

spectrum, the effective Irradiation time,and on the Ilterature values for nuclear constants. Each of these

assumptions is discussed below. A second table (Table2) lists the 35 nuclear reactionswhich produce the [i,
highest activity levelsfor one or more of the decay conditions shown. This tablewill also be discussed more

fully betow.
-
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The generalassumptionsusedin Table 1 are as follows:

: Thermal neutron ftuencerate = 1 x 106n • cm"2sec"1

Epithermalneutron fluence rate = 2 x 104n • cm"2sec"1

Fast neutron fluence rate = 1 x 105n • cm"2sec"1

Effective irradiationtime = 1 second
, ,

The thermal neutron fluence rate and effectiveirradiation time werechosen to providea total neutron dose

close to, but slightly higher than,the neutrondose informationprovided by the FAAcontractor (SAIC). The

best estimate of the contractor for ti_eexisting 252Cfsystem(with two opposed 143 Fgsources) was a total

averagefluence of "'5 x 105neutrons/cm2 per pass. Thus,the 1 × 106thermal neutrons for a one second

irradiation used in calculations for the theoretical interrogation systemas shown in Table 1 should always

produce a calculated activity which Issomewhat higher than expected inltheactual system(s).

The nuclearconstants used in these calculatlons were generally those contained in Erdtmann's Neutron

ActlvatlonTables [2]. Ali activatlon products with halflivesgreater than 0.1 second were considered.' Initial

activitiesshown in Table 1 wereobtained from this compilation,with modifications for thefluence ratesglven

above. In addition, two computer programswere written in the BASIClanguageon a CP/M microcomputer

to calculate initial activities and decayed activities from thebasic nuclearconstants. Using thesecomputer

programs, checks were made of the calculated activities found in Reference2, and with a few exceptions

(most of which were typographical errors in the book) the data agreed veryweil.

lt should also be noted that these calculations assume zero neutron self-shleld!ngeffects, which is the

appropriate "worst case"assumption. Elementswith high neutroncross sectionsand/or resonance Integrals

(e.g.,greater than "" 10barns) begin toseeaneffect called neutronself-shielding,where the interior of a thick

sample"sees"fewer neutronsthan theexteriorof the sample,due to neutronabsorption by the exterior. Thus,

one gram of gold In a spherical shape would activate much less than,say, one gram of gold as a thin gold

plating on the surface of many articles scattered throughout a container. This effect would reduce the

expected activities of many of the activation products listed in Table 1, but is an uncontrollable variable. As

a consequence, the zero neutron self-shieldingassumption is used.

In Table 1, only reactions which produced initial activities greater than 0.001 Becquerel/gram of element

(disintegration/sec/g) are shown. This levelwas chosen In order to prevent the table from becoming totally

uselessdue to excessivesize, yet contain ali activitiesthat are significant. The basis for choosing thevalue

of0.001 Becquerel/g, was the levelsof naturallyoccurring radioactivity found In food. For examplel 4°Kis a

naturally occurring radioactive isotope which is contained in essentiallyali food that we eat. lt has an

abundance of 0,0117%,a halfltfeof 1.25x 109years, and a high energy gamma-ray line as weil. Since 4°K
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has a specificactivityof 838 plcocurles/gramof potassium,and, for example, peanutscontain0.674%

potassium[3], onegramof peanutshas5.65 pCiof 4°Kor0.209Becquerels(dps). lt seemsreasonableto

consideran amountof Inducedradioactivityequalto 1/100that containednaturallyIna singlepeanutto be

negligible. [lt shouldalsc be notedthat the naturallyoccurringradlonuclldes14Cand 3H add a further

50%-100%ofdoseto thatdueto the4°KdisintegrationsIn foods.]

ThedataInTable1doesnotcontainInformationonthetype ofemlssionsfrom thevariousactivationproducts,

becauseof thevadedpotentialuseof thisInformation.Thus,a nuclearreactionwhichhasa relativelyhigh

activitylevelbutno gamma-rayernlsslonmaybesignificantfor someconsiderations(e.g., Ingestionof food)

but notothers(e.g., baggagehandling).Informationon theparticleand gamma-rayemissionabundances

e_',_energiesofthe variousradioisotopesarereadilyavailableand canbe factoredinwhenthis Information

Isrequiredforhealthphysicspurposes. "_

Table2 containsa listingof thethirty-fiveactivationproductsfromTable1 whose activityexceededone of

thesecriteria: > 100 Becquerel/gat zerodecay; > 10 Becquerel/gat 1.0minutedecay; > 1 Becquerel/gat

1.0hourdecay. Thesetimeswereselectedto Illustrate:at zero decay,themaximumactivityproduced;at

oneminutedec_y,anactivitylevelwhtchmaybe relevantforbaggagehandlers;andatonehourdecay,most

likelytheearliesttimeat whichanairlinepassengercouldreceivetheirbaggageaftercompletionof a flight.

ltcan be seenfromTable 2 thatInonlythree cases,for Indium,europiumand dysproshJm(threerelatively

rareelements),wouldthe radioactivityInducedin a gramof the pureelementafter 1 hourdecay exceedthe _=

amountof naturalradioactivityIna 2 ouncebag of peanuts, lt shouldalsobe notedthat aliof theactivities

shownInTable 2 werecalculatedbycomputerandtheresultsagreedwellwiththe datain Reference2.

PHASE 2. EVAL,UATION OF NEUTROJ_FLUENCE RATES AND ENER_?',ES_N THE BAGGh_GE

IRRADIh_TIONS'_]'_

Thesecondphaseconsistsofa systematiccharacterizationof theactualneutronfluenceratesexperienced

bybaggagepassingthroughthetwoexperimentalthermalneutronexplosivedetectionsystems(EDS).There "-

werea total of four IrradiationsInthe EDS systemsto measuretheneutronfluencesandenergiesseenby

foils passingthroughthe systems. Two Irradiationsusedthe _52CfEDS, and two irradiationsused the

deuterium-deuterium(D-D) neutrongeneratorEDS system. Ali Irradiationsand the resultsobtainedare

discussedindetailbelow,aftera briefdescriptionof the techniquesusedforthesedeterminations.
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NeutronMeasurementsUslncLF_o.JJ._T..E_nlaues

The measurementof a neutronfield using the foil activationtechniqueIs bothrelativelysimpleand fairly

accurate. Thevariouselementswhichmaybe usedas Indicatorfoilsundergonuclearreactionsaccording

to the previouslydescribedequationwhen passedthroughan EDS systemor otherneutronfield,andthey

arethencountedon a calibratedradioactivitydetectorInorderto accuratelydeterminetheInducednumber

ofdisintegrationsper unittime.

The equation used earlierIn this reportfor the activationcalculationscan be rearrangedas follows:

C,A

m°a,No,o(1.e._,t)¢G

wlJ_re:

(1) = neutron fluencerate (n.cm'2sec"1)(forthe ngL'tronenergyrangeof interest)

C = net'detector counts pe."second of the gamma-rayof Interestcorrectedfordecay,

deadtime and pulse pileup (sec"1)

A ,-=,gram atomic 'weightof the element

m - massof element in grams

a = isotopic abundance of target isotope (1.00 = 100%abundance)

No = number ofatoms/gram atomic weight (6.022x 10_3)

o = neutron cross section in barns (10"24cm2) (for the neutronenergyrange of Interest)

;k = decay constant(sec'!) = In2
halflife(see)

t = irradiationtlme (sec)

t = detector efficiency for the gamma-rayof Interestand the counting geometryused to

obtaln C

G = gamma-ray abundance (number of emittedx-raysat the energy of Interestper

disintegration)

Theabove equation canbe usedwith the 2200mis (thermal)neutroncross section(mh)andthe activity found

In a bare foil after subtraction of the activity determined In a cadmium covered foil [C = (C_re - Ccd)]to

establishthe thermal neutronfluence rate in a system. The same equation can be usedwith the resonance

Integral (I) and the acttvityfound In a cadmium covered foil (Ccd)to estimatethe epithermalneutron fluence

rate in a system. However, it should be noted that the epithermalneutron crosssectionsvary considerably

fordifferent elements,and most elementshavehigh resonanceabsorption peaks in theiractivationspectrum.

Therefore,the uncertaintiesassociated with the epithermalfluence valuesare correspondinglygreater. For

fast neutrons, the same equation is used but an entirelydifferent nuclear reaction is used, with a neutron
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.energythreshold andspecific reaction cross section, Thesecalculationsare usedbelowto measureneutron

fluence rates In the two EDS systems,

The Useof multiple foilsas wasdone for the irradiationsdescribedlater allowsanlnference of both thethermal

and epithermal fluences, based on the following derivation:
r

Since
,

o )total= + mpiI)
then

= _th[ _thOth+ Cepll]
,lth

= + t]

Therefore, if, as in NBSRRT-4,the _pi = 0.02 (l>thtSknown,then for a well characterizedfacility like RT-4the

epithermalcontributioncan beestimated by $ o = _h [Oth+ 0.02I], and thethermalfluencecan besstimated

using a bareloll, by useof the ct = Oth+ 0.02 I relationship[_ = total (thermal + epithermal)crosssection,

In barns],

Thus,the epithermal fluence fraction, (l:)epl/(l>th,can be roughly estimatedby irradiatingseveralelemeritalfoils

with differing resonance Integralcross sections I, and solvingthecalculationsfor various epithermalfractions

until the thermal fluence values agree. This was done for the first two Irradlations described below, and

reasonablevaluesfor the epithermal fraction were obtained. In the second two irrad_ations,actual cadmium

covered foil Irradiationswere made using gold foils and the gold-cadmium rattodeterminedfor both the D-D

and 2_2Cfsystems, as well as for severalof the NISTnuclear reactor irradiation positions. _--

Irradiation #1 - Californium.-252Systern.

The first foil Irradiation in an EDSfor this project took place on July 6, 1987, using the _52CfEDS systemas

set up for testing at the SanFrancisco airport. A packageof three foils, _nr.ludlngoneeach of gold, tungsten

and copper, were irradiated by SAIC. The foilswere positlonedInsidea pieceof luggage andpassed 10times

through the EDS. The ten passeswere completed at 22:50EDTon July 6, 1987,and that tlme wastaken as
=

the effective To, Thus ali foil activitieswere decay corrected to that time.
,

Unfortunately, transferof the irradiatedfoils to NISTby SAICranafoul of an air flight which was cancelleden

route, and so we werenot able to obtain thefoUsuntil " 40 hours afterthe endof lrradlation. Two of the foils,

gold and tungsten, could still be counted. The copper-64 actlvity,with a 12.7 hour half-life,was not able to
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be used. The loss of the copper activity is particularly unfortunatebecausethe small resonance Integralfor

thecopper providesa good measureof thethermalneutronfluencewithout significantactlvatlonby epithermal

neutrons.

.Resultsobtalned from this first irradiation are given tn Table3. As can be seen from this table, the gold and

tungsten foil data agree reasonablyweil, and provide an estimate of the total neutron fluencefor the 252Cf

systemof ~ 7 x 105n •cm "2per pass(±20%relative). Evaluationof the apparentepithermal fraction provided

an'estimateof 6%epithermalneutrons. This i apparent epltherrnalfractionhasa higher uncertaintythan does

the second Irradiation, because no copper d_,a was available to confirm the true thermal neutron fluence

value. Note also that the fluence rate gtvenabove is for the date of irradiation only, July 6, 1987,due to the

decayof 2520f with a 2.64 year halfllfe, (Note: The actualfluence valuesshown in Tables2 and 3 havebeen

recalculatedusing the gold-cadmium ratio data obtalned from Irradiations3 and 4, This data now provides

an Improved evaluation of the eptthermalneutron contribution, and this will be discussed more completely

under the Neutron Energy Measurementssection Inthls report.)

lrrad!atlon #2- i2- _eutron GeneratorSystem

The second roll Irradiationtook place Inthe prototype D-Dneutron generator EDSsystem. The foil samples

were Irradiated between 15:56and 19:39 (EDT)on September 21, 1987,by passing them through the EDS

systema total of 100 times bythe FAA contractor, SAIC. A total of five differentfoils were used, the copper,

gold and tungsten used prevlouslyplus foils of nickel and tttanlum in an attempt to measurethe fast neutron

fluence.

According to P. Rygeof SAIC,thefive foilswerekept In theoriglnal mailingenvelope,placed insidea suitcase

nearthe top,with the remainderof the suitcasefilled with "normal"travel items: Thissuitcasewasthen passed

through the system 100 times over the approximately 4 hour period. The seriesof passeswere expected to

be representativeof typical neutron exposure in an EDS system.

Sincethe irradiation process took such a long time (approximately 4 hours) an "average"end-of-Irradiation

time of 18:00on September 21, 1987was used for the calculations. In order to evaluatewhat effect on the

resultsthis long irradiation period might have,a calculation was also made for the hypothetical situation of a

continuous irradiation of 4 hours duration. Theresults of this calculationfor copper-64 (theworst case) show

only a small effect of about 10%(forcopper; less for tungsten andgold), and this data is Includedwithali data

from this second irradiation. This smalleffectwas consideredto be within the measurementuncertainty,and

thus ali other calculations assume the singleirradiation at 18:00hours.
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The resultsfrom thls secondIrradiationaregivenInTable 4. Atransfertime toNISTofapproximately15hours

forthe foilspermittedmeasurementof thecopper-64radioactivity,and thlsprovideda betterestimateofboth

the neutronfluence/passand theepithermalfraction. An estimateof the total neutronfluenceforthis D-D

neutrongeneratorsystemIs about 3 x 105n • cm"2 per pass (±20%relative). Evaluationof the epithermal

fractionprovidesa very approximatevalue of 5% epithermalneutrons.

Measurementof the radioactivity In the fastneutronfoils (nickeland titanium) for Irradiation #2 providedno

detectable radioactivity above background fromfast neutronactivation. ThisIsvery likely due to thevery low
,

fastneutroncomponent IntheD-DEDSsystem.An additionalattemptto measurethefast neutroncomponent

was carried out In the third irradiation,and Isdescribed Inthat section,

Irrad!atlon#3-D-D Neutron G_,neratorSystem_

The third EDSIrradiationtook placeagain in the prototype D-Dneutron generatorsystemwhich was at that

time located at the Los AngelesInternationalAlrport. The f011sampleswere fixed to a cardboard holder ina

sealed package, whlch was then placed unopened in a "packed" suitcase and irradiated for 100 passes

through the system by SAIC. The Irradiations took place between 6:00 and 8:00 pm rEST)on Monday,

December7, 1987. A total of four different foilswere in the package (Au,NI,Cu, W) plus a cadmium covered -

gold foil. According to P, Ryge of SAIC,thepackage was handled Ina way to be "representativeof normal

exposureto the baggage transfer EDS systems."

Basedon the data developed for Irradiation#2 and described there, theendof Irradiationtime (Tzero)used

was 8:00 pm EST,December 7, 1987.

Theresultsfrom this third Irradiation are given inTable 5. Again thetransfer time for thefoils packageto NIST

was about 15 hours, providing good counting data for the gold, copper and tungstenfoils. The measured
-

total neutron fluenceper passwas approximately2.2x 10e n.cm"2,with an uncertaintyof approximately 20% =

(relative),

Again,there was no measurable radioactivityabove background for the nickelfoil, due nodoubt to the very

small fastneutron component In the EDSsystems. A calculationof the minimum radioactivitydetectable in

the counting systemusedgave a value of < 2x103fast neutrons/pass,which Is lessthan 1%fast neutrons. --

A gold-cadmiumratiowas measuredInthisIrradiation,andthese resultswillbediscussedbelowunderthe
_

sectionentitledNeutron Energy Measurements. =

m

E

E
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lrradlatlon#4. Ca!tfornlum-252System

The fourth and final EDS Irradlatlon of this project took place between08:47and 11',25on M_,_rch29, 1988.

The sample materials had been sent to P. Rygge of SAIC fixed In posttlon Inside of a large corrugated

cardboard container, ThiscontainerIsshownschematically InFigure4,andwasthe largestpos,,llblecontainer

still able to fit throUgh the EDS system.

The system used for thisfourth Irradiationwas the 252Cfsystem,which was setup and worklnq at the San

Francisco airport, The box was passed unopened through the system 100 times. A transfer time of

approximately 28 hours delivered tt to NISTat approximately '16:00hours, March30, 1988.

The box containeda totalof eightbaregold follsdistributedasshownInFigure4, a ninthgoldfo!l encapsulated'

Iii cadmium (0.1 cm thick) for the cadmlum ratio measurement,a copper foil, and a set of three smallpure

bismuth pellets. The large number of gold foils In tills lrradlatlonwere used to measurethe neutronfluence

variation throughout the Irradlatlon volume. Positions were selected to represent the extreme locations

possible in the EDS systems.

The results from Irradiation #4 are given InTables6 and7. Table6 prov des the measuredneutron fluence

per pass for both copper and gold, and agreement betweenthe two is very good. There Is also good

agreement with the gold and tungsten fluence values In Table 3, made using only ten passesin the 2S2Cf

system in the first EDS Irradiation. Initially, lt was puzzling that there did not seem to be an appropriate

reduction In the !ast 2S2Cfirradiationto account for decay of the sources, but upon calculation,the amount

of decay expected Isonly about 17%,which could effectively be maskeddue to the largevar"iationof relattve

fluences in the Irradiation contalnerdue to positionas discussedbelow (almost50%).

Table 7 gtvesthe results from the measurementof neutron fluence vs. position In the irradiation container,

From this data, lt Is apparentthat the neutronfluence Isabout 30%higher In thevertical centerportion of the

irradlat!on cavity (Figure4, A-3to A-5) compared to the vertical sides of the cavity (Figure4, A-i to A-2, and

A-4 to A-6). The top-to-bottom fluencevaflatlon Ismuch smaller,partlculady at the edges, lt should also be

noted that this box was fUledwith several full boxes of paper towels and some additional crumpled paper

towels, to add stability and weight for the handling and Irradiation processes. The effective density and

composition was estimated to be a little less dense than usual baggage, but not appreciably different from

the contents of a suitcase primarily packed with clothing.

N_outro_knEnergy Measurements

Neutron energy characterization was madeof the EDSsystemsby usinggold-cadmium ratio measurements

for estimatingthe epithermalneutron fluencesand with severalattempts at measuringfast neutronsthrough
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useof threshold foils. Thesetwo methods arediscussedsenarate_ybelow. Thecadmium ratio of anyelement

is definedas the ratio of the radioactivity Induced in a barr__' of the element to the radioactivity Induced in

a similar foil of the same elementwhich is located in exactlythe same positions, except completelyencased

with interlocking covers of 1 mm thick cadmium metal. Thus,for gold the cadmium ratio Au(Cd) is defined
as:

Au(Cd) = A_(bare)
A(I)(Cd)

where:

• At(bare) = saturatedactivity at zero decay for the barefoil, and

A(l)(cd) = saturatedactivity at zero decay for the cadmium covered foil.

Gold-cadmium ratio measurements were made in irradiations 3 and 4. This information plus similar

measurementsfor three Irradiation positionsin the NISTnuclear researchreactor (fueledby 235U)are shown

inTable 8. lt should be emphasizedthatwhilegold-cadmium ratio and fluencemeasurements are by far the

most commonly used foil measurementsin the nuclear field, and the high sensitivity made gold an obvious

choice for this EDS study, such measurementsare highlydependent upon specific foils useddue to neutron

_elf'shleldlng effects and the very high resonance cross sections for"gold-197 (the mono-nuclldic stable

Isotope of gold). In this study, the gold-cadmium ratiofor the 2S2CfEDSwasvery similar to the NBSRRT-3

irradiationfacility, and thus the calculated fluence measurementscould be compared directly to the known

fluence values for this NBSRfacility. Whatwas somewhat surprisingwas that the neutron energy spectrum

for the D-D EDSwas substantially"harder" (i.e.,had moreenergetic neutronsand a lower Au(Cd) ratio) than

that from the 25_CfEDS. When corrected for neutron self-shielding in the gold foils [8], the D-D system

measurement Indicated that 48% of the neutrons had energies above about 0.5 ev (the cadmium cut-off

energy), versus 29% epicadmium neutronsfor the 252CfEDS. (Note: The NBSRRT-3irradiationfacility had

26% epicadmlum neutrons.)

In addition to the epithermal (i.e., eplcadmium) measurementsmade withcadmium ratios, measurements

were attempted usingfast neutronthreshold foilsof titaniumand/or nickel in irradiationsnumber 2 and 3. A]I

such attempts gave results in which the fast neutron product, if present, could not be detected above the

background radioactivity, evenwith very long counts. Thiswasnot a surprise sincethe actual numberof fast

neutronsabove about 2 MeV (thethreshold for these fast neutron reactions)was expected to be very small.

The data obtained from the best count (from a nickel foil) was used to calculate a "less than"value, which

showed that therewas <2x103fast neutrons/cm2/pass(abovethe 2.2MeV thresholdfor this specific nuclear

reaction). An actual measurementof the 58Coradioactivityfromthe 58Ni(n,p)58Conuclear reactionon a nickel
i
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foil Irradiatedin the NBSRRT-3facility,when normalizedto the 2.2x105nocrn"2expected for a singlepass in

the D-D EDS,gave a valueof 0.00/countJ3 hours counting time. Evenwith 100passesthrough the system,

the expected 0.1 countJ3hours would be totally lost in the background of the lowest background countlng

systemavailable. Thus, direct fast neutronmeasurementsusingthreshold foilsarejust not possible for either .

EDS system unlessthe entire counting system is brought to the EDS system so short-lived radloactivttles

could be attempted, and possibly could not be measured even then dueto absolutesensitivityIlmttations.

PHASE3. QUANTITATIVEDETERMINATIONOF INDUCEDRADIOACTI.VITYLEVEL_;.

Inorder to verify thecalculated activity valuesreported inPhase1 of this study,actual measuredactivity levels, ,

.weredetermined in elements exposed to the appropriate neutron fluences. This was accomplished using

two different methods as described below.
, ,

Method 1entailedthe counting of Inducedradioactivity inpureelementfoilsactuallypassedthrough the 2S2Cf

EDSand the D-D EDS. There are very few elementswith both the sensitivityand the:appropriate halfllfeto

allowsuch measurementswithout actually movingan entiregermaniumdetectorand counting systemto the

airport Iocatlon where the EDS was located. Three elements (copper, tungsten and gold)were used to

develop this data, and the results are found inTable 9 (2520f EDS)andTable 10 (D-D EDS).

In addition, Method 2 was employed. Thismethod utilizedthe NISTnuclearreactor (NBSR)RT-3 Irradiation

facility, shown in Table 8 to haveneutronfluence characteristicsvery similarto the 252CfEDS except that the

neutron fluence is about 1.3x108times higher. A sample .ofwell characterized material (NIST Standard

ReferenceMaterial 1633,Coal Fly Ash), which has a large number of known elemental concentrations was

irradiated in RT-3,counted, and the actual induced radioactivitiesmeasured were corrected to the 8x105

n,cm:2 fluence expected for one pass through the 2520f EDS. These resultsare found in Table 11 for 13

additional elements.

In ali casesthe actual measuredactivity levelsfound corresponded closely to the expected activity levels as

found inTable 1 and shown again in Tables9 through 11.

In addition to the above,one casemerited specialconsideration. In "['able1,for the element bismuth (Z = 83),

a special case is noted in a footnote. This concerns the potential problem of the bismuth-210 activation

product decaying to polonium-210,which is an alpha emitter. Thiswould most probably be Ignored except

that a common over-the-counter medicine contains large quantities of bismuth. Since alpha particles are

easily stopped by somethlng as thin as a sheet paper, they are usually only of concern when they may be

inhaled (as radon) or Ingested through food or medication.
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lt wasthereforethoughtusefulto considerthe effect of neutronexposurein an EDS to the productionof

polonium-210frombismuth.ThiswasdoneIntwoways: first,a detailedcalculatlonwasmadefollowingthe

productionof bismuth-210,beta decay to polonium-210,and the alphadecay of polonium-210.Second,

severalpelletsofpurebismuthwereIrradiatedin Irradiation#4, with100passesthroughthe252Cf EDS. This

bismuthwas thendissolvedandthe bismuth/poloniumprecipitatedout,recovered,and countedInan alpha

detectionsystem.
t

The resultsof theabovebismuthevaluationsIndicatedthat the amountof polonium-210producedInthese

EDS systemsis minimal. Calculationshowedthat100gramsof bismuthpassedthrougha neutronfluence

of lx106 n.cm"2 would produce a maximum of 0.0004 decays of polonium-210 per second (d/s).

Measurementofthe radiochemicallypreparedbismuth/poloniumsample(bismuthweight= 150,6rag)which

hadbeen passed100timesthroughthe 252Cf EDS gave no alpha counts detectedfor a 100minutecount,

confirmingthecalculationof minimalproductionof polonlum-210.

CONCLUSION

Although the initial FAA project was for the evaluationandcharacterizationof only the 2S2CfEDS, soon

afterwardsit becameapparentthat for a substantialportionof the projectperiodonlythe D-D systemwas

availablefor Irradiations.This,coupledwiththeexpressedInterestofFAAInthecharacteristicsof bothsystem,

fostered the expansionof the project(withno additionalfunding)to both the 2S2Cfand D-D systemsas

describedbelow.

AlithreephasesofthisprojectasdescribedintheIntroductionhavebeencompleted. InPhase1,calculations

weremadefortheneutronIrradiationofalielementsundercondltionssimilartothat foundintheEDSsystems,

and thesedataare foundinTables1 and2. InPhase2,the neutronfluencerates,neutrondistributions,and

neutronenergycharacteristicsof bothof the EDSsystemsweresystematicallyevaluatedanddata recorded

inTables3 through8. In Phase 3, quantitativemeasurementsof Inducedradioactivityin 16 elementswere

madeandgoodagreementwiththecalculatedactivitiesfrom Table 1found. ThesedataarefoundinTables

9 through11.

The combined informationfound in this report providesa comprehensiveunderstandingof the neutron

irradiation characteristics of these two EDS systems,and provides as well the Information necessaryto

quantitatively evaluatethe Induced level of radioactivitywhich would be produced in any specified material

passing through a thermal neutron EDS system.
z
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Figure 1. Typical Neutron Spectrum from a U23sNuclearReactor.
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Figure 2. NIST Reactor RT-4 Position, Sand II 5thIteration DifferentialFlux Solution [4].
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Figure 3. Course SevenGroup Display of the UnmoderatedFissionNeutron Spectra of Uranium-235and

Californium-252[1]. (Note: Energy Groups are: I)0-0.25 MeV; 2)0.25-0,8 MeV;3) 0,8-1.5 MeV; _-

4) 1.5-2.3MeV;5) 2.3-3,7 MeV; 6) 3.7-8 MeV;and 7) 8-12MEV).
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Figure 4. Front View of Container for IrradiationNo. 4, FluenceMapping [Dimensions: 0.406 m (16 In)

high;0.660 m (26 in)wide;approximately0.762 m(30 in)long]. (SeeTable7 for fluencevalues).
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N U Rl:;,(}-1396 2(} Appendix!"_ -
-



Table I, Calculated Activities from One Pass

in a Neutron Interrogation S,_stem

Activity

Target (decays/sec/gram of element)
- Activation Product l

Z Isotope Reaction Product Halflife Initial 1 rain decay 1 hour decay
..... , .... ,,,, ....... i .... ,, ,.........

I Hydrogen none a * * *

2 HeIium none * * *
• ,,........ , ....

3 Lithium-6 n,_ Hydrogen-3 12.35 y 0.011 0.011 0.011
......... ,..,

4 Beryllium-9 n,_ Helitun-6 0,802 s 1280 * *
..

5 Boron none * * *
,. ......

6 Carbon none * * *
I, , , ' ' "

7 Nitrogen- 15 n,7 NI trogen-16 7,13 s 0.0004 * *
,........ , ,, ,

7 Nitrogen- 14 n,2n Nitrogen'13 9.96 m O. 0001 * *

8 Oxygen- 18 n,_ Oxygen- 19 27.1 s 0.0004 * *

8 Oxygen- 18 n,_ Carbon- 15 2.46 s 0.001 * *
,, t_ ,,.,, i ,,

9 Fluorine- 19 n,7 Fluorine- 20 II.0 s 19.7 0.449 *
, _ ....... ,.... ,

9 Fluorlne- 19 n,p Oxygen- 19 27,1 s 0.II 0.024 *
...... . .... , .....

9 Fluorine- 19 n,_ Nitrogen- 16 7,13 s 2.32 0.007 *
.....

I0 Neon-22 n,7 Neon-23 37.6 s 2.43 0.804 *
, , • ,,, _ , .,,, .

10 Neon-20 n,p Fluorine- 20 11.0 s 0.013 * *

Ii Sodium-23 n,7 Sodium-24 15.02 h 0.180 0.180 0.172

11 Sodium- 23 n,p Neon.-23 37.6 s 0.072 0.024 *
....... , ,,, , .....

ii Sodium- 23 n,a Fluorlne-20 II.0 s 0.121 0.003 *
., _._, • , , _

12 Magnesium-26 n,7 Magnesium-27 9,45 m O. 129 O, 120 0.002
....... , ,,,

12 Magnesium- 25 n,p Sodium- 25 60 s 0.002 0.001 *
, , ........... ,. ......., _ , .

12 Magneslum- 26 n,p Sodium- 26 1.0 s 0.001 * *

aNone 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 i. Calculated Activities from One Pass

+ in a Neutron Interrogation System (Cont,)

Target Activity

- (decays/set/gram of element)Activation Product +

Isotope Reaction Product Halflife Initial i min deca_ I hour decay

Alumlnum-27 n,7 Aluminum-28 2 25 m 27.2 20 0 ,-- , . ,

Aluminum'27 n,p Magnesium-27 9._5 m 0 011 0.010 ,_ + .

Silicon-30 n,7 Silicon-31 2 62 h 0 006 0 006 0.005

Silicon-28 n,p Aluminum-28 2.25 m 0 065 0 048 ,

Silicon-29 n,p Alumin_n'29 6.52 m 0 I00 0.090 ,

Phosphorus-31 n,7 Phosphorus-32 14.28 d 0 002 0.002 0.002+

+ Phosphorus-31 n,p Sllicon-31 2 62 h 0 005 0 005 0.004

3 Phosphorus-31 n,_ Aluminum-28 2.25 m 0 019 0 014 ,

I Sulfur-36 n,7 Sulfur-37 5 06 m 0.001 0 001 ,

i Sulfur-34 n,p Phosphorus-34 12.4 s 0 002 , ,

1 Sulfur-36 n,_ Silicon-33 6 3 s 0.001 , ,

I Chlorine-37 n,7 Chlorine-38 37.2 m 0.555 0 545 0,181

[ Chlorine-37 n,7 Chlorine-38m 0.8 s 12 0 , ,

LI Chlorine-37 n,_ Phosphorus. 34 12.4 s 0.027 0.001 ,

Chlorine-35 n,p Sulfur,35 87 2 d 0 001 0.001 0 001

Argon-40 n,7 Argon-41 1 83 h 1.06 1 05 0.726

9 Potassium..41 n,7 Potassium-42 12 36 h 0 024 0.024 0.023

0 Calclum-48 n, 7 Calcium-49 8 72 m 0 042 0 039 ,

I Scandium-45 n, 7 Scandium-46 83 8 d 0 022 0.022 0 002 +

[ Scandium-45 n,7 Scanditml-46m 18 7 s 4825 522 ,------

! Titanium-50 n,7 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 I, Calculated Activities from One Pass

in a Neutron Interrogation System (Cont,)

......... ..........................

Activity

Target (decays/sec/gram of element)
• Activation Product .................

Z Isotope Reaction Product Halflife Initial I min decay 1 hour decay
, , ,,,,,i,, , ......... ,.. , , ,i , ....

23 Vanadium- 51 n,7 Vanadium- 52 3,755 m 179. 149, 0,003
__ ., , , , _:,__ ....... t..... L L , ,, •,. ,

23 Vanadlum-51 n,p Titanium-51 5,76 m 0,002 0,002 *
,.... , ..... -

24 Chromium-50 n,7 Chromium-51 27.71 d 0,002 0,002 0,002
- ,, J...........

24 Chromlum-54 n,7 Chromlum-55 3,56 m 0,322 0,265 *
, , ..... , . ,, , .........

24 Chromium-52 n,p Vanadium-52 2.755 m 0,003 0,002 *
..... ,, a,,. ........ .,,,,

25 Manganese-55 n,7 Manganese-56 2,582 h Ii.I 11,1 8,49
,,... _ ., ,...... •. L..... ,

25 Manganese-55 n,p Chromium-55 3.56 m 0,001 0.001 *

26 Iron none _ * * *
.... , , ,.... .... ,_

27 Cobalt-59 n,7 Cobalt-60 5,272 y 0,002 0,002 0,002
,. , ,,,., ,, ...... , , . . ........ -

27 Cobalt-59 n,7 Cobalt-60m 10.48 m 233, 218, 4.40
.. ._ ,-,_, ........... , , , ,

28 Nickel-64 n,7 Nickel-65 2.520 h 0.013 0.013 0.010
........,

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

28 Nickel-60 n,p Cobalt-60m 10.48 mi 0,001 0,001 *

29 Copper-63 n, 7 Copper-64 12.74 h 0,458 0,458 0,434

29 Copper-65 n,7 Copper_66 5.10 m 14.7 12.8 0,004
,..... . ...... ,,_....... ,,

30 Zinc-68 n,7 Zinc-69 57 m 0,369 0,365 0,178
.......... ,..... ,, ,._ ,,

30 Zinc- 68 n,7 Zinc -69m 1.3,9 h 0,002 0,002 0,002
...... ,...... ._, , ,,

30 Zinc-70 n, 7 Zinc-71 2,4 m 0.028 0.021 *
..........

31 Gallium-69 n,7 Gallium-70 21.1 m 5.43 5.25 0,756
.:.... ,...... I,, .... _ ....

31 Gallium-71 n,7 Gallium-72 14.10 hl 0,259 0,259 0.247
_-- ,,......... i............ , .......

31 Galllum-69 n,= Copper-66 5.10 m 0,001 0,001 *
, . ,

aNone greater than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)

*Less than 0.O01 decays/see/gram of element (<0.001 Becquerel/g)
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Table i. Calculated Activities from One Pass

in a Neutron Interrogation System (Cont,)

, _ , ,.................................... ,_ u__

Activity

Target (decays/see/gram of element)
.................... Activation Product ........

Z Isotope Reaction Product Halflifs Initial i min decay I hour decay
.............. _ ........ ,.,, ....

32 Germanium'70 n,7 Oermani_n-71 11.2 d 0,004 0,004 0.004
.......... i ..... '......... | , , _ , ,,,o . .... . ........ _L__L.....

32 Cermanium-74 n,7 Germanium-75 82.8 m 0,105 0.104 0,064

32 Germanium-74 n,7 Germanium-75tn 48,9 s 6.38 2.73 *

.. _, - -- ,............ la .... : - ' i

32 Germanium-76 n,7 Germanium-77 11.30 h 0,001 0,001 0,001

32 Germanium-76 n,7 Germanium-77m 54,3 s 0,871 0.405 *
...... _ -. , : • ......., .,,_...........................

33 Arsenic-75 n07 Arsenic-76 26.3 h 0.,326 0.326 0.318
..... L, ,. ...... -, ,. i, _J ......... _ j

34 Selenlum-76 n,7 Selenium-77m 17,5 s 568, 52,8 *
, _ •...... : , ,, • _ , ...........

34 Selenium-78 n°7 Selenium-79m 3,89 m 2.15 1.80 *
.... ,....... . -- _ _ - ,.... , .... . ........

34 Seleni_n-80 n,7 Selenium-_l 18,5 m 1,33 1,28 0.140
_____ • .....,_ _- ............... . .,.

34 Selenium-80 n,_ Selenium-81m 57.3 m 0.069 0.068 0,033
, , ,,..... ,......... _............ .

34 Selenium-82 n,7 Selenium-83 22,5 m 0,345 0.335 0.054
,....... _ _ ,.......... ..

34 Selenium- 82 n,7 Selenium- 83m 70.0 s 0,040 0.022 *
.... ...... , .... _ ........... _,, . ............

34 Selenium-77 n,n' Selenium-77m 17.5 s 1.63 0.151 *
..... H......... J................. J ,,,

35 Bromine-79 n,7 Bromine-80 17.4 m 29.1 28.0 2.67
................. , ......... , ...... ,,,,

35 Bromine-79 n,7 Bromine-80m 4.42 h 0.548 0.547 0.468

35 Bromine-81 n,7 Bromine-82 35.4 h 0.007 0.007 0.007

35 Bromine-81 n,7 Bromine-82m 6,1 m 23.1 20.6 0.025

*Less than 0.001 decays/sec/gram of element (<0,001Becquerel/g)
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Table I, Calculated Activities from One Pass

in a Neutron Interrogation System (Cont,)

Activity

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

Z Isotope Reaction Product Halflife Initial 1 min decay I hour decay
, ,,,, , ,, ,, -

36 Krypton-78 n,7 Krypton-79 34.9 h 0.001 0,001 0.001
.,, ,., , h .,, _, ,, .,, , ,, ......

36 Krypton-78 n,7 Krypton-79m 50 s 0,074 0,032 *
, t , ,,, --

36 Krypton- 80 n,7 Krypton- 81m 13,3 s 37.7 1.65 *

36 Krypton- 82 n,7 Krypton- 83m 1.86 h 1.74 1,73 1.20
...... ,, , , , ,, ,,

36 Krypton-84 n,7 Krypton-85m 4,48 h 0.023 0,023 0.020
............ , , .., ,,

36 Krypton-86 ' n,7 Krypton-87 76 m 0,012 0,012 0.007
i _ i. _,

37 Rubidium-85 n,7 Rubidium-86 18.65 d 0.001 0.001 0 001
,, , ,, .......

37 Rubidium-85 n,7 Rubidium'86m 1.018 m 4.20 2,13 *
,_ __,_ ....

37 Rubidium- 87 n,7 Rubidit_- 88 17.7 m 0.205 0.197 0.020
, ,,

38 Strontium- 84 n,7 Stronti_n- 85m 67.7 m 0.004 0.004 0.002

38 Strontium-86 n,7 Strontiual-87m 2.81 h 0.044 0 044 0.034
, ,..... ,..... ,, , , ..... ,

39 Yttrlum-89 n,7 Yttrium-90 64,0 h 0,026 0,026 0.026
.............. ,, ,.......

39 Yttrium-89 n,7 Yttrium-90m 3.1,9 h 0.416 0.414 0.335

39 Yttrium-89 n,n' Yttrium-89m 15,7 s 3.75 0,265 *
,, ,_ .....

40 Zirconium none * * *

41 Niobium-93 n,7 NiobiLun-94m 6.26 m 3.80 3.40 0.005
.... J | , ,....

42 Molybdenum-92 n07 Molybdenum-93m 6.85 h <0.002 <0.002 <0.001
. .... ..,, _ .....

%2 Molybdenum-98 n,7 Molybdenum-99 66.02 h 0.001 0,001 0.001
_

42 Molybdenum-lO0 n,7 Molybdenum-lOl 14,6 m 0.135 0.129 0.008
,. , i ..... , ,,,

43 Technetium unstable/not found naturally
-- ...., ......... , ...............

44 Ruthenium-lO2 n,7 Ruthenium-103 39.6 d 0.001 0,001 0.001
....... •

44 Ruthenium- i04 n,7 Ruthenium- I05 4.44 h 0.029 0.029 0.025

•Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table I. Calculated Activities from One Pass

in a Neutron Interrogation System (Cont)
.± .....................

Activity

Target (decays/see/gram of element)
Activation Product ................

Z Isotope Reaction Product Halflife Initial 1 min decay: 1 hour decay
,. .......

45 Rhodium- I03 n,7 Rhodium- 104 42 s 1543. 573. *
•.... _....................

45 Rhodi_mm- I03 n,7 Rhodium- 104m 4,35 m 360. 307. 0.025
.....

45 Rhodium-lO3 n°_ Technetium-100 16 s 0.397 0.030 *i
....... i .... ;, ,..., .......

451 Rhodium- I03 n,n' Rhodium-. 103m 56 m 0.064 0.063 0.030

46 Palladium- I06 n,7 Palladium- 107m 21.3 s 0.842 0.119 *
, ,...............

46 Palladium-lO8 n,_, I Palladium-lO9 13.46 h 0.337 0.337 0.320
............. - ,_ ,... , ,..... , ' . ....

46 Palladium- I08 n,7 Palladium- 109m 4.69 m 0.912 0.787 *

................... ................ ., .........

46 Palladium-IlO n,7 Palladium-I II 22 m 0.088 0.085 0.013
...., ................

46 Palladium- 1I0 n,7 Palladium- 1llm 5.5 h 0.001 0_,001 0.001
_ ...._ .... : .........

47 Silver- I07 n,7 Silver-lO8 2.41 m 509. 382. *
...... _ =_ .......................

47 Silver- i09 n,7 Silver-llO 24.6 s 8310. 1532. *
. . ......... , , :', .......

48 Cadmium- i06 n,7 Cadmium- i07 6.5 h 0.002 0.002 0.002
......... , ................. _,._.....

48 Cadmium-Ii0 n,7 Cadmlum- 11lm 48.7 m 0.022 0.022 0.009
.... , ....... , , , | .............

48 Cadmlum-. 114 n,7 Cadmium- 115 53.5 h 0.002 0.002 0.002 :

....................... _ .... _ ,,,

48 Cadmium' 116 n,7 Cadmium- 117 2.6 h 0.002 0.002 0.001
_,_.... , , ..... . ...... , , , , .......

48 Cadmium- 116 n,7 Cadmium- 117m 3.4 h 0.001 0.001 0.001
..... .................... , ,

48 Cadmlum- 112 n,2n Cadmium- 11lm 48.7 m 0.004 0.004 0.002
_ - :. , ,,........

49 Indium- 113 n,7 Indium- 114 71.9 s 9.43 5.29 *
............ , . ,. ,.......

49 Indium-l!3 n,7 Indium-ll4m 49.51 d 0.001 0.001 0.001
, . ,. ........... ]...... ,.......

49 Indium- 115 n,7 Indium-116 14.2 s 1360. 72.7 *
- , .... .......... , .......

49 Indlum- 115 n,7 Indium- l16m 54.2 m 129. 127. 59.9 :
._ ..... u ,. .......... .............

49 Indium-ll5 n,7 Indium-ll6m' 2.16 s 127000 0.001 *
......................

49 Indium- 115 n,n' Indium- llSm 4.50 h 0.004 0,004 0.003
-- ................

*Less than 0,001 decays/see/gram of element (<0.001 Becquerel/g)
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Table I. CalculatedActivities from One Pass

in a Neutron Interrogation System (Cont,)

Activity

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

Z Isotope Reaction Product Halfllfe Initial I min decay 1 hour decay

50 Tin-ll2 n,7 Tin-ll3m 20 m 0.018 0'.017 0.002
, , ,, ; ..... , h, , ,,,

50 Tin-120 n,7 Tin-12i 26.8 h 0.002 0.002 0.002
.... , , ,,,

50 Tin-122 n,7 Tin-123m 40.1 m 0.012 0.012 0.004
,, ,, ,

50 Tin-124 n, 7 Tin-125m 9.2 m 0.109 0.I01 0.001
......... _ ........ ,

51 Antimony-121 n,7 Antimony-122 2.72 d 0.073 0.073 0.072
,. ,, ...............

51 Antimony- 121 n,7 Antlmony- 122m 4.2 m 0.708 0.600 *
...... ,.... , ,,

51 Antimony-123 n,7 Antimony-124 60.3 d 0.003 0.003 0.003

51 Antimony-123 n,7 Antimony-124m 93 s 0.842 0.538 *

51 Antimony-123 n,7 Antlmony-124m' 20.3 m 0,013 0.013 0.002
,, ,, .,,,L......

52 Tellurium-126 n,7 Tellurium--127 9.4 h 0.019 0.019 0.01,8

52 Tellurium.-128 n,7 Tellurium-129 70 m 0.057 0.056 0.031
.......

52 Tellurium-130 n,7 Tellurium-131 25.0 m 0.208 0.202 0.039
........

53 lodine-127 n,7 lodine-128 25.00 m ! 20.0 19.5 3.79
.........

54 Xenon- 124 n, 7 Xenon- 125 17.0 h 0.008 0.008 0.008
...........

54 Xen0n-124 n,7 Xenon-125m 57 s 1.7 0.820 *
....

54 Xenon-126 n,7 Xenon-127m 72 s 0,014 0.008 *

54 Xenon-130 n,7 Xenon.-131m 11.99 d 0.053 0.053 0.053

54 Xenon-132 n,7 Xenon-133 5.29 d 0.001 0.001 0.001
,_ j ....

54 Xenon-134 n,7 Xenon-135 9.17 h 0.003 0.003 0.003
.....

54 Xenon-134 n,7 Xenon-135m 15.3 m 0.001 0.001 *
,,

54 Xenon-136 n,7 Xenon-137 3_84 m 0.200 0.167 *
....... -

•Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table I. Calculated Activities from One Pass

in a Neutron Interrogation System (Cont.)
-, , ................

Activity

Target (decays/sec/gram of element)

.....i Activation Product-- _ .....Z Isotope Reaction Product llalflife Initial 1 min decay 1 hour decay
.... ,,, , ,

55 Cesium-133 n,7 Cesium-134 2.06 y 0,002 0.002 0.002
.......

55 Cesium-133 n,7 Cesium-134m 2.9 h 0.928 0.924 0.731
,

56 Barium-130 n,7 Barium-131m 14.6 m 0.009 0.009 0.001
.....

56 Barium-135 n.7 Barium-136m 0.31 s 131. * ,
...........

[

i 56 Barium-136 n,_ Barium-137m 2.55 m 0.039 0.030 *
..........

--

56 Barlum-138 n,7 Barium-139 83.3 m 0.155 0.154 0.094
i,

56 Barium-137 n,n' Barium-137m 2.55 m 0.500 0.085 *
...... ,,,, __

57 Lanthanum-139 n,7 Lanthanum-140 40.23 h 0.190 0.190 0.187

58 Cerium-136 n,7 Cerium-137 9,0 h 0.014 0014 0.013
,

58 Cerium-138 n,7 Cerium-139m 56 s 0.054 0.026 *
, ,.

m

58 Cerium-140 n,7 Cerium-141 32.51 d 0.005 0.005 0.005

58 Cerium-142 n,7 Cerium--143 33.0 h 0.027 0.027 0.026
,

,,_ , ,

59 Praseodymium-141 n,7 Praseodymium-142 19.16 h 0.343 0.343 0.331
............

59 Praseodymium:f41 n,7 Praseodymium-142m 14.6 m 13.3 12.7 0.770
,, ,..... _ ,._ ,,,,

59 Praseodymium-141 n,2n Praseodymium-140 3.39 m 0.012 0.010 * _--_
: , , ,.... ...... ,,

60 Neodymium-146 n,7 Neodymium-147 10.99 d 0.007 0 007 0.007
....... .......

60 Neodymium- 148 n,7 Neodymium- 149 1.73 h 0.073 0.073 0.049
........... ..... _,,,

...... _ _

60 Neodymium- 150 n,7 Neodymium- 151 12.4 m 0.352 0.333 0.034
..... J

61 Promethium unstable/not found naturally _--__
_, ,

. _ _

62 Samarium-152 n,7 Samarium-153 46.5 h 1.19 1.19 1.17
- ,...... ........

.......

62 Samarium-154 n,7 Samarium-155 22.2 m 2.81 2.72 0.432
,

•Less than 0.001 decays/see/gram of element (<0.001 Becquerel/g)
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Table i. Calculated Activities from One Pass

in a Neutron Interrogation System (Cont.)

Activity

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

Z Isotope Reaction Product Halflife Initial 1 min decay 1 hour decay

63 Europium- 151 n,7 Europium- 152 13.4 y 0.020 0.020 0.020
.......... , ....

63 Europium- 151 n,7 Europium- 152m 9.3 h 132. 132. 123.
, f ,

63 Europium- 151 n,7 Europium- 152m' 96 m 0.921 0.914 0.597
I

63 Europium- 153 n,7 Europium- 154 8.5 y 0.002 0.002 0.002
, _ ,,

64 Gadolinium-158 n,7 Gadolinium-159 18.6 h 0.040 0.C40 0.039
,--.

64 Gadolinium- 160 n,7 Gadolinium- 161 3.7 m 2.19 1.82 *
....... _ ,,.

65 Terbium- !59 n,v Terbium- 160 72.3 d 0.014 0.014 0.014

66 Dysprosium- 156 n,7 Dysprosium- 157 8.1 h 0.003 0.003 0.003
.... ,

66 Dysprosium- 164 n,_ Dysproslum- 165 2.35 h 86.2 85.8 64.2
.. ,.......

66 Dysprosium-164 n,7 Dysprosium-165m 1.256 m 16400 9420 6.81
, .

67 Holmium- 165 n,7 Holmium-166 26.8 h 1.98 1.98 1.93
, ,

68 Erbium- 162 n,7 Erbium- 163 75 m 0.022 0.022 0.013
.......... , ...........

68 Erbium-164 n,7 Erbium-165 10.36 h 0.016 0.016 0 015
......

68 Erbium- 166 n,7 Erbium- 167m 2..27 s 4790. * *
.... , ,,..

68 Erbium- 168 n,7 Erbium- 169 9.3 d 0.002 0.002 0.002
,, ,.

68 Erbium- 170 n,7 Erbium- 171 7.5 h 0.085 0.085 0.077
_- : ,,,

69 Thulium- 169 n,7 Thulium- 170 130 d 0.030 0.030 0.030
,,, ......

70 Ytterbium-168 n,7 Ytterbium-i69 32.02 d 0.005 0.005 0.005

70 Ytterbium- 174 n,7 Ytterbium- 175 4.19 d 0.139 0.139 0.138

70 Ytterbium- 176 n,7 Ytterbium- 177 1.9 h 0.113 0.112 0.078
,

71 Lutecium- 175 n,7 Lutetium- 176m 3.69 h 4.78 4.77 3.96

71 Lutecium- 176 n,7 Lutecium- 177 6.71 d 0.222 0.222 0.221

*Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table I, Calculated Activities from One Pass

in a Neutron Interrogation System (Cont.)

Activity

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

Z Isotope Reaction Product Halflife Initial 1 mln decay i hour decay
........................ .. . .......

72 Hafnium-177 n,7 Hafnium-178m 4.3 s II0. 0.007 *

72 }lafnium-178 n,7 Hafnium-179m 1.8.7 s 2460 2.66 *
.... . ......... , .................

72 Hafnium..179 n,7 Hafnium-180m 5.5 h 0.007 0.007 0.006

72 Hafnium-180 n,7 Hafnium-181 42.4 d 0.003 0.003 0.003
• .. ,........................................

73 Tantalum-18i n,7 Tantalum-182 115 d 0.008 0.008 0.008

73 Tantalum-181 n,v Tantalum-182m 15.9 m 0.038 0.036 0.003
_ _. ..... _ : _ .... ......... . .......................

74 Tungsten-184 n,7 Tungsten-185m 1.64 m 0.014 0.009 *

-

74 Tungsten-186 n,7 Tungsten-187 23.9 h 0.347 0.347 0.337
---'_ .-._ ..... , ,. I ......

75 Rhenium-185 n,7 Rhenium-186 90.6 h 0.362 0.362 0.359
.. b........................... , ..............

75 Rheni_- 187 n,7 Rhenium- 188 16.7 h 1.85 1.85 1.77

75 Rhenium- 187 n,7 Rhenium- 188m 18.6 m 2.18 2.10 0.233
....... p........................

76 Osmium-190 n,7 Osimium-191 15.3 d 0 002 0.002 0.002

76 Osmium-190 n,7 Osmium-191m 13.0 h 0.119 0.119 0.113
................. 1 ........................

76 Osmium-192 n,7 Osimium-193 30.2 h 0.017 0.017 0.017

77 Iridium-191 n,7 Iridium-192 74.3 d 0.090 0.090 0.090

--

77 Iridi_n-191 n,_ Iridium-192m 1.4 m 3120 1900 *

77 Iridium-193 n,7 Iridium-194 19.38 h 2.73 2.73 2.63
__

78 Platinum-196 n,7 Platinum-197 18.3 h 0.006 0.006 0.006
, | ...........

78 Platinum-196 n,7 Platinum-197m 81 m 0,007 0.007 0.004

78 Platinum-198 n,7 Platinum-199 30.8 m 0.389 0.380 0.I01
.... . _ ....

78 Platinum-198 n,v Platinum-199m 14.1 s 0.383 0.020 * -
. _.. _ ................

79 Gold-197 n,_ Gold-198 2.695 d 1.18 1.18 1.17
-

•Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table i. Calculated Activities from One Pass

in a Neutron Interrogation System (Cont.)
..... • ,,

Activity

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

Z Isotope Reaction Product Halflife Initial I min decay 1 hour decay
., , , ,, ,, ,,.

80 Mercury-196 n,7 Mercury-197 64,1 d 0.042 0.042 0.042
...... , ' , . ,I.........

80 Mercury-196 n,7 Mercury-197m 23.8 h 0.004 0.004 0.004
..... , ....

80 Mercury-198 n,7 Mercury-199m 42 6 m 0.004 0.004 0.002
.......

80 Mercury-202 n,7 Mercury-203 46.60 d 0.001 0.001 0.001
--_i , .........

80 Mercury-204 n,7 Mercury-205 5.2 m 0.203 0.178 *
, . , ,, .i, ,,,

81 Thallium-205 n,7 Thallium-206 4.2 m 0.651 0.552 *
,_ , _i,,,,

82 Lead none" * * *
..., ,.....

83 Bismuth none b * * *
......... ,,,

84 Polonium unstable/not found naturally
,L ....... ._

85 Astatine unstable/not found naturally
.... ,

86 Radon unstable/not found naturally
......

87 Francium unstable/not found naturally
, ........

88 Radium unstable/not found naturally
.............................. , ,, , ,

89 Actinium unstable/not found naturally
...................

90 Thorium- 232 n,7 Thorium- 233 22.2 m 11.9 11.5 1.83
...........

91 Protactinium unstable/not found naturally
,. ,. _ ...................................... ,....

92 Urani%_- 238 1 n,7 Uranium- 239 23.5 m 10.1 9,81 1.72

"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)

B

bThe special case of 2°QBi (n,7) 21°Bi --4 210po is discussed in the text under Phase 3.
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Table 2. Listing of Calculated Activities from Table i Having

the Highest Activities as Defined in the Text _

Activity

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

Z [ Isotope Product Halflife Initialll rain deeayll hour decay

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 4825 522 *
.... .. .._. : .................. , ........ ,, ,

23 Vanadium-51 Vanadium-52 3,76 m 179 149 0,003

25 Manganese-55 Manganese-56 2.58 h ii.i 11.1 8,49

,27 Cobalt-59 Cobalt-60m i0.48 m 233 218 4.40

29 Copper-65 Copper-66 5.10 m 14,7 12.8 0,004
,.................. , ................ , ...., ,,

34 Selenium..76 Selenium-77m 17.5 s 568 52.8 *
......................................

35 Bromine-79 Bromine-80 17.4 m 29.1 28.0 2.67 "
...... •._ ..... _ ..........................

35 Bromine-81 Bromine-82m 6.1 m 23.1 20,6 0,025
..................... ,"', , ...... _ -.i

45 Rhodium-lO3 Rhodium-104 42 s 1543 573 *

45 Rhodium-lO3 Rhodium-lO4m 4.35 m 360 307 0,025
- - _............ _................. _......... , , ,, ,

47 Silver-107 Silver-lO8 2,41 m 509 382 *
,, , J ,, i , -............. • .......................... ....

47 Silver-lO9 Silver-llO 24.6 s 8310 1532 * -
....... --:- : ....... :,, .,,.

49 Indium-ll5 Indium-ll6 14.2 s 1360 72.7 *

-

49 Indium-ll5 Indium-ll6m 54,2 m 129 127 59.9 -

49 Indium-ll5 Indium-ll6m' 2.16 s 127000 0,001 *

53 lodine-127 lodine-128 25.0 m 20.0 19.5 3.79 -

56 Barium-135 Barium-136m 0.31 s 131 * *

Praseodymium-141 Praseodymium-142m 14.6 m 13.3 12.7 0,770

_For Initial Activity, >I00 dps/g; for 1 minute deca}_, >i0 dps/g; for 1 hour

decay, >i dps/g.

•Less than 0.001 decays/sec/gram of element (<0,001 Becquerel/g)

NU R Ii(}--.1396 32 Appendix 1)



Table 2, Listing of Calculated Activities from Table i Having

the Highest Activities as Defined in the Text a (Cont,)

.......... Activity

Target (decays/sec/gram of element)
Activation Product .-_

Z Isotope Product Half life Initial i min decay ll hour decay

62 Samarium- 152 Samarium- 153 46,5 h 1.19 1,19 1,17

63 Europium- 151 Europium- 152m 9.3 h 132 132 123

66 Dysprosium-164 Dysprosium-165 2.35 h 86.2 85,8 64,2

66 Dysprosium-164 Dysprosium-165m 1,26 m 16400 9420 6.81
,,, , ,, _ ..........

67 Holmium- 165 Holmium- 166 26.8 h 1.98 1.98 1,93
.... ,, -- , ... .... ,

68 Erbium- 166 Erbium- 167m 2.27 s 4790 * *

71 Lutetium- 175 Lutecium- 176m 3,69 h 4.78 4,77 3,96
, , ,......

72 Hafnium-177 Hafnium-178m 4,3 s 110 0.007 *
..... , .......

72 Hafnium- 178 Hafnium- 179m 18,7 s 2460 2.66 *

75 Rhenium- 187 Rhenium- 188 16.7 h 1.85 1.85 1.77
...... , ..... -- , ,, .... , .....

77 Iridium- 191 Iridium- 192m 1.4 m 3120 1900 *
.......... , , ,, ,, , .

77 Iridium- 193 Iridium- 194 19.38 h 2.73 2_73 2.63
, ,, _ , , ,,..... ,,,

79 Gold- 197 Oold-198 2.695 d 1.18 1.18 1.17
,, ...... . ......... _ :, ,,, .......

90 Thorium-232 Thorium-233 22.2 m ii,9 ii,5 1.83
....... ,, .........

Uranium-238 Uranium-239 23.5 m 10.1 9.81 1.72

aFor Initial Activity, >i00 dps/g; for 1 minute decay, >I0 dps/g; for i hour

decay, >i dps/g.

*Less than 0.001 decays/sec/gram of element (<0.001 Becquerel/g)
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Table 3, NeutronFluenceResultsfrom irradiation

No,1 (aSaCf)

Activation Foil Gamma Ray NeutronFluence '
Element ,Product Weight(g) Energy(kev) per pass (n/cre2)a

Gold I_8Au 0,7802 411 7,5 x 10s

Tungsten 18'W 2,9598 479 ,7,6 x 105

aActualfluencevalues recalculated from first reportusing redetermlnedabsoluteefficiency values and using
the procedurefrom ASTM StandardMethod E262 for gold, Thls procedurecould only be used after the
gold-cadmiumratioshad beenmeasured, See textunder Irradiation#4,

Table 4, Neutron Fluence Resultsfrom Irradiation

No,2 (D.D Generator)

|

Activation Foil GammaRay NeutronFluence
Element Product Weight (g) Energy(kev) per pass (n/cm_)a

Copper S4Cu 9,294 511 3,0 x 10s
_Cu 9,294 511 2,9 x 105b =

Gold 198Au 0,7653 411 2.7 x 105

Tungsten lSTw 3,332 1497 3,4 x 105

aActualfluence values recalculatedfrom first report usingredetermlned absolute efficiency values and using
the procedure from ASTM Standard Method E262 for gold, This procedure could only be used after the
gold-cadmium ratios had been measured, Seetext under Irradiation #4,

bThi_value calculated for a continuous 4 hour Irradiation at lower fluence Instead of a single higher fluence
Irradiation (Seetext!.
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Table 5, NeutronFluenceResultsfromIrradiation

No, 3 (D.D Generator)

Activation FoU, GammaRay Neutron Ruence
Element Product Welght (g) Energy(kev) per pass (n/cm2)a

Gold I_Au 0,7503, 411 1,9x 105

Copper e4Cu 11.14 511 2.7 x 105

Tungsten 187W 3,331 479 2,0x 10s

Table 6, NeutronFluence Resultsfrom Irradiation

No, 4 (252Cf)

Activation Foll Gamma Ray Neutron Fluence
Element Product Weight (g) Energy (kev) per pass (n/cre2)a

Gold 198Au 0.3148 411 7.9 x 105

Copper 64Cu 7,417 511 7.7 x 105



h

Table 7, Neutron Fluenoevs, Position in 2520f EDS Using Gold Foils

Relative Measure Fluence
Foil i.D, Position In Container" Fluence per passs (n/arn2)

A-1 Top/Left 0,87 6.9 x 105

A-2 Bottom/Left 0,86 6,8 x 105

A-3 Top/Middle 1,13 8,9 x 105

A-7 Middle/Middle 1,00 7,9 x 105

A-5 Bottom/Middleb 1,31 10,3 x 105

A-4 , Top/Right 0,89 7,0 x 105

A-8 Lower Middle/Right 0,85 6,7 x 105

A-6 Bottom/Right 0.85 6,7 x 105

Average 7,6 x 108(±17%)°

Range 6,7 x 105to 10,3x 105

aSeeFigure 4 for diagram of positions in container,

bThls folld had moved somewhat by the time lt 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 lo standard deviation of ali eight foils.

lr

lE
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Table 8, Resultsfrom Cadmium Ratio Measurements

PreviouslyMeasuredCadmium
Ratios (Ref,7)a

Gold,,CadmlumRatios
IrradiationFacility (ThisStudy) Gold Copper Cobalt

D.D EDS (Irrad, #3) 5.0 ..............

252CfEDS (Irrad0#4) 8,3 ............

NBSRRT-3 9,2 10,3 65 42

NBSR RT-1 18,3 ............

NBSR RT-4 82,7 87 540 390

aSeetext about using caution In comparing different foil element cadmium ratios and even measurementsfor
the same element suchas gold when smalldifferencesInthicknesscan producesignificantdifferencestn
neutron self-shleidlngfactors,



Table 9, Comparison of Calculated and Measured Radioactivities
from One Pass in the 25aCf EDS

[Irradiations No, I (Tungsten) and No, 4 (Gold and Copper)]

Measured Activity
Targe t Caicula ted_ ...........

Activation Product Initial Activity Initial ActivityIsotope Product Halflife (d/g/s) (d/s/g) Gamma 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

'....... I" ......... _"

79 Gold-197 Gold-198 2,695 d 1.18 1,08 411 kev
.......................

J

_Calculated Initial Activity is that found in Table 1 of this report, calculated for the

conditions described (thermal fluence = 1 x iOB n,cm2 per pass). [Note from Table 6
that the _2Cf EDS puts out about 0,8 of this fluence/pass,]

,

Tabl_ i0. Comparison of Calculated and Measured Radioactivities

One Pass in the D-D EDS [Irradiatic_n No. 3]

Measured Activity
Target Calculated _

:', Activation Product Initial Activity Initial Activity

Z I Isotope Product Halflife (d/g/s) (d/s/g) Ga_na Ray

291 Copper-63 Copper-64 12,74 h 0,458 0.127 511 k_V

741 Tungsten-186 Tungsten-187 23.9 h 0,347 0,077 479 keV

791 Gold-197 Gold-198 2,695 d 1.18 0.342 411 kev

aCalculated Initial Activity is that found in Table 1 of this report, calculated for the

conditions described (thermal fluence = 1 x I0B n,cm2 per pass), [Note from Table 5

that the D-D EDS actually puts out only about _ of this fluence/pass.]
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Table ii, Comparison of Calculated and Measured Radioactivities
from One Pass in a Simulated EDS

,,, ....... . .

Measured Activity u

Target Calculated a ..........

.................. Activation Product Initial Activity Initial Activity

Z Isotope Product [-lalflife (d/g/s) (d/s/g) Gamma Ray
,, _ ..... , ,,,,,,, •.... ,,,,,,,_ , _i ,,h ,, , , ,

24 Chromium-50 Chromium-51 27,71 d 0,002 0,003 320 kev

26 Iron-58 Iron-59 44,50 d <0,001 = 0.0001 1099 keV
......... ,, ,,.....................

27 Cobalt-59 Cobalt-60 5,272 y 0,002 0,002 1332 kev
j ........... _ , ,. ,, , , ..........

30 Zinc-64 Zinc-65 243.9 d <0,001 0,0001 1115 kev

37 Rubidi_un-85 Rubidium-86 18,65 d 0,001 0,001 1076 kev
....................... _ ...... ,,,,

38 Strontium-84. Strontium-85 64,84 d <0,001 0.00004 514 keV

51 Antimony-123 _ntimony-124 60,3 d 0,003 0,002 1691 keV
...., , , , ,, , .........

55 Cesium-133 Cesium-134 2,06 y 0,002 0.002 796 keV

56 Barium-130 Barium-131 11.8 d <0,001 0.00004 496 kev
..............................

63 Europlum-151 Europium-152 13,4 y 0,020 0,018 964 kev
---- ,............ , .... , _ ,, , , ,

63 Europium-151 Europium-152 13,4 y 0,020 0,017 1408 keV
.... i ' ',.................. " '

65 Terbium-159 Terbium-160 72,3 d 0,014 0,011 879 keV
,_ , ,,, , t, ,, + - + :

72 Hafnium-180 Hafnium-181 42,39 d 0,003 0.003 482 kev
....... _ _+ _ .....

73 Tantalum-181 Tantalum-182 114.5 d 0.008 0.007 1221 ke_
................

'Calculated Initial Activity is that found in Table I of this report calculated for the

conditions described (thermal fluence = I x 106 n.cm 2 per pass).

bin this Table, the measured activity was obtained using the NBSR RT-3 irradiation

facility at NIST, which was shown to be very similar to the 25ZCf EDS facility (see

text), The counting data this obtained was corrected to the experimentally determined

25zCf EDS fluence of 8 x 105 n.cm per pass,

Clsotopes having calculated initial activities of less than 0,001 decays/gram/second

were not included in Table i, as specified in the text.
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