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Pan Arn exp osion focuses national attention on .

SAIC's Explosive Detection System
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The latest SAIC SNOOPE system in production. When prototype explosive detectron sys .

. g 4,1-.

' '

tems were tested at both San Francisco and Los Angeles International Airports, they scannec q: gg _
gge q

approximately 40.000 pooces of luggage with 95 percent accuracy The new systems cur- 9 gp yy agg ggg ggy
rently under construction (above) woll be considerably streamlined yet will offer even higher < -

ggqgg , ggg
| accuracy y gp3gg8stant 'esi '

|
Vrtsbisidsper"f)'g@ Win d

|
i*

h !|

f(N@b '
% ?% Qdnord$ , m iM| In the wake of the December 21 bomb- Time, and Business Mek; newspapers '

ing of Pan Am Flight 103 over Scotland, such as The New Wrk Times, the los spesL MW
.YW' ' *dh o &g

'

| SAIC has been besieged by phone Angeles Times, and The Mshington

L [.fbke b

@JMQfk
*calls asking for information on the com- Pbst; as well as newspapers in Canada

Q h*V[n?@hg*th,|,.ye N ' p" y c$| d
pany's explosive detection system. The and England. The four major U.S. tele-

, highly accurate system can detect all vision networks (ABC, CBS, NBC and ;4p y
| known explosives including the kind of KPBS) as well as a Dutch television sta- H3yr n ( .J

I 9ky|f):
Na

- d3 Ogh5 *19;f

'

plastic explosive that investigators tion also interviewed SAIC personnel in .W >b3
0believe blew apart the Pan Am Boeing the Santa Clara and San Diego offices.

hM!M -

|$% N'!'f$j gMk.y ) d
747 at 31,000 feet. Earlier last year, the Federal Avia- '

7
Among the callers were maga- tion Administration had ordered five 'h M

zines such as Science, Newsweek, SAIC explosive detection systems h $E Mn ECEJ |

|

|
1

)
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under an $8.3-million contract. The type systems which proved 95 percent
contract also included a one-year oper- effective, according to Gozani.>h QM' ation and maintenance agreement for In Washington interviews, several

'
< > - the systems which are called SNOOPE FAA spokesper90ns confirmed that the- _ .'_ _ _ _'._ _ . - (System for Nuclear Observation of performance of the SNOOPE system

' DsO3sBEst 24,1988 ; Possible Explostves). met all FAA requirements and that no
Following the disaster of Pan Am other available device, including X rays 4

.' .i E "
"

Flight 103, the FAA directed SAIC to and vapor detection (" SNIFFER") sys-
,

=

- Ng%
.

add a sixth unit to the contract and to tems, can detect all plastic explosives
' }QQg g speed up its delivery date by several concealed in luggage.

months. The FAA also has an option for Hadi Bozorgmanesh, who per-
. Airlines have no reliable methb of ; an additional tour units (using a differ- forms marketing for many SAIC high-

I detecting plastic emplosives in luggage, ~ ent neutron source). technology products including the
J but the Federal Aviation Administration . According to Tsahi Gozani, who explosive detection system, explained
'

s hasi done tests proving that a new device ! manages the Santa Clara operation, why this was so. "The X-ray systems
| . c:uld: do .the job LexpertsEsaid a the Santa Clara facility is busy re- we have now were really designed to

yesterdaqy,, ., . -
. L -< adjusting itself to the high production, detect guns. At the time they installed

<The new device re. . presents the first testing, and operation entailed by the those machines, that was the natute of
accelerated FAA order. Production the threat," he said. "The threat has''ca re ly e bec u it

beams of neutrons can pass through argy manager Russell Cole added that fur- changed to the plastic type of explo-t

material, including lead, ainut as if it ' ther expansion of SNOOPE production sive, which can be modeled in any
were not theref ' is being studied to meet a possible shape."

, . .

14e Orodzins, a professor of physics . increase in demands for the machines Bozorgmanesh said that North
| A the Massachusetts Institute of Tech- The FAA placed the original order Korean terrorists downed a South

nology.and an FAA consultant.on the following months of testing at San Fran- Korean jetliner last year with explosives;

ct n sa cisco and Los Angeles international disguised in a portable radio and in bot-g

port detection and it is nearly ready to
Airports. During the tests, approxi- ties of liquor that passed both X-ray and

be put into practica1 use,. mately 40,000 pieces of luggage (con- visual inspections.
taining a wide variety of simulated The explosives are called plastic
explosives) were scanned by two proto- not because they are made of that

Aspeesd wahponweetwieom
The WeeNngton Post
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The new production model of SNOOPE. Ful!tautomated explosive aetectron systems can
scan 600 pieces o' tuggage an hour labout the same rate as an x ray machme) In other

|
woras they ca" sca n the luggage for an entire Boeing 74 7 in tess than an hour '
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matrial but because they are soft and appearance will be very different from NP"""~NW"""fj"
pliable like putty (allowing them to be either of the original two prototypes. N
shaped into innocuous appearir,g The experience gained in the con- i

items.) Plastic explosives escape X-ray struction and tests of these prototypes . .i )+
detection because they are composed led to a considerable reduction in the .gganugaggulghW|WEle i

, , ,1 Lg' g% jof light elements such as nitrogen, car. size of the SNOOPE to about 13 feet ,"

bon, hydrogen, and oxygen - the long,6 feet high, and 71/2 feet at its ' y 9-> ~+
same elements that comprise clothes, widest point, fy' b ' uf
wat:r, and other organic substances According to Gozani, the company @{
found in luggage. began developing its proprietary y* <f*'system in 1984 as part of an FAA- $t

sponsored competition aimed at devel- - FM
)oping a technology for detecting plastic ;; -

explosives, in 1985, the FAA funded
-M888-' SAIC's concept, and the company

Virtually allmodem military began a 20-month crash program that g)Cnd Commerclalexp/OS/Ves delivered two prototype machines in

COnta/n unuSuallylarge Along with the Advanced Products
'

,.,

amounts Of n/trogen and & Systems Group, three other SAIC ]
SA/C'S System takes gmups participated in the early phases jy

of the program. These were COMSYS-
advantage Of that fact. TEMS, the National Security Studies & C;

Systems Group, and the Energy Sys- ; i

tems Group. %c
Two patents are currently pending ; Q

on the SAIC systems. g
M]

,

Virtually all modern military and #M
Ncommercial explosives contain unusu-

, ""'Cally large amounts of nitrogen and .

SAIC's system takes advantage of that .O.

ifact. The device, which uses thermal <

Ineutron activation technology, bom- '
,

bards the luggage with a beam of very ['
low energy (" thermal") neutrons that Report on SAIC device P 1 i

pass easily through metals and other * q
heavy materials. But some of these presented to Senate 5 ea
n:utrons are absorbed by some light Subcommittee di i
ct;ments such as nitrogen and hydro- ,

'' " %'~ g
gen. After absorbing the neutrons, the The best available technology for d ,

nitrogen and hydrogen nuclei emit detecting compact, professionally- h

| gamma radiation in signatures that are made plastic bombs is a security t#d
"

[ unique to each element. device called the Thermal Neutron pe
'

The amount of radiation used is Analyzer (TNA). So said Transportation i i
small and the safety of the technology Secretary Samuel Skinner at a March gagesses j
has been confirmed by both the 14 Senate Subcommittee hearing. Jaelsee

'

esM6Ea3?
| Nuclear Regulatory Commission and The Federal Aviation Administra- W . 48EbbetM
| the California Department of Health tion has asked SAIC to speed the deliv. A andde $st1th k
| Services. ery of the devices (called SNOOPE by ? M . %
| Like the prototypes that SAIC built, the company). Skinner and the FAA RM L /Ugh| the new systems will also be fully auto- hope the first one can be installed at u g,gggg -

m . n% ' O d| mated and able to scan 600 pieces of John F. Kennedy Airport in New York by - dw~ w~'

luggage an hour (about the same rate June. . w4gde,g,,,,, $as
as an X-ray machine). Like one of the The FAA has already ordered six
original prototypes, the six new systems of the TNA devices. However, Skinner eenquis

-

1; - ,a
will use californium as a neutron source acknowledged that to be truly effective W 8H88'h88k U h

"
,

and will be shaped in a " straight TNA devices will have to be installed at 'k Y I ,W1 M<x ,

through" configuration. However, their every major U.S. and foreign airport, awz;ehuaGudand
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. hit Certson, a spokesman for the E ~ d elftWesa, sessendien any they hose 1. PAA la 19eshington. D.C.. said developed a devise that een detect: 4
* yestesesy that the ledent egener has ~ besehe teelde luggage with usceng 'io

not decided whose en machines would , ' > '

be put into opostian eher Scionee " noh hasaedesedensof the iAggdloation hibernellosal delhem them devlons, and wth the ensupnea d two DC3% i pnastype meshines seed to a pendees .7
Ihit a smo that sepneenis airport . - not psegnun to sea Passieso andlas 4,

apostmo sold it umuld nahe sense to [ Angeles, no pi *** have put the 1
lasteB the Gret tve devlees et the U.S. i
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R hk.

airports that ' handle the most , .~ ,

11, 4 . - . that e Ag
n laternational Alghts. "That's when the / lemmb deem . 4a Am : .
[ J threat is," sold an Beowne, dhoctor of 9 . Jumbo jet lastA5ver Sendued is J !
|. technical services for the Airport 'likely to aper internet in the new !

. Openters CouncB laternational. . ' . , d a nnan doyise, indenery 1i ' Browne listed the airports in les" *
!

i ,,c .
Angeles,- Sea Francisco, Dolles, 5

, Thshlegion; Chicago, Minnii and New;. | The aschine is ceBed Thermal '
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EDS-3 DESCRIPTION AND FEATURES

DESCRIPTION !
,

The attached figures show the EDS-3 explosive detection system. !
Fig. 1 shows the system assembled in perspective. The !
mechanical structure is made of aluminum channels and beams |
welded together, with a welded on outer shall of 3/16" aluminum. :
Aluminum is chosen because of its relatively low production of !

activation gamma rays compared to other practical choices such ;

I as steel. It is then filled with shielding which is cast in '

place. The structure is built in three modular sections to'

facilitate transportation; they are tied together. at
,

installation. |

Fig. 2 shows the dimensions of the system, while Figs. 3 and 4 ;

show the shielding configuration. |

The Cf-252 source is located in a moderator assembly containing i
deuterium oxide (heavy water) and heavy metal for shielding i
against the direct gamma rays from the source. An outer skin, :

not shown on the section drawings, covers the entire. system for :
cosmetic purposes. The space between the top of the end
shielding and the top skin ic occupied by electronics and |,

| cooling equipment. ;

I The neutron shielding is paraffin loaded with boric acid. A e

proprietary process involving extremely fine crushing of the
boric acid is used to reduce the tendency to settle during the
casting process; tests have shown that settling does not occur, t

The blocks of detectors contain scintillator crystals with their ,

photomultiplier tubes which are mostly void for shielding -

purposes. There is 16" minimum of shielding between the
detectors and the outside.

| The space above and below the ends of the baggage cavity ?

contains detector electronics, the system computer, electronics
cooling equipment, electric distribution components and conveyor
belt motor and pulleys. !

,

Three swinging panels of borated polyethylene and lead in each
and of the system attenuate the radiation out the ends of the- *

| baggage passage. The and panels are 4" thick and swing about
| Vertical axes with return springs, like Western saloon doors.

,

'

The four inner panels hang from a horizontal pivot with a cam
.

spring arrangement which allows them to be pushed up easily by
the baggage. If the spring mechanism were to fail, it would -

most likely fail in the closed position.because of the weight of
,the panels. Individual position sensors for each panel are !

coupled to a light indicating panel which shows that the doors >

are closing in the absence of baggage. -

t

!

i

. - - _ _ - _ .___ . _ ~ _. . __ --
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The source is mounted on the end of a Teleflex cable, screwed on
and held by thread locking compound. The esble is a little less
than 0.2" in diameter and the source and mounting adapter about ,

j 0.37". The source can be withdrawn manually to a retracted t

position for lower radiation levels in the baggage cavity to be ,

sued for in-cavity maintenance, baggage unjamming, etc. ;

!SOURCE TRANSPORT AND INSTALLATION
4

The source transport cask, see Fig. 5, is constructed of steel,
welded together and filled with a composite neutron / gamma ray *

shield based on water-extended polyester (WEP) with lead around !
the source position. It is 30 inches in diameter and 33 inches
long. It is certified DOT-7A.

t

For source transfer between the cask and the system, a specially
made platform with a ramp is attached by bolts to the side of
the system. Its location is referenced to the outside and of -

the source transfer tube. A polyethylene adapter with a conical
hole and which fits into a recess in the and of the cask is *

bolted on to the system for transfer. The cask is rolled onto
the platform, and locked in position against the side of the
system, engaging the adapter with the cask recess. The source

| is then transferred by pushing on the teleflex cable. After the i

,

source is in the system and the- cask and transfer adapter
removed, the flexible plastic tube is inserted over the cable '

and clamped in place. Its inner diameter is slighly more than
the cable diameter but less than the source diameter. It is
made to a length which just reaches- the " retracted source

,

position" and it thus serves as a stop to prevent the source
from being retracted too far.

SAFSTY FEATURES i

o Security
k

| The outer shield doors will be key locked in the closed position
'

when the system is unattended. These doors are interlocked so i
that if the system operator removes his computer system key
without first locking the shield doors, an audible alarm goes

. off as a reminder.

.

A locked panel covers the access to the Teleflex cable to which
the source is mounted. Tamper indicating tape or paint will be :used to identify attempted tampering.

D

o Baggage Activation Monitor
;

A baggage activation monitoring system checks for excessive
gamma ray emissions from baggage which may have been activated
by passing through the system. It uses a commercial " area
monitor" electronics package with special long detectors with a ~

,

,
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lead collinator open toward the baggage. The exact detector i

position may vary from one installation to another depending on
'

I the details of the installation, e.g. whether the EDS-3 conveyor
belt is coupled to another baggage conveyor, baggage divertor,
or X-ray system.

'
The activation monitor has a radiation level threshold and is
equipped with a visible and/or audible indicator. It will also f

be coupled to the means used to designate suspected explosive i

containing bags to ensure that the radiation level is checked !

with a survey meter before release for flight. In presently
contemplated installations, a mechanical divertor will push

I explosive suspect and activation alarm bags off the conveyor to ;

an inspection platform for clearance. ;

o Signs
'

A permanent " Radioactive Material" sign with isotope
identification and dated strength information is located at the
locked panel which must be opened to get access to the source ;

. cable so that anyone attempting to manipulate the source will

|
,

see it. This sign will not be visible until the outer skin
; panel is removed.

" Radiation Area" signs at the entrance and exit warn anyone
attempting to pass into the baggage passage. ;

SOURCE DISPOSAL

| The useful life of the source is one to two years, after which
.

| time it will be replaced. The expended source will be reused in +

another application for which its strength is adequate or
returned to the source supplier for recycling.

|
,
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COMPARISON OF EDS-3 DEVICE WITH EDS-2 !

The SAIC EDS-3 explosive detection system is similar to the EDS-
2 (which is a one-of-a-kind prototype) with respect to radiation
safety, but there are significant differences. The following is
to highlight some of these similarities and differences. j

1. EDS-3 has one source (150 micrograms) compared with two in :
EDS-2 (total of 340 micrograms).

2. EDS-3 is substantially smaller, estimated at less than 1/4 ,

the weight of EDS-2, and ic made up of 3 rather than 14 :

structural modules. .

;
'3. Neutron activation of baggage The moderator in EDS-3 is

more efficient, yielding about 40% more thermal neutrons per
source neutron than EDS-2, but about the same number of fastj ,

i neutrons per source position. The conveyor belt moves slightly
| faster in EDS-3. The single source in EDS-3 is on tha bottom,

whereas EDS-2 has one on top and one on the bottom. The not'

effect is that baggage activation is loss for EDS-3 by an ,,

estimated 30-40%. ;
'

i
'

4. EDS-3 has a single straight conveyor belt rather than the -

o180 turns. Based on cxperience, it will be far less prone to
baggage jamming. (In the straight through prototyps test of

|

,

about 20,000 bags, only one jam occurred and it was due to
forced loading of a too-tall bag.) For this reason, source t

retraction is not automatic, but will be done manually when 4

required. There is no foreseen condition or routine
maintenance, except preventive maintenance of the panel
operating mechanism, which will require personnel to enter the ,

baggage passage. Manual source retraction or transfer to the
shipping cask will be done in the event it is required. i

5. EDS-3 has counter-sprung pivoting shielding panels to
attenuate radiation through the baggage passage.-
6. Registration is being requested for specific licensees, noti

I for a custom user.

7. EDS-3 will have a baggage activation monitor system using
two long detectors, one above and one below the baggage as' it.
exits the system. EDS-2 had a one-detector system. EDS-3 will i

'

thus have more uniform detection sensitivity.
,

'

8. For EDS-3 source transfer between the shipping cask and the
system, the cask will be brought into direct contact with the
system so that the source is shielded at all times. In EDS-2 [there was a one inch gap.

. ,
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RESPONSES TO NRC LIST OF SAFETY ANALYSIS ITEMS
FOR EDS-3 SINGLE SOURCE EXPLOSIVE DETECTION SYSTEM

1. Fire Safety of EDS-3 Shielding

The neutron shielding in the EDS-3 is provided primarily by
borated paraffin wax. It is contained in several welded
aluminum modules. They are made of structural aluminum channel
beams covered with 3/16" thick aluminum plate. The molten wax,
blended with boron in the form of boric acid powder, is poured
into the module through an_ opening which is subsequently closed
by a welded aluminum cover. The wax is thus completely
contained in heavy aluminum. The choice of aluminum is based on
its relatively low production of gamma ray background.
The EDS-3 is made up of three shielding modules of various
shapes weighing up to 8,000 lbs. each, allowing installation in
pieces manageable by a forklift.

The wax used is Chevron Refined Wax 128. The " Material Safety
Data Sheet," issued by the manufacturer in accordance with OSHA
regulation 29CFR1910.1200, is the source of the following data

Melting point: 129-131 F (53.9-55.0 C).
0Flash point: 428 F (220 C)

Autoignition temperaturet 644 F (340 C)
This means that if the wax is melted and heated to 428 F in airU

with a,F in air, it will ignite and burn on its own.flame or other ignition source, it will burn. If heated
to 644

The EDS-3 does not contain heat sources capable of generating
such temperatures The detector heaters and electronics can6reach at most 200 F. Thus any burning of the shielding paraffin
would have to be due to external ~causes. It would require
melting of the paraffin and rupturing of the heavy aluminumcontainment.

The californium source used in the EDS-3 is a registered sealed
source, double-encapsulated in welded 15 rconium, and special
form certified. As such, it has an 800 C fire rating and would
be affected only by an exceptionally hot fire.

Airports are operated with great concern for fire protection,
with a separate fire department for the airport. Airports are
well equipped with sprinklers, alarms, fire extinguishers, andso on, so that small fires (cigarettes, etc.) do not develop
into big fires. The case of a severe fire, such as due to an
aircraft hitting the terminal, was analyzed in the SAIC

1
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Environmental Report, pages 61-62; the consequences were
included in the NRC Environmental Assessment.

,

2. The Teleflex cable which controls the position of the source
is behind a screwed on access panel. The cable is held in place
by a locking bracket which is retained in place by a keyed
padlock. In case of tampering, the lock would have to be cut,
readily revealing that tampering had taken place. The access
panel is hidden behind large decorative panels which cover the
back of the system except during source handling activities.

3. Ghe heavy water in the moderator is contained in a welded
polypropylene container with an 0-ring gasketed Zircalloy cover
which will be carefully checked against leaks and is well
protected against damaging forces, being behind the main
shielding. However, leakage and loss of heavy water could in
principle take place.

Tests without the heavy water showed that the gamma ray spectra
were considerably altered, in a way which would cause the system
diagnostic software to show a fault. The external radiation
levels would increase due to complete loss of the heavy water by
approximately a factor of four, a significant increase but not
acutely hazardous, less than about 2 mrem /hr at the surface in
the highest locations.

4. Individuals working immediately around the Explosive
Detection System (EDS) are the crew consisting of one highly
qualified and trained SAIC operator who supervises operation,
and usually two baggage handlers who load and unload baggage to
be inspected. The supervisor is responsible.for compliance with
radiction safety procedures and is the only one to have access
to the source. The system is expected to operate 16 hours per
day, seven days a week and so will be staffed by three such

,

'

crews over the course of a week.
The training of the supervising operators includes the !

following:

o Physics of radiation and interaction with matter

o Biological effects of radiation

o Use of radiation survey meters

o Radiation protection guides

Radiation safety operating procedures for the EDS (seeo
attached " Radiation Safety Operating Procedures for
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Prototype EDS"), including

i
Source transfer between the EDS and the :

transport cask
;

Baggage activation monitor system procedura
Maintenance procedures i

Leak test procedure
!

Emergency procedures
'

,

The baggage handlers will be trained in basic introductory
radiation safety information. They will also get relevant

,

itraining specific to the EDS such as the hazards of entering the ;

system. -

5. Periodic wipe tests (same schedule as the source leak tests) L

(' find any possible contamination due to long term activation of

will be taken of the EDS-3 at the exit and and on the belt to
,

the belt or debris adhering to it. '

Further wipes around the area of the system would not be
meaningful because there might well be contamination -due to
other causes since radio-pharmaceuticals are regularly carried
as baggage or cargo on passenger aircraft;. any contamination

.

found there but with no finding in or.on the system itself would'
be at best ambiguous. ,

6. A call list of FAA and/or SAIC emergency personnel: near the
airport and of relevant local, state and federal agencies: will
be posted at the system location.

7. The system operator can easily tell by ' direct visual
observation whether the outer doors are operating. Operation of
the inner panels can be verified by observing .the indicator
light panel.

.

The measured dose rates show that the failure of one door toclose results in only a slight increase in dose rates; .see dose
information supplied. Even with all.rate

end, the external dose rate moderate increase. panels open at one

The design of the shield panels is such that a failure of the
return mechanism of the four internal panels would most likely
result in swinging to the closed position, since the most likely

.'failure is breaking of the linkage transmitting the 400 poundforce required to hold the panel open.

|

,

, , , , --, . . , --_--.e.--. ~ . . . , . . ,4.. _._m m_ . . _ _ . _ _ - _ - _ _ _ _---. -__-----.



.. .- _ - . - -.

.

8. A copy of the operating procedures is attached.

9. A radiation survey of the EDS-3 is to be performed at the
manufacturer's facility at initial assembly and after each field
installation. The factory survey is compared with the survey at
the installation site to identify abnormal readings to assure
that the cast shielding has no voids and that the shield modulesi

are assembled without significant gaps.

10. The attached operating procedures include response to exit
monitor alarms. An ion chamber survey meter is kept at the
installation site to perform the required measurements.;

!
|

|

|



c-
,

^

,, ,--,

'[, C'
,

EXAMINATION

P.ADIATION SAFETY COURSE

Part 1 Ff11 in Fill in the blanks to complete the statement.

1. The atom consists of two parts: the positively charged and
the orbital .

2. Atoms with the same number of protons but different number of neutrons are
called .

+

3. Any material that spontaneously emits ionizing radiation is called ,

'material.

4. Ionizing radiation can be divided into two general types, and
.

5. The particle in the nucleus that has no electric charge is the
.

;

,

iPart ? Matchinr Match the following hinds of radiation with their description

|
below.

I

j a. Alpha particle d. Beta particle

|
b. Gamma Ray e. Neutron

| c. Positron f. X ray

1. Has no electric charge and interacts with matter by clastic ~and inelastic '

scattering and by absorption.

2. Can be generated by a high voltage electrical machine; originates outside
the nucleus.

3. A very small particle that has a single negative charge and that originates
| from the nucleus.

,

4. Very small particle that has a single positive charge and originates from
the nucleus.

5. Large particle that has a double positive charge and consists of two protons
and two neutrons.

6. Electromagnetic radiation that comes from the nucleus. '

!

y
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Parr 3 True or raise Indicate with a T or F whether the statement is true or
false.

1. Ionization is the most significant form of radiation interaction with-
matter.

2. Scattering interaction is only caused by positrons.

3. Beta particles generally interact with matter by causing ionization.

4. Gamma Rays can cause both direct and indirect ionization.

5. Heutrons generally interact with matter by causing annihilation.

6. Rem is a measure of ionization electrostatic units in dry air.

7. Radioactive decay is a process by which atoms can lose excess energy.

8. Half life is the amount of time required for the radioactive material
to decay to background.

9. The becquerel (Bq) is a measure of the number of radioactive atoms
decaying in a given time period which is one disintegration por
second (dps).

10. The sievert (Sv) is a measure of the biological dose and is equal
to 100 rems.

.

l

Part 4 Multiole Choice Circle the letter of the answer which best completes
the statement.

1. Radioactive materials emit energy which has the power to -damage living tissue
by:

a.' Inorganic annihilation

b._Directly-and indirectly altering tho structure of the molecule,
c. Genetically altering your nerve cells,
d. First attacking the bones.

2. Genetic effects are caused by-radiation which can:

a. Affect a person's-ability to reproduce,
b. Cause cancer and leukemia,
c. Cause birth defects or mutations,

d. Cause major change in the white blood count.

3. A high dose of radiation up to 400 rem could cause:

a. Almost no damage.to'the individual.
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b. Nausea, fever, ~ cancer, le' ukemia and early' death,
c. Rapid hair growth,
d. Is being tested as a cure for the common cold.

4 A' dose of 5 rem per year or:1.25 rem per calendar quarter:
'

a. Is the regulated limit for whole. body occupational exposure.1
b. Five times the allowable exposure.-
c. Is the permissible dose for pregnant _ women.
d. Is the LD 50 dose,

a
5. The somatic effects of radiation are:

a. Those that produce birth defects and mutations.
b. The technical terms for direct and indirect. ionization-of red blood

cells,

c. Of very little importance in the' study of. radiation damage to the
cell,

d. Those effects experienced directly by the individual' and .they can -
be either prompt or delayed.

,

6. The A1 ARA limits are: ,

a. One half the occupational exposure limits,
b. Thrice the occupational exposure limits,
c. As low as reasonably achievable limits,
d. 5 Rem per year.

7. When looking at the RISK of radiation exposure, high doses have been proven
to be harmful, concerning low dose levels:

a. It has been proven that there is no danger.
.. . \

b. There is a 25% increased rish of getting cancer above the norm.-
p c. The National Academy of' Sciences has= predicted that_an additional

~

; 2,500 out of each 10,000 people will| develop cancer.
L d. It is known that the effects are very small,-in fact; it. is possible

that the risk from low doses -levels could be zero. .

t.

Part 5 True and False Indicate with a T or- F whether the ' statement is ' true -
or False.

I

L 1. The ionization principle is the most common method used to detect
|- and measure radiation. A
l'
L 2. The ion chamber is normally used as a dose-rate meter.

3. Geiger counters are almost exclusively'used:as dose rate meters.
~

4 " Dead time" refers to the amount of time that|the geiger counter sits?
on the shelf.'

L
L ,

p

b
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__ 5 . ~The film badge or TLD provides your legal record of radiation
exposure.

6. You can protect yourself from radiation by using' time,' distance and
shielding.

7. Radiation dose is _directly proportional to the amount and time spent
in a radiation field,

8. High density materials are best for shielding gamma rays.

9. Neutrons require high density materials for shielding.

10. Using distance from a source is a great way to protect yourself= from
radiation.

Part 6 Multiole choice- Circle the letter-of.the statement which best answers-
the question.

1. What set of Nuclear Regulatory Commission regulation covers the employer's
responsibility to the employee,

a. Title 17
b. 10 CFR 19
c. 10 CFR 20
d. 49 CFR 182

,_

Your allowable whole body occupational exposure'.is:2. -

|
a.. 1.25 Rem per calendar' quarter,"

b. 5 Rem per calendar quarter,
c. (N 18)-
d. 1.25 Rem per' year.

3. At what dose level does an area become a High Radiation ' Area. . j

a. 2.5.mr/hr-
b. 'S mr/hr
c.- 100 mr/hr-
d 100 mr/ week'

4' , Where does californium 252 come.from?

'a. ~It is mined ~along with uranium.:
b. It is a uranium fission fragment.

_

1

|
c. It-is a human made radioisotope, produced in the:High Flux Isotope

Reactor,

d. "It:is a byproduct of.the uranium separation process.

'

..
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=5'. ' How does californium 252? decay?;
f

': .: 4. . by alpha emission and byLspontaneous_ fission,
b. 'By emitting'a beta particle along'withia sammayray. ,,-

1By fission caused by' a thermal neutron.c.

d. By emitting high energy'x rays.a

6. What is the be'stimethod for' protecting yourself while handling a Cf 252r

' source? ,

a., _ Erect large shi~eldsJand use mirrors to:see;what;you'aresdoing.
b. Use the longest. handling 1 tools _you canLobtain. _ .1 '-

c '. Rehearse and practice procedures, 'then carry _ the job 'out as quickly-
as possible.

-_d. J u's t .Ldo; the job and get out as.. fast"asl you can,

d '7. ..What=are the best shield materials 1for California 2527

- a; Materials that: containLa. large amount of_ hydrogen mixed with:
. materials that will readily capture the thermal: neutrons.

b. Iron and~1ead.
=c. Distance is the best shield,

d. Depleted uranium. j

8.-_-- Which type of radiation emitted by californium is: considered to be- useful? .'

a. Alpha
,

b. Beta.
c. Gamma

,

d- Neucron.

9. Shipping of radioactive materials is regulated by which: agency?1

a. .S. Department of Com ercem
b. U.S. Nuclear' Regulatory CommissionL
c. U.S. Food and Drug Administration. j

* r,

d '. U.S. Department'of Transportationi ~

,

10..When using' radioactive materials, the importantithing to._do is;
.

a'. Vear a' film badge;
_.

b. Keep a radiation monitor" handy
c. 1Be aware"of the sourcei
'd. -Plan carefully q,

e. Alloof-the above .j
t

1

'
'l
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O : (FOR LPMS USE)
: INFORMATION FROM LTS

-(): B E T WEE N. . .

:
LICENSE T EE M ANAGEMENT BRANCH, ARN : PROGRAM CODE: 03124

(} - AND : STATUS CODE: 0
REGIONAL LICENSING. SECTIONS : FEE CATEGORY: _________________

: EXP. DATE: 19940228
: FEE COMMENTS:-() _________________q
:::::::::::::::::::::::::::::::::: -

: () LICENSE FEE TRAff5MITTAL

A. R E GIO N

()' 1. APPLICATION ATT ACHED
APPLICANT / LICENSEE: TRANSPORATION, DEPAPTHENT OF

() R E C EI V E D DATE: 890420
DOCKET NO: 3030835
CONTROL NO.: 110601-

() LICEN SE NO. : 29-13141_05
ACTION TYPE: AMENOMENT

2. FEE ATTACHED 4() .fAMOUNT:
CHECK ND.: __.._k______

3. C OMMEN TS

SIGNED _jd
_*h_4 E g__f___________

.

()
cATE _ _ _ _ gj

_

___________
I l

(CHECK WHEN MILESTONE 03 IS ENTERED / __/ ) ]
!

~

'O 8. LICENSE FEE MANAGEMENT BR ANCH
!

1. FEE C ATE. GORY A t40 AMOUNT: ___________________________________._____

| 2. CORRECT FEE PAID.. AP PLIC A TION MA Y B E' PROCESSED FOR: !!
A ME Na nE N T

i
______________

C) "E"'d^' 1

LICENSF _ _ _- _ _- - - - _ _ _- - _ !___ __
'

c) 3. OTHEa i__________________________________

1__________________________________

' () . SIGNED
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ;

OATE j_________________________________

C) |
.

- C) .

1

!
'

!

()' i
'

! (): I
o ,

.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ ____.___J
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