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SUBJECT

W. V. Pisarcayk
Executive Officer

Mr. Robert J. Pate, Chief
Nucl:ar Materials and Fuel
Fabrication Branch

Thank you for the objective review and inspection made of our
NRC License activities.

Referring to your Notice of Vicolation dated July 18, 1890 the
following information is submitted for (1) reason for
violation (2) corrective action (3) corrective eteps and (4)
dates for full compliance:

Violation A 10 CFR 71.5

(1) The reasun for thie violation is a+ oversight on the
part of the Radiation Safety Officer. Although a
process had been initiated to obtain the performance
test record or certificate, the transaction was not
completed. Documents were obtained from Seaman Nuclear
for our inventayy of 6 Geaman gauges - this led our
Radiation Safety Officer to believe the same  had
occurred for our 4 Troxler gauges.

As a corrective action we have obtained Special Form
Material test records for our Troxler Model 2226 and
3241 Asphalt Content gauges. A copy of this document is
now on file for each gauge and will become part of the

shipping documents when gauges are shipped. See
Attachment #1.

Further violations in this area will not occur because
our procurement policy will require the manufacturer to
furnieh the "Certificate of Approval of Design for
Special Form Radio Active Material” at the time of
purchase. We do not plan on purchasing more Troxler
gauges in the forseeable future.
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(4) Full compliance was achieved on June 29, 1890.
Violation B 10CFR 20.201(6) and 10CFR 20.401(86)

(1)  The reason for this violation in the Radiution Safety
Officer’s opinion ie that it was not hie responsibity to
establish an ongoing program to monitor radiation
expopure of persons with lost or missing badgee.
Historically we have a very low use rate fz: the gauges,
the gauges have never shown leakage, and the radiation
exposure dosee are minimal (according to quarterly
reports). Any time the exposure report showed a reading
it has been informally inveetigated (by Te scon with
gauge user). Bince none of these ingquiries have
provided any facte as to why an exposure reading existed
no written report wae initiated. Those employees with
miseing or lost badges usually did not operate ¢ gauge.

(2) Corrective actions consist of the following:

a. Anytime a film badge ie not returned for proceseirg
& questionaire will be issued and the circumstances will
be investigated. An estimate of radiation exposure will
be made for each instance. GSee Attachment #2.

b. Written reports will be initiated for all radiation
exposure detected from film badge reporte.

(3) By December 1980 our new Materials Manual will be issued
and employees will have updated operating procedures
regarding Nuclear Test Instruments. We feel this will
g0 a long way in reinforcing the above actions. See
Attachment #3.

(4) Pull compliance will be achieved by December 1990 with
items (a) and (b) being achieved July 1, 1990.

Relative to your concerns of our management control eystem the
following is submitted:

In addition to the corrective action taken above it is
anticipated that all gauge users will be retrained thie
comming winter when construction activities are shut down.
This will give us an opportunity to emphasize all of our
license requirements and our updated procedures.



br. Robert .. Pate, Chief -3~ August 8, 1990

Additionaily we have changed internal procedures to provide
better follow-up. The Radiation Protection Officer will
report quarterly on compliance to our license conditions to
the Executive Officer. Thie will start October 1, 1990.

All users of licensed material had received proper training.
We recently conducted a review and found, however, that
certificates had not always been issued. With the anticipated
retraining we plan for this winter, certificates will be
issued and a current list of trained personnel will bhe
maintained by the Radiation Protection Officer,

If you have any further questions regarding this reply, please
telephone Gordon Clark at FTS (208) 422-7718.

(- Py

W. V. Pisarczyk
bsecutive Officer

c.c. G. Clark

Attachments
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COMPLIANCE WITH TRANSPORTATION REGULATIONS

REPORT OF TESTING AND EVALUATION
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FORWARD

The testing and evaluation of Troxler nuclear gauges and associated shipping
packaging is accomplished to satisfy the requirement of Title 42, Code of Federal
Regulations - Transportation and Internaiunal Air Transport Association Dangerous
Goods Regulations, The general regulations governing the design, integrity and
shipment of packages containing radioactive material are 49 CFR-173, Subpart 1 -
Radioactive Materials and IATA Section 6.3. Throughout this report references
will be given to specific regulations as appropriate.

The general intent of the regulations is to provide for the safe handling of
packages containing radioactive material. As the regulations apply to Troxler
gauges, two (2) unde:lying values are considered in designing and e “luating
gauges for transport, First, under normal and adverse conditions, there can be no
loss or dispersal of radioactive material from the container. Seccnd, there can
be no significant increase in the external radiation exposure level if the
container were subjected to adverse conditions, (reference 49 CFR-173.412(m) and
IATA 6.3.18)

This report is intended to satisfy the requirement of documentation to cover the
shipment of gauges by Troxler Electronic Laboratories, Inc. and its subsiaiary
Troxler International, Ltd., (reference 49 CFR-173.415 (a)). This report is
also intended to cover the documentation requirement for customers and users of
Troxler nuclear gauges.

Report prepared cv:

G. Kenneth Brown, lJr.

Radiation Safety (fficer

Troxler Electroni. Laboratories, Inc.

Revised September, 1988, May 1922, and October 1989 by:
Elizabeth M, Franklin

Radiation Safety Officer

Troxler Electronic Laboratories, Inc.



I1.

OUCLARATION OF RADIOACTIVE MATERIAL FORM

A1) radioactive material employed in Troxler nuclear gauges must be approved as
“"SPECIAL FORM" radioactive material., To this end, the source manufacturer must
perform the required special form tests, (reference 49 CFR-173,469 and IATA 6.4.41
thru .59) and obtain a certificate from an internationally recognized competent
authority approving the specific material as "SPECIAL FORM," (reference 49
CFR=173,476, IATA 5,7.81 and 49 CFR-173,471(e), IATA 8.3) The source manufacturer
must provide copies of the competent authority certificate to Troxier Electronic
Laboratories, Inc. The table in Section Il 1ists the specific special form
certificate issued for the individual sources employed in Troxler gauges.

DECLARATION OF PACKAGE CLASSIFICATION

All containers, except containers used for Model 3220, 3300, and 4300 Series
(reference 11-B below), used to transport radioactive material with regards to
Troxler nuclear gauges are classified as "Type A" containers, meeting the
requirements specified as U.5.0,0.T, Specification 7A, (reference 49
CFR=178,350(1) (2), IATA 6.3.2). Excepting the testing requirements for a “Type
A" classification is a 1imit on the amount of rauioactive material employed,
(reference 49 CFR-173,431, IATA 5,7,33). A1l Troxler gauges contain either one (1)
or a combination of Ces1um-l37 Americium=241:Beryl1ium or Radium-226:Beryllium.
A1) radioactive sources are "SPECIAL FORM" and, therefore, must be within the
activity 1imits denoted as Al, (reference 49 CFR-173,435, [ATA 5.7.F). Al for the
radioactive material employed in Troxler gauges is Cesium=137 < 30 Curies,
Ameriziume241 < 8 Curies and Radium-226 < 10 Curies. All sources in Troxler
nuclear gauges Tare rated in milliCurie st"ength. The following is a list of
sources employed in Troxler nuclear gauges:

For Use In Special Form
Source Type Nominal Activity Troxler Drawing # Gauge Model Certi*icate #

Cs=137 5 mCi A-100601 2376 GB/113/S

Cs=137 8 mCi A-102112 1351,1352,
3400, 3565,
4545 and 4640 GB/140/S

Am=241 10 mCi A=102700 3220, 3300 GB/29/S
and 4300
Am-241 40 mCi A-102451 3440, 3216
and 3218 GB/7/S
Am-241 100 mCi A-100608 1255, 1257
and 3241 G8/149/S
Am-241 300 mCi A-100337 2226, 3241 GB/149/S

REV, 5/15/89



For Use In Special Form
Source Type Nominal Activity Troxler Orawing # Gauge Model Certificate #

Ra=-226€ 4 mCi A-100600 2401, 2451 GB/SFC/112

Cs=137/ 10/50 mCi A-100281 2401, 2451 GB/SFC/113
Am-241

Cf-252 30 uli A-104225 GB/7)S

Co-60 60 uCi A-104240 4 GB/193/5
Cf-252 100 uCi A-105162 GB/7/8

Co=-60 100 uCi A-105201 GB/193/8
DECLARATION OF EXCEPTED PACKAGING

Containers used for transporting Models 3220, 3300, and 4300 Series gauges have
been tested and are packaged as “EXCEPTED RADIOACTIVE MATERIALS - INSTRUMENTS AND
ARTICLES," (reference 49 CFR-173.422, IATA 5.7.28).

PACKAGE LABELING FOR TYPE A CONTAINERS

Each outer carton containing a Troxler nuclear gauge will be labeled with the
following:

A. Two (2) “RADIOACTIVE YELLOW II" labels on each container, (reference 49
CFR-172.403, IATA 7.7%. These labels are affixed on opposite sides of the package
with neither side “he top nor bottom, (reference 49 CFrR-172.403(f), IATA
7.2.24). The b1, on these labels to be completed with the content naming
the ra.loactive . the amount denoting the activity of the source in units
of Curies or mills. . and the transpo~t index denoting the radiation level at
one (1) meter from the package, (reference 49 CFR-172.403(g), IATA 7.2.13).

B. Two {2) "DANGER =~ DO NOT LOAD ON PASSENGER AIRCRAFT" labels affixed beside ths
above referenced "RADIOACTIVE YELLOW II" labels except for gauges being shipped te
users employing the gauge in research applications, (reference 49 CFR-172.402(b),
IATA 7.2.25). This provision applies only to packages carried by air.

C. One (1) label or peckage marking declaring the package as U.S.0,0.T. 7A Type
A, (reference 49 CFR-178,350-3, IATA 7.1.7).

PACKAGE LABELING FOR “EXCEPTED" CONTAINERS

Each outer carton containing a Troxler nuclear gauge will be labeled with the
following:

"One (1) label or package marking declaring the package as EXCEPTED RADIVACTIVE
MATERIALS - INSTRUMENTS AND ARTICLES."

Rev. 9/30/88
Nev. 10/1/8¥




v,

v.

DOCUMENTATION

The package will be accompanied by the properly completed shipping papers. For
shipment by aircraft, the shipment will be accompanied by the standard “SHIPPER'S
DECLARATION FOR DANGEROUS GOCDS" or other form providing the same information.

For shipment by commercial motor carrier, the Bill of Lading will contain the
appropriate information describing the radioactive material, (reference 49 CFR-17¢
Subpart C, IATA 8.1).

DESIGN REQUIREMENTS FOR TYPE A PACKAGES

The shipping container and gauge have been designed to provide for the following
required conditions:

A.

B.

The smallest overall external dimension of the package is in excess of four
(4) inches.

The outside shipping carton is taped in such a manner that if tampered with
could be easily damaged discernable.

The out:ide enntainer is free of protrusions. No accountablility for
decontamination of the package is considered because of the requirement for
special form material,

Containment and shielding would be maintained during transportation and
storage in a temperature range of =40°C to 70°C., For containment,
consideration is given to the stainless steel used to encapsulate the
material. Stainless steel has a melting point of 1600°C and a brittle poir:
of <=269°C. For shielding, two (2) types of material are considered,
depending of the gauge type. For gamma shielding, tungsten is used. For
neutron shielding, polyethylene is used. Tungsten has a melting point
3400°C and is classified as a brittle metal with low temperatures having nc
effect. Polythylene has a melting point of 140°C and a brittle point of
~76°C.

Effects of vibration are accouted for in Section IX, detailing the actual
testing.

Containment of the radioactive material is accomplished by two (2) means.
First, having the material meet special form requirements precludes the
likelihood of release. Second, the source capsule is welded or placed
inside a threaded source plug, again to prevent the likelihood of release.
Additional comments concerning containment are noted in Section VIIIL,



Vi,

VIil,

G. The chemical and physical compatibility of the materials used to manufacture
the gauge and materials used for the package are considered in two (2) ways.
First, the types of radiation emitted by the source materials would have no
effect as to any irradiation of the material used for the gauge and package.
Second, in addition to being designed to meet transportation requirements,
the gauge is an electranic device designed to give the customer many years
of service.

H. No chemical decomposition of the material employed in the gauge or package
would take place with the types of sources employed in this gauge.

I, Ambient pressure would have no effect on the gauge or container. Nothing
associated with this equipment is pressurized such that an ambient pressure
of 0.25 kilograms per square centimeter could cause a loss of containment.

J. When subjected to the tests as described in Section IX, the shielding
characteristics of the gauge will not be negated and there will be no
significant increase in the maximum recorded radiation level, (reference 4%
CFR=173.412, IATA 6.3.2 thru 6.3.18).

5

DEMONSTRATION OF COMPLIANCE WITH TESTS

The regulations allow various methods of testing to show compliance with
regulatory criteria. A combination of three (3) methods will be employed in
this evaluation; these being engineering evaluation, actual testing and past
performance of actual transport, (reference 49 CFR-173.461, IATA 6.4.,1).

PREPARATION OF SPECIMENS FOR TESTING

To demonstrate compliance that, when subjected to the actual required testing o
engineering evaluation the source will remain secured with no significant
increase in radiation levels, the gauge itself will be used in the evaluation.
The actual shipment of the gauge will employ some type of container such as
cardboard box, polyethylene case or wood case. Notation is made that the
shipping container is provided to protect the electronics of the gauge and
provide means of easier handling and does not effect the containment or to a
significant degree, the radiation exposure level. Gauges used in the actual
testing were standard production models that were manufactured as per standard
Troxler engineering specifications and acceptable by the quality control
procedures employed. No divergence from the specifications, defects in
construction or distortion of features were allowed. Notation is made that the
electronics and detection tubes were removed from the gauge before actual
testing to prevent damage to these components. Section Xl details each
individual gauge model on which evaluation has been conducted and the
containment system employed, (reference 49 CFR-173.462, IA1A 6,4.5 - 6.4.6).

N



IX.

PAST PERFORMANCE WITH ACTUAL TRANSPORT

Troxler Electronic Laboratories, Inc. has been shipping and trancporting gauges
since the late 1950's. In this period of time of over thirty (30) vears, there
has never been an incident where a Troxler gauge has lost containment or
demonstrated a significant increase in radiation levels while being transported,
even when involved in an accident. In reviewing worst case conditions, we have
seen gauges that have been runover by steel wheel rollers as used in the paving
industry, gauges that have been runover by bulldozers, gauges involved in fires
and gauges that have been deliberately tampered with., In all ¢f these incidents,
the source containment has held. In designing these gauges, the Troxler
Engineers are always mindful that these gauges will be used in the construction
industry and exposed to very rough handling. The gauges are built to withstang
hard field conditions.

ACTUAL TESTING AND ENGINEERING EVALUATION

The gauges described in Section XI have undergone or been evaluated by the
following tests, (reference 49 CFR-173.465, IATA 6.4.8 tnru 6.4.22).

A. Water Spray Test

Containment and shielding on all gauges is provided by a combination of
either stainless steel and tungsten or stainless steel and polyethylene.
The stainless steel employed in the source encapsulation is Type 316, Even
if immersed in water for long periods of time, this type of stainless stez!
does not corrcde or lose its chemical compositicn. Tungsten also does ne:
corrode or lose chemical composition except for oxidation at vary high
temperatures. Polyethylene has not corrosive pos:ibility and if immersed
in water for long periods of time would absorb a small amount of water, b.t
would not break down in chemical composition.

B, Free Drop Test

The gauge was dropped from a height of 1.2 meters (4 feet) onto a
non-yielding surface. In performing this test, the gauge was dropped onto
a concrete floor. The test was performed «t least four (4) times, droppi~g
the gauge at different angles so as to sustain maximum damage.

C. Compression Test

In performing this test, we had two (2) possible methods to choose from.
We could either use a weight load of five [5) time the weight of the
package or a weight load of 1300 kilograms per square meter multiplied
times the vertically projected area of the gauge. We chose the latter
because this method provided a greater weight than the former. This test
was performed by suspending the weight using a strain gauge scale to
accurately determine the weight. The gauge was placed on a concrete floor
and the weight lowered onto the top of the gauge until the strain gauge
scale had a reading of zero. This procedure lasted for a continuous
twenty-four hour period. At the end of the testing period, the strain
gauge scale reading was again taken to ensure that the weight had been
applied for the entire duration.



X.

X1,

D. Penetration Test

This test was performed by placing the gauge on a concrete floor and
dropping a steel bar having a rounded end, a diameter of 3.2 centimeters
and weighing approximately thirteen (13) pounds onto the gauge. The bar
was dropped from a distance of one (1) meter onto the surface of the gauge.
:t lease four (4) drops were made onto the gauge to inflict maximum

amage.

E. Vibration Test
This test was performed by strapping the gauge on a machine that vibrated

the gauge with a displacement of 0.1 inch at 12.5 Hz. This test was
conducted for a period of twenty-four continuous hours.

VERIFICATION OF TESTING RESULTS

Before each test, the gauge was visually checked to ensure that all components
were in the proper place and a radiation level survey was made around the
gauge. After each test, a virual check was made to again note that all
components remained stable. Visual checks were made to detect any cracking or
bending of the material involved. Also, after each test, a radiation survey
was made. At the conclusion of all tests, the gauge was disassembled and the
source capsule leak tested.

For all gauge models listed in Section XI the radiaton level survey after each
tes: showed no significant increase in exposure levels and the l:ak test at the
conclusion of all tests showed no removable activity, (reference 49
CFR-173.463, IATA 6.4.4).

TROXLER GAUGES TESTED

A. Model 1255, 1257 Depth Moisture Gauges

Trox:ar 1250 Series Depth Moisture Gauge contains a nominal 100 milliCuries of
Americium-241:Beryllium in a double encapsulated stainless steel source
capsule. The source capsule is placed inside a source plug in the bottom
section of a brass probe having a diameter of either 11/2 or 2 inches.
Shielding is accomplished by a six (6) polyethylene block mounted inside the
body of the gauge.

B8, Model 1351, 1352 Depth Density Gauges

Troxler Model 1350 Series Depth Density Gauges contain a nomina! 8 milliCuries
of Cesium=137 in a double encapsulated stainless steel source capsule. The
source capsule is placed inside a source plug in the bottom section of a brass
prnbe having a diameter of either 11/2 or & inches. Shielding is accomplished
by a six (6) inch lead cone mounted inside the body of the gauge.

e S



C. Model 2226 and 3241 Asphalt Content Gauges

Troxler Model 2226 and 3241 Asphalt Content Gauges contain a nominal 300 or 100
milliCuries of Americium«241:Beryllium in a double encapsulated stainless steel
source capsule, The source capsule is placed inside a source plug in the dome

of the gauge body. Shielding is accomplished by a six (6) inch block of
polyethylene mounted in the dome of the body of the gauge., The 3241-M gauge contains
100 microcuries of Cobalt -60 and is phyiscally identical to the 3241-C gauge.

D. Model 2376 Two Probe Depth Density Gauge

Troxler Model 2376 Two Probe Depth Density Gauge contains nominal 5 milliCuries
of Cesium=137 in a double encapsulated stainless steel source capsule. The
source capsule is welded inside a stainless steel source plug. This source
plug is stored and shipped in a six (6) inch lead pig.

E. Model 2401, 2451 Surface Moisture Density Gauges

Troxler Model 2401 and 2451 Surface Moisture Density Gauges contain either a
nominal 4 milliCuries of Radium-225:Beryl1ium or a nominal 10 milliCuries of
‘Cesium=137 and 50 milliCuries of Americium-241:Beryllium in a doubie )
encapsulated stainless steel source capsule, The source capsule is welded
inside a stainless steel source rod. Shielding is accomplished by a two (2)
inch tungsten cylinder,

F. Modei 3220, 3300, and 4300 Series Depth Moisture Gauges

Troxler Model 3220, 3300, and 4300 Scries Depth Moisture Gauges have been
tested against the requirement for excepted radioactive material, (reference 49
CFR«173,422, IATA 5,7.28).

G, Model 3205, 3215, 3216, and 3218 Surface Moisture Gauges

Troxler Model 3205, 3215, 3216, and 3218 Surface Moisture Gauges contain a
nominal 40 milliCuries of Americium-241:Beryllium in a double-encapsulated
stainless steel source capsule. The source capsule is inside a source plug
mounted inside the base of the gauge. Because of the inherent shielding from
the lead source plug, no additional shielding material is needed.

H., Mcdel 23565 Sediment Density Gauge

Troxler Model 3565 Sediment Density Gauge contains a nominal 8 miliiCuries of
Cesium=137 in a double encapsulated stainless steel source capsule. This
source capsule is welded inside a stainless steel probe. For shielding, the
source probe is surrounded by four (4) inches of lead.

Rev. 5/15/89
Rev, 10/1/99



l. Model 3400 Series Surface Moisture Dansity Gauge

Troxler Model 340U Series Surface Moisture Density Gauge contain a nominal 8
milliCuries of Cesium=137 in a double-encapsulated stainless steel source
capsule., This capsule is welded inside a stainless steel source rod.

Shielding is provided by a two (2)-inch tungsten cylinde~. This gauge also
contains a nominal 40 milliCuries or Americium-241:Beryllium in a
double-encapsul ated stainless steel source capsule, The source capsule is
inside a source plug mounied in the base of the gauge. Because of the inherent
shielding from the lead source plug, no additional shielding is necessary.

J. Model 4440 Series Surface Moisture Density Gauge

Troxler Model 4442S5eries Surface Moisture Density Gavje contains a nominal

60 microCuries of Cobalt«60 in a double-encapsulated stainless steel source
capsule. Shielding is provided by a two (2) inch tungsten cylinder., This
gauge also contains a nominal 30 microCuries of Californiume252 in a double~
encapsul ated stainless steel source capsule. The source capsule is inside a
source plug mounted in the base of the gauge. The 4441 Surface Density Gauge
containg a nominal 100 microCuries of Cobalt-60 only.

K. Model 4545 Surface Density Gauge

Troxler Model 4545 Surface Density Gauge contains a nominal 8 miiliCuries of
Cesium=137 in a double-encapsulated stainless steel source capsule. The gauge
consists of an aluminum case which houses the gauge electronics and a lead/
tungsten shielding which contains the encapsul ated source material. The source
capsule is placed inside a source plug housed in the base of the gauge body.
Shielding is accomplished by a three {3) inch lead source housing.

L. Model 4640 Series Surface Density Gauge

Troxler Model 4640 Series Surface Density Gauge contains a nominal 8
milliCuries of Cesium=137 in a double-encapsulated stainless steel source
capsule. The source capsule is placed inside a source plug housed in the base
of the gauge body. Shielding is accomplished by a three (3) inch lead source
housing.

Rev. 9/30/88
Rev. 5/15/89
Rev. 10/1/89



ATTCHMENT #2

SUBJ: HNuclear Badge Loss

FROM: Gordon W. Clark
Nuclear Radiation Protection Officer

T0:

Your nuclear badge for the quarter to wae not
returned ae requested. Please furnish the following information for
our records:

Did you lose your besige? ves no
If yee, explain:

If no, give the date you sent it in:

s Did you operate a Nuclear Gauge during thie time period?
yes no

If yes, call Gordon Clark, Radiation Protection Officer, FTS
422-7718.

signature date
Return to Gordon W. Clark ASAP
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CHAPTER 5 - NUCLEAR TEST INSTRUMENTS
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CHAPTER § - NUCLEAR TEST INSTRUMENTS

5.00 GENERAL

Nuclear t2st instruments having a radioactive
source are regulated by the Nuclear Regulatory
Commission (NRC).

The Project Engineer is responsible for the safe
use of nuclear instruments on the project
including the safety of project people and the
traveling public. Although the contractor is
responsible for the safe and proper handling of
nuclear instruments used by the contractor
personnel under its license, the Project Engineer
shall not permit any unsafe or unauthorized
operations that would jeopardize the safety of
Government or contractor project personnel or
the safety of the traveling public.

5,10 REQUIREMENTS

Radioactive by-product materials are under the
direct control of the Nuclear Regulatory
Commission (NRC) within the United States.
The NRC regulations are contained in 10 CFR 1
parts 19 and 20. In order for the Federal
Highway Administration (FHWA) to possess and
use any equipment condining radioactive by-
product material, a license is required from the
NRC. Contractors and contractor personnel
using nuclear test instruments are also required to
be licensed and follow similar licensing
requirements and regulations.

In applying for the license the following
information is required:

¢ Identify equipment and intended use.

¢ ldentify locations where equipment will be
used.

¢+ Identify the personnel that will be authorized
to use the equipment.

¢+ List safety precautions for personnel.

+ Identify person responsible for administering
the program.

Each FLH Division has been granted a license for
the use of nuclear instruments by Government
personnel. The license requires personnel to be
trained in the safe operation and transportation
of nuclear devices.

Administration duties for managing this program
as required by the NRC are assigned to the
Division Radiation Safety Officer.
Responsibilities include (but are not limited to)
maintaining records of all instrument operators’
exposure rates, training and licensing of
personnel, maintaining equipment records, and in
general, making sure that there are no violations
of the terms of the license.

Part of the Division Radiation Safety Officer’s
responsibility includes determining that
equipment is being used properly. Continual
and/or excessive abuse will lead to revocation of
an operator’s license and/or removal of the
equipment from the project.

The following documents are on file at the
Federal Lands Highway Division Offices:

¢+ Copies of the applicable NRC regulations.

¢ NRC license including any special licensing
conditions.

¢ Copies of documents incorporaied into the
license by reference.

¢+ Copies of operating procedures applicable to
license activities.



§20 SUMMARY OF PROCEDURES

Each nuclear test instrument shall have with it at
all times a packet of documents containing the
following:

¢+ Copy of manufacturer's instruction manual.
¢+ Copy of shipper’s certificate.

Nuclear test instruments will be issued only to
properly trained and authorized personnel that
have been approved by the Division Radiation
Safety Officer. See Section 5.42 and Exhibit 5.5.

Instruments containing radioactive materials are
required to be checked at specified intervals for
leakage. This is performed by wiping designated
areas of the instrument case with a swab and
having the residue tested for radioactivity. This
test is called a wipe test.

Wipe tests will generally be performed by the
Division Radiation Safety Officer or a trained
materiais technician. If the Project Engineer is
requested to perform the wipe test, the necessary
instructions and equipment will be provided.

L]

Each person handling a nuclear test instrument
will be provided a radiation dosimetry badge.
The date on the badge is the issue date. The
badge shall be returned for radiation dosage
check to the Division Radiation Safety Officer
immediately upon receipt of a new dosimetry
badge.

Nuclear test instruments shall be transported to
and from the project and between project
worksites in their approved shipping containers.

Supervisors are responsible for ensuring that
nuclear devices are used only by properly
authorized personnel. A list of personnel who
have been trained in the use of nuclear
instruments and who are authorized to operate
them is maintained by the Division Radiation
Safety Officer.

Each person using a nuclear instrument is
responsible for its proper use and proper
packaging for transporting.



530 EQUIPMENT

The general operating procedures are outlined
and detailed in the operation instruction manual
furnished by the manufacturers. Copies of these
manuals are included with each instrument.

5§31 Batteries. Batteries are generally
rechargeable nickel cadmium (NiCad) cells.
Maintenance and power loss problems
experienced with nuclear test instruments when
operated on battery power can often be attributed
to the handling and care of the batteries.
Following the proper discharging and charging
procedures is important to maintaining an
operational instrument. Refer to an instruments
operations manual for proper battery handling
procedures. If problems continue, contact your
Division Radiation Safety Officer.

§32 Storage. Instruments shall be stored in an
area having controlled access and that can be
secured. The storage area shall be identified with
the appropriate radiation signs and posters.
When the instrument is not in use:

* Lock the instruments probe handle in the safe
position.

+ Lock the instrument inside its shipping case.

* Keep the instrument and box in the storage
area.

+ Instruct project personnel to limit their
presence in the area as much as possible.

The following notices and signs shall be posted:

¢ NRC Caution Radioactive Material signs. See
exhibit 5.2.

¢ NRC Poster "Notice to Employees”. See exhibit
5.1, (Include a copy with each instrument when
shipped)

¢+ NRC Regulatory Guide 8.13. See exhibit 5.4,

533 Packing Instruments. Store and transport
instruments in the containers and shipping boxes
provided.

Stand the instrument on the packing case base.

Padlock the instrument in the safe position.

Place the instrument in the carrying case.

Place the instruction book and other required

information in the case.

¢ Check to see that the instrument is locked and
the accompanying equipment placed in the
case. (standard block, battery chargers, etc.)

+ Place and secure the carrying case cover.

¢ Seal the box.

¢ Check container labels.

e o o o

534 Transportation. Contact the Division
Radiation Safety Officer before shipping a
nuclear test instrument to obtain the proper
forms and shipping tags.

All nuclear instruments in the possession of
FHWA are classed as Type II Radioactive and it
is not necessary for the transporting vehicle to be
placarded.

The nuclear test instrument should have been
checked for radiation levels at the Division
nuclear storage area prior to shipment as
required by DOT Motor Carrier Safety
Regulations 49 CFR 173,441, 10 CFR 7147 and
10 CFR 71.87.

A "Shipper’s Certification for Radioactive Materials"
shall accompany a nuclear instrument when
shipped from the Division office. See exhibit 5.6
for an example of a Shipper’s certificate. The
certification will be prepared in quadruple to be
distributed as follows:

¢ Original to carrier.

1 copy retained by the originating office.

1 copy enclosed with instrument for the
consignee (Project Engineer).

¢ 1 copy to Division Radiation Safety Officer

* o



5.30 Equipment (continued)

The Government Bill of Lading (GBL) and/or
Shipper’s Certificate must include the following
information:

The instrument serial number,
name of the radioactive material,
activity of the material,

type of shipment package,

the transport index (T.1.), and
the following statemen.

- & & o e

*This is to certify that the contents of ihis
consignment are properly classified, described,
packaged, marked and labeled, and are in
proper condition for transportation according
to the applicable regulations of the
Depariment of Transportation.”

When the instrument is returred to the Division
office, complete and distribute three copies as
follows:

¢ Cross out the first origin and destination
columns and fill in the second set with the new
origin and destination.

Sign and date the copies.

Attach one copy to the shipping papers (GBL.).
Place a copy with the nuclear instrument.
Keep a copy for your records.

> & o o

Note: Failure to include the completed copy of the
Shipper’s Certificate with the nuclez: instrument is a
violation of a Division’s licensed authority to use nuclear
instruments. Be sure the required certification
statement is placed on the Government bill of lading.

Generally nuclear test instruments are shipped via
commercial (surface) freightt When time
constraints are a factor, commercial air shipment
may be the best option. This may mean that
project personnel will have to transport the
instrument from the project to the airport
terminal. Most commercial air freight services
will accept them for shipment. Before returning
an instrument by commercial air freight, contact
the Division Radiation Safety Officer for
assistance.

When an instrument is shipped by Government
vehicle, care should be taken with proper packing
(see packing instructions). Lock the probe handle
in the "Safe" position and th=n lock the shipping
case. Secure the shipping case in the vehicle to
prevent movement during transport. Do not
place the instrument in the passenger
compartment of the vehicle.

It is not necessary to mark the transporting
vehicle with radiation signs while the vehicle is on
the highway traveling to or from project sites,
between projects, or to and from the Division
office.

When transporting the instruments in
Government or privately owned vehicles, plan the
route carefully. Be sure the route is not
restricted. It is illegal to transport hazardous
materials over some highways.
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5.40 PERSONNEL

Personnel involved with the handling and use of
nuclear test instruments shall be provided
appropriate training in the identification and
proper handling of radioactive materials.

541 Exposure Badges. All personnel will be
issued radiation exposure badges before they
begin operating any nuclear instrument, including
training. Exposure badges can be obtained from
the Division Radiation Safety Officer. These
badges are issued either on a monthly or
quarterly basis. Personnel shall return their
badge to the Division Radiation Safety Officer
promptly after receiving a new badge.

The badge detects the amount of gamma and
neutron radiation the badge receives. To ensure
that the badge represents a person’s dosage, there
are a few precautions to be taken. Do not store
the badge anywhere near the storage area being
used for the nuclear instrument. Placing the
badge in direct sunlight or near an operating
microwave oven or television set will reflect this
exposure and indicate an unusually high count
when the badge is checked. Badges are to be
kept in each person’s possession as much as
possible so an accurate exposure rate of the
individual can be determined.

The rate of exposure received from the nuciear
test instruments should be minimal. In the event
an operator’s badge indicates an unusually high
exposure, the individual or the Project Engineer
will be contacted by the Division Radiation Safety
Officer to determine the cause. Unexplained
radiation exposures greater than anticipated will
result in an individual’s authorization to operate
nuclear instruments to be rescinded.

542 Training. Training of personnel in the
operation and safety precautions of the nuclear
testing instruments is the responsibility of the
Division Radiation Safety Officer.

All project personnel are to receive training in the
following areas before operating a nuclear test
instrument:

Radiological Safety:

Principles and practices of radiation protection

Leak testing procedures

Biological effects of radiation

Monitoring techniques and instruments to

detect radiation

Accident and incident procedures

¢ Procedures for nuclear instrument storage and
transpertation

¢ General safety precautions

* & o o

R

Instrument Operations:

Operation procedures
Maintenance

Field use

Instrument calbration principles
Instrument characteristics

* o o o o

The Project Engineer is responsible to ensure that
no personnel will handle or operate nuclear test
instruments without the proper indoctrination and
training. The Division Radiation Safety Officer
shall be promptly notified if project personnel
have not been indoctrinated and trained in
nuclear radiation procedures. See exhibit 5.5 for
sampie memorandum documenting training. See
exhibits 5.7 and 5.8 for sample documentation of
operators current and past history records.

5.43 Special Notice to Female Personnel. Exhibit
5.4 contains information that should be provided
to female personnel prior to their being trained to
operate a nuclear instrument. See exhibit 5.3 for
an example of transmittal memorandum format.
After being provided this information, the female
employee shall sign and return a copy of the
memorandum to the Division Radiation Safety
Officer.



5.50 RADIATION SAFETY

It is the Division Radiation Safety Officer's
responsibility to see that all Division personnel
associated with the use or storage of nuclear test
instruments are provided the necessary equipment
and training for the safe use, storage, and
transport of the instruments.

The training shall be provided prior to
assignments requiring personnel to work with
nuciear instruments or to work in a radioactive
environment associated with nuclear test
instruments.

Control of exposure to radiation is based on the
assumption that any exposure, no matter how
small, involves some risk. The occupational
exposure limits are set so low that medical
evidence indicates that there are no observable
injuriex to individuals due to radiation exposures
when the established radiation limits are not
exceeded.

551 Safety Procedures. When used as directed,
nuclear test instruments present minimal
radiation hazard to an operator or to the general
public. Radiation profiles indicate that the
radiation level under normal operating conditions
at 2 feet from the instrument will be less than 0.5
millirem per hour.

The following safety procedures should be kept in
mind at all times:

¢ Do not operate or attempt to operate an
instrument unless you have been authorized to
do so by the Division Radiation Safety Officer.

¢ Do not attempt to repair, modify or open the
sealed source under any circumstances.

Wear a radiation exposure badge at all times
while operating or transporting an instrument.

Follow established operating procedures when
using the instrument.

Keep unauthorized persons away from the
instrument.

Keep the instrument in the "Safe" or storage
position when not in use.

Be sure that the instrument is locked within
an authorized area (closet, cabinet, vehicle,
etc.) when it is not in use. Security against
the theft of radioisotopes is of utmost
importance and must not be neglected.

The storage area should be plainly labeled
with an approved radiation warning sign.
Radiation levels at the outside the storage
area must not be more than 2 mullirems per
hour.

A nuclear test instrument may only be
transported by authorized personnel in
approved vehicles. The instrument shall not
be transported on the front or rear seats of
any vehicle. If a pickup truck is used the
instrument must be locked in an enclosure
(cabinet, shipping case, etc.) and the enclosure
tied securely (e.g., chained, bolted, etc.) to the
bed of the truck to prevent loss or theft.

Radiation levels at the driver and passenger
seats and at the outside surface of the vehicle
shall not exceed 2 millirems per hour. A
shipper’s certificate must accompany the
instrument at all times.

When in doubt, contact the Division
Radiation Safety Officer.



5.50 Radiation Safety (continued)

552 Accidents and Incidents. If an accident or
any incident occurs involving a nuclear
instrument, the following steps shall be taken:

¢ In case an instrument is lost or stolen, or
involved in an accident which might cause
physical damage to the source, notify the
Division Radiation Safety “ificer
IMME™ "ATELY.

¢ The Division Radiation Safety Officer will
notify the following authorities who will
provide instructions and assistance applicable
to the circums! inces of the incident.

¢ Nuclear Regulatory Commission Officer
¢ Manufacturer of Instrument
¢ Public Health Office (if necessary)

¢ Inhe event of the possibility of damage to the
source or source control mechanism, the
operator will keep unauthorized persons at
least 16 feet from the instrument and prevent
removal of the instrument from off the site
until authorized by the Division Radiation
Safety Cfficer or appropriate authority.

¢ If the instrument is lost or stolen, immediately
notify the local police or other law
enforcement agency within whose jurisdiction
the incident occurred. Also notify the Division
Radiation Safety Officer.

553 Emergency Procedures. The protection of
human life is primary. The prevention of
property damage due to a radiation incident is
secondary. Raw radioactive material must be
prevented from escaping into the atmosphere or
environment. The source material is
encan-ulated in welded stainless steel containere
that are securely mounted into tlc instrument
enclosure.

It is highly unlikely that the r: dioactive material
could escape in the event of a severe accident or
fire. However, this must be considered and a
contingency plan developed for just such an
accident. Such as an accident that crushes the
casing with parts strewn about and the radioactive
source area visible.

The following procedures are to be rigorously
adhered to in the event of such an accident.

(1) Assume the source rod is ruptured and seal
or cordon off an area (16 foot radius) around the
instrument. KEEP UNAUTHORIZED PERSONS
AWAY FROM THE SITE!

(2) Maintain the cordoned off area and
immediately halt all activity around the damage
site. Stop all vehicles and equipment and have
operators walk away from, but not through the
site of the accident. (If radioactive material is
free, it can be picked up and tracked eisewhere).
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5.50 Radiation Safety (continued)

If the damaged instrument is a density gage and
the source rod was extended at the time of the
accident, visually inspect the rod for a white
powdery residue. The source is ruptured if a
white powder is visible. Place a 3 foot square of
plastic sheeting over the source and shovel dirt on
top of the plastic sheeting for shielding and to
prevent the radioactive material from escaping.

Do not remain in the cordoned off area any
ionger than necessary.

(3) Immediately coniact the Division Radiation
Safety Officer and the nearest public health
department office for assistance. Do not leave the
accident site unattended. The objective is to have
a qualified radiation survey technician visit the
site as quickly as possible to survey the extent of
the damage and to determine appropriate action.

Do not attempt to perform your own radiation
survey as this operation requires substantial
«aining and experience. Your responsibility is to
secure the accident site and to contact the proper
authorities.

Section 5.4 through 5.90 (RESERVED)

The radiation technician will determine whether
the site is safe, remove the contamination (if
there is any) and prepare the instrument for
shipment for repair or Cisposal. In the event of
severe damage, it may be necessary to dispose of
the source through a local disposal agency
licensed for this operation. The radiation
technician and local public health department will
assist in this action.

A damaged nuclear instrument or shipping cese
cannot be legally shipped without the concurrence
of local health officials.

Do not ship any damaged equipment without the
concurrence of local authorities.
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NOTE: ' In the list of exhibits, the parenthetical number at the end of the description identifies the number
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Sample Shipper’s Certificate

NRC form NRC-4 "Occupational External Radiation Exposure History" (2)
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"Notice to Employees"

Exhibit 5.1 - NRC Poster
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Q Memorandum

US.Deportment
of Tronsponation
Federal Highway
Administration

Subecl:  Radiation exposure to women Oate

fom  Division Radiation Safety Officer Frorifhey
Federal Lands Highway Division
To

( See note below )

Please read the attached NRC Regulatory Guide R 13 before operating nuclear test instruments
(density and/or asphalt content gauges). After reading the guide, please sign, date and return a
copy of this memorandum to me.

I have read the NRC Regulatory Guide concerning the possible health hazards to children and
women resulting from exposure to radia. on during pregnancy.

(Employee Signature) (Date)

(Division Radiation Safety Officer)
Attachment

Note: Send to any female employee assigned to Material testing laboratories or Construction projects.

Exhibit 5.3 - Sample Radiation Exposure Memorandum to Female Employees



A. INTRODUCTION

Section 19.12, “Instructions to Workers," of 10 CFR
Part 19, “Notices, Instructions, and Reports to Workers;
Inspections,” requires that all individuals working in or
frequenting any portion of a restricted area' be instructed
in the health protection problems associated with expo-
sure to radioactive materials or radiation, in precautions
or procedures to minimize exposure, and in the regula-
tions that they are expected to observe. The present
10 CFR Part 20, “Standards for Protection Against
Radiation," hes no special luait for exposure of the
embryo/fetus.? This guic ' .bes the instructions an
employer thould provide .. workers and supervisors
concerning bieiogical risks to the embryo/fetus exposed
to radiation, a %os- umit for the embryo/fetus that is
under consideratios, znd suggestions for reducing radia-
tion exposure.

4 regulatory pguide takes iuto comdcr:uon 'l
{ sed revision to 10 CFR Part 20, which incorporates
the Jdiation protection guidance for the embryo/fetus
approved by the President in January 1987 (Ref. 1)
This revision to Part 20 was issued in Jawaary 1986 for
comment as 4 proposed rule. Comments on the guide a3
it pertains to the proposed Part 20 are encouraged. I[
the new Part 20 8 codified, this regulatory guide will
be revised (o conform to the new regulation and will
incorporate appropnate public comments.

Any information collection acuvities mentioned in
this regulatory guide are contained as requirements in
10 CFR Parts 19 or 20, which provide the regulatory

'Resszicted wres means any ares that has controled acean (o
protect lndividusls from being sxpased to radulion and

materisls.
1o confoemity with the uomm umhn 1o 10 Ctl Part 30,
the tarm “emoryo/fetu” I used thia ¢ Lo

rapresaat all stages of pregnancy.

‘” aeo, Revision 2
“, U.S. NUCLEAR REGULATORY COMMISSION December 1987
) ’.
QW? REGULATORY GUIDE
'n'o' OFFICE OF NUCLEAR REGULATORY RESEARCH
REGULATORY GUIDE 8.13
(Task OP 0314)

INSTRUCTION CONCERNING PRENATAL RADIATION EXPOSURE

basis for this puide, The information collection
requirements in 10 CFR Parts !9 and 20 have been
cleared under OMB Clearance Nos. J150-0044 and
31500014, respectively,

B. DISCUSSION

It has been known since 1906 that cells that are divid.
ing very rapidly and are undilierentiated in their structure
and function are generally more sensitive to radiation, In
the ambryo stage, cells mee! both these criteria and
thus would be expected to be highly sensitive to radia-
Uon. Furthermore, there is direct evidence that the
embryo/fetus s radiosensitive, There is also evidence
that it is especiaily sensitive to certain radiation effects
dunng certain periods after conceplion, particularly
during the first 2 to 3 months after conception when &
woman may not be aware that she is pregnant,

Section 20.104 of 10 CFR Part 20 places different
radiation dose lmits on workers who are minors than
on adult workers, Wotkers under the age of 18 are
limited to one-tenth of the adult radiation dose limits,
However, the present NRC regulations do not establish
duse Umits specifically for the embryo/fstus.

The NRC's present limit on the raditiion dose that
can be received on the job i3 1,250 millirems per
quarter (3 months).? Working minors (those under 18)
are limited to a dose equal to one<tenth that of aduits,
125 millirems per quarter. (See § 20,101 of 10 CFR
Past 20.)

Because of the sensitivity of th¢ unborn chid, the
National Council on Radiation Protection and Measure-
ments (NCRP) has recommended that the dose equivalent

SThe Umit i 3,000 ouillirems per quarter if the worker's occupe-
Uonal dose Mistory i known 71d the sverage dose does not exceed
5,000 oullsems per year,
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10 the unbom child from oceupatinnal exposure of the
expectant mother be limited te %00 millirems for (he
entire pregnancy (Ref. 2). The 1987 Presidential guidance
(Ref, |) specifies an effective dose equivalent Limit of
S00 millirems to the unborn child U the pregnancy has
been declared by the mother; the guidance also recom-
mends that substantial vanations in the rate of exposure
be avoided. The NRC (in § 20.208 of its proposed revi-
tion to Fart 20) has proposed adoption of the above
limits on dose and rate of exposure

In 1971, the
exposure of fem
fertile women s»

RP commented on the occupational
women (Rel 2) and suggested that
| be emploved only where the annual
dose would be ur. valy to exceed 2 or 3 rems and would be
accumulated at 3 more or Jess steady rate. In 1977, the
ICRP recommended that, when pregnaucy has been diag:
nosed, the woman work cnly where it is uniikely that the
annual dose would exceed 0,30 of the dose-equivaient limit
of 5 rems (Refl 3). In other words, the ICRF has recom-
mended that pregnant women not work where the annual
dose might exceed |.5 rem

C. REG_ULATORY POSITION

Instructions on radiation ri's twould dbe provided
to workers, including supervisors, In accordance with
§ 19.12 of 10 CFR Part 19 belcre they are allowed to
work in & restncted area, In providing Instructions on
radiation rsks, employers should include speciic instruc

tons about the
embryo/fetus

risks of radiation exposure to the

The instructions should be presented doth orally and
in printed form, and the instructions should include, as
4 muumum, the information provided in Appendix A
(Instructor's Guide) 10 this guide. Individuals should be
given the opportuaity to ask questions and in turn
should be quastioned to determine whether they under-
stand the instructions. An acceptable method of ensuring
that the information & understood is to give a simple
written test covering the matenal included in Appen-
dix B (Pregnant Worker's Guide). This approach should
highlight for instructors those parts of the instructions
that cause difficulties and thereby lead to appropriate
modifications in the instructional curriculum

D. IMPLEMENTATION

The purpose of this section is to provide information
to applicants and licensees regarding the NRC stafls
plans for using this regulatory guide

Except (n those cases in which an applicant or
licensee proposes an acceplable alternative method for
complying with specified portions of the Commission's
regulations, the WRC wall use the material described
in this guide to evaluate the instructional program
presented 1o individuals, including supervisors, working
in ot frequentung any portion of a restncted area

B
-
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APPENDIX A

INSTRUCTOR'S GUIDE

EFFECTS ON THE EMBRYO/FETUS OF EXPOSURE T4 RADIATION
AND OTHER ENVIRONMENTAL HAZARDS

In order to decide whether 10 continue working
while exposed (o ionizing radiation during her preg-
nancy, 8 woman should understand the potential effects
on an embryo/fetus, including those that may be pro-
duced by variot* environmental risks such a3 smoking
and drinking. This will allow her to compare these risks
with those produced by exposure 1o jonizing radiation,

Table | prevides information on the potential elfects
resulting from exposure of an embryo/fetus to radiation
and nonradiation risks. The second column gives the
rate at which the effect is produced by natural causes
in terms of the number per thousand cases. The fourth
column gives the number of additional effects per
thousand cases believed to be produced by exposure o
the specified anount of the risk factor.

The following section discusses the studies [rom
which the information in Table | was derived. The
results of exposure of the embryo/fetus to the risk
factors and the dependence on the amount of the
#xposure are explained.

I. RADIATION RISKS
1.1 Childhood Cancer

Numerous studies of radiation-induced childhood cancer
have been performed, but a number of them are con-
troversial. The National Academy of Science (NAS) BEIR
report reevaluated the data from these studies and even
reanalyzed the results. Some of the sirongest support for
4 cgusal relationship is provided by twin data from the
Oxford survey (Rel. 4). For maternal radiation doses of
1,000 millirems, the excess number of deaths (above those
occurring from natural causes) was found to be 06
death per thousand chudren (Ref, 4).

1.2 Mental Retardation and Abnormal Smailness of the
Head (Microcephaiy)

Studies of Japanese children who were exposed while in
the womb to the atomic bomb radiation at Hiroshima and
Nagasaki have shown evidence of both small head sxe and
mental retardation. Most of the chudren were exposed to
radiation doses in the range of | to 5O rads. The impor
tance of the most recent study Llies in the fact that
iavestigators were abl: to show that the gestauonal age
fage of the embryo/fetus after conception) at the time the
children were exposed was a critical factor (Ref, 7). The
pproximate nsk of small head :ize a3 a function of
gestational age is shown in Table |. For 3 radiaton dose
of 1,000 millirems at 4 to 7 weeks after conception, the

excs “<es of small head size was 5 per thousand; st 8
to “ek4, it was § per thousand (Ref. 7),

In another study, the highest risk of mental retarda.
tion occurred during the 8 to |5 week period aflter
sonception (Rel. 8). A recent EPA study (PRef, 16) has
calculatee hat excess cases of mental retardation per
live bith lic between 0.5 and 4 per thousand per rad.

1.3 Genetic Effects

Radiation-induced genetic effects have not been observed
to date in humans, The largest source of material for
genelic studies invoives the survivors of Hiroshima and
Nagasaki, but the 77,000 births that occurred among
the survivors showed no evidence of genetic effects. For
doses received by the pregnant worketr in the course of
employment considered in this guide, the dose received
by the embdryo/fetus apparently would have a3 negligible
effect on descendants (Refs. 17 and |8),

2. NONRADIATION RISKS
2.1  Occupation

A recent study (Ref. 9} involving the birth records of
130,000 children in the State of Washington indicates
that the risk of death to the unborn child is related to
the occupation of the moths*, Workets in the metal
industry, the chemical industry, medical technology, the
wood industry, the textile industry, and {arms exhibited
stillbirths or spontaneous sbortions at a rate of 90 per
thousing above that of workers in the control group,
which consisted of workers in several other industries,

2.2  Aleohol

It has been recognized since ancient times that alco-
hol ¢consumption had an effect on the unborn child. Car-
thaginian law fordade the consumption of wane on the
wedding night so that 3 defective child might not be
conceived. Recent studies have indicated that small
amounts of alcohol consumption have only the minor
effect of reducing the birth weight slightly, but when
consumption increases to 1 to 4 drinks per day, 2 pate
tern of abnormalities called the fetal alcohol syndrome
(FAS) begins to appear (Ref. 11). This syndrome consists
of reduced growth in the unbom child, faulty brain func-
tion, and abnormal facial features. There i a syndrome
that bas the same symptoms as full-blown FAS that
occurs in children born to mothers who have not
consumed alcohol This naturally occumng syndrome
occurs in about | to 2 cases per thousand (Refl. 10).

8.133
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TABLE

EFFECTS OF RISK FACTORS ON PREGNANCY OUTCOME

Elfect

Number Occurring

from Natural Causes

Risk Factor

Excess Oceurrences
from Risk Factor

Cancer death in children

Small head size

Sinall head size

Mental retardation

Stlllbirth or spontaneous
abortion

Fetal aicohol syndrome

Fetal alcohol syndrome

Fetal alcohol syndrome

Perinatal infant death
(around the time of birth)

Perinatal infant death

Perinatal infant death

1.4 per thousand
(Ref. 5)

40 per thousand
(Ref. 6)

40 per thousand
(Rel. 6)

4 per thousand
(Ref 8)

200 per thousand
(Rel. 9)

| to 2 per thousand
(Ref, 10)

| to 2 per thousand
(Ref 10)

| to ? per thousand

‘(Ref. 10)

23 per thousand
(Refs. 13, 14)

23 per theusand
(Refs. 13, 14)

23 per thousand
(Refs. 11, 14)

RADIATION RISKS
Childhood Cancer

Radiation dose of 1000 millirems
received before bisth

Abnormalities
Radiation dose of 1000 millirads
received during specific periods

aller conception:

47 weeks alter conception

811 weeks alter conception

Radiation dose of 1000 millirads
received 8 to |5 weekrafter
conception

NONRADIATION RISKS

Occupation

Work in highrisk occupations
(see text)

Alcohol Consumption (see text)

2.4 drinks per day
More than 4 drinks per day
Chronic alcoholic (more than

10 drninks per day)

Chronic alcoholic (more than
10 drinks per day)

Smoking

Less than | pack per day

One pack or more per day

dibit 5.4 NRC Regulatory Guide 8.13

0.6 per thousand
(Ref 4)

$ per thousand
(Ref, ?7)

9 per thousand
(Ref.7)

4 per thousand
(Rel. 8)

90 per thousand
(Ref. 8}

100 per thousand
(Refl. 11)

200 per thousand
(Ref. 11)

350 per thousand
(Ref. 12)

170 per thousand
(Ref. 15)

$ per thousand
(Ref. 13)

{0 per thousand
Ref, 13)
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Yar mothers who cansume 2 1o 4 drinks per day,
the excem ocewrrencss sumber sbout 100 per thousnd,
apd for thes who consume more than 4 drinks per
Sy, excem occumences number 200 per thousnd.

“he most sensitive period for this effect af alcohol

sppears 0 be the fist few weeks alter sonception,
before the motherto-be reslizes she i pregrant (Refs. 10
and 11). Ao, 1 7% or 170 per thousand of the embryo/
fecuses of chronic alcoolics develop FAS and die before
bisth (Rel, 15). FAS was first identified in 1973 in the
United States where Jess than ful-blown effects of the
syndrome are now relemed 10 a8 feta, aleohol effects
(FAE) (Ref. 12),

1.3 Smoking

Smoking during pregnancy causes reduced birth
weights in bebies amounting to £ to 9 ounces on the
sverage. 1n sddition, there s an increased nak of §
infant deaths per thousand for mothers who smoke
Jess than one pack per day wnd 10 infant deaths per

Exhibit §.4 NRC Regulatory Guide 8.13

thousand for mothers who smoke one of more packy
per day (Rel. 13)

24 Mbeelaneow

Numerous other risks affect the embryo/fetus, only o
few of which are touched upon here. Most peopie are
familiar with the drug thalidomide (a sedative given tu
some pregnant women), which causes children 1o be
born with miueing mbs, and the more recent use of the
drug diethylstibestro! (DES), o synthetic estrogen given
10 some women 10 trest menstrukl disorders, which
produced vaginal cancers In the deughters born to
women who took the drug. Living st Ngh aititudes also
gives rise 10 &n increase in the number of low-birth-weight
children born, while an increase in Down's Syndrome
(mongolism) cecours in children born to mothers who ere
over 35 years of age. The rapid growth in the use of
ultrasound in recent years has sparked an ongoing
investigation into the rsks of using vitresound for
disgnastic procadures (Rel. 19).
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APPENDIX B

PREGNANT WORKER'S GUIDE

POSSIBLE HEALTH RIEKS TO CHILDREN OF WOMEN WHO ARE
EXPOSED TO RADIATION DURING PREGNANCY

During pregnancy, you should be swaie of things in
your surroundings o in your style of life that could
sffect your unborn ¢ hild, For those of you who work
inoor visit sreas desy nated o Restricted Arsss (where
sccem it controlied 15 protest individusic frem being
txposed 1o radiation and radioactive materials), it @
desirable that you understand the biclogical risks of
radiation to your unborn child

Everyone i exposed daily to various kinds of redie-
tion: heat, light, ultraviolet, mirrowave, ionizing, and so
on. For the puzposes of this guide, only lonizing radia:
tion (such a3 xorays, gamma rays, neutrons, and ofher
highuspeed  stomic  particles) is considered. Actually,
everything is radioactive and all human setivities invoive
exposure 1o radiation. People are exposed to dilfferent
smounts of natural “beckground" lonizing radiation
depending on where they live. Radon gas in homes is
preblem of growing concern, Background radiation comes
from three sourses:

Average

Annual Doge

Terestrial - radiation from soil

and rocks y 50 mulirem
Cosmie - radiation from oute:

space 50 mullirem
Radiosctivity normally found

within the human body 8 miliram
135 muligem*
Dosge range (geographic and

other factary) 75 10 5,000 millirem

The fust iwo of these sources expose the body from
the outsde, and the last one exposes it from the (nude
The average person s thus exposed 10 3 1otal dose of
dbe ¢ 125 millirems per year from natursl background
" L

sddition to exposure from normal background
radiavon, medica, procedures may contribule 1o the
dose people receive. The following table Lists the average
doses received by the bone marrow (the biood-forming
cells) from aifferear medicsl applications.

‘lmm Aaet in (he document are deseribed In two different
wniw, a0 b2 mossure of the smount of snergy sbaorded in 4
e ameunt of matena (100 erp pura&lqw amounts of
“asigy absorded lrom LifTerent types adimtieon may lesd to
dilferent biologieal effeets. The rem i & unit (hat reflects the

be s Vi t Gons (o (he body, The midlired and milrem reler
lom o 7'.“4 AN S rem, reapectively

I'xhibit 5.4 NRC Regulator: Guide 8.13

X:Ray Procedure Ave

Normmal chest exemination
Notmal denta examination
Rib cape examination

Gall blagder examination
Barium enema examinetion
Pelvic examination

10 milligem
10 millren
1 40 millirem
170 millirem
$00 millirem
600 millirem

et ——— o
SVaristions by o facoor of 3 (above snd below) are not unususl.

NRC POSITION

NRC regulations and guidance are b.ood on the
conservative sssumption tha: any amount of radistion,
no matter how small, can have o harmiul effect on an
adult, ¢hild, or unborn child. This sssumption » said to
be conservalive becouse there are no dats showing il
effects from gmall doses. the Nationsl Academy of
Sciences ronently expressed “uncertainty as to whether a
dose of say, | rad would have any effect ot ali'
Although it s known that the unborn child is more
sensitive o radiation than adulls, particularly during
certain stages of development, the NRC has not estabe
lished 2 special dose limit lor protection of the unovern
child. Sueh 2 Umit could result in job discrimination for
women of chud-bearing age and perhaps in the invason
of privacy (U pregnancy tests were required) if & sepa-
rate *sgulatory dose limi were speciflied for the unborn
child. Therefore, the NRC has taken (he position that
special protection of the unborn child should be volun.
tary and should be based n decisions made by workers
and employers who are well informed about the risks
invoiveyd

For the NRC position 1o be effective, it is important
that both the employee and the c¢mployer understand
the risk 10 the unborn c¢hild from radiation (eceived ay
8 result of the occupational exposure of the mother.
This document tries (0 explain the risk as clearly as
possible and to compare it with other nisks 1o the
unborn ¢n'd during pregnancy. It s hoped this will
help pregnant employees balance the risk 'o the unborn
child against the benelits of ewploymen 10 decide If
the risk s worth tueking. This document aiso discusses
methods of keeping (he dose, and therefore the risk, to
the unborn child as low a3 s reasonably schievable.
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RADIATION DOSE LIMITS

The NRC's present mit on the radiation dose that can
be received oo the job is 1,250 millirerns per quarter (3
months.® Warking minors (those under 1 §) are Wmited toa
dose equal to onedenth that of aduits, 125 milirems per
quarter, (See § 20.101 of 10 CFR Part 20.)

Becaust of the senmtivity of the unbom child, the National
Council on Radiation Protection and Measuremants (NCRP)
hat recommended that the dose equivalent 1o the uabom
chlld (rom ocrupational exposure of the expectant mother
be lmited to SO0 millirems for the entire pregnancy (Rel 2)
Thy 1987 Presioential guidance (Rel, 1) specifies an effective
dose equivalent mit of SO0 millirems to the unborn ¢hid if
the pregnancy has been declared by the mother; the puidance
wiso recommends that substantial vanauons in the rate of
exposure be svoided. The NRC (in § 20.208 of its proposed
revision 10 Part 20) has proposed sdapuion of the sbove
limits on dose and rate of exposure

ADVICE POR EMPLOYEE AND EMPLOYER

Although the “isks 10 the unbory child are small vnder
normal working conGitions, it & still sovisabie 10 Lmit the
ndation dose from occupatioral exposure 10 no more than
$00 millirtems for the total pregnancy. Employee and
employer should work together to decide the best method
for sccomplishing this goal. Some methods that might be
used include reducing the time spent in radialion areas
wearing some shuelding over the abdominal area, and keeping
an extrs distance from radiation sources when possible. The
employer ¢ ; health physicist will be abie to estunate the
probable dose to the unborn child during the normal nune
month pregnancy penod and 1o inform the employee of the
amount. If the predicied dose exceeds 500 mulvems, the
employee anG employer theorid work oul scheduies of proce.

'YM Wit s 3,000 mullrerns per quarter if the warksr's oteupe
Uonal dose AIOry & known and the sverags Joae Goms Dot txueed
§ 000 mullire mu par yoor

Gures 10 Wmil the dose W0
umit

the S00-millirem recommended

It B important that the employes inform the
employer of her condition as so0n a8 she realizes she
pregnant U the dose 1o the unbom chid s to be
manumazed

INTERNAL HAZARDS

This document has been directed primariy toward a
discussion of radistion doses received from sources outside
the body, Worken should also be aware that there i a
risk of radioactve material entering the body in work.
places where unsealed radioactive matenal i used. Nuciear
medicine clinics, laborstories, and certain manufecturers
use radiosctive matenial in bulk form, often as & ligwd or 8
gas. A list of the commonly used materials and safety
precautions for each 8 beyond the scope of this document,
but certain general precautions might include the following

Do not smoke, eat, dnnk, of apply cosmetics
aound redioactive matenal

Do not pipette solutions by mouth

"

Use disposable gloves while handling radioac ive
matenal when feasible

Wash hands alter working around adioactive
matenai

Wear lab costs or other protective clothing when
ever there is a possibility of spills

Remember that the employer 8 re yued to have
demonstrated that it will have safe procedures and
pracuices before the NRC lssues it 3 ucense 1o use
radioactive maienal. Workers are urged to follow estab-
lUshed procedures snd consult the smployer's radiation
safety officer or health physicst whenever problems or
queslions anse
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A Memorandum

US Depanment
of FGNSpONINon
Federal Highwoy
Personnel Training - Nuclear Instruments -
Division Radiation Safety Officer -
Federal Lands Highway Division
(Project Engineer)
This is to certify that on 19 __

N PH
|

received _____ hours of training covering the following items:

Operational Procedures

Field Maintenance

Field Use

Instrument Calibration Pro~edures
Instrument Characteristics

* & 5 o o

This training was conducted by in
accordance with our NRC Materials License No.

Failure to comply with NRC rules and regulations can be cause for disciplinary action and/or
disqualification from operating nuclear instruments.

(Dwsion Radiation Safery Officer)

Note: Send memorandum (0 project engineers 1o substantiate that the empioyee has been given the required training and s authorized
10 Operats nuciear 1est instruments on the project.

Exhibit 5.5 - Sample Memorandum Documenting Nuclear Training



s, US. Department «f Transportation
Pederal Highoeo, Adwministraibon
B Federal Lands Highemy Oftice

SHIPPER'S CERTIFICATION FOR RADIOACTIVE MATERIAL

This is to certify that the contents of this consignment are properly classified, described, packaged, marked,

labelled and arc in proper condition for transportation according to US. Depatment of Transportation
regulations.

DOT Proper Shipping Name: RADIOACTIVE MATERIAL, SPECIAL FORM - N. O 8.
Identification Number: _UN 2974

Nature and Quantity of Material Package

Radionuchide Activity Nescription of Physical Label Package Transport
and Chemical Form Category Type Index

Cs-137 s 10 mCi Special Form Yellow - 11
Type A

Am-241:Be s S0 mCi Special Form Yellow - 11

Instrument Serial No.

Shipped From:

Signature:

Instrument Serial No,

Shipped From: Shipped To:

Signature: _ Date:

NOTE: Original shipping papers must be maintained in the hauling vehicle within the immediate reach of the
driver restrained by seat belt. Normally, a vehicle's glove compartment does not meet this requirement.

cc: Copy retained for office flles

Copy enclosed with instrument for consignee
Copy for Division Radiation Safety Officer

Form FHWA (8 (%a0)

T

SSSS T ——
Exhibit 5.6 - Sample Shipper's Certificate




NAE P 4

ey v e ‘. ome
e Erh % VOB NUCLEAR REVLATORY SCOMMIBEION o DI

CCCUPATIONAL EXTERNAL

See rmvetions on the Back
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RADIATION EXPOSURE HISTORY

(DENTIPICATION
2. S0CIAL SECURITY NO,

S576-Fe-79/2

A DATEOF BIRTH IMONTH, DAY, YEAR)

& AGE N iuu YEARS (N)

S PREVIOUS EMPLOYMENTS INVOLYING | & DATES OF EMPLOYMENT | 2 PERIODS OF EXPOSURE | & WHOLE BODY | § RECORD OR CALCULATED
RADIATION LXPOSURE«LIST NAME AND | (FRONM.TD) MEM) UNSERY ONE)
ADDRESS OF EMPLOYER
N/ A N/ 3% N/ A - - N/ #
10 REMARKS 11 ACCUMULATED OCCUPATIONAL DOSE -
- TOTAL 'Z ERO
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1. CALCULATIONS « PERMISSIBLE DOSE 12 CER FICATION: ICERTIFY THAT TRE EXPOSURE MISTORY
WHOLE LODY: LIF ED IN COLUMNE 8, 6, AND 7 1S CORRECT AND COMPLETE
i Shddinas o L _TOTWE BEST OF MY KNOWLEDGE AND BELIEF.
ACCW D e S ——— 1 /
DOSE = § (N~ 18) 4 \ £
® ;o:;:. wﬂmn TODATE - REM| EMPLOYEE'S SIGNATURE
I 1)
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4
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INSTRUCTIONS FOR PREPARATION OF NRC FORM 4

This form or o ciesr and legible meord contann., ol the of e ingividusl 8 calevisted unoer Section
Information feguired on ik form MUt be DrEpENRD by eech 20.102. Dowe 4 10 be given in rem
licersoe of the Nuciesr Reguistory Commimion who pursuent 10
Secuon 20701, proposes 10 expose 80 iNGIvIGUS! ¢ 8 radistion “Dose 10 the wholt body” $hall te deemed 1o in

oose o excem of the amounts specities i Paragraph 20101 (0 Clute any Come 10 the wholt DOy, gONeos. active
of the reguistions in Part 20 “Standerts for Prowction Agans DIooo forming organt, hesd a0 trunk, o lens of
Ragiation.” 10 CFR. The mouirement for compietion of this e

form i contained ir Setion 20102 of that meguistion. The

Information conteined I this form & used for estimating the Mem B Atwr eseh entry in item B indicate in ltem §
exiemal maumyines otoupetionel com of the ndividusl for whether Oose & Gblined from /scords or calcy.
whorr (he form i compleied A mperdte NRC Form 4 sl be eted in sccorgance with Secton 20102,
compieted for each INOvIGUl 10 be exposet 10 & MROIELION Do ftem. 10 Selfexpianmiory

In excess of the fimits spmcified in Parsgraph 20.101(a) of Part 20

of the Commimion's repuiations.®  Linted teiow by tem are Asowmuietsd Ououpations Doss (Whoe Body

INETrUCtIOns and s0diLional Information directly pertinent 1o com. oo '

pieting this form: Item 11 The 1otel for the whoie body i obwined by sum
mation of all vielues in ltem B,

idmntficaton

fem 1 Sellexplanatory
fem 2 Sellexplanstory axseot th,, If individus! has no
SO0 eunity Aumber. e word none shall be ftam 12, Upon completion of the repor. the empioyee most
inseried certify that the informetion in Columm §, 6, ane 7
iem 3. Sellexpianstory S BOCUrETE aNC cOMpiete 10 the best of it know
fem & Enter Cw s 0 full yeers This o walieg "N when lecge. The date s the date of Fis signature
ket i1 caloulating the Permisibie Dose. N i sousl
10 the numtser of years o age of the individual

Corvtcanon

on his (et birthaay. Calouistions
ltem 13, The lifetime scoumuisted cocupstional com for
Ocsupwvionel Exposure sach individusl ane the permisible dose unoer
Porograph 20.101(b) sre cbwined by carrying out
ftam 6§ List the name g sodren of asch previous em. the following rmaps. The veive for W shouid e
plover and the sdc. es of employment. Suert with ken from lwm 4 Subtrect 1B from N ang muit-
The MOS! 1e0eNt EMPIOYEr BNG WOk hack . ply the diMarsnce by § rem. (For exempie, John
Smith, oge 32, N » 32, PAD » 5(32.18) » 70 rem.)
Include only those periogs of employment since Enter towl exposure to cete from am 1 Sub
ract (B) fram (8} ano enter the ditters: oo under

the sighteentr birthday involving oocupetionsl
expiaure 10 radiation. For periods of mitempioy-
mant. insert the word “witemployed.”
ltem 6. Give the dates of ssch empioyment listed in Item §
fmm 7 List periods guring which aosupationsl exposurs
10 redistion accurred.
fwmm B List the dom recorged 1or sech period of expasure
fram the recoros of pravious GXRUDITONS! SXDO Y lem 14, Seifaxplanetory.

(e). The velue in (c) reprasents the unused pent of

TG - - LR

PRIVACY ACT STATEMENT

Pumuant to 6 US.C 882000 (31 enarwd inw iew by metien ) of the Privacy Act of 1074 (Pubiic Low E3679), Pw foliowing sarmement & Airnighed 0 (ndividuan
"o BuPEN (NRIMEUOn 10 the Nuoes e ey Commamon on NAC Form & Th iMformeton & mamines in § vTem of recorts sengrawc @ N0 77 ena

ey ibec 01 Fgoecs Regmte: 46344 (October | 178!
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