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SIMULATED FIELD TESTING

Upon completion of the classroom instruction, participants of the

- training program will receive four hours of simulated field testing'

instruction.. The training will consist of actual hands on use of the

2400 and 3411-B series gauges. The major emphasis of the instruction

will be to familiarize the operators with the gauge controls, use of
*

'the equipment and understanding of the data obtained.-

,
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PREFACE

'The primary purpose of this training program is to educate

selected employees and clients of this firm as to the proper use, safe

operation and handling of the company's nuclear moisture-density

testing equip, ment.

It is our basic objective to provide the best possible pro-

fessional service to.our clients and to the public. In keeping with

this objective se recognize our responsibility to maintain the

necessary technical support to include the use of the latest state-of-

the-art engineering techniques and equipment.

L. Robert Kimball and Associates would like to thank Troxler

Electronic Laboratories for their permission to reproduce the Troxler

'2400 and 3400-B series manuals (See Appendix A) for use in this

training manual.
,

.
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INTRODUCTION

Nuclear moisture-density test equipment has in recent years become

more prevalent for use'in performing density tests on compacted earth
I

and gravel fills and asphalt paving. While the method of obtaining

engineering properties of compacted fills has become someshat more

sophisticated than traditional methods the capabilities of nuclear

techinques have become a formitable alternative. Every engineering

test method utilized to assist in the design and analysis of civil

projects has its advantages and disadvantages of course. Nuclear

moisture-density gauges utilize gamma and alpha rays, and therein is

the principal element of most concern to be considered shen con-

templating use as an engineering testing aide. Testing equipment uti-

lizing nuclear methods has progressed to the point where relevant

federal and state regulatory agencies have allowed their use under

properly supervised conditions and where safeguards have been met to

ensure the sell being of persons who operate the equipment or are

othersise exposed to the effects of the equipment.

This education and training program is to provide our firm's

nuclear gauge operators with a basic understanding of the equipment,

its use, and the potential hazards associated with improper operation,

storage and transportation of the gauge.

Our goal is to obtain competant nuclear gauge operators capable to

being added to our present group of licensed operators. In addition,
.

se plan to familiarize the present licensed operators with the latest

equipment, techniques and operation of the equipment. It is our

. - . _ _ _ _
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intention to continue to provide our clients with the professional

service and attitude synonomous with our firms image. .

The 'in-house training program will be limited to employees and

clients of L. Robert Kimball and Associates. Instructors for the

program will consist of licensed gauge operators and supporting tech-

- nical professional personnel employed by the firm.

Individuals participating in the education and training program

will receive four hours of classroom instruction as sell as a minimum

of.four hours of actual hands on training simulating field conditions.

A. test will be administered upon completion of the training program

and successful candidates will receive a certificate stating success-

ful completion of the course.

.
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EDUCATION AND TRAINING PROGRAM

Planning:

1. The primary purpose of this education and training program is

to educate employees and representatives of the firm as to the

proper use and safe handling of the firms nuclear moisture-

density gauge equipment.

2. Our firms basic objective is to provide the best possible pro-

fessional services to our clients and the public. The use of

nuclear moisture-density gauges has become an integral part of

our firms field construction inspection services. Licensed

operators are necessary in order for us to continue to provide

such services.

3. The specific goals to be accomplished by this education and

training program are as follows:

a. Educate and train a suf ficient number of company employees

to maintain our firms capability to provide field inspec-

tion personnel utilizing nuclear methods for testing com-

pacted earth, gravel fills and asphalt &.

b. Amend the firms present federal and state licenses, as

necessary, to represent the actual list of competent

operators eligible for certification cs licensed gauge

operators.

4. Specific manpower assignments are as follows:

a. Course instructors and Qualifications;

(1) R. JEFFREY KlHBALL - Introduction and discussion of

course objectives, limitation of nuclear moisture-
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density methods and importance of compliance with

current -federal and state regulations regarding the

use of nuclear equipment.'

-Qualifications - Mr. Kimball is Vice President of the

Earth Science division of L. Robert Kimball and,

Associates.- Mr. Kimball is 'a registered professional

engineer in 8 states and is responsible for the firms

geotechnical and construction inspection

capabilities.

(2) Dr. ROGER SHINGLER - Responsible for course

discussion regarding the radiation characteristics

associated with the use of the firms nuclear

moisture-density gauges.

Qualifications - PH.D, 1970 in Physical Chemistry,

grooklyn Polytechnic University. Mr. Shingler is the

director of the Analytical Laboratory.

(3) 0.T. McCONNELL - Description and discussion of theory

/ of measurement, factory calibration and gauge

capabilities.

Qualifications - Mr. McConnell is a registered pro-

fossional engineer in Pennsylvania and has had exten -

sive experience in field and laboratory testing of-

soils. He is a licensed nuclear gauge operator and

is familiar with the operation and use of the firm's

Troxler 2400 and 3400 series gauges. His name

appears on the list of persons recognized as familiar

... .
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with the F. A. A. Eastern Regional Laboratory jg
Procedures Manual. Mr. McConnell is the director of

_

field and laboaratory soil testing for the firms f5

Earth Science Department. ||
-

(4) TED ZEEDICK - Discussions of field measurements and wm

special use procedures relative to gauge operation

and asphalt paving, maintenance and service. j|
4

_ Qualifications - Mr. Zeedick is a licensed nuclear j;
-

gauge operator and has 3 years experience as an engi-
~

i
L

neering technician and construction inspector with
_

this firm. Mr. Zeedick was previously employed by kh

PennDOT and was responsible for inspection of various i

Paving and structural projects. His name appears on }|
the list of persons recognized as familiar with the '

F. A. A. Eastern Regional Laboratory Procedures Manual.

(5) DREW SMITH - Discussion of field measurements and
--

special use procedures relative to gauge operation

and earth and gravel fill construction inspection, "

maintenance and service.
,

Qualifications - Mr., Smith is currently the senior
'J,

soils laboratory technician and the Earth Science
_

Departments Radiological Safety Officer. He is a
,

licensed nuclear gauge operator. Mr. Smith has been :
1

associated with the firm since 1977 and has had ]
=

extensive experience in earthfill and asphalt 3
'

construction inspection utilizing the firm's 2400 and
,
-

,-

-

-
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3400 series Troxler Nuclear Gauges. His name appears -

on the list of persons recognized as familiar with

the F.A.A. Eastern Region Laboratory Procedures

Manual.

5. The basie education and training manual will be the

instruction manual prepared by the supplier of the firms

2400 series and 3400 series surface moisture-density

gauges. The Troxler Instruction Manual is an approved

training aide and our firm has received permission from,

Troxler Electronic Laboratories, Inc. (See Appendix A) to

reproduce the manuals for use as the basic text for our

firm's training course.

The firm's nuclear gauges (Troxler 2400 series and 3400

series) sill be utilized during the training course to

familiarize the course candidates sich operator and

handling procedures.

6. The course training time and necessary instructional faci-

lities are supplied by the firm as part of the company's

dedication to the continual training of its employees for

their individual improvement and professional capabilities

to better serve our clients and the community.

. _ .

.

. .
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SPECIFIC HANDLING PROCEDURES

The following will be adhered to at all times:

1. At no time shall an operator leave a nulcear gauge unattended
,,

except whenever the gauge is returned to the designated storage

area in the Earth Science Soils Laboratory or another location as

approved by the company safety officer.

2. Radiation detection film badges shall be worn at all times during

the use of the n stlear gauges.

3. Keep all children under the age of 18 and pregnant sonen away from

the gauge at all times.

4. Any non-licensed personnel who does not have a film badge and

works around the gauge should be provided with one. -

5. Do not store film badge near any of the gauges.

6. Do not six equipment from one gauge to another without first con-

sulting the safety officer.

7. All film badges are sent to the R.S. Landaurer Company for pro-

cessing by the 5th of every month. Turn in all film badges to the

safety officer between the 1st and 5th of each month.

'8. Do not transport the gauge outside of its case, and be sure the

lock is in place.

9. Keep gauge away from moist areas.

10. The daily log will be completed prior to each days test as

complete as possible, sich a maximum oft

Name of job
Specific area of job, if applicable
Name of operator
Names of personnel in constant contact
Special job or seather conditions
Standard Counts - all counts taken
Problems with gauge
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L.RO9 8T { t['dL. Robert Kimball & Associates , ,

615 Wesc Highland 1.2. 9 A- '*'-" ' ' ~ '
EBENSBU E PEW UEbensburg, Pennsylvania 15931

ATTN: Mr. Tom McConnell

Dear Tom: -

This will confirm our telephone conversation this morning and our permission
to reproduce portions of the 2400 Series and 3400 Series manuals for use
as training aids for your employees.

If I can provide additional assistance, please do not, hesitate to contact
me.

Since rely,
.

TROXLER ELECTRONIC LABORATORIE , INC.

~
.

~

William E. Wor c W
Sales Manager, Nuclear

WEW:jj
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3400-B SERIES

SURFACE MOISTURE-DENSITY GAUGES

TROXLER ELECTRONIC LABORATORIES, INC.

and subsidiary

TROXLER INTERNATIONAL, LTD.

P.O. BOX 12057
RESEARCH TRIANGLE PARK, N.C., 27709

U.S.A.

TELEPHONE:, (919) 549-8661 TELEX: 579474
SHIPPING: Cornwallis Road at CA8LE: TROXELEC
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Branch Offices

t$est Coast Office Rocky Mountain Office Texas Office
5041-H College Oak Orive 900 Clarkson Court 2000 E. Randol Mill Rd.Sacramento, California 95841 Denver, Colorado 80229 Arlington, Texas 76011
Phone (916) 332-7734 Phone (303) 288-3196 Phone (317) 275-0571

Central Office Southern Office
37635 North Rt. 59 P.O. Box 110629
Lake Villa, Illinois 60046 Nashville, Tennessee 37211
Phone (312) 587-7273 Phone (615) 331-8537
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I-A. INTRODUCTION
=

This instrument is specifically designed to measure the moisture content i
and density of soils, soil-stone aggregates, cement and asphalt treated il
bases and asphalt surfacing. With suitable calibration, it can also be $
used to measure these parameters for other materials having approximately (the same range of density and/or moisture content. g

_kThe instruments incorporate the latest state-of-the-art in solid state
semiconductor design to provide a high degree of accuracy and reliabil- ii
ity. The nuclear geometry and radioactive source design are the culmina- 4
tion of some twenty years of research and experience in developing 3
instruments of this type. In addition to laboratory work, user expe- --

rience of over 5000 instruments aided in the selection of the required -

design criteria and desired specifications, z
This manual covers the operation and maintenance of two basic instru-

.

ments, the 3401-B and the 3411-B. Both instruments provide the same end !
results. The 3401-B is a lower cost instrument which provides measure- i
ment results through the use of computer derived tables, requiring 4
calculations on the part of the operator. The 3411-B contains a a
microprocessor which contains all calibration information and algorithms a
to compute and display all end results, thus eliminating one source of 4
operator error. The latter instrument also, provides a means of compen-

_

sation for hydrogen not in the form of water, contained in the measured '

material.

This manual is the basic text for training courses offered by the ;
-

manufacturer to assist the purchaser in obtaining a Radioactive Materials
License from either the U.S. Nuclear Regulatory Commission or an Agree-
ment State. It may also be used for additional operator training, and |
the manufacturer encourages owners to require the study of this manual i

before allowing any prospective operator to use the instrument, a
>

While no radiation hazard is imposed on the operator when following the
-

normal recommended procedures of use, a potential hazard does exist if |
improperly used. All operators should read the sections covering Radio- a

logical Safety. If these are not completely understood, they should seek
-

assistance from the factory or others designated within the user ]
organization. I

E
Since changes are continually made in State and Faderal Regulations, the 1
user must keep up-to-date with the appropriate regulations. The final i
responsibility for compliance with the regulations falls upon the owner, q
He may wish to purchase and subscribe to Title 10 and Title 49 of the g
Code of Federal Regulations, as well as the applicable State Regulations $
which apply to his license. j

-

a

;
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I-B. DEFINITION OF TERMS-

PRECISION - Defines the statistical limits of the . instrument based on
. changing _ rates of radioactive decay. The value stated is the standard
deviation limit. It' may be determined by statistical analysis of
repetitive measurements, (20 or more) -or may be computed by the square
root of theJactual counts accumulated divided by the slope (first-
differential) of the calibration equation. It -defines the repeatability
of the measurement or the minimum change in density or moisture which is

, detectable by the instrument.

COMPOSITION ERROR - The error which exists due to the variation in photon
scattering and absorption coefficients for limestone and granite. Most
natural soils and. stone are between these limits.

SURFACE ERROR - This term defines the error which can exist due to sur-
face voids which are not representative of the subsurface material. - It-
is determined by measuring the density or moisture content of a smooth
surfaced standard and repeating the measurement with the instrument base
elevated 1.25 mm (0.05 inch) above the standard. The error quoted may be,

assumed to apply for a 2.5 mm (0.1 inch) void for 50% of the surface, 5 mm-
,

(0.2. inch) void for 25% of the surface, etc.
,

.

EXPECTED TOTAL ERROR - The RMS sum of: two times the precision -plus the
composition error plus 'one-half the surface error plus two times the
-calibration precision. This term, while somewhat arbitrary, predicts-

that the 95% , confidence limit of measurement will fall within these
bo~undaries. It does not take into account possible operator caused

o errors.
,

DEPTH OF MEASUREMENT - The depth through which 95% of the counted photons
and thermal neutrons pass before reaching the detectors. This method
assumes that ' material below the depth of measurement is different than-
the measured layer, but between the limits of 1100-2700 kg/m3 (70-170

-PCF).

* * NOTICE * *

Due to the large percentage of international users of these gauges and
the' growing acceptance of the metric system in professional environments,

' the SI (Systeme International) units are used as the standard in this
manual. The U.S. customary units are shown in parenthesis for conven-
1ence. We have also taken the liberty of rounding numbers (in both
units) where the exact conversion might cause unnecessary accuracy or
confusion'for the operator. ,

The SI units for radiation measurements are not in general use so the
older units are used throughout the manual and conversions quoted here as
a reference.

1 Ci = 3.7 x 1010 q(37gigabequerels)
1 Rem = 3.876 x 10 C/kg (3.876 kilocoulomb/ kilogram)

,

,
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I-C-1. MEASUREMENT SPECIFICATIONS (SIUNITS)

BACKSCATTER DENSITY FAST NORMAL SLOW
. .

Precision at 2000 kg/m3 16.6 8.30 4.15 ikg/m3
Composition Error at 2000 kg/m3 40.0 40.0 40.0 ikg/m3
Surface Error (1.25mm,100% void) 64.0 64.0 64.0 -kg/m3
Expected Total Error 62.4 54.4 52.8 ikg/m3
DepthofMeasurement(95%) 75 75 75 m

DIRECT TRANSMISSION DENSITY.150 m
.

Precision at 2000 kg/m3 7.68 3.84 1.92 ikg/m3
Composition Error at 2000 kg/m3 22.4 22.4 22.4 kg/m3
Surface Error (1.25 m,100% void) 14.4 14.4 14.4 -kg/m3
Expected Total Error 28.8 25.6 24.0 ikg/m3
Depth of Measurement 50-200 50-200 50-200 m
MOISTURE CONTENT

Precision at 250 kg/m3 10.2 5.10 2.55 ikg/
Surface Error (1.25mm, 100% void) 17.6 17.6 17.6 -kg/
Expected Total Error 24.0 14.4 11.2 ikg/
Depth of Measurement at 250 kg/m3 125 125 125 m

MEASUREMENT SPECIFICATIONS (U.S. CUSTOMARY UNITS)

BACKSCATTER DENSITY FAST NORMAL SLGW

Precision at 120 PCF 1.04 0.52 0.26 iPCF
Composition Error at 120 PCF 2.50 2.50 2.50 iPCF
Surface Error-(.05 inch, 100% void) 4.00 4.00 4.00 -PCF
Expected Total Error 3.90 3.40 3.30 iPCF
Depth of Measurement (95%) 3.00 3.00 3.00 inches-

| DIRECT TRANSMISSION DENSITY (6")
i

Precision at 120 PCF 0.48 0.24 0.12 iPCF
Composition Error at 120 PCF 1.40 1.40 1.40 iPCF
Surface Error (.05 inch, 100% void) 0.90 0.90 0.90 -PCF
Expected Total Error 1.80 1.60 1.50 iPCF
Depth of Measurement 2-8 2-8 2-8 inches

i MOISTURE CONTENT

Precision at 15 PCF 0.64 0.32 0.16 iPCF
Surface Error (.05 inch, 100% void) 1.10 1.10 1.10 -PCF
Expected Total Error 1.50 0.90 0.70 iPCF
Depth of Measurement at 15 PCF 6.00 6.00 6.00 inches

.
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I-C-2. MECHANICAL SPECIFICATIONS

Case Epoxy finish aluminum casting i

Vibration test 2.5 an (0.1 inches) at 12.5 Hz
Drop test 300 mm on 25mm diameter steel ball
Operating temp.: Ambient -10 to 70*C (14 to 158'F) '

Surface 175'C(350*F)
Storage temp. -55 to 85'C (-70 to 185'F)
Size (excluding handles) 368 x 229 x 183 an

(14.5 x 9 x 7.2 inches)
Height (including handles) 495 an (19.5 inches)
Weight 16 kg (36 pounds

'

Shipping weight 32 kg (75 pounds w/o ABS Case
39 kg (87 pounds with AB,5 Case

I-C-3. CALIBRATION SPECIFICATIONS

Number of Standards 6

Accuracy of Density Standards 10.1%
Accuracy of Moisture Standards 14.0%

Method: Computer reduction of count rate data based on U.S. National
,

Bureau of Standards Photon Cross Sections, Neutron Cross
Sections and Absorption Coefficients. Data is reduced to the
form D = (Ln(A/CR + C))/B for density and M = (CR - E)F for
moisture where A, B, C, E, and F are constants and CR is count
ratio.

Field Data Conversion

3401-B - User is supplied with conversion tables for wet density
and moisture content. User must compute dry density,
percent moisture, and percent compaction.

3411-B - Contains vP (Microprocessor) providing direct reading in
both SI and U.S. Customary units for wet density, dry
density, moisture content and percent moisture. The
algorithm corrects for hydrogen photon scattering coeffi-
cients and provides means for offsetting non-water hydro-
gen.

1

If the optimum density has been preset by the operator,
the ;.P can compute % of Marshall or % of Proctor.

A method has also been provided to allow the operator to
negate the effects of sidewall moisture should it become
necessary.

_ __. ._ __ _



I-C-4. RADIOLOGICAL SPECIFICATIONS

Gamma source 8 1 mci cesium-137, TEL A-102112
Neutron source 40 *10% mci americium-241: beryllium

with 70,000 N/sec. yield, TEL A-102451
Source form Stainless steel doubly encapsulated
Shielding Tungsten and lead
Surface dose rates 15 mrem / hour max., neutron and gama
Source rod containment Stainless steel, 55 C Rockwell

hardness
Shipping case 00T 7A, TYPE A, Yellow II Label

0.1 Transport Index
Source seal approval for Cs-137, SPECIAL FORM Certificate
domestic and international GB:SFC 140
shipment Am-241, SPECIAL FORM Certificate

GB:SFC 7

I-C-5. ELECTRICAL SPECIFICATIONS
*

Time accuracy and stability 10.005% 10.0002%/*C
Power supply stability i0.01%/*C
Stored power 40 watt-hours
Battery recharge time 14 hours
Charge source 110/220V, 50-60Hz

or 12-14 VOC

3401-B 3411-B

Readout (LCD) LIQUID CRYSTAL DISPLAY 4 digits 4 1/2 digits
Largest number displayable 9999 19999
Count registePs (moisture, density) 2 2

i Standard registers (moisture, density) 0 2
| Power consumption (watts) 0.09 0.15

Power consumption after automatic 0.001 0.001
j battery cutoff (watts)
i

i

i Battery packs are fully protected against over-charge and over-
discharge. Low battery alarm is indicated by the display several
hours prior to automatic cutoff.

1

!

|

|
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II. OPERATING INSTRUCTIONS

II-A. GETTING ACQUAINTED

The 3400-B Series of instruments provide a fast and economical method for
determining the moisture content and density of construction type materi-,

als. Before you attempt to use your. gauge, spend a few minutes learning
its features and controls. This section will act as a " dry run" to
acquaint you with the instrument.

Remove the gauge. and accessories from the shipping case and identify all
the items by referring to figure 2-1. A brief description of the parts
is;

Gauge: Portable instrument containing all electronic modules,
rechargeable battery packs, and radioactive sources.

Reference Standard (also called the " standard"): This block
serves two purposes. First, it is used to establish the
standard counts against which all measurements are-
proportional; second, it serves as a known repeatable
reference for checking long term stability.

Drill Rod: Used with a hamer to punch the hole required for direct
transmission measurements.

Scraper Plate: Functions as a guide for the drill rod. Also aids in
smoothing the test site.

Charger: Two chargers are supplied. Refer to section VII-A for
use of these units.

| Now place the gauge in front of you such that the panel is sloping
| toward you.- The part of the gauge closest to you is the front of the
| gauge. At the back of the gauge are two rods. The gauge handle is at

the top of the rods. The handle also contains the trigger mechanism'

for lowering the source rod. The smooth, polished rod is - the source
| rod. The bottom of this rod contains one of the radioactive sources.

The dark rod with the notches is the index rod. This rod is used to
precisely locate the source rod for the various positions. Refer to,

figure 2-2 for the labeling of these positions. When the source rod is
pulled all the way up, it is in the storage or safe position. At this
position the source on the source rod is retracted into a shield inside
the gauge. When the gauge is not in use the source rod should always
be.in the storage position.

|

There are two nuclear sources in the gauge. The cesium source is used
for density measurements and is located on the end of the source rod as

L discussed above. The americium source is used for moisture measure-
i ments and is located in the approximate center of the gauge base. The

location of this source can be seen by removing the front panel fromc

) the- gauge and looking into the cavity. At the back of the printed
|_ circuit board, a yellow and magenta label can be seen. The americium
f source is located under this label.
|
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- II-A-1. USE OF REFERENCE STANDARD

The- calibration of this instrument is made in terms of a ratio to a
~

count _ made on the Reference Standard which is supplied with the
instrument. For this reason, measurements made with the instrtsnent can
be no more accurate than the accuracy of the standard counts. The
operator should therefore use care to establish a set of standard

- counts for moisture and density. A log should be kept of these counts
throughout the life of the irfstrument since this will establish a norm

-

for the rate of change per. unit' time and allow the user to determine
when a defect occurs either in the procedure or the instrument.

In general, a sudden shift of more than 1% in the density standard
count or 2% in the moisture standard count, as compared to the average-

of the previous four sets, would indicate some abnormality in gauge
- operation or procedure.

_

The Reference Standard should be placed on a dry, flat. surface at least

two meters -(six feet) away (from any building or other large- structureand at least ten meters thirty feet) from any other radioactive
source. The surface can be asphalt or concrete paving c
aggregate or. similar surface with not more than 240 kg/mD (ompacted

-

15 PCF)
moisture._ Sites not to be used are truck beds or tailgates, table tops

- or similar structures.

- Locate the instrtsnent on the Reference Standard as shown in figure 2-2.
Make certain that the-standard top and the gauge base are clean and do
not have soil _or other material in the seating area which would prevent

- good surface contact. The base must be seated between the raised edges
of the standard and firmly pulled against the metal butt plate on the
end of the standard. The operator end of the gauge must be next to the
butt plate. .

The gauge can now be used to accumulate (count) the standard counts.
Since this procedure is different for the two models, they w.11 be
discussed separately.

,

e

.
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II-A-2. 3401-B CONTROL FUNCTIONS AND OPERATIONS

The front panel module is the only difference between the 3401-B and
3411-B. The 3401-B Scaler Module does not have electronics that store
the rcference standard counts for later use. It also requires some
calculations by the operator. A step-by-step procedure for use of the
3401-B gauge follows. Refer to figure 2-3 as needed.

a. Place the gauge on the reference standard adhering to the pra-
cautions outlined in the previous section. Remove the lock fram
the trigger and make certain that the handle is indexed at the
standard or safe position. This position of the source rod will
always be.used to obtain the moisture and density standard counts,

b. Refer to figure 2-3 or the front panel of the instrument and note
that there are two rotary switches and one pushbutton switch. The
left switch, labeled PWR/ TIME, controls power to the instrument and
also selects the time period of an accumulation. The time periods
for SLOW, NORM and FAST are 4,1, and 0.25 minutes, respectively.
The rotary switch labeled DISPLAY indicates which register is being
displayed. The START pushbutton initiates an accumulation for the
time period selected by the PUR/ TIME switch.

Turn the PWR/ TIME switch to SLOW. The standard counts should always
be taken in the SLOW position. The notation BAT will appear if the
instrument batteries are in need of a recharge.

The remaining front panel item is the connector for the charger
cables. Access to this connector is made by lifting the cover.

c. Allow at least 10 minutes to elapse after powering the instrument '

before taking the standard counts.

d. Depress the START pushbutton. Observe that the notation ERR
appears in the upper left corner of the display.

e. Assuming that the ERR notation still appears, one can watch the
accumulation of the standard counts. This accumulation can be seen
in either the Density Register or the Moisture Register, depending
on the position of the DISPLAY switch.

f. When ERR disappears, set the DISPLAY switch on DENSITY. The number
which appears is the density standard count (DS) and should be within
2% of the density standard count as noted on the factory calibration
data sheet. This assumes that the background radiation levels are
the same as the factory area. The count will decrease at a rate of
2% per year from the date of calibration due to decay of cesium-137.

TR0XLER 2-5



,, _ _ . - . .- _ _ _ _ . _

~

.

?

II-A-2. 3401-B CONTROL FUNCTIONS-AND OPERATIONS (cont'd) - i

' Set- the DISPLAY' switch on M0ISTURE. The displayed number is the
. moisture standard count. (MS) and should be within 4% of the moisture
standard count-as .noted on the. factory calibration data sheet. . Since |

' the half-life of americium-241 is very long, this count should not-
normally decrease with time.

Both standard counts .- may change with time due to aging .of the
: detectors, which affects their efficiency, and long term changes in
the high voltage and counting threshold. Since all calibration and
measurements are made as ratios to the Reference Standard, these
changes- will not affect the calibration. A log of the standard'

counts should be kept for each gauge. Any sudden change in either
,

of the standard counts may indicate a defect in the instrument.

At this time, record the density and moisture counts just obtained.in
the gauge standard count log and on' the. daily work sheet under the
headings DS (Density Standard) and MS (Moisture Standard).

g. Remove the gauge from the Reference Standard and place it on- a smooth
surface -(concrete, asphalt or compacted soil). Depress the trigger

; and move the handle to the backscatter position. Be certain that the
; trigger is indexed into the slot in the index rod and not pushed below-
the slot with the tip of the source rod resting on or in the material

i
being tested. This is easily determined.by pulling up and down on the
handle without' depressing the trigger. or by noting that the padlock

;

|
hole in the trigger is fully outside of the handle body.

:

L h. Set the PWR/ TIME switch on NORM and depress START. _ Note that ERR
L appears in the display. At the end of the NORM time period

(1 minute), ERR will disappear and the density (DC) and moisture (MC)!-

measurement count registers can be read by turning the DISPLAY
switch.

y.

| 1. You have now completed a moisture measurement and a backscatter
density measurement. If on soil, the procedure could have been a

,

moisture and direct transmission density measurement by punching a ~
L hole using the drill rod, guide, and a hammer. The source rod is
i
' then inserted into the prepared hole to the proper depth. ' The hole

for the source rod should always be at least 50 mm (2 inches) deeper
than the depth of measurement.

* * * CAUTION * * *

-WHEN DRIVING THE R00 INTO S0IL, BASE MATERIAL OR HOT
ASPHALT, REMEMBER THAT YOU ARE DRIVING A STEEL PIN

|- WITH CONSIDERABLE FORCE. THIS PIN WILL WORK HARDEN
OVER A PERIOD OF TIME AND PRODUCE METAL CHIPS WHICH!

COULD CAUSE INJURY TO THE OPERATOR OR BYSTANDERS.
THE USE OF SAFETY GLASSES IS STRONGLY ADVISED...

I
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If-A-2. 3401-B CONTROL FUNCTIONS AND OPERATIONS (cont'd)

j. The data can now be reduced to the desired parameters.

First, divide DC by DS, and 'using the obtained ratio, refer to the
proper density calibration table (in this case, backscatter). The

table is generated in 10 kg/m3 (0.5 PCF) increments and menta}interpolation will allow a quick determination to within 5 kg/m
(0.25PCF). This is the wet density.

Next, divide MC by MS and use this ratio to determine the moisture
content by using the moisture calibration table. If the measure-
ment was made on concrete or asphalt, the value obtained should be
quite low and represents the water equivalency of the hydration of
the concrete or the hydrogen content of the asphalt mix.

The dry density is obtained by subtracting the moisture content
from the wet density. The moisture content in percent is obtained
by dividing the moisture content by the dry density and multiplying
by 100.

Note that the FAST time period (0.25 minutes) could have been used.
The displayed values for MC and DC would have been the same (the
electronics adjust for the different time periods), but there will be
a statistical difference in the results. The FAST test time may be
used where only density is involved, since the expected total error is
not much degraded by the difference in time. However, where moistures
are required, it is advisable to use NORM in order to obtain the
necessary accuracy for the percent moisture. These relative errors
can.be noted by referring to section I-C.

k. Note that the value obtained for moisture is uncorrected for chem-
ically bound hydrogen and may be in error. Section III will discuss
the methods of correcting this value.

.
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II-A-3. 3411-B CONTROL FUNCTIONS AND OPERATION
-

:-

i The Data Processor Module used in the model 3411-B gauge contains a pP 3'

(Microprocessor) as its key component. The uP has been programmed to
provide a variety of functions. While the computational power of this -

module is quite large, considerable effort was spent making the unit as ;
easy to use as possible. i

a. Below is a functional description of the 3411-B controls. The number 3
before the description corresponds to the labels in figure 2-4. _g

@ Connector cover for battery charger cables. If the batteries need
recharging the BAT symbol on the left side of the display will Lappear. Refer to section VII for battery charging instructions. -.

@ to displaying accumulated counts and computed results, it also has-

The instrunent display is a type of liquid crystal. In addition -

status indicators as shown below: j

ERR - Accumulation in progress or a computational error has \
occured. -

__
-

BAT - Low battery warning. Instrument batteries are in need of 2
a recharge. The gauge will still function normally for

_

several hours before it automatically shuts off. _i

- Displayed number is negative in value. }-

HTR - Heater symbol was used on earlier production units to
indicate that the display heater is on. See section II-E -

for a full description. }
@ PWR/ TIME switch turns the unit on and also selects the time period 5

for an accumulation. The SLOW, NORM, or FAST position correspond -

-

to accumulate periods of 4,1, or 0.25 minutes, respectively. 4
@ The keyboard is color coded for ease of use. Five keys are " dual k

function". The large yellow SHIFT key determines which mode the --

dual function keys are in. The functions labeled in yellow i
(STANDARD, %MA, %PR, SET, and TST) are valid only when the SHIFT -

key is depressed. The functions labeled in white are operational i

when the SHIFT key is not depressed. -a
e

The STANDARD / MEASURE key is used to start an accumulation of i
either a standard or a measure count period. .-

-

The second row of keys are used to determine which register will 4
be displ ayed. The MS (Moisture Standard) and DS (Density I
Standard) keys are used to display the standard counts. The MC !-
(Moisture Count) and DC (Density Count) keys are used to display
the measure counts. a

4
._

-

TR0XLER 2-9
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II-A-3. 3411-B CONTROL FUNCTIONS AND OPERATION (cont'd)

The top row of keys are for computations and test functions. The
white. keys on the top row (WD, 00, M, ".M) compute wet density, dry /
density, moisture content, and ". moisture, respectively. The ".MA
and %PR keys are used to compute % of Marshall and ". of Proctor.
The SET key is used to read or change the value of the established
standard density. (See section II-B for a detailed description of
the Marshall and Proctor functions.)

The TST key is used to initiate the self-test routines. Section
II-D describes these routines.

- @ board behind the front panel.This group of slide switches are located on the printed circuit
To gain access to these switches you

must loosen the four thumbscrews in each corner of the front panel
and _ lift the module out of the gauge cavity. The function of the

_ switches are listed below:

MEAS / TEST - In the TEST position, a known signal is applied
to the counter inputs for testing purposes. In the 11EAS
position the gauge functions normally. See section II-D-3 for -
a full description.

HRT - This switch was on early units and is used to turn on a
display heater if needed. See section II-E for a full descrip-
tion.

PCF/SI - This switch is used to . determine the display units
for computed results. In the PCF position, computational
results are displayed in pounds-per-cubic foot. In the SI

position, results are displayed in kilograms-per-cubic-meter.
Select the preferred mode.

@ Moisture Correction switches are used to compensate or correct for
errors in the moisture calculations caused by neutron absorbing '
materials or chemical bound hydrogen. The method for determining
the moisture correction value is covered in Section IV-E.

h The Depth Switch is always set to the same value as the depth of
the source rod. This ensures that the proper calibration is being
used during calculations.

2-10 TR0XLER
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II-A-3. 3411-B CONTROL FUNCTIONS-AND OPERATION (cont'd)

Now that you are familiar with the controls on the 3411-B, proceed as ---

below to use the gauge. -

b. Place the gauge on the reference standard, adhering to the pre-
cautions outlined in section II-A. Remove the lock from the trigger
and make certain the handle is indexed at the standard or safe -

position. This position of the source rod will always be used to i
obtain the standard counts, i.e. MS (Moisture Standard) and DS _--
(Density Standard). *

c. Turn the PWR/ TIME switch to SLOW. The standard counts will always kbe taken in the SLOW position. The notation BAT will appear of the
,-

The notation BAT will appear on the left side of the display if the 5
instrument batteries are in need of a recharge. j

d. Allow at least 10 minutes to elapse after powering the instrument -

before taking the standard counts.
-

e. A set of standard counts can be accumulated as follows:
1) depress and hold the key labeled SHIFT, '

2) depress the STANDARD key and release it, _1
3) release the SHIFT key. '

:

Use your finger tip, NOT the point of a pencil or other sharp object. ;
The SHIFT and STANDARD / MEASURE keys are interlocked to prevent

-accidental initiation of a standard count. Observe that the notation
ERR appears in the upper left corner of the display.

f. Depress MS or DS. Assuming that the ERR notation still appears, one
can watch the accumulation of the standard counts. This accumulation -

will also be seen in the MC and DC registers. At the end of the SLOW
time period (4 minutes) the standaru counts will be retained in _.

memory until another set is taken or the instrumer.t is turned off. }
g. When ERR disappears, depress DS. The number which appears is the -

density standard count and should be within 2% of the density
standard count as noted on the factory calibration data sheet. This -

assumes that the background radiation levels are the same as the ;

factory area. This count will decrease at a rate of 2% per year from ?
the date of calibration, due to decay of cesium-137.

Depress MS. The displayed number is the moisture standard count and !
should be within 4% of the moisture standard count as noted on the i
factory calibration data sheet. Since the half-life of americium-241 7_
is very long, this count should not normally decrease with time. I

k

TR0XLER 2-11
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II-A-3. 3411-B CONTROL FUNCTIONS AND OPERATION (cont'd)

Both standard counts may change with time due to aging of the I

detectors, which affects their efficiency, and long term changas in
the high voltage and counting threshold. Since all calibration and
measurements are made as ratios to the Reference Standard, these
changes will not affect the calibration. A log should be kopt of
-the gauge with a record of-the standard counts. Any sudden change
-in either of the numbers may indicate a defect in the instrument.

.h. Remove the gauge from the Reference Standard and place it on a
smooth surface (concrete, asphalt or compacted soil). Depress the
trigger and move the handle to the backscatter position. Be certain
that the trigger is indexed into the slot in the index rod and not
pushed below the slot .with the tip of the source rod resting on or
-in the material being tested. This is easily determined by pulling
up and down on the - handle without depressing the trigger or by
noting that the padlock hole in the trigger is fully outside of the
handle body.

. .,
~

~ ,

1. Set PWR/ TIME. on NORM 'and-depress MEASURE. Note that ERR appears in
the display. At the end of the NORM time period (1 minute), ERR

will disappear and the moisture and density measurement counts can
be displayed by depressing MC and DC respectively. Note that MS and
DS are still contained in memory and may be displayed at any time by
depressing MS and DS. They will remain until the instrument is
switched 0FF or until another set of standard counts is
accumulated.

j. You have now completed a moisture measurement and a backscatter
density measurement. If on soil, a moisture and direct transmission
density measurement could have been performed by punching a hole
using the drill rod, guide, and a hammer. The source rod is then
inserted into the prepared hold to the proper depth. The hole for

1 .
the source rod should always be at least 50 mm (2 inches) deeper

" that the depth for measurement.

* * * CAUTION * * *

WHEN DRIVING THE R00 INT 0 S0IL, BASE MATERIAL OR HOT
ASPHALT, REMEMBER THAT YOU ARE DRIVING A STEEL PIN
WITH CONSIDERABLE FORCE. THIS PIN WILL WORK HARDEN -

OVER A PERIOD OF TIME AND PRODUCE METAL CHIPS WHICH
COULD CAUSE INJURY TO THE OPERATOR OR BYSTANDERS.
THE USE OF SAFETY GLASSES IS STRONGLY ADVISED.

_ . _ _ .
TROXLE]2-12
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II-A-3. 3411-B CONTROL FUNCTIONS AND OPERATION (cotit'd)

k. The 3411-B can display computed results in either PCF or SI(kg/m ).3

The SI/PCF switch that allows the operator to change from one system to
the other is located behind the module panel on the lower right corner
of the circuit board. This switch is accessed by removing the module.
Refer to figure 2-3 for the exact location of the switch. |

The data may now be processed to obtain the desired parameter.

Set the Depth switch on BS and M0ISTURE CORRECTION on +00.
Depress WD and the value of the wet density will appear in
the display. Depress 00 and the value of dry density will
appear. Repeat for M (moisture content) and 7.M (percent
moisture). If the measurement was ' made on concrete or
asphalt, the moisture content obtained should be low and
represents the water equivalency of the hydration of the
concrete or the hydrogen content of the asphalt mix.

Note: If a computation produces a negative result, a (-)
symbol will appear on the left side of the display.

'

Note that the FAST time period (0.25 minutes) could have been used. The
displayed values for the counts and computations would have been the
same (the electronics adjust for the different time periods) but there
will be a statistical difference in the results. The FAST test time may
be used where only density is involved, since the expected total error
is not much improved by the difference in time. However, where
moistures are required, it is advisable to use NORM in order to obtain
the necessary accuracy for the percent moisture. These relative errors
are in Section I-C.

1. Note that the values obtained for moisture are uncorrected for chemical-
ly bound hydrogen and may be in error. Section IV will discuss the
methods of correcting these values.

m. In'the event an accumulation or processing error occurs, the ERR symbol
and a two digit error code will be flashed on and off. A list of the
error codes and possible causes is in section II-D. One should read
these codes and become familiar with corrective actions.

Note: If an error occurs during an accumulation period,
the count will be terminated and a flashing error code
will appear. Since one or both of the counts may be in
error, calculations will be inhibited until another set of
counts is taken. If recovery from the error condition is
made by depressing a display key (MS, DS, MC, or DC) the
" ERR" symbol will remain and calculation will still be
inhibited.

TR0XLER 2-13
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II-B. USE OF %MA AND %PR FUNCTIONS

IThe % of Marshall and % of Proctor functions are controlled by the top row
of keys and the SHIFT key. The calculations preformed by the %MA and %PR
keys are shown below.

% MA = X 100

% PR = X 100

Where z is a user defined value.

To read or change the value of z, depress and hold the SHIFT key while you
momentarily depress the' SET key. The display will now show the value of z
in kg/mJ or PCF depending on the position of the SI/PCF switch.

When the gauge is first powered up, z is preset to a value of 2000 kg/m3
(124.8 PCF).*

The processor will display the value of z for approximately 5 seconds
after the last depression of the SET key. If you wish to change the value
of z, then depress and hold the SET key while the processor. is in the
" display z" mode. The display will change the value of z as long as the
SET key is depressed. The direction of this' change (increase or decrease)
is determined by the position of the MOISTURE CORRECTION +/- switch. If
the SET key is depressed for longer than 5 seconds the rate of change
increases to over 10 times the slow rate. This makes it easy for the user
to rapidly offset z by large amounts. The rate of change returns to the
slow rate each time SET is released. After the desired value of z has
been obtained, the %MA and %PR functions can be used by pressing the SHIFT
key and then the %MA and %PR key.

Note: The %PR key can also be used to compute the % Solids if the
"voidless density" of the material can be determined. The "voidless
density" is the density of the material if no air void were present. The

equation would be:
D

% Solids = x 100
z

In this case "z" is the user preset value. This value is preset by the
method shown above.

2-14 TR0XLE



-.

II-C' 3401-B TEST FUNCTIONS.

The 3401-B has- a built-in test . feature which can be used if defective
- operation is suspected. This test may not be conclusive but it' should

help isolate- the defect to either the 3401-B Scaler Module or the gauge
base.. The test results will also aid factory personnel to diagnose the
problem.

Since the count rate .from the moisture .and density modules . varies under
. normal: conditions, .it is necessary to substitute a signal of known rate
for testing purposes. This is accomplished by the TEST / MEAS switch.

Loosen the four- thumbscrews and lift - the electronic module out of the
base. Refer to figure 2-3 and locate the TEST / MEAS switch. Place the
switch in TEST and replace the module.

Place the PWR/ TIME switch on FAST and depress START. At the end of 0.25
minutes, a count of 8192 should be stored in both the densi_ty and moisture
registers.- Place PWR/ TIME on NORM _and repeat. After one minute, 8192

'should be stored in .both registers. Place PWR/ TIME on SLOW and repeat for
the same count after four minutes.

. If the scaler accumulates the correct- count in both registers for the
three time positions, then you can be reasonably confident that the scaler
module is-functioning correctly.

.II-D.'3411-B TEST FUNCTIONS

The 3411-B.contains a uP (Microprocessor) which controls the majority of
the instrument's functions. The uP, in conjunction with its crystal
oscillator, provides the time standard for the accumulation cycle. The uP
also updates the display, accumulates the moisture and density data
counts, responds to the keyboard and rotary switches, and generates error
codes if improper operation is detected. Therefore, the uP must be opera-
tional before any test can be performed. Fortunately, if the uP fails, it
normally fails catastrophically. If the display indicates four zeros when
the instrument is turned on, the uP is probably working normally.

TROXLER 2-15



II-D-1. SELF-TEST ROUTINES

If the uP is working, there are three self-test routines that can be
used to verify proper operation. To enter the routines it is necessary
to depress the SHIFT key and, while holding the SHIFT key down, depress
the TST key. Each repeated depression of the SHIFT and TST keys, index-
es to the next test. To return the instrument to the normal mode of
operation, depress the SHIFT key and, while holding the SHIFT key
down, depress and release the STANDARD key. Now release the SHIFT key.
The instrument will also return to the normal mode of operation if it

- is turned off and on again.

II-D-1-a. DISPLAY TEST

This routine produces a
cyclic number sequence Q
that ripples across the 3
displ ay. The exact |] |
sequence is shown in g ih,figure 2-5. By watching U
each digit " count up" you n i3 3
can verify that the LCD U i L _A
(Liquid Crystal Display) : J3U
and its associated 88- 8 8

electronics are operating 2345properly.
3455
455 ! REPEAT
5518
5789
189
89
9

i

el
""I . W.

Display Test Sequence
Figure 2-5

2-16 TR0XLER
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11-0-1. SELF-TEST ROUTINES (cont'd)

Il-D-1-b. ROTARY SWITCH TEST

Assuming that the display test above is correct, this routine can be
used to verify that the pP is reading the rotary switches correctly.
The uP reads the rotary switches and indicates the switch position
via the display. The display format is shown in figure 2-6. Simply
rotating a switch and watching the corresponding location on the
display is all that is necessary to verify correct operation. A
blank indicates a defective switch position.

Position of I
"+/- Switch-

%M %.- )

Position of Position of M0ISTURE_ ,_

DEPTH Switch CORRECTION Switches

Rotary Switch Test Format
Figure 2-6

II-D-1-c. KEYBOARD TEST

This routine will display "--- " until a key is depressed. As long
as the key is depressed a two dig'it code is shown in the display.

'_ The code' indicates the row and column of the depressed key. The left
digit is the row. Figure 2-7 shows the keyboard and the key codes
produced by the test routine. If other codes are produced or, if
only one code is shown and does not change, the keyboard or
associated circuits are defective.

.

11 12 13 14

21 22 23 24

31 32
|
t

KEY CODES FOR KEYBOARD TEST ROUTINE
'

Figure 2-7

TR0XLER 2-17
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1I-0-2. ERROR CODES

-If the pP detects an error condition it will halt normal operation and
begin indicating .an error. code via the display. The ERR symbol and a
two digit error code are flashed on and off. The table below shows the

Jerror codes and probable causes. If.a hardware failure is indicated by
the error code, . refer to section 11-0-1 and use the self-test routines,

'for help in isolating the fault condition.
.

I ERROR-

CODE INDICATED FAILURE MODE PROBABLE CAUSE4

01 System failed internal test Hardware failure
condition on pP Memory board

02 Accumulated number exceeds Position of PWR/ TIME switch was
display size changed during accisnulation

Hardware failure on I/O boardi-

10,11, Bad keyboard-input Two keys depressed, defective~

or 12 keyboard or hardware failure
on I/O board

,

20 vP tried to evaluate the Uncalibrated depth
log of a negative number selected by DEPTH switch

!'

30 vP attempted to divide by No standard counts in the
zero MS a DS registers

31- Negative overflow in Incorrect depth selected
division by DEPTH switch

Standard or measure counts '

are not valid

: 32 Positive overflow in Same as above
division'

40 Invalid input from M0ISTURE Switch failure, hardware
CORRECTION switches failure on I/O board, or

operator induced error ,.

during chain calculations

41 InvakidinputfromDEPTH Same as above
switch

4

* * * * *e+-m - , - , , , , . . . _ , _ , . . . . , _ , , , , , , , , , , , ,
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II-D-3. OSCILLATOR AND PRESCALERS- |

As mentioned in- the _first paragraph of Section .II-D., the pP and its
crystal ,oscilator provide the time standard for the instrument. To
check the oscillator- and the mot _sture and density prescalers, first

. remove the electronic module and refer to figure 2-4 for the location of
.

the TST/ MEAS switch. Slide the switch to the TST position and replace . !

the module. Place the PWR/ TIME switch on FAST. Depress the SHIFT key
and,- while holding the SHIFT key down, depress the STANDARD / MEASURE
key.J At the end of 0.25 minutes, a 14646 12 count should be in the MS,
DS, MC and DC registers. Place the PWR/ TIME switch on' NORM and repeat.
At the end of one minute,14646 should again be stored in the registers.
Place.PWR/ TIME on SLOW and repeat for the same. indication at the end of
four minutes.

11-0-4. PROCESSOR COMPUTATIONAL CHECK

Supplied with the instrument is a._ sheet labeled 3411-B TEST VALUES. The
results on this sheet where computed by a large mainframe computer.
Because of differences in machine precision, algorithms, and round-off
routines; the results shown on this sheet may not agree exactly with the
3411-B ' results. Also because of the range of numbers that can be ;

displayed by the 3411-B, the %M calculation may produce an overflow
condition. This overflow condition may exist when DC/DS = 1.0 and MC/MS '

= 1.0..
,

i

Place' the PWR/ TIME' switch on FAST and depress the SHIFT key. While
holding the SHIFT key down, depress the STANDARD / MEASURE key. At the
end of 0.25 minutes, verify that DS = DC and MS = MC. The actual
magnitude of the numbers isn't important. Also the TST/ MEAS switch can
be in either position. Place the DEPTH switch on "BS" and the MOISTURE
CORRECTION switches on "00".- At this time the processor results for WD,
0D, M and %M-should agree with the TEST VALUES sheet. Repeat this test
for other DEPTH postions and "+99" and " 99" values of MOISTURE-

CORRECTION.

If the proper results are obtained, the processor operation is correct.
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II-E. USE OF DISPLAY HEATER.
1

Early L production units of the 3401-B a' d 3411-B used a Liquid Crystaln i

Display (LCD) that had definite temperature limitations. 1

i the factory) production units (and any replacement displays obtained fromThe current.
do not have this temperature limitation and therefore do not

- need the display heater. | Also the electronic circuitry and heater switch
are not contained on current units.

The. followi_ng connents apply only to units .which contain the display
heater. For the location of the heater switch, refer to figure 2-3 for a
3401-B and figure 2-4 for a 3411-B.

The LCD used in-this instrument has definite temperature limitations.
Storage temperatures outside of these limits cause no damage to the
display, but it will not be functional outside of these limits.

At some temperature between 75'C.(170*F) and 85*C (185'F), the
display will turn dark over the entire face to the extent that it

. . .

cannot be read. At these temperature other portions of the- system'

may.cause problems and, of course, the ambient should never reach
this. temperature. If the gauge is used on hot. asphalt, the internal
temperature may reach 60*C (140*F), but-if the sunlight'is bright and
shining directly on the . face of the display, the additional energy
absorbed by the display may sufficiently elevate its internal temper-
ature to the point of blacking out. This can be aleviated by turning
the face of the gauge away from direct sunlight or otherwise shading
the display.

Around 0*C (32*F) the display will require several seconds- to change
numbers and at -10*C (15'F) a minute or more will be required. Under
these low temperature conditions, which seldom occur in field use,
some external heat is required to warm the liquid.

'There-is a 0.7 watt heater attached to the display >which will allow
Ose at ambient temperatures down to -10*C (15*F) with little or no
delay. When switched on, a HTR symbol will appear on the display to
remind the operator of the power being consumed. The heater is
turned off by the normal power switch and low-battery shutdown
circuits.

,

i

i
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III. 3401-B FIELD MEASUREMENTS -

The importance of obtaining a set of accurate standard counts can _not be
- over emphasized. The accuracy of measurements made with this instrument is
directly related to the accuracy of the reference counts. Review section-
II-A-1 if you are not familiar with this procedure..

III-A. DAILY STANDARD COUNT

Turn the PWR/ TIME switch to the SLOW postion and locate the instrument on
the Reference Standard as shown _in figure 2-2.

Remove the lock from the trigger and make certain that the handle is index-
' ed in the standard or safe position.

Do not proceed unless gauge power has been on for at least 10 minutes.
This time is to allow. stabilization of the regulators and detectors.

With the PWR/ TIME switch at SLOW, press START. After 4 minutes the ERR
symbol will disappear and either the moisture or density standard count
can be displayed by turning the DISPLAY switch to the desired position.-

These counts mJst be recorded on the daily work sheet since they will be
used in computations at a later time. The counts should also be recorded
in the gauge log.

In general, a sudden shift of more than 1% in the density standard count
or .2% in the moisture standard count, as compared to the average of the
previous four sets, would indicate some abnormality in gauge operation or
procedure.

If an instablility is suspected, four or five sets of standard counts may
be run in the field. If the highest and lowest counts are different by
more than 25 for density or 12 for moisture, the gauge should be returned
to _ the laboratory and a complete stability check run as explained in
Section VIII-E.
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III-B. SITE PREPARATION
?

.
, .

i
In order to obtain optimum accuracy from the gauge, site preparation is
normally required. The method for site preparation varies,' depending on
the surface and the type test to be performed.

III-B-1. EMBANKMENT OR SUBGRADE

Using the scraper plate supplied with the instrument, carefully scrape
- the surface to a smooth condition, removing all dried and loose material
If the scraping action dislodges surface stones, remove them, fill. thet

voids with fine material and lightly tamp the surface.

Place the scraper; plate in the middle of the site and drive the drill'

rod into the-soil using a four pound hammer. Placing one foot on the
plate will prevent it from slipping or otherwise damaging the site by
allowing the drill rod to move .from side to side. The rod should be
driven into the soil at least 50 mm (2 inches) further than the depth of,

measurement.
4

* * ** * * CAUTION
WHEN DRIVING 'THE R00 INTO SOIL, BASE MATERIAL OR HOT
ASPHALT, REMEMBER THAT YOU ARE DRIVING A STEEL PIN
WITH CONSIDERABLE FORCE. THIS PIN WILL WORK HARDEN'

OVER A ' PERIOD OF TIME AND PRODUCE -METAL CHIPS

WHICH COULD CAUSE INJURY TO THE OPERATOR OR BYSTANDERS.-

THE USE OF SAFETY GLASSES IS STRONGLY ADVISED.

In most cases, the rod can be withdrawn simply by pulling upward on'

.the rod cap. If-required, the scraper plate can be lifted up and used'

- to lightly. tap and pull the rod from the soil. Care should be used to
prevent. damage to the hole.

Place the instrument over the site so that the source rod lines up
with the hole. Depress the trigger and push the handle down to the
properly indexed position at the desired depth. With the operator

facing the . scaler module, pull the gauge towards the operator to seat
the source rod against the side of the hole.

,

3-2 TROXLEj-



.. .- - . . . . . . -. .

! .

III-B-2. BASE OR SUBBASE

In most cases, the site preparation is the. same as for embankments with
the exception .that more filling may be necessary for surface voids.
Graded sand or other material may be necessary in order to obtain a
filled surface.

Situat:fons may occur in which it is impossible to drive the drill rod
. into the material- without destroying the _ surface. In this case, it will
be necessary to use the backscatter geometry.

Under backscatter conditions, site preparation must be more thorough and
all _ voids. filled as closely as possible to the same or similar density .
as the compacted material. The gauge must not rock on its base when
seated.

i

When the source rod is indexed into the backscatter position, be care-
. ful not to bypass the detent and force the source rod tip on or into the
! material.
|

III-B-3. ASPHALT PAVING

When using a. nuclear instrument for compaction control of asphalt
paving, the Control Strip Method outlined under section V is 'recomend-
ed; however, there may be a time when direct density measurements are

; desired. If the compacted lift is is at least 50 m (2 inches) thick,
! the direct transmission' geometry is recommended. If a thinner wear
( _ layer or blanket is involved, the backscatter geometry is more
| appropriate.
I

In both cases, and paricularly backscatter, site prepa' ration consists of
filling the surface voids with the minimum amount of graded sand requir-
ed to produce a smooth condition. It is important not to elevate the
gauge above the surface b~ ' applying too much filler material. An easy-y
way of accomplishing proper seating is to put a handful of sand in the-

surface and slide the scraper plate or gauge base back and forth on the
site to remove excess material.

While'the paving is still h6t or even within a few' day's after installa-
tion, it is not difficult to drive the drill rod into the paving. After

i curing, it .may become necessary to drill the hole or use backscatter
-methods.

u
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III-C." DATA ACCUMULATION )

b LWith the gauge properly, seated ~ on the prepared site, turn the PWR/ TIME
switch to NORM and depress START. The ERR symbol will appear for one

. minute. When the' timing period expires, turn the DISPLAY- switch to dis-
play the moisture. count and density count. Read and record these counts
under the heading of MC for Moisture Count and DC for Density Count.

If the' measurement was made on asphalt paving or other materials where
moisture _ was not a factor, one could have used the FAST timing of only

-0.25 minutes.

LA moisture measurement ~ o'n . asphalt paving will include the hydrogen
. contained in both the asphaltjand any water that may have infiltrated the
surface from rain or a wetted . roller. Assuming the material is free .of
water, the moisture count will be an indication of the asphalt content;

' .7 however, the precision is only in the order of 0.5 percent asphalt and not
usable as a measurement.

~ III-D.~ DATA CONVERSION

Using a hand calculator or slide rule, divide -the recorded value of DC by
DS'to obtain.a count ratio. Refer to the proper page of .the calibration
tables, and using the count ratio, obtain the value for the wet density
-(WD) of the material.

Using the values of MC and MS, obtain the ratio and refer to the moisture
. calibration table to obtain the moisture content (M) of the material.
.This value is uncorrected for offset due to hydrogen other than that
contained in water. This correction will be covered in section III-E.

Using the values of WD and M, obtain the dry density (DD) by subtraction:

DD = WD - M.
,

LUsing DD and M, obtain the percent moisture (%M) by division:

;. %M = h x 100
i

If.the original measurement had been made on asphalt paving, it would only
be necessary to obtain the WD value.

i

t

1

(

.-
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III-E. CORRECTIONS

'It may be necessary to correct the measurements due to composition of the
material or hydrogen content of the dry material. This may be accomplish-
ed by comparison to sand cone and oven dry or other methods of test
acceptable to the user.

III-E-1. DENSITY CORRECTION

Only on a very few occasions will it be necessary to correct the wet
vensity measurement. This will probably occur with material which may
be composed of industrial waste, mine tailings or similar material
having a chemical composition which is different than the normal range
of soils.

A comparison may be made between accurately controlled sand cone and
nuclear densities or by compacting soil in a box and ' measuring the
density by weighing and by nuclear. The box size should be at least 450
x 450 mm (18 x 18 inches) and 100 mm (4 inches) deeper than the depth
of measurement. The material should be at optimum moisture.

,

If a field sand cone is used, the correction factor should be the
average of four or more comparisons between conventional and nuclear.

. Multiple tests must be used to improve the precision of both types of
tests. Reports of standard deviations (68.3% confidence level) for
conventional tests range from 4.2% for the small water balloon down to
1.2% for the glass jar and funnel. The deviations for the 7 inch and
10 inch sand cylinders are about 0.6%.

The correction factor obtained should be applied as a plus or minus
figure to the measured wet density.

:

I
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III-E-2. M0ISTURE CORRECTION

The correction for moisture content is a little more complicated since
the gauge measurement is in volumetric' units, whereas, the oven dry is a
percent of dry weight.

First, one must assume that the gauge wet density is accurate or has
been corrected as noted above. Next, measure the moisture content in
PCF with. the gauge at four or more sites which are 'close to optimum

- moisture. Remove a soil sample from each site and determine the percent
moisture by oven dry. The minimum recommended sample size is 500 g (1
pound). The moisture content can now be computed by:

%M x WD3,
%M + 100

where: WD = Gauge Wet Density
%M = Oven Dry Percent Moisture

The correction factor.can now be obtained by taking the difference be-
tween the gauge moisture and the computed moisture.-

It is necessary to apply the correction factor at the gauge moisture
level in order to obtain the correct wet density. 'The correction factor
obtained is strictly ~ valid only at the same values of wet density and
moisture content so they should be obtained as close as possible to op-
timum-compaction.

In reality, the moisture correction factor is a variable related to the
dry density since the material causing the error is a part of the soil
and not a part of the contained water. While it is possible to obtain
a correction factor related to dry density, the application in the-field.

is too complex for rapid use. - Generally speaking, the correction factor
obtained above is satisfactory since field measurements will be at
approximately the same degree of compaction as the optimums.

-

O

a

f
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IV. 3411-B~ FIELD MEASUREMENTS

The importance of obtaining a set of accu' rate standard counts can not be~

over emphasized. The accuracy of_ measurements made with this instrument is
directly related to the accuracy of the standard counts. Review section
II-A-1 if you are not familiar with this procedure.

IV-A. DAILY STANDARD COUNT

Turn the PWR/ TIME switch to the SLOW postion and locate the instrument on
-

the Reference Standard as shown in figure 2-2.

Remove the lock from the trigger and make certain that the handle is index-
~

ed in the standard or- safe position.

Do not proceed unless gauge power has been on for at least 10 minutes.
This time is to allow stabilization of the- regulators and detectors.

With the PWR/ TIME switch set on SLOW, a set of standard counts can now be
accumulated. This is accomplished by:

1) depressing and holding down the key labeled SHIFT,

2) depressing the STANDARD / MEASURE key and then releasing it,

3) releasing-the SHIFT key.

The SHIFT and STANDARD / MEASURE keys are interlocked to prevent accidental
initiation of a standard count.

After four minutes, the ERR symbol will disappear and the moisture and
density -standard counts can be displayed by depressing MS and DS
respectively. These counts should be recorded in the gauge standard
count log, but they will remain in the memory unless the' power is
switched 0FF.

'

In general, a sudden shift of more than 1% in the density standard count
or 2% -in the moisture standard count, as compared to the average of the
previous four sets, would indicate some abnormality in gauge operation or
procedure.

If .an instability is suspected, four or five sets may be run in the
field. If the highest and lowest counts are different by more than 25
for density or 12 for moisture, the gauge should be returned to the
l aboratory and a complete stability check run as explained in Section

'XIII-E.

f

TR0XLER 4-1
- t * " e-- -' mym-er--TM "ee?F e' **-T- r r * Wr 4--*-----+-'? -- -*-'m+"



. - L - L.
'

IV-B. SITE PREPARATION

In order to obtain optimum accuracy from the gauge, site preparation is
normally requi-ed. The method for site preparation varies, depending on
the surface and the type test to be performed.

IV-B-1. EMBANKMENT OL SUBGRADE

Using the smpor plate supplied with the instrument, carefully scrape
the surface ta a smooth condition, removing all dried and loose materi-
al. If the s.. raping action dislodges surface stancs, remove them, fill
the voids wita fine material and lightly tamp the surface.

Place the scraper plate in the middle of the site and drive the drill
rod into the soil using a four pound hammer. Placing one foot on the
plate will prevent it from slipping or otherwise damaging the site by
allowing the drill rod to move from side to side. The rod should be
driven into the soil at least 50 mm (2 inches) further than the depth of
measurement.

* * * CAUTION * * *

WHEN DRIVING THE R00 INTO S0IL, BASE MATERIAL OR HOT
ASPHALT, REMEMBER THAT YOU ARE DRIVING A STEEL PIN
WITH CONSIDERABLE FORCE. THIS PIN WILL WORK HARDEN
OVER A PERIOD OF TIME Afl0 PRODUCE METAL CHIPS
WHICH COULD CAUSE INJURY TO THE OPERATOR OR BYSTANDERS.
THE USE OF SAFETY GLASSES IS STR0ilGLY ADVISED.

In most cases, the rod can be withdrawn simply by pulling upward on the
rod cap. If required, the scraper plate can be lifted up and used to
lightly tap and pull the rod from the soil. Care should be used to pre-
vent damage to the hole.

Place the instrument over the site so that the source rod lines up with
the hole. Depress the trigger and push the handle down to the properly
indexed position at the desired depth. With the operator facing the
scaler module, pull the gauge towards the operator to seat the source
rod against the side of the hole.
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XV-B-2. BASE OR SUBBASE'

In most cases, the site preparation is the same as for embankments with
the exception .that more filling may be necessary for surface voids.

' Graded sand or other material may be necessary in order to obtain a '

filled' surface.
.

. Situations may occur-in which it is impossible to ' drive the drill rod
into..the material without destroying the surface. In this case, it will

' be necessary to use the backscatter geometry.

Under backscatter conditions, site preparation must be more thorough and
all' voids filled as closely as possible to the same or similar density
as the compacted material. The gauge must not rock on its base when
seated.

When the source rod is indexed into the backscatter position, be careful
not to bypass the detent and . farce the source rod tip on or into the
material.

-IV-B-3. ASPHALT PAVING

.When using a nuclear instrument for compaction control of asphalt pav-
ing, the' Control Strip Method outlined under section .V is recommended;
however, there may be a time when direct density measurements are desir-
ed. If the compacted lift is is at least 50 m (2 inches) thick, the
direct transmission geometry is recommended. If a thinner wear layer or

. blanket is . involved, the backscatter geometry is more appropriate.

In both cases,.and paricularly backscatter, site preparation consists of
filling the surface voids with the minimum amount of graded sand
required to produce a smooth condition. 'It is important not to elevate
the gauge above the surface by applying too much filler material. . An
easy way of accomplishing proper seating is to put a handful of sand in
the surface and slide the scraper plate or gauge base back and forth on

,

the site to remove excess material.

-While'the paving is still hot or even within a few days after installa-'

! tion, it is not difficult to drive the drill rod into the paving. After
curing, it may become necessary co drill the hole or use backscatter
methods.

i
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IV-C. DATA ACCUMULATION

' With Lthe gauge properly seated . on the ' prepared site, turn PWR/ TIME to
NORM and . depress MEASURE.- The ERR -symbol will appear for one minute.
Whenithe timing -period expires, depress MC and DC to display the ;

moisture count- and density count respectively. Depressing MS or DS will i

; display the standard counts which were previously taken and stored.

If the measurement was made on asphalt paving or other materials where
moisture 'was not a factor, one could have used the FAST timing of only'

0.25 minutes.
' A moisture measurement on asphalt paving will include the hydrogen
; contained in both the asphalt and any water that may have infiltrated

the surface from rain-or a wetted roller. Assuming the material is free
of water, the moisture count will be an indication of the asphalt
content; however, the precision is only in the order of 0.5 percent

,

; asphalt and not usable as a measurement.
,

_IV-0. DATA CONVERSION
-

'

Set the DEPTH sw1tch to the same depth which was used to take the
!- measurenent, set the MOISTURE CORRECTION switches to "00".

The processor is now ready to process the count data. If your
instrument was shipped within the U.S., it is set up to display in U.S.
Customary Units (PCF). If it was shipped outside the U.S., it should be

: 3
| 1 set up to display SI Units (kg/m ). If the results appear in the wrong
| units for your use, release the four thumbscrews' which retain the .elec-
| tronic package. Behind the front panel on the lower right side there is'a
H slide switch labeled SI and PCF. Place the switch in -the desired mode.

Replace the electronic assembly.

I (00), Moisture Content -(M) and Percent
Wet Density-)(WD), Dry Densitycan now be computed and displayed by depressing the desiredMoisture (%MI-

key. Since the moisture content has not been corrected for soil hydrogen,
00, M and %M may be in error. Section IV-E explains the procedure for

,.

|- correction.

If asphalt paving was involved, only WD applies for compaction control
since DD would reduce the density by some value of M dependent on the i

'

! asphalt content.

Since the %MA and %PR functions are dependent on the preset " optimum

|-
density", it is advisable to check this value before using these func-

L
tions. Refer to section II-B if you are not familiar with this procedure.

!

If the preset " optimum density" is correct then the %MA and %PR functions
can be used by pressing the SHIFT key and the %MA or %PR.

1

L
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IV-E. CORRECTIONS

It may be necessary to correct the measurements due to composition of the
material or hydrogen content of the dry material. This may be accomplish-
ed by comparison to sand cone and oven dry or other methods of test ac-
ceptable to the user.

-

IV-E-1. DENSITY CORRECTION

One of the possible density errors which normally requires correction is
automatically taken care of by the data processor in the 3411-B. Hydro-
gen in the measured material creates an error in the density measurement
due to the high mass attenuation coefficient as compared to other
elements found in soil. During the data processing, the true hydrogen
density is evaluated prior to any corrections for moisture content. The
hydrogen density is used to correct the WD for this possible error and
significantly improves the density accuracy.

If density corrections are still required on some materials, it will be
necessary to manually apply the correction and perform the computation
of DD and %M. This will probably occur with material which may be com-
posed of industrial waste, mine tailings, or similar material having a
chemical composition which is different than the normal range of soils.

A comparison may be made between accurately controlled sand cone and
nuclear densities or by compacting soil in a box and measuring the
density by weighing and by nuclear. The box size should be at least 450
x 450 mm (18 x 18 inches) and 100 mm (4 inches) deeper than the depth
of measurement. The material should be at optimum moisture.

If a field sand cone is used, the correction factor should be the
average of four or more comparisons between conventional and nuclear.
Multiple tests must be used to improve the precision of both types of
tests. Reports of standard deviations (68.3% confidence level) for
conventional tests range from 4.2% for the small water balloon down to
1.2% for the glass jar and funnel. The deviations for the 7 inch and 10
inch sand cylinders are about 0.6%.

The correction factor obtained should be applied as a plus or minus
figure to the measured wet density.
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IV-E-2. M0ISTURE CORRECTION
,

1

The 3411 has a " built-in" provision to allow the insertion of a "K"
factor to correct for hydrogen in the measured material which is not
contained in the free water removed during standard oven drying proce-
dures. This correction factor as used with other types of equipment is
a function of the dry density and is only valid for one value of dry
density. The correction used in the 3411-B is independent of dry densi-
ty and correctly adjusts the apparent moisture to a true moisture,
regardless of the dry density.

There are two methods of arriving at the correction factor. The first
and easiest method makes use of the data processor to arrive at the
value of "K".

Assuming that the soil is a type which allows an accurate " fast dry",
a sample can be taken from under the gauge and a value of %M obtained
while the count data is stored in the gauge memory.

Depress %M; if the displayed value is higher than the value obtained
from the " fast dry", set the sign switch on " ". Use "+" if the comput-
ed %M is lower than the " fast dry". Increment the M0ISTURE CORRECTION-

switches beginning with 00 until the computed value is equal to the
" fast dry" value, and record the final switch setting. Repeat this pro-
cedure for four or more sites and average the "K" values. This average
can now be set up as the MOISTURE CORRECTION constant and used for all
future tests on this soil.

An easy way to set the M0ISTURE CORRECTION switches is to depress and
hold down the %M key while turning the correction switches. This places
the processor in a continuous calculate mode. If Error 40 appears while
adjusting the switches, release and depress the key again. Error 40
occurs if the processor attempts to read the switches at the instant the
switch was rotated between detents.

If " fast dry" methods are not available in the field, then four or more
gauge 7.M measurements will have to be made with the M0ISTURE CORRECTION
switches set to "+" 00. Samples from each site should be taken to the
laboratory for the oven dry. The minimum recomended sample size is
500 g (1 pound). Care should be taken to keep the samples from drying
out.

I

For each sample the K factor can be computed by:

K = %M (True) - %M Mauge) X 1000
%M (Gauge) + 100

The final value of K should be the average of four or more samples
rounded to an integer. The value will fall between -99 and +99.

g v da A m Ag be. (A

This value is then set into the gauge M0ISTURE CORRECTION switches and
used for all measurements on the particular soil.
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V. SPECIAL USE PROCEDURES

V-A. TRENCH MEASUREMENTS

When a nuclear moisture-density gauge is operated close to large verti-
cal structures, the moisture counts obtained 'may not be valid. The
problem arises because hydrogen bearing material, located above the
gauge base, reflects a small percentage of neutrons back toward tne
detector. The 3400-B Series was designed to minimize these effects.
Generally speaking, the gauge may be used next to a vertical, massive
structure with the back of the instrument no closer than 150 mm (6inches) from the wall face provided there is no additional structure
within 3.6 meter (24 inches) of either gauge side. The error, in this
situation, will be no greater than 16 kg/mJ (1 PCF) in either moisture
or density due to effects of the wall.

In trenches of 1.2 meters (48 inches) or more in width, where the walls
contain not more than 240 kg/m3 (15 PCF) water, no special procedures
are required for any mode of operation if the gauge is place in the -

center of the trench. For trenches with a width down to 0.6 meter (24inches), direct transmission will have no error due to sidewall effect
and the moisture error will be less than 24 kg/m3 (1.5 PCF).

Since the 3401-3 and 3411-B have identical bases, their susceptibility to
sidewall reflection is the same. Therefore the procedure for obtaining
the moisture offset value is similar. Once this value is obtained the
procedure for the two gauge changes. In the 3401-B the moisture measure
count must be manually adjusted for each measurement count. In the
3411-B the processor will automatically offset each moisture measure
count once a correction has been entered. The procedure for using each
gauge follows.

V-A-1. 3401-B TRENCH PROCEDURE
'

It is necessary to determine for the increase in the moisture count due
to the hydrogen bearing material in the trench walls. Once this -

difference has been found, this number will be subtracted from the
moisture measurement counts before the moisture ratio is determined.
The step-by-step procedure is shown below.

1) Obtain the daily standard counts following the steps outlined
in section III-A. If a valid set of standard counts has
already been obtained, they may be used. Note that the
standard counts are taken at a site away from the trench.

2) Enter the trench and take another set of counts with the gauge
placed on the reference standard at the desired test site. The
distance froa the wall must be the same as the area to be test-
ed. This count may be taken with the PWR/ TIME switch set on
NORM.

.
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V-A-1. 3401-B TRENCH PROCEDURES (cont'd)

3) Determine the moisture offset value by subtracting the moisture
standard count from the moisture count obtained in the trench.
This moisture offset number will be valid for all tests performed 1

at this site with the -gauge at the same distance from the wall.
. Record this number on the work sheet.

4) To use the moisture offset value it is necessary to subtract this
nunber from the moisture measurement count before you divide by
the moisture standard count.

V-A-2. 3411-B TRENCH PROCEDURES

It is necessary to determine the increase in the moisture count due to
the hydrogren bearing material in the trench walls. Once this differ-
ence has been found, it will be entered into the processor. The

processor will offset all future measurement counts by this number.
This is accomplished by presetting the moisture register to the

. negative number. at the start of a count. Once an offset has been
entered, you can see this effect by starting a measure count and
pressing- the MC key. . The counter will start at the negative number,
count up through zero, and then continue to count up.

1) Obtain the daily standard counts following the steps outlined
in section IV-A. If a valid set of standard counts has already
been obtained, they may be used. Note that the standard counts
are taken at a site away from the trench.

2) Enter the trench and take another set of standard counts with
the gauge placed on the reference standard at the desired test
site. The distance from the wall must be the same as the area
to be' tested. This count may be taken with the PWR/ TIME-
switch set on NORM.
Please note this test is made by taking measure count even-
though you are using the reference standard. Do not press the
SHIFT key as this would destroy the standard counts taken
previously.

3) Subtract the number in MS from number in MC. This difference
should then be set on the M0ISTURE CORRECTION switcheis. This
value is preset as a negative number into the moisture count
register (MC) by depressing and holding the SHIFT key and
depressing MC. The value set on the MOISTURE CORRECTION
switches should now appear on the display.
The entered value for moisture offset will be retained by the
gauge until; a) it is changed by entry of a new offset, b) a
new set of standard counts are taken, c) the gauge is turned
off.

The moisture offset value can be removed by setting the
M0ISTURE CORRECTION switches to "00" and entering this value.

BE SURE TO RETURN THE M0ISTURE CORRECTION SWITCHES T0 "00" 0R
.THE PROPER CORRECTION FACTOR AFTER ENTERING THE MOISTURE OFFSET
VALUE.
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V-B. CONTROL STRIP FOR SilBBASE, BASE, AND ASPHALT PAVING

Using the nuclear density gauge for compaction control of asphalt paving
! creates some problems due to the normal specification requiring 98% of
,

Marshall density. This is particularly true when ,the backscatter
geometry is used. With a liarshall density of 2240 kg/m3 (140 PCF), thet

; passing limit would be 2195 kg/m3 (137.2 PCF); but assuming a true
densjty of 2240 kg/m3 (140 PCF), the gauge could indicate 2175-219

expected error of 50-65 kg/mg
e

kg/m (136-137 PCF) based on the total
; (3-4 PCF). This can be overcome by correcting the calibration to account

for the composition error and by good site preparation to reduce the
surface roughness error. By doing this, the expected error can be
reduced to 15-25 kg/m3 (1 -1. 5 PCF) and allow the use of nuclear
testing.

The Virginia Highway Research Council developed an alternate meth0d which
now has been in use for many years and has proven to take advantage of
the fast testing capability of the instrument and eliminate the short-

- comings. The procedure involves the use of a " control strip" and, while
originally developed for paving, it may be used whenever plant mixed base
material is used. -

The normal procedure involves the selection of a test site 100 meters
(300 feet) long and the width of the paver. Compaction is accomplished

= with rollers and nuclear density gauge is used to measure density between
; passes of the roller. Compaction is continued until there is no further
t increase in density. At this point, the maximum density is determined by
; taking the average of 10 randomly selected sites on the control section.
:

: - Specifications for the project are normally established as 98% of the
control section density. Tests are usually run on 2800 square meter
(2800 square yard) sections and the average of five tests used to
establish passing conditions for each section. Each test must be 95% or
over, and the average must be 98% or over.

A new control section must be established when a change in the source of
the material has occurred or after 10 test sections have been approved.

,

i

:
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V-C. ROOF MOISTURE MEASUREMENTS

Ontil:recently, no satisfactory method has been available to determine i

the condition of built-up flat roofs :other than waiting for a leak to ,

appear or replacement- after- the design life has expired. Even when a--

'

leak 1 has occurred, it is sometimes ' difficult to determine the failed
section.

- While the 3400-B Series of. gauges can be used for roof moisture measure-
ments, Troxler Model :3205 Roof Moisture gauge should be -considered .if

~

roof measurements are to be performed routinely. The 3205 is a moisture-
'

. only gauge designed specifically for roof moisture measurements. It-is
-

much lighter than the 3400-B Series and has increased precision.

'Several procedures have been devised using the moisture detecting-

' capability of the nuclear moisture gauge to evaluate the degree of water
-migration within layers of a built-up roofing system. The most
practical- procedure-yielding the best results was devised by the U.S.
Army Engineer Waterways Experiment Station in Vicksburg, Mississippi on
projects under the Strategic Air Consnand.

: A 3 x 3 meter (10 -x -10 foot) grid is laid out on the roof and on a
- drawing of the roof. Nuclear moisture counts are then taken at the grid

-

-intersections.- - A frequency histogram is _ next plotted of all the data
points and used to separate the wet and dry areas. A typical bindal-
histogram is -shown in figure 5-1.

With this: type of. distribution, the 957. confidence limits can be estab-
lished for a normal' distribution.

The nuclear gauge, in addition to'its radiation statistics, measures the
hydrogen 11n the asphalt, organic felts and any wood structure. This
will produce a distribution of counts in ' the dry areas as shown in
. figure 5-1.-

,

Core samples are then taken in areas which indicate definite wet condi-
tions in order to obtain conversion factors to determine the amount of
moisture. involved.

* I

Under some conditions, a bimodal distribution may not be present and
additional samples may be required to separate the wet and dry areas. |

Once the " wet" threshold has been determined, the gridded roof drawing
.can then'be used to map the roof for repairs.

I
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V-D. THIN LIFT OVERLAYS

!

Thin lift overlays are becoming common on jobs requiring road mainten-;

ance or resurfacing, and on bridge deck overlays. Nuclear gauges when
used in the backscatter mode on overlays have certain limitations which

! must be overccmo in order to obtain correct densities. The problem' arises due to the depth of penetration of gama rays. The gauge " sees"
through the thin overlay and the underlying material influences the gauge

; reading.
.

Recognizing this gauge use problem, in 1976 Troxler Labs undertook a
study to determine the effects of thin overlays and to establish a
procedure for gauge use on overlays. A nomograph was developed which
allows rapid determination of overlay density. In order to obtain the
density of the top layer, it is necessary to know the density of the:

! bottom layer and the thickness of the top layer. The simplest method of
determining the bottom layer density is by taking nuclear density test
before the overlay is applied. Pavement is then placed and compacted.
Backscatter density tests are performed on the top of the pavement and
the mat thickness determined. With this data, the density of the top
layer may be determined from the nomograph.

If tests are performed on materials which have basically the same top and
bottom layer density, the nomograph is not needed. Also if the bottom
layer density is greater than the top layer density, the slope of the
line is reversed and the gauge " reads" a density greater than the true
density of the top layer.

* * NOTICE * *

These procedures and nomographs are applicable only to the 3400
and 3400-8 series of gauges. They are not valid for other
Troxler gauges or gauges from other manufacturers.

Following are examples with nomographs for SI and U.S. Customary units.
Blank nomographs, suitable for reproduction, are included in the
appendix.

.

:

'

a
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V-D-1. OVERLAY EXAMPLE - SI UNITS
.

I
3In this example the bottom layer density (left scale) is 2080 kg/m

'with a mat 30 mm thick overlaying it. A backscatter density tegt on
!

the top of the mat (right scale) yielded a result of 2220 kg/m . Ao

line is then drawn from 2080 kg/m3 on left scale through the inter-
3 (right) and e:: tended to thesection of 30 mm (bottom) and 2220 kg/m

right. The correct dgnsity for the top layer is then read from the
nomograph as 2321 kg/m3 on the right scale.
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V-D-2. OVERLAY EXAMPLE - U.S. Customary Units ?

_
-

| In this example the bottom layer density (left scale) is 130 PCF with a i
: mat 1.2 inches thick overlaying it. A backscatter density test on the 4
:; top of the mat (right scale) yielded a result of 138.5 PCF. A line is 4

then drawn from 130 PCF on the left scale through the intersection of
1.2 inches (bottom) and 138.5 PCF (right) and extended to the right. i'-

) The correct density for the top layer is then read from the nomograph 5
j as 144.5 on the right scale. ;
:
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VI. 3400-B SENSITIVITY DATA

| Some users of nuclear gauges find it disconcerting that repetitive measure-
ments on the same site produce different counts. It is only natural to

| wonder how much effect _this has on the density computation. The tables
below denote the change in density per change in displayed count, at
various depths and for a wide range of densities. This number is .the slope
of the calibration curve at the selected points.

Depth Density (kg/nd)
(mm) 1200 1500 1800 2100 2400 2700
BS 0.423 0.595 0.837 1.178 1.658 2.332 ~
50 0.132 0.179 0.242 0.329 0.446 0.604

100 0.104 0.147 0.207 0.292 0.412 0.582
150 0.098 0.147 0.222 0.333 0.500 0.751
200 0.105- 0.170 0.277 0.450 0.732 1.191'

250 0.119 0.208 0.364 0.638 1.118 1.959
300 0.147 0.284 0.549 1.060 2.047 3.953

Slope (kg/m3/ count) for Density Calibration

Depth Density (PCF)
(inches) 70 90 110 130 150 170

BS 0.024 0.035 0.050 0.072 0.104 0.149
2 0.008 0.011 0.015 0.020 0.028 0.039
4 0.006 0.009 0.012 0.018 0.026 0.037
6 0.006 0.009 0.013 0.020 0.031 0.048
8 0.006 0.010 0.016 0.027 0.046 0.077

10 0.006 0.012 0.021 0.039 0.070 0.128
12 0.008 0.016 0.032 0.064 0.129 0.260

Slope (PCF/ count) for Density Calibration

TROXLER 6-1
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VI. 3400-8 SENSITIVITY DATA (cont'd)
. Also useful for evaluating data obtained with' the instrument, is a table

showing the precision of the gauge for various depths and densities. -This
- table is. valid only for the NORM (1 minute) accumulate period. For the

|

SLOW (4 minute) period the values should be divided by two. For the FAST
(0.25 minute) period the values should be doubled. The values _ shown are

ifor 1-sigma deviations with a confidence limit of 68%. By doubling the
values, ' a 2-sigma deviation with a confidence limit of 95% would be
realized.

3
Depth Density (kg/m )

(mm) 1200 1500 1800 2100 2400 2700

BS ,.992 6.001 7.250 8.815 10.805 13.377

50 2.829 3.288 3.817 4.427 5.127 5.924

.100 2.360 2.792 3.298' 3.885 4.562 5.328

150 2.118 2.590 3.164 3.859 4.694 5.687

200- 2.012 2.568 3.278 4.187 5.355 6.860

250 1.996 2.648 3.518 4.686 6.270 8.452

300 2.062 2.882 4.052 5.752 8.312 12.359
'

3Standard Deviation in kg/m

Depth. Density (PCF)
(inches) 70 90 110 '130 150 170

8S 0.297 0.361 0.442 0.544 0.676- 0.849

2 0.170 0.199 0.234 0.274 0.320 0.374

4 0.141 0.169 0.202 0.240 0.285 0.337.

6- 0.125 0.156 0.193 0.238 0.294 0.360

8 0.118 0.153 0.198 0.258 0.335 0.437

10 0.116 0.156 0.212 0.288 .0.392 0.540

12 0.118 0.169 0.242 0.352 0.521 0.797

Standard Deviation in PCF

The'same type of information, shown above for densities, is tabulated below
;

for moisture content. |

Moisture (kg/m3) |

_

0 100 200 300 400 500 600

Slope (kg/md/ count)- <--------------------1.523-------------------->
Standard Deviation 1.424 3.398 4.590 5.530 6.332 7.044 7.690 ,

Moisture (PCF)
0 5 ' 1'O 15 20 25 30

Slope (PCF/ count) <---------------------0.095-------------------->-

Standard Deviation 0.089 0.194 0.259 0.312 0.356 0.396 0.431
.
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VII. PERI 00!C MAINTENANCE

VII-A. BATTERY CHARGING

Since the life of rechargeable batteries is a function of the number of-
charge-discharge cycles, it is best not to recharge unless a low state

- of charge exists, or at least limit the recharge to the amount required
to bring the battery up to full charge.

- The 3401-B instrument has a power consumption of 90 milliwatts. The
3411-B has an average power consumption of 150 milliwatts assuming an
average of four site measurenents per hour of use.

Since the battery stores approximately 40 watts, the 3401-B will operate
for-- 400 hours and the 3411-B for 250 hours before requiring a full
recharge. If the battery has been used to the point where either the
BAT alarm is displayed or the battery voltage is below the automatic
shutdown, the recharge period will be 14 hours or overnight for a full-
charge.

Using the above figures, one hour of recharge will replace approximately
25 hours |of usage.

The AC- charger will operate from 115 or 230 volt power at 50-60 Hz.
While it' will not damage either the charger or instrument to connect it
to 115 volts with the charger switch set- for 230, damage to the charger
will Accur if it is connected to a 230 volt supply with-the switch set
for 1:,5 volt operation.

The DC charger cable supplied will operate while plugged into a
cigarette lighter receptacle in a 12 - vol t negative ground vehicle
systen. No damage will occur, but no charging will be possible in 6
volt or positive ground systems.

With the vehicle engine in operation or with a fully charged vehicle
battery, the charge rate is approximately the same as with the AC
charger. The charge rate will decrease rapidly as the vehicle battery
voltage decreases, and little or no charging will occur as the vehicle
battery approaches 11 volts.

The CC charger is intended for emergency use when required. A thirty
minuti recharge will allow use of the gauge for many hours.

.
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VII-B. CLEANING AND LUBRICATION

The source rod in the 3400-B Series is supported in linear bearings
packed with a molybdenum disulfide grease (Molykote Type G Paste). The
grease is retained within the bearings and soil kept out by a system of
wipers and seals at the top and the bottom of the bearings. The bearings:

will require little or no service, unless the gauge is overhauled or
excess soil is allowed to accumulate.

On the bottom surface of the gauge is a removeable plate with a metal
wiper ring mounted in it. This ring will remove most of the soil from
the source rod. However, under some soil conditions, small amounts will
be carried into the sliding shield assembly. If allowed to build up,
this soil can cause wear in the shield cavity and can ultimately be
forced into the bearings and ruin them.

Cleaning the cavity. is relatively simple. Place the gauge on its side on
a bench with the base away from the operator. The source rod should be
latched in the SAFE position. Using a Phillips screwdriver, remove the
four screws holding the bottom plate assembly in position and pry out the
assembly using a flat blade screwdriver. Using the screwdriver, remove
the sliding shield and spring.

The radiation dose rate at the entrance to the cavity (flush with the
bottom surface) is approximately 300 mrem per hour, and the hands should
not be exposed to this dose rate for more than four hours per week. The
cleaning time should take no more than five minutes, so the procedure is
quite safe.

Using a rag, stiff brush, and compressed air (if available) remove all
soil and clean the cavity, sliding shield, and bottom plate assembly.
Inspect all items for excessive wear and replace if required. Check the
scraper ring to insure that it is free to move in its groove. If the
ring is damaged or worn excessively it'should be replaced or replace the
assembly.

Coat all of these items, including the cavity and the inner surface of
the plate assembly with a bonded molybdenum disulfide lubricant (Molykote
Type 321 Spray). Reassemble all items.

Using the rag, clean the source rod and index rod and coat the index rod
with bonded lubricant. Using a cotton tipped stick (Q-Tip), lubricate
the visible portions of the trigger and indexer with paste lubricant.

If the last items have soil embedded in the mechanism, they should be
I removed for cleaning. Lower the handle to the backscatter position and,

using a 3/32 pin punch, remove the roll pin in the index rod. Remove the
index rod cap by unscrewing.
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VII-B. CLEANING AND LUBRICATION (cont'd) ;

,

Depress the trigger and lift the handle clear of the index rod. B; fore
-

releasing the trigger, note the position of the indexer pin and trigger E
to facilitate replacement. With the trigger released, the indexer can be T.
slid forward and sideways out of the handle. Clean all moving parts and
the handle cavity. If the indexer shows signs of wear, it should be 3
replaced. Lubricate these parts and reassemble. g

_

To replace the index rod cap, latch the handle in the SAFE position, and [
screw the cap down until the neoprene bumper puts a light pressure on the i

"handle. Drop the handle, look into the roll pin hole and line up the _

hole in the cap with the hole in the index rod by unscrewing the cap if
-

'

necessary. These holes must be in alignment to replace the roll pin. If

the cap is screwed too tightly, pressure against the bumper will prevent I
the indexer from latching in the SAFE position. }
Using a mineral solvent, clean all of the outer surfaces of the instru- f
ment. 3-

VII-C. FRONT PANEL MODULE RMOVAL f
i

Unscrew the thumbscrews located at the front panel corners and lift the i
module from the opening. There is a cable connecting the module to the
base assembly. Disconnect the cable, noting the relative position of ;

polarizing key on the cable connector and the position of the slot in the -

mating connector. p
When replacing this connector, it must be done carefully and in the i
proper orientation. The pins are small and can be easily bent if not 7
aligned properly. p-

=i

VII-D. INTERNAL CONDENSATION |

$
Under some climatic conditions, changes in atmospheric pressure will $
cause some flow of moist air in and out of the gauge case since it is not f
pressure sealed. This will result in the formation of water inside the ~|

case due to condensation. This water must be removed or erratic opera- I

tion and possibly failure may occur. The gauge cavity will dry if it is 's

stored in a warm, dry room with the front panel electronic module remov- [
ed. ;:

$

I!
v
#

f

!
_
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VII-E. LEAK TEST PROCEDURE

-State and Federal laws require that the radioactive sources be leak test- i

ed every six months and records maintained of the- results. Personnel
safety must be considered and leak tests performed to eliminate possible i

contamination by radioactivity materials.

It is also worthwhile noting that. of over 10,000 sealed radioactive
sources' delivered by Troxler Electronics Laboratories, Inc. in this type;

of equipment' during 'the past twenty years, not' one has ever shown ae

positive leak test- even though some instruments have been totally- ,

- destroyed by fire or accident.
.

The leak test is performed by using the Troxler type 3880 Leak Test Kit
(part number 102868) or similar kit. The 3880 kit contains an instruc-

-tion manual, pair of metal tongs, wood dowel, solvent, and five leak test
packets. Each packet contains: 1) pre-addressed envelope, 2) leak test
form, 3) plastic bag, 4)' self-adhesive label, and 5) 55mm filter paper.
The instruction manual should be read prior to use of the kit.

_Using a ball point pen, write the gauge type, serial number and source'

! serial numbers around the edge of the- filter paper. Since this-instru-
: ment contains two sealed sources, both areas must be wiped with the same
i: piece of filter paper.

Remove the electronic module as noted in section 0 above. Wet the filter
paper with solvent. Looking into the gauge cavity, a yellow and magenta

' label .will be seen just forward of the printed circuit board assembly.
,

Using the tongs and dowel wipe this label with the filter paper. After
;- wiping the first source, the filter must not be touched with any part of

the hands.
,

With the gauge on its side and base away from the operator, position the
handle in the 4 inch direct transmis:, ion position. Using the tongs and
wood dowel-for pressure, wipe the weld area above the source rod tip with

! the filter paper. Retract the source and sit the gauge in an upright
position.,

| Lay the filter paper on a paper towel and allow it to air dry in a flat~

|- position before sealing in the plastic envelope. While drying is taking
place, complete all requested information on both the plastic bag label!

and the leak test analysis form. Please type or print legibly to insure ,

that all information is readable. When dry, place the filter paper in i

the plastic bag using the tongs and press the seal to close. Attach the'

completed plastic bag label to the bag. Retain the middle copy of the
form as your record of having made the leak test. Place the plastic bag

;
~ and the two remaining copies of the form in the pre-addressed envelope,

put your return address on the outside, seal, stamp, and mail.
'

I Safety regulations require that the factory leak test all sealed sources
prior to entering our plant; therefore, this service will be performed onL

i all instruments returned for checkout and repair. The leak test report
' will be sent to the owner, and charges for the service will be included

with other charges.

.
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! VII-F. SOURCE R00 REMOVAL

On occasion it may be necessary to remove the entire source rod assembly
to facilitate repairs - to the instrument. This is easily accomplished,
but provision must be made for shielded storage of the rod while it is
out of the gauge. The Troxler 100761 Source Rod Pig will provide this
shielding but other similar storage may be used.

'

In an emergency, the rod can be stored for short periods, without shield-
ing, at a distance of at least two meters (six feet). from all personnel.

The procedure is the same as noted in section VIII-8, which details the
removal of.the index rod roll pin and cap. At this point the source rod
can be lifted entirely out of the gauge shield and stored in a separate
shield. While handling the source rod, keep the tip away from the body
and other personnel, and do not touch the tip of the rod. The dose rate
at the handle with the rod removed is approximately 15 mrem per hour.

Replace the source rod assembly as outlined in section VII-B.

;

|

,

!

'
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:VIII. SERVICE

The 3400-B Series utilizes a high degree of intergrated circuit technology
in custom modules. For this reason, the reliability level is very high and
repair is relatively -simple since it' consists of module replacement. 100%
of the electronics may be replaced in the field without recalibration other

! than establishing a new set of standard counts.

VIII-A. EQUIPMENT REQUIRED
-

-VIII-A-1. HAND TOOLS4

Screwdriver,1/8" flat blade The hand tools listed are containedScrewdriver,1/16" flat blade in the 3400 Series Tool Kit (TroxlerScrewdriver, No.1 Phillips P/N 102436)
Screwdriver, No. 2 Phillips
Pliers, 4 1/2" chain nose
Nutdriver,1/4"
Nutdriver,5/16"<

. Nutdriver, 3/8"
'

Screwdriver,1/16" Allen Hex
Screwdriver, 5/32" Allen Hex
Pin Punch, 3/32"
Hanener, Machinist, 8 oz.
Wrench,1/4", combination

VIII-A-2. INSTRUMENTS

'

While not required for service, the following instruments will make
troubleshooting easier. The manufactures' models listed are reasonable
choices, but other manufactures' equipment could be used equally well.,

Digital Multimeter:
31/2 digit display 0-20 volt DC ranges, 0-500 mA DC range

i 1)JohnFlukemodel8010A
: 2) Hewlett-Packard model 3476A
t

; Oscilloscope:
| 10 MHz bandwidth,10 mV to 10 V vertical deflection / division,

lus/cm to 100 ms/cm sweep rate (triggered)
1 Tektronix model T922

| 2 Hewlett-Packard model 1222A

Power Supply:
' 0-20 VDC, 400 mA, constant-voltage / current limiting

1 Hewlett-Packard model 6215A
| 2 Tektronix model PS501-2 with TM501

: Electrostatic Voltmeter:
0-1500 VDC, 1% accuracy

1) Sensitive Research (Electrical Instrument
Service,Inc.) model ESD-7

i

TROXMR 8-1 -
,



1
4

-

.

* -

VIII-B. GAUGE BASE ELECTRONICS

A-block diagram of the gauge base electronics is shown in figure 8-1. i

This assembly consists of:four sealed modules which are field replace-
able. It -is not anticipated that field repairs will be made to thei
modules.

. This unit contains HIGH VOLTAGE which can cause severe shock to a i

technician. In addition to turning off the unit before working on it,
the high voltage should be discharged by shorting across the HV
DISCHARGE and GND test points. A wide blade, insulated handle, screw-

- driver is useful to this purpose. These test points are located on the
preamplifier board-adjacent to the spare fuse holders.

Power .is supplied to the system from two 102057 battery packs which
total 10 volts at 40 watt-hours, each of which-is separately replaceable
and fused to protect against damage to the packs.

Charging current is supplied from pins 2 and 4 through diode D1 (to
- protect against external shorts or discharge) and resistor R3 (to limit
charge current under extreme low battery conditions).

Current from the battery is supplied through pin 6, switched by the
PWR/ TIME switch on the front panel module, and returned to the 102850'

Battery Monitor Module via pin 5. Unswitched power is suppled directly
to the 100894 High Voltage Module. These modules contain electronic
switches to demand power as required.

The Battery Monitor contains voltage sensing circuits to activate the
BAT alarm symbol when the battery voltage drops below 9.2 20.1 volts.

- Another voltage sensing circuit detects when the battery voltage drops
below 8.4 0.1. volts and cuts off the gauge electronics. Both the alarm
and cutoff circuits have at least 0.15 volts of hystersis designed into ,

the trip points.

The Battery Monitor also contains a precision 6.5 volt regulator which
supplies power for the digital and linear circuits, in addition to
serving as a precision reference for the' counting thresholds. The 6.5
volt regulator- is turned off by the cutoff signal when the battery - 1

-voltage drops below 8.4 volts.
2

I

The H.V.. Module is powered directly from the batteries but is turned on
by the ~6.5 volt supply. It contains a very precisely regulated (.05%)~

voltage for all conditions of line, load, and temperature. The absolute
voltage is 1000 20 volts. This high voltage is supplied to the
Moisture and Density Modules through filters R1-C1 and R2-C2 which
prevent cross coupling.
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Block Diagram of 3400-B Gauge Base Electronics

Figure 8-1
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VIII-B.GAUGEBASEELECTRONICS(cont'd)
'

The'100900 Density Module and 100903 Moisture Module contain protection
circuits,' amplifiers, threshold detectors, and logic conversion to accept
pulses from the ' Geiger Mueller .(GM) and He-3_ detectors and supply count-
pulses to the front panel module. If a suitable oscilloscope is

available, the gain of these. modules may be checked by monitoring the
test points located next to .each module. Gain adjustments are located

Junder the label to adjust for a 1.5 volt pulse height on density and a
2.0 volt pulse height on moisture. . When properly adjusted, the detectors

.will-be operating on their plateaus.

Voltages and logic levels between the base and the front panel electron-
ics are supplied through.a 16 wire cable and connectors. This connector~

~is polarized and care should be taken to insert it correctly.

]
NOTE: Either the 3401-B or 3411-B may be operated with a "non-B"

base by use of an adapter cable (part number 102885).

V!II-C. 3401-8 SCALER MODULE ELECTRONICS-

The 3401-B Scaler Module contains the oscillator and time base circuits,
.

prescale circuits, dual accumulators, multiplexing, decoding, and display
circuits. A self test featur_e is built in to allow checkout. by the user.

On the lower right cornar of tb circuit;ooard, there is a slide switch
labeled TEST-MEAS. With this switch on' TEST, the unit can be checked ]
completely by accumulating a count. 8192 should appear in both registers ;

for each of the accumulation periods. j

Due to the degree of large scale integration, it is reconnended that no
field repairs be considered other than the replacement of the liquid
crystal display, which is a plug-in device. The factory has an exchange
program for the module, or the unit can be repaired and returned. The

compactness and small conductors on the circuit board require specialized
equipment for fault location and component replacement.

i

|

!

l
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VIII-0. 3411-B PROCESSOR MODULE ELECTRONICS

The 3411-B Processor Module contains a Microprocessor (pP) which acts as
the control processing element. The 9P has a fixed set of instructions
that it can execute. The sequence in which the instructions are executed
is called the program. Therefore, the functional characteristics, or
" personality", of the module is determined by the program. The program
and the calibration data are stored in a Programmable-Read-Only-Memory

,

(PROM). This device is plugged in and is reprogrammable at the factory '

-and at suitably equipped facilities.

A complete checkout of the processor module is covered in section II-0.

Two (or three) slide switches are located on the lower right corner of
the front circuit board. The use of the MEAS /TST switch is covered in
Section 11-0. The middle switch, if present, is for the liquid crystal
display heater. The use of the heater is covered in Section II-E. The

,

'

remaining switch is labeled SI/PCF. This switch allows the operator to
choose either kilograms-per-cubic-meter or pounds-per-cubic-foot for
displayed computations.

;

Due to the degree of large scale integration and the complexity of the
digital electronics, it is reconnended - that no field repairs be
considered other than the replacement of socketed components. These
components include the liquid crystal display and four integrated r

circuits located on the CPU circuit board. The factory has an exchange
program for the module, or the unit can be repaired and returned.

NOTE: As mentioned above, the gauge calibration data is stored in
the Programmable-Read-Only-Memory (PROM). This part is IC4
(manufacturer's part number 2716 or 2516) and is located in
the approximate center of CPU board. If for any reason, it

,

'

is necessary to swap processors modules with another gauge
base, please observe the following precautions:

1) The 2716 contains the calibration data for a particular
serial number gauge and it must remain with that gauge.,

2) The 2716 used in the 3411-B is NOT compatible with theI

1702 used in the first series of 3411 gauges.

3) The 3401-B or 3411-B-may be operated with a "non-B" base
by use of an adapter cable (Part number 102885). A 3411
"non-B" processor can not be used with a 3400-B gauge
base.

4) If a 3411-B processor is used in a "non-B" base, the com-
putation keys will produce invalid results unless the
PROM is reprogrammed with the correct calibration data

,for the different base. The accumulation and display of
counts will still be valid. '

r

~
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VIII-E. STATISTICAL STABLILITY AND DRIFT

Radiation and the detection' of radiation involves statistics in the form
of Poisson distribution. This subject is covered in Section X-F. If

analysis of count rate data does not follow normal distribution analysis,
it is an indication of false counting due to noise or instability of
detectors and/or high voltage power supply.

After the gauge has been on for 15 to 20 minutes, take a series of 20
- one-minute moisture and density standard counts and record them as shown
in figure 8-2. Obtain the averages for the two sets of 20 counts and
compute the predicted deviation by obtaining the square root- of the
average. Next, compute the actual standard deviation using:

~i-

N

gh z (n-n)'e=
I

._.

Now compute the ratio of the actual standard deviation to the predicted
deviation by using:

Ratio =

A test of this type should yield a ratio of actual to predicted standard
deviation of 1; however, s nce per-m nu e- oun -t rates in the 3400 arei i t c
divided internally by 16, the ratio is reduced by the square root of 16,
or 4. Therefore, ideally the ratio should be 0.25. Acceptable limits
are between 0.18 and 0.35. A definite instability exists if the ratio is
.less than 0.12 or higher than 0.40. In between the definitely good and
definitely bad limits there are points which are statistically question-
able and the data should be retaken.

After the instrument has been in operation for 4 to 6 hours, 5 additional
sets of standard counts should be taken in ,the SLOW (four-minute) time
period and averaged.

One now has a set of 20 minute averages before and after five hours of
. operation. The drift of the instrument can now be calcualted as shown in
figure 8-2. The drift should not be greater than 1% for moisture or 0.5%
for density. The two limits are different because of the statistical
limit in obtaining each set of numbers.

.

TR0XLER.
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STATISTICAL STABILITY TEST

Tcst Motsture Density
Number Standard ERROR 2 Standard ERROR 2
N Counts E=(n-M) E Counts E=(n-M) E

1 526 3.3 10.89 2400 6.9 47.61
2 521 -1.7 2.89 2379 -14.1 198.81
3- 509 -13.7 187.69 2379 -14.1 198.81
4 523 .3 .09 2410 16.9 285.61
5 516 -6.7 44.89 2412 18.9 357.21
6 527 4.3 18.49 2388 -5.1 26.01
7 521 -1.7 2.89 2376 -17.1 292.41
8 522 .7 .49 2387 -6.1 37.21
9 527 4.3 18.49 2410 16.9 285.61

10 525 2.3 5.29 2394 .9 .81
11 522 .7 .49 2402 8.9 79.21
12 526 3.3 10.89 2390 -3.1 9.61
13 527 4.3 18.49 2391 -2.1 4.41
14 533 10.3 106.09 2393 .1 .01
15 524 1.3 1.69 2371 -22.1 488.41
16 525 2.3 5.29 2401 7.9 62.41
17 515 -7.7 59.29 2402 8.9 79.21
18 516 -6.7 44.87 2375 -18.1 327.61
19 533 10.3 106.09 2395 1.9 3.61
20 516 -6.7 44.89 2407 13.9 193.21

5 = 522.7 I = 690.18 n = 2393.1 I = 2977.80

=[y,3d=22.86 = 6.03 E=48.92 =[N1=12.52o o
1

Ratio = h = 0.26
2Ratio = = 0.26

INSTRUMENT DRIFT TEST

Moisture Density
Test Standard Standard
Number Counts Counts

1 520 2392
2 522 Total 2390 Total
3 522 Average 2397 Average
4 520 =(522.7+520.4)/2 2384 =(2393.1+2391.2)/2
5 518 =521.6 2393 =2392.2

Avg = "Tf0 4 2391.2
~

Difference 522.7 - 520.4 = 2.3 = 2393.1 - 2391.2 = 1.9=

Drift = S216 x 100 = .44% =2 .2 x 100 = .08%

Statistical Test Data
Figure 8-2
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. VIII-F. TROUBLESHOOTING HINTS

The 3400-B instruments, while complex, -can generally be repaired in the ,

field by isolating problems to one or two modules by the process of elim- !

ination. j

|1. Instrument fails to display when power is turned on.
'

(a) Batteries are discharged below cut-off voltage. Plugging
'4

in the charger will turn on the instrument.'

(b) If the charge light on the charger did not light-up when
it was plugged in, the fuses may be burnt out on one or
both of the battery packs. If so, they must be replaced
with a Bussman type GMW, two ampere fuse. Also, check the
receptacle into which the charger is plugged. Power may
.not be available to operate the charger.

2. Charger lamps come on, but unit still does not indicate a turned on
condition.
(a) Replace Battery Monitor Module.
(b) Replace Front Panel Module.

3. Instrument turns on but will not indicate counting condition when
MEASURE is attempted.
(a) Replace H.V. Module.
(b) Replace Front Panel Module.*

4. Instrument counts moisture but not density.
(a) Replace Density Module.

i- (b) Replace Front Panel Module.* .

(c) Replace GM tubes.

5. Instrunent counts density but not moisture.
(a) Replace Moisture Module.
(b) Replace Front Panel Module.*
(c) Replace He-3 tube.

6. Instrument counts moisture and density, but is erratic and will not
meet stability test.
(a) Replace Density or Moisture Module as required.

)

(b) Replace detectors as required.

7. Instrunent counts moisture correctly, but density-count if approxi-
mately half the normal value.
(a) Replace the defective GM tube.

.

Before replacing the Front Panel Module, set the*

TEST / MEAS switch on TEST and attempt to accumulate
a set of counts. If the TEST count is correct, the
Front Panel Module is probably functioning
correctly.

:

8-8 TR0XLER
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VIII-G. DEDICATED SERVICE EQUIPMENT

In addition to the general purpose test equipment listed is section
VIII-A-2, there are three instruments built especially for the 3400 Series
gauges. These instruments and a brief description of their capabilities
are listed below.

VIII-G-1. SCALER TEST STATION - MODEL 3940

.This instrument generates test signals that simulate the 3400 gauge
base electronics. It is used to verify proper operation of the 3401,
3401-B, 3411, and 3411-B modules. An external DC power supply is
required for the 3401, 3401-B, and 3411-B. Two external DC supplies
are needed if the "non-B" 3411 module is to be checked.

VIII-G-2. PROM PROGRAMER - MODEL 3954

: This is a microprocessor based PROM programer designed specifically
for entering calibration data into the ultraviolet erasable PROM's used
in Troxler gauges. The programmer is capable of reading, editing, and
programming PROM's. All necessary " prompts" and messages are shown on
a sixteen character alphanumeric display. The programmer automatically
converts calibration data from decimal (base 10) to hexadecimal'

(base 16) during data entry and from hexadecimal to decimal during read
i operations. The user need not concern himself with base conversions.

VIII-G-3. MICR0 PROCESSOR TEST STATION - MODEL 3960

This piece of equipment was designed primarily to aid the technician in
debugging the 3411-B Processor Module. The test station automatically
generates a series of pass / fail tests. If the module fails a test,-

means are provided for extensive testing of the three boards that
comprise a 3411-B Processor Module. Hexadecimal and binary displays
are provided for the Address, Data, and State Codes. '

The design of the test station assumes use by a skilled technician with,

i- digital logic experience. Also, use of the test station beyond the
" pass / fail" mode will require the use of instruments similar to those
listed in section VIII-A-2.

VIII-G-4. CALIBRATION STANDARDS - MODEL 3875

A set of six rectangular blocks used to calibrate the 3400 series
ga es. The set of standards consist of:

| 1 Magesium Block 4) Granite Block
2 Laminated Block of Magnesium 5) Aluminum Block i

and Aluminum Sheets 6) Laminated Block of Magnesium
3) Limestone Block and Polyethylene Sheets

The first five blocks are used to perform the denisty calibration. The
magnesitsu and the laminated magnesium / polyethylene blocks are used for
the moisture calibration.

TROXLER 8-9
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VIII-G-4. CALIBRATION STANDARDS - MODEL 3875.(cont'd)
-

The density standards- have an accuracy of 0.1% and magnesium / >

- polyethylene has an accuracy of 14%.

All blocks have predrilled holes to accept the source rod in the direct
1 transmission mode.

A . listing of the- computer program, necessary to perform the data
reduction, is also supplied with the standards.

.

t
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IX- PARTS LIST
,

IX-A.~ REPLACEMENT' PARTS

12177- Handle Lock
12750 -Source Rod Bearing (2 required)
12751 Source Rod Bearing Seal (2 required)
12752. Source Rod Wiper Seal (2 required)
12753 Retaining Ring
12754 Scraper Ring (2 required).

16245 Fuse, 2 Amp, Type GMW (2 re
G.M. Detector (2 required) quired)100158

100528-1000 Captive Screw for-Front-Panel Module (4 required)
100894 .H.V. Power Supply Module
100900 . Density Amplifier Module
100903 Moisture Amplifier Module
100989 Post Gasket
100990 Gauge Gasket
100993 Ground Spring for G.M. Detector (2 required)
100996 Sliding Shield -

101604-1610 Roll Pin,- Trigger
102054 Gasket for Front Panel Module
102057 Battery Pack Assembly (2 required)
102059 He-3 Detector

'102067 Bottom Plate Assembly
-102069 Wiper Cap
102076 G.M. Detector Mounting Block
102077 G.M.-Detector Connector Assemblye

102088-2000 Top Shell Assembly
102096 Cap Screw for Index Rod;

i 102103 Cap Screw Bumper
102116 Indexer Assembly,

''

102117 Trigger
102140 Seal Retainer

.102383 Trigger Spring
102399 Sliding Shield Spring

'102847 3411-8 Data Procesor Module
L 102850 Battery Monitor Module

102888 Cable, Front Panel Module to Gauge Base
'

102891 Preamplifier Board (printed circuit board only.
no modules or mounting plate)

102900 3401-B Scaler Module
103013 G.M. Detector Center Contact Spring (2 requirs
103023 Liquid Crystal Display

i
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IX-B. ACCESSORIES -1

i

12767 Model 492 Survey Meter
12767-1000 Model 2000A Dosimeter Charger'

,

12767-2000 Model 541/R Dosimeter
21140- Radiation Sign Kit

100421 Drill Rod
102106. Molded ABS Trasnport Case
102107 Foam Inserts For Shipping Case

; 102110 Reference Standard
102111 Scraper Plate / Drill Rod Guide
102118 115/230 Volt 50-60 Hz Battery Charger

,

102187- -Molded ABS Transport Case With Foam Inserts
102391 12 Volt 0.C. Charger Cord
102436 3400 Tool Kit
102713 Drill Rod Jack-
102868- Leak Test Kit, Model 3880
102876-0005 Replacement Packets For Leak Test Kit (5 Units)
102885 Adapter Cable (allows use of 3401-B Scaler or'

3411-B Processor in a "non-B" gauge base)

IX-C. MAINTENANCE SUPPLIES
,(

.

12774 Molykote Type G Paste Lubricant
12776 Molykote Type 321 Spray Lubricant

100761 Source Rod Pig

|

i
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X. THE0RY OF MEASUREMENT

X-A. GAMMA RADIATION'AND MATTER

The interaction of gamma radiation with matter is far. too complex to be
covered in-'its entirety in this manual; therefore, this_ discussion will
be limited to. the pertinent details which apply to this particular type
of instrument.

Since the cesium-137 source has a maximum energy. of 0.662 MeV, the atten-
uation of . gamma by pair production need not be considered; therefore,
'only .~ photoelectric absorption and Compton scattering are of. interest.
Likewise, only the elements having atomic' numbers of 30 and below need to

1 - be considered since only trace amounts of the elements above- 30 are
.likely to found in construction . materials. Because the: maximum ' energy
involved in fluorescence for these elements is below 30 kev and detectors

'

are eff.ectively cut off at this energy, we need not consider this effect,'
nor the results of it.

The_ most important quantity related to the penetration and diffusion of-

- gamma radiation in matter is the attenuation coefficient, u. This
quantity depends on the photon energy, E, and the atomic number, Z, .of
the medium and may be defined as the probability per unit rath length

_

that a. photon will interact with the medium. As a typical situation, a
j; -slab of material of thickness, x, is placed between a narrowly collimated

detector. In a layer within the ' slab, there will occur a reduction of"

the intensity, I, of- the gamma ray beam due to total _ absorption or scat-
.tering of the beam. The resulting fractional reduction of the beam is
. proportional to the narrow beam attenuation coefficient, u, and to the
layer thickness, x.- For a-homogeneous medium this reduces to:

-uxI=I eo

From the above it is apparent that the attenuation coefficient has
dimensions of an inverse length.. Although linear attenuation coeffi-
cients are convenient for engineering application, they are proportional.

to density, p. For this application, it is more convenient to remove the
density dependence and yse the -mass attenuation coefficent', u/p. The
customary units are g/cm'. Using this, the above equation expands to:

-[(u/p)xp]I = Io e

1
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X-A'.' GAMMA RADIATION AND_ MATTER (cont'd)

' For situations more . complicated than the narrow beam consideration, the
iattenuation' isi still basically: exponential _ but is modified by other !

' factors. .The first of these is sometimes . called the " geometry factor" i
~

- '

and' involves the _ source and detector size, since they are not points but
' displace somewhat larger volumes. The second _ involves a " build-up
. factor" which takes into account secondary photons in the medium as a
result.of one or more Compton scatters which -reach the detector. This

- factor is quite noticeable when the detector is not collimated or energy
selective which is the case with a soils-instrument.

The third,1which is a secondary effect of the. " build-up factor", is more
: complex- and again modifies the attenuation response with respect to
density. At energies above 0.08-0.10 MeV, . the attenuation due - to
scattering _is larger than.the attenuation due to absorption. At energies
below these values, absorption is the predominant process 'of attenuation.
/s the' energy levels continue to decrease, absorption increases at'a much

:htgher_ rate than scattering. When a large percentage of the photons have-

been . reduced .to - 0.08-0.10 MeV by scattering, the attenuation reverts to
the exponential function. Therefore, the rate of- attenuation is not a -
constant over the . total range of density but instead -increases with
density.

The'various interactions of gamma radiation and matter in the . energy
ranges of 662 MeV-and below involve the transfer of energy to und from
electrons which are set in motion as a result of' the interaction and then
dissipate their energy as they are brought to rest.

In photoelectric absorption, a photon transfers all 'of its energy to an
electron and the electron is ejected from the atom. The electron carries~

away all of the energy of the absorbed photon, minus the energy binding -

the electron to the - atom. The K-shell electrons, which are the most
tightly bound, are the most important for this effect. The absorption
cross section in the energies below .662 MeV is proportional to the fourth
or fifth power of the number of electrons involved.

In' Compton: scattering, a photon collides with an electron, loses some of
its energy, and is deflected from it original direction of travel. Assum- ;

ing the electron to be initially free and stationary, the relation between
photon, deflection and energy loss is determined from conservation of
momentum and energy between the photon and the recoiling electron [ Compton
(1923), Klein and Nishina (1929)]. The scattering cross section of the

-interaction is directly p)roportional to the number of electrons involved-(Z of the particular atorn . ;
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X-A. GAMMA' RADIATION AND MATTER (cont'd)

Since this instrument is concerned primarily with " mass density" instead
of " electron density", we are concerned with the Z/A relationship of the
elements involved in construction materials. Figure 10-1 is a table of the
major earth elenents with their weight fractions and Z/A ratios. Note
that Z/A varies between 0.466 and 0.500 for all of the elements making up
98.5% of the weight fractions of the earth. The values of p/p are also
i ncluded.

It is this variation which causes the so called compostion error of gamma
density gauges. This will be discussed in more detail in section XI.

Mass Attenuation
Weight Coefficient

Element Fraction Z/A u/p (.662 MeV)

0xygen 0.466 .500 .0806
Silicon 0.277 .498 .0805
Aluninum 0.081 .482 .0777
Iron 0.050 .466 .0762
Calcium 0.036 .499 .0809
Sodium. 0.028 .478 .0772
Potassium 0.026 .486 .0787
Magnesium 0.021 .494 .0796
Hydrogen .992 .1600---

Average Earth Crust Elements
Figure 10-1

..
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X-B. DIRECT TRANSMISSION DENSITY GE0 METRY

Figure 10-2 represents a typical geometry for a direct transmission
density gauge. Note that the vertical displacement of depth is variable
and while ' there are no theoretical limits, 300 mm (12 inches) .is
approximately the maximum practical depth which allows the use of a
cesuim-137 source. of a size that is easily. shielded in portable
equipment. The detectors are placed at a horizontal distance from the
source which allows an angular measurement through the material to
prevent. gamma " streaming" on the surfaces from affecting the measurement.
This keeps.the maximum and minimum radiation levels at the detectors to
reasonable differences for the various depths.

Since all of the photons arriving at the detectors have passed through
the full distance from the source depth, the measured density is a true
average for the material between the surface and the source. Assuming a
horizontal distance of 250 mm (10 inches), the measured path length
varies from 260 to 395 mm (10.2 to 15.6 inches) for depths between 50 and
300 mm (2 and 12 inches).

Using . the equations from paragraph A above, the relationship between
density (D) and count rate (R) can be expressed as:

R = A e-BD-C

where A, B and C are constants which may be derived from a calibration
~

procedure involving three or more data _ points. The B constant contains
~ /p and x, while A and C are related to the source size and detectorp
efficiency. The relationship between A and C determine the degree of
deviation fro;n the theoretical exponential function. A plot of this

equation is shown in figure 10-3.s
t

Since B contains u/p, it is obvious that there is a family of equations
representing each of the chemical elements contained in the measured
materials. As will be shown later, an average can be used and the error
associated with this average evaluated.
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X-B. DIRECT TRANSMISSION DENSITY GE0 METRY (cont'd)
im
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X-C. BACK3CATTER DENSITY GE0 METRY.,

I' A' typical backscatter geometry is shown in figure 10-4. Note that the
source and . detectors are in' the same horizontal plane. Desirably, no i

;photons should reach the detectors .in a . path direct from the source.
:This, of course, is- not possible in a practical instrument and is gener-
ally held to 10% or less of the backscattered photons,

It is worthwhile to note that, while the terminology has b'een accepted by
t the industry, this geometry is technically one of forward scatter. In a

true backscatter geometry, the center of the source and the center of the
,

detector are on.a line perpendicular to the test surface. The density-
count rate response would have a positive slope.

1

Since all of the photons which have passed through the material under-

' test have . been scattered at least once, the average energy at the
detectors is lower than the average energy under direct transmission' ,

conditions. For this . reason, the error due to chemical composition is
significantly larger.

Figure 10-5 illustrates a typical backscatter relationship between count'

rate .and density. At zero or very low density, the number of photons
arriving at the detectors is very low and represents those which pass
through the gauge shielding. As the material density increases, the
number of scattered photons reaching the detectors increases until an
equilibrium-is reached where the rate of initial scatter photons reaching.c

' .the detectors is equal to the mass attenuation rate. At densities above
this point, the count rate at the detectors decreases with increasing

j. density and follows the standard attenuation equation throughout the
-

. usable density range.
| Since the standard equation is valid for the range of densities involved,.

it is usable even though it does not follow the response over the low
density area.

While the direct' transmission geometry measures the average density from
i the source depth to the surface, the backscatter geometry yields an.

average which is heavily weighted by the surface density. - Since the
photon path length increases for photons passing through deeper material,
this is a normal phenomena as most of the photons reaching the detectors

.

will have passed through the surface material and have decreasing |

percentages through the deeper materials.'

A normalized curve showing the percentages of photons at the detectors J'

for various depths is - shown in figure 10-6. This curve can be used to
compute the gauge response to layered materials of different densities.
As . an example, if a 20 mm thick material of 2000 kg/m3 overlays
material of 2150 kg/m , the gauge measurement will indicate a density3

of 2089 kg/m3 [ 2000 x 0.41 + 2150 x 0.59].

It is this same phenomena that causes the large error due to surface -
voids as compared to direct transmission measurements.

- - - _ - . _ _ .
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X-C. BACKSCATTER DENSITY GE0 METRY (cont'd)
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X-C. BACKSCATTER DENSITY GE0 METRY (cont'd)
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X- D. NEUTRON RADIATION AND MATTER

As noted in section X-A, photons interact with the orbital electrons of
! . matter and since there is a very large quantity of them in relation to

-the number 'of atoms, the probability of interaction is very high. On
;

the other hand, neutrons only react to a significant degree with the
'

nucleus of the atom such that the probability is very small.

While the nucleus carries a positive charge, the neutron has no electric
charge, therefore.it must approach the nucleus much more closely than a
charged particle to interact. The probability of interaction can be
related to the ratio of the cross sectional area of the nucleus to the
cross sectional area-of the atom. Since this ratio is very small, the
neutron has a path length much greater than other particles and is able
to penetrate very large masses of high density material 'in contrast to
high energy photons.

Isotopic sources _of neutrons are produced by (a,n) and (y,n) reac-
tions. The americium-241: beryllium source in this instrument is of the
first type. The americium-241 is used as a source of alpha particles
and beryllium as the target material. The reaction may be expressed
as:

Be9 (a,n) C12

which states simply that the (a,n) reaction with beryllium-9 produces
carbon-12. Neutrons produced by this reaction have a spectrum of energ-
ies ranging from 0 to approximately 10 MeV, the average neutron energy
being about 4.5 MeV. The carbon-12 is left in an excited state and pro-
duces a 1-10 MeV photon going to the ground state.

Neutron interactions with matter are very complex, involving probability
j'

engineering measurement applications, the problems can be greatly
and diffusion theories for the calculation of neutron fluxes. But for
simplified. The three primary interactions are: inelastic scattering,
elastic scattering and absorption.

! Inelastic scattering'or collisions involve the transformation of kinetic
| energy'to some other form of energy and is only important for fast or
'

high energy neutrons, generally above 10 MeV and are not generally
i involved in this instrument to any large degree.

Elastic scattering involves the transfer of kinetic energy from the!

neutron to the nucleus, and is by far the dominant interaction when,

| moderate (<10 MeV) neutron energies are involved. -

!
i

1
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- X-D. NEUTRON RADIATION AND MATTER (cont'd)

The maximum amount of energy that can be transferred per collision is
only dependent on the mass of the nucleus that is involved: the smaller
the nucleus, the greater the energy that can be transferred. When a ,

neutron collides with the normal hydrogen nucleus, all of the kinetic
energy could be transferred to the hydrogen nucleus or proton. For any _
nucleus of mass number A, the maximum energy transfer can be calculated
from:

Initial Energywhere: E
l = Final Energy4A EEl 2=E1-E2=

(1 + A)2

This equation assumes a " dead center" collision. From a probability
standpoint this seldom occurs; the collision is usually a glancing situa-
tion where only a portion of the maximum loss takes place. As multiple
collisions take place, the energy of the neutron is reduced to the point
where it is in thennal equilibrium with a gas at 20*C (68'F). In this

situation, it may gain as much energy as it loses from the collision. In
this condition, the neutron is defined as " thermal" and, on an average,
has an energy of .025 eV and a velocity of approximately 2200 meters per
second.

The average number of collisions required to "thermalize" neutrons is
given by the equation:

Ln (E1/E2)
N=

(A-1)2 A-1
1+ Ln

2A A+1

Figure 10-7. list the common earth crust elements and the average number
of collisions required to produce the thermal condition. |

The third interaction of neutrons with matter is neutron absorption. In
this situation, the neutron enters the nucleus of an atom; the nucleus is

'

raised to a high energy state and particles or photons are emitted from
the nucleus.

i

As an example, boron-10 absorbs a neutron, becomes boron-11, which decays
with an alpha particle yielding lithium-7. This example is the (n,a)

Another example is helium-3, which is transformed into hydro-process.
gen-3 by the (n,p) process. Both of these examples are good processes
for the detection of thermal neutrons, since the probability of their
occurring is quite high.

10-10 TR0XLER
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:X-D. NEUTRON RADIATION AND MATTER (cont'd)

.The progbili$y of absorption is given in terms of barns which have units
( of ; 10- cm'. It is related to the probability that a thermal-
L neutron will be captured by a nucleus. A. table of absorption cross

sections for' earth crust elements is given in figure 10-7. These values
>

are given --for the average of naturally occurring isotopes for various
elements, but -some Lisotopes are vastly different from the average. For

,

-

example,- the boron absorption cross section is 759 barns, but is 3840 for
.the boron-10 isotope. - Natural helium is 0.007, but ' helium-3 is 5327.--

The absorption cross section is a value established for thermal energies
and decreases rapidly with an increase' in neutron energy. For this
reason, the absorption process is a good means of detection of thermal-
neutrons.- The neutron, having no electric charge, cannot be detected

'

directly; but, the resulting a particles or protons from the (n a) or
-(n,p) reactions can be easily detected and boron triflouride or helium-3
-detectors are generally used for this purpose. The helium-3 is more
critical, since at its higher pressure, it is more sensitive to detection

,L of gamma.

It .is apparent from figure 10-7 that if thermal neutrons are produced in
normal soil, the probability is very good that they are produced by the

-

interaction with hydrogen. The next element commonly found in soil, oxy-
gen, requires over eight times the number of collisions to produce a,

; thermal neutron.
'

Weight Absorption
Fractions of Cross

Element Earth's Crust Collisions Section
Hydrogen 19.0 .33---

Boron * 109.2 759.00
Carbon * 120.6 .0034
Nitrogen * 139.5 1.90

'

i Oxygen 0.466 158.5 .0002
|. Sodium 0.028 224.9 .53

Magnesium 0.021 237.4 .063
Aluminum 0.081 262.8 .23
Silicon 0.277 273.3 .16
Phosphorous 0.001 300.8 .19

;. Sulfur * 311.1 .51
| Chlorine * 343.3 33.00
g Potassium 0.026 378.0 2.10
i Calcium 0.036 387.3 .43

Titanium 0.004 461.6 6.10
i Manganese 0.001 528.5 13.30

Iron
Cadmium

.
0.050 537.2 2.53.

* 1074.6 2390.00
Lead * 1975.5 .17,

: Uranium * 2268.6 4.20

* Note: Weight fraction is less than 0.17..

Neutron Interaction Data
Figure 10-7
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- X-E. M0ISTURE' GE0 METRY

The moderation of fast neutrons to thermal . energy levels and detection of
the thennal neutrons can be .a useful means of measurement of moisture
content if certain assumptions. can be made. The' ideal situation' would
reequire that !al_1 thermal neutrons produced within the material be the
-result of.: interaction with hydrogen .in the. form of water. Since this
situation does not' exist, one must assume that other. moderating elements
and hydrogen not contained in water be reasonably constant. Fortunately
this situation does exist in construction type materials. The lowest
mass number element in the earth's crust is oxygen with a concentration
'of.. roughly 47 percent and is constant to within a few percent. The other
-moderators, such as deuterium (H-2), helium, lithium, beryllium, carbon,
or nitrogen, are not present in sufficient quantities to _ create large
errors. Agricultural . soils may contain sufficient organic materials and
nitrogen to cause errors.

One must also assume that no elements are contained in the material which
.would absorb thermal neutrons. This would also create errors since the '

absorbed neutrons would not reach the detectors. For construction type

soils, only boron is likely to be encountered and could cause large
errors. ' Coastal soils may also contain sufficient chlorine to be. signif-
icant and iron oxide deposits above- 35-40 percent may cause errors.

Since the above' elements may exist in sufficient quantities, a means must
be provided.to compensate for errors. These procedures were covered in
sections III-E and IV-E on f.ield use of the equipment. The use of He-3
detectors provides some improvement over BF-3 detectors since they are
also sensitive 'to neutron energies higher than the thermal level.

In choosing a geometry for the source and detector, one must consider the
diffusion of thermal neutrons through the material. If small quantities
of water are present,:the neutrons become thermalized at a large distance
from the, source and as the quantity of water per unit volume increases,
the average neutron becomes thermalized closer to the source. The neu-
tron flux density (neutrons per cubic centimeter) decreases as the square

.-of :the distance from the source, therefore the location of the detector
becomes critical.

In' order to obtain maximum sensitivity (thermal neutrons detected per j

unit -water density), the source and - detector should occupy the same
'

This, however, produces a response which is very good (linear) at |space.
high water contents but has a poor response at low moisture contents
since the average neutron becomes thermalized at a large distance from i

the detector, which reduces its probability of being detected due to the
diffusion of the thermal neutron. This response is shown in figure 10-8.

At the other extreme, if the source and detector are separated by a large
distance [100-150 mm (4-6 inches)] the linearity at low moisture contents
is very good, but at high moistures, the average neutron become thermal- !

ized at a point close to the source but at an increasing distance from
the detector and the response begins to flatten and ultima,tely decrease.

TROXLEf10-12
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X-E. MOISTURE GE0 METRY (cont'd)

By carefully choosing the source to detector spacing, an "S" shaped
response can be obtained which linear over the 0-650 kg/m3 (0 40
PCF) range to within 20 kg/m3 ( is1.25 PCF).

In a manner similar to the backscatter density geometry, the instrument
is more sensitive to a unit mass of water which is located close to the
source-detector plane than an equivalent amount which is further from the
center of measurement.

The location of the source and detector within the intrument is chosen to
sample the same volume of material as that included in the density
measurement. This criteria is not important if the material measured is
a homogeneous mix at a uniform moisture and density, but soils do not
generally fulfill this requirement.

Since the detector response to a unit mass of water is dependent on the
distance between them, the measurement is not a true average of the wet
material under the gauge but is an average heavily weighed by the water
closest to the detectors. The response is similar in this respect to the
backscatter density geometry.
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Figure 10-8-
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X-E. M0ISTURE GE0 METRY (cont'd)

Defining the depth of measurement for moisture is not as simple as the
backscatter density as shown in figure 10-6 since.the moisture depth of |

measurement is a function of the moisture content and decreases with an
increase in moisture. A set of normalized curves are shown in figure
10-9, which illustrate the effects of moisture content on the depth of
measurenent.

Using the data taken to arrive at the curves shown in figure 10-9, we
can express the relationship between the depth and the moisture cortent
as:

Depth (m) = 280 - 0.27 M (kg/m3)

or

Ocpth (inches) = 11 - 0.17 M (PCF) * o

This equation covers 98% of the meajured volume and is valid over the
moisture content range of 0-640 kg/m3 (0-40 PCF) .

'# N I | |

\: Depth (mm) = 280 - O 27 (kg/m3)
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Effect of Moisture on Depth of Measurment
Figure 10-9
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X-F. RADIATION STATISTICS

! 'The subject of radiation statistics cannot be completely covered in this
short section; however, sufficient detail can be given to enable the user

'

to perform the operations required and understand the statistics
[ pertaining to this equipment.

The binomial distribution describes the probability of random events and
-its limiting case, the Poisson distribution, . accurately defines the
probability of radioactive decay. The most significant property of the
distribution applying to this equipment is that the variance of the rate
of_ decay is e
deviation (o) qual to the mean rate of decay. Therefore, the standard

is equal to the square root of the true mean rate of
decay (m). Since m cannot be determined, it is convenient to substitute
the sample mean n where:

In-

n = g-

for N number of samples n. The standard deviation of a given sample n
within a population can be expressed as:

.

o(n)=(5)

|

Further, it is possible to define the precision of a single n as:

n = n i (n)

The deviation of N samples thus becomes:

In ' Y
, ' H 'Y ,o(nN

: o(5) =
1 N n r- -

and the precision of 5 is:

'H'Y ,g , o(n| -;,g3
.N

N 9F

i
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X-F. RADIATION STATISTICS (cont'd) .

l

The foregoing demonstrates that the accuracy of a given gauge measurement |

can be improved by accumulating and averaging multiple measurements and |
the deviation is improved by a factor of two for four measurements, three
for nine, four for sixteen, etc. The time consumed increases geometri-
cally however, and is not economical beyond four measurements. This
quantity is used for calibration and field determination of the standard
count. The 3400 Series obtains the average of four one-minute measure-
ments automatically in the SLOW position of the TIME switch.

It should be obvious that it is necessary to obtain the square root of
the true count rate in order to compute the standard deviation; i.e.,

first multiply moisture and . density count rates by 16. The same result
can be obtained by dividing the standard deviation of the prescaled count
rate by the square root of 16, or 4.

It is often convenient to express the precision as a percentage of the
count rate:

"

+
"

o(%) = n t x 100 = n t
n 9

This further demonstarates the futility of using more than four or, at
the most, nine samples to determine a calibration count or a standard
count. If a gauge has a true count rate of 36,000 cpm for a given test,
the precision represents a stability of 0.5% for a single count or 0.25%
for four counts. Assuming that the gauge electronics must be more stable
than the decay of the source, the electronics must be more stable than
0.1% for all possible sources of drift: detector efficiency, high voltage
supply, threshold levels and time base. Few pieces of field operated
equipment can demonstrate this order of stability and this explains the
careful choice of fixed regulated high voltage supplies and the crystal
clock used in the 3400 Series, rather than variable high voltage supplies
and tuning fork timers used in other equipments.

Standard deviations in terms of counts-per-minute have little meaning to
the gauge user since the desired results are to be kilograms-per-cubic-
meter or PCF. In order to determine units, it is necessary to obtain the
relationship between the count rate and the desired units. This is not a
ratio of the values but a ratio of the change in counts-per-minute to the
change in density. The change or slope (S) can be computed by:

.

A" A"S= or
AD AM

TR0XLER
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X-F.RADIATIONSTATISTICS(cont'd)

therefore:

+
n a(n)o(D)= "
an S (Density)
AD

or:

a(n)'IN) * S (Moisture)

Since the gauge response to density is basically an exponential function,
the slope is different at different densities and the density must be
stated in order to specify a deviation in terms of density.

While the Poisson distribution describes the probability of decay, the
normal or Gaussian distribution is more useful and convenient when pre-
dicting or comparing values by the statistical theory of errors. No
error is introduced with n > 100 and probability > 0.01. Assuming normal
distribution, the probability of obtaining a measurement within a
specified deviation is:

Deviation .5 1 2 3

Probability .383 .683 .944 .997

From this table, one can see that 94.4% of the measurements will be with-
in 2e and the probability of obtaining a measurement outside of 3e
is remote.

The procedure outlined above predicts the precision of measurements
assuming the gauge stability to be greater than the decay stabilities.
Obviously this may not be a correct assumption and it is necessary to
test the gauge stability in terms of the decay stuility. In order to
accomplish this test, it is necessary to accumulate a number (20 or more)
of sample counts. Normally the moisture and density standard counts are
used.

TR0XLER 10-17 1
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X-F. RADIATION STATISTICS (cont'd)

The standard deviation may be determined by:

Y !
-

J.

N
1 _

a= E ("*")N-1
1

..
_

or:
+

_

I* (In)
*

1*" I" -

- N-1 N

The latter equation is sometimes referred to as the working formula and
is convenient for use on desk calculators. The deviation obtained is the
root-mean-square (RMS) error of the individual measurements from the
mean.

A ratio of the RMS deviation to the predicted deviation should fall
between .7 and 1.4. Ratios outside of .5 and 1.6 definitely indicate a
defective system while ratios between these values indicate possible
defects and the test should be repeated. If raw displayed data (in the
NORM mode) from the 3400 Series is used, these limits must be divided by
4.

The gauge stability over a working day should' be such that the drift in'

standard count is less than that required to cause an error in excess of
one standard deviation. For the 3400 Series gauges this' maximum differ- |

ence is 0.5% for the density standard count and 1% for the moisture
standard count. An example of these calculations is given in section :

'

VIII-E.

It is difficult to set a maximum for the long term drift of the standard
icount since it is dependent on the source of the drift. Detectors

display an aging which is temperature dependent and this type of drift is
coinpensated by the standard count procedure. A gradual shift of even 10%
may be of no concern if it has occurred over a long period of time: how-

ever, any sudden shift in excess of 2 to 3% may indicate a mechanical
shift in the gauge geometry or incipient detector failure, and the cali-
bration should be checked against a known reference.

10-18 TR0XQ
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XI. FACTORY CALIBRATION
:

XI-A. DENSITY CALIBRATION
|

! The density calibration method used at the factory consists of the
| accumulation of count rate data on five standard density blocks for
'

determination of density versus count rate computations, and on standard
density block to verify calibration accuracy. Sufficient data is
accumulated on each block to insure a standard deviation of 2.4
kg/m3 (t 0.15 PCF) or better for all data points. In order to
eliminate long term effects of source decay and electronic drift, all
data is normalized to the reference standard count and expressed as a
ratio.

The mass attenuation coefficients for the five calibration standards are
listed in figure 11-1 for photon energies between 0.10 and 0.60 MeV.
The densities of these blocks have been determined to an accuracy of 0.1
percent by gravimetric methods.

Calibration Photon Energy (MeV)
Standard 0.10 0.15 0.20 0.30 0.40 0.50 0.60
Magnesium .1643 .1369 .1223 .1060 .0943 .0860 .0795
Mag / Alum .1636 .1353 .1210 .1042 .0931 .0849 .0784
Aluminium .1631 .1344 .1202 .1031 .0922 .0841 .0777
Limestone .1920 .1459 .1277 .1079 .0960 .0874 .0808
Granite .1635 .1370 .1236 .1066 .0950 .0867 .0802

Mass Attenuation Coefficients for Various Photon Energies
Figure 11-1

The calibration result consists of a solution of the equation:

CR = Ae-BD-C

where: CR = Count Ratio
0 = Density

A,C = Constants Dependent on Gauge Geometry
B = Constant Dependent on Mass Attenuation Coefficient

Ideally, one would like to have standards of various densities with the
same mass attenuation coefficient as the material to be measured. Since
this is not possible, other means must be provided to simulate this
situation.

TROXLER 11-1
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XI-A. DENSITY CALIBRATION-(cont'd)

The three metallic standards (magnesium, laminated mag / alum, and aluminum)
were chosen because, while their mass attenuation coefficients are not
identical, their relationship to each other is constant within 1% over .

the desird energy range. Since this is true, their apparent densities can
~

be changed to give the effect of having the same mass attenuation coeffic-
ient. Making this assumption and using count ratios from the three
standards, one can compute the unknown values of ~the A, B, and C con-
stants. To attempt this same procedure using standards such as limestone
and granite could create very large errors since their relationship, with
respect to mass attenuation coefficient, varies about 7% over the desir-
ed energy range.

The .value for B obtained from this computation has no relationship to soil
or other construction materials. As shown in figure 11-2 (exaggerated),
these constants only determine the intercept at zero density and the
general shape of the calibration curve.
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Graphic Solution to Density Calibration
F1gure 11-2
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XI-A.DENSITYCALIBRATION(cont'd)

Using data from the granite and limestone standards, the values for B can

be computed for these tw (materials.The spread in deasity between these
two lines at 2000 kg/m3 125 PCF) will typic 311y be 50 kg/m3 (3 PCF)
for direct transmission geometries and 65 kg/m3 (4 PCF) for backscatter.
If one can assume that most soils fall between these two limits (limestone
and granite), then the average of the two values of B will produce a
calibration which will be suitable for all normal soils.

In order _to obtain a quality control. check on the validity of the calibra-
tion, it is necessary to take data on an independent standard which is not
used in the computation but, rather, is used to compute a density from the
final calibration equation _ which can be compared to the true density of

.the standard. The most severe test would be a standard whose density is
outside of the magnesium to aluminum density range since this portion of
the calibration is obtained by extrapolation rather than interpolation.

~ A standard of polyethylene and magnesium having a density of 1402 kg/m3;

(87.5 PCF) was chosen since it is about the low limit of wet density and
can also be used for a moisture calibration point. A measured density of

-

the standard should fall within 16 kg/m3 (2 1.0 PCF) since the mass
attenuation coefficient is similar. - to soil rather than the metallic *

. blocks.. This is due to the large amount of hydrogen in the polyethylene.

;

-

t
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(1-B. DENSITY PERFORMANCE PARAMETERS

Figure 11-3 is a typical computer printout of the calibration data taken
during the calibration prodedure and a listing of the various parameters
from which the gauge performace can be determined. An explanation of
these parameters and the methods used to obtain them is in order.

j

The first section of figure 11-3 is a listing of the gauge type and
serial number, source serial numbers, standard counts, and the dates of|

i
calibration and printing along with an indication of which set of factory
standards were used to accumulate the data.i

| The second section lists the density standards, the densities of these
standards, and the density measurenent counts made on these standards.t

;

The third section headed " Density Performance Parameters" includes all of
the computed values used to evaluate the gauge operation and obtain the

i
density conversion tables.

The first three items (headed A, B and C) are the constants derivedt

1. Depthfrom the equation given in section X-A for each of the depths.
"0" is the backscatter geometry.;

; 2. The value headed " Bend" is the computed maximum deviation between a
:

;

pure exponential function between the densities of aluminum and
magnesitsa and the modified equation using the data from the laminatedi

! The value serves no useful purpose for the opera-mag / alum standard.
! ter but is a quality control check on the gamma filter, detector

dead-time, and high voltage regulation under load,
The item headed "Y" is a computed value of the mat / alum standard

i 3.
' density and represents a check on the simultaneous solution of the

equation set.g "MP-D" is the computed density of the mag / poly standard and is a4.g final check on the validity of the A, B and C values in the low
- density range. It should agree with the actual density of thisa

standard within i 16 kg/m3 (* 1 PCF) for all direct transmission
(-1.0, -2.5 PCF) for the backscatter mode.modes and -16, -40 kg/m3

" RAT" is the ratio of tpe count rate at 176Z kg/m3 (110 PCF) to the=
| 5.

(140 PCF). This value is utilized by somecount rate at 2243 kg/m[ users as a measure of the gauge sensitivity and is computed for their
t i nformation. The larger the numerical value of this number, the
E larger the slope of the calibration curve when plotted on semi-log
$ The value is relatable to the value of "B".
n graph paper.
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XI-B. DEf1SITY PERFORMAflCE PARN4ETERS (cont'd)

TROXLER ELECTRONIC LABORATORIES, INC.

GAUGE MODEL -34113 STANDARD COUNT, OENSITY - 2751.SERIAL- 4100 MOISTURE- 547.

SOURCE TYPE- CS-137 AM/BE CALIBRATION OATE 07-20-79 BAY- 9
SERIAL- CC-2000 CAA-2000 PRINTING OATE 07-20-79

DENSITY CALIBRATION COUNTS

DEPTH MAG MAG-ALUM LIME GRAN ALUM MAG-POLY S-R
(1772.) (2227.) (2291.1 (263a.) (2701.1 (1402.)

0.0 1271. 846. 707. 573. 573. 1865. 747.
5.0 4232. 2736. 2273. 1700. 1723. 6031. 2347.10.0 4353. 2635. 2142. 1512. 1535. 6484. 2195.15.0 3549. 1985. 1571. 1048. 1069. 5635. 1606.

20.0 2466. 1258. 968. 613. 626. 4239. 988.
25.0 1632. 756. 587. 343. 346, 3053. 598.
'30.0 961. 406. 310. 180. 180. 1974 314.

DENSITY PERFORMANCE PARAMETERS

DEP A B C BEND Y MP-D RAT PREC CE SR EX ER

0.0 2.95742 0.11378E-02 -0.05440 -19. 2227. 1368. 1.59 7.8 42.2 -60.9 54.9
5.0 9.19389 0.10157E-02 0.03324 3. 2227. 1397. 1.65 4.1 29.5 -30.3 34.3

10.0 12.05120 0.11466E-02 0.05687 6. 2227. 1402. 1.78 3.5 26.9 -19.9 29.7
15.0 13.89638 0.13561E-02 0.02334 4. 2227. 1404. 1.95 3.4 24.9 -15.6 27.2
20.0 14.96618 0.16205E-02 -0.00460 -2. 2227. 1405. 2.17 3.6 23.9 -12.8 26.1
25.0 15.46284 0.18700E-02 -0.00902 -6. 2227. 1413. 2.40 4.0 17.0 -10.4 19.9
30.0 15.65059 0.21935E-02 -0.01493 -22. 2227. 1415. 2.66 4.7 18.2 -6.7 21.3

MOISTURE CALIBRATION COUNTS
|

MAG MAG-POLY S-R
(0.0) ( 586.)

14. 399. 388.

MOISTURE PERFORMANCE PARAMETERS

F RAT PREC SR EX ER

0.02559 0.12005E-02 3.37 1.4 -16.8 9.0

3400-B Series Calibration Data
Figure 11-3

TR0XLER 11-5
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XI-B. OENSITY PERFORMANCE PARAMETERS (cont'd)

6. "PREC" is the statistical precision of the gauge computed at the 68.3%
confidence level. It states simply that the repeatability of the
gauge' is such that 68.3% of repeated measurements on the same site
will fall within the average i the "PREC" value. It also represents

the minimum change in density which can be measured with the instru-
. ment. A more useful number would be twice this computed value which
represents the 95% confidence level.

"PREC" is computed by the equation:

(actual accumulated counts at 1922 kg/m ) }/23

PREC = slope of the calibration curve at 1922 kg/m3
1922 kg/m3 = 120 PCF

Graphically it is represented in figure 11-4. A more detailed explan-
ation of radiation statistics is covered in section X-E.
Since the 3400-B Series prescales the actual counts-per-minute by 16
before displaying, the equation for this instrument must be modified
to:

(displayed counts x 16)1/2 = (displayed counts)1/2
PREC = slope x 16 slope x 4

This equation is for the NORM (1 minute) timing period. For the SLOW
(4 minute) period, the precision is improved by a factor of 2 and for
the FAST (.25 minute) period, it is degraded by a factor of 2.

/s. _____
.

AV. CR- ----- --

.

_ gg .______q________

| | 1

: 1 I

i l I

i i !
' '

-P AV +P

Graphic Solution of Precision
Figure 11-4
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XI-B. DENSITY PERFORMANCE PARAMETERS (cont'd)

7. As covered in previous sections, an instrument using the attenuation
of photon energy to measure density has an error caused by variations
in the chemical composition of the material being measured. This is
a difficult error to define without being very restrictive on the
method of~ determination. Fortunately, for soils, very good homogen-
eous standards are available which have compositions which bracket

-

the mass attenuation coefficients of most natural soils. Limestone,
due to its high calcium content, has a coefficient higher than
natural soils; and granite,. due to its high silicon content, has a
coefficient lower than natural soils. These materials have reasonable
uniform compositions and, in most cases, are of a uniform density
throughout their mass. This criteria is not easily met by other
natural mineral blocks and cannot be met -by manufactured or cemented
aggregates.

The value quoted under the "CE" heading is one half the difference
between the granite equation and the limestone equation at the
density of 1922 kg/m3 (120 PCF).

8. "SR" is a measurement of the surface roughness or surface void error.
The gamma density gauge, since it yields an average density from the
surface down to the depth of measurement, has an error which is
associated with the surface voids which may exist to a different
degree than sub-surface voids. This creates an error which can be
significant, particularly in the backscatter geometry since it
heavily weights the surface density.

No uniform standard method of test has been accepted for the evalua-
tion of this error. Troxler Electronic Laboratories, Inc., in 1968,
began using a standard void of 1.25 mm (0.050 inch) under 100% of the
bottom surface of the gauge as a reasonable void limit. This is
equivalent to a 2.5 mm - 50% void (0.10 inch), etc.

The error stated under "SR" is the difference between a measurement
of the limestone standard with the gauge flush on the surface and a
measurement with the base elevated 1.25 nn (0.050 inch) above the
surface by means of metal spacers placed along the sides of the
instrument. These spacers must not interfere with the measurement
geometry.

TROXLER 11-7
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XI-B. DENSITY PERFORMANCE PARAMEATERS (cont'd)

9. The final density performance parameter is a root-mean-square (RMS) i

sum of the other errors in addition to a statistical calibration j
error.

Several attempts have been made to define overall gauge performance
factors. Most of these have been dimensionless factors which are
useful for comparing one instrument to another but give no indication
of errors to be expected in the field. The "EX ER" value is computed
from:

.

EX ER = [(2 x PREC)2 + (CE)2 +[SR/2]2 + (PREC)2]1/2

(2 x PREC)2 is included to allow for the 95%
confidence limit for field
measurement statistics.

(CE)2 assumes that 95% of all soils
will be within the limestone-
granite spread of composition.

[SR/2]2 assumes that site preparation can-
be accomplished to limit the void
to the 1.25 mm - 100% level and is
divided by two since the error is
uni-directional (always negative).
The final calibration curve is shifted
positive by one-fourth SR in order to
partially compensate for the error.
This makes the error bi-directional.

(PREC)2 allows for statistical error of the
instrument during the calibration and
assumes a 4-minute measurement and
95% confidence limit.

11-8 TR0XLER
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XI-C. M0ISTURE CALIBRATION '!

Many attempts have been made to satisfactorily create stable moisture
standards either by using actual water and soil mixes or simulating

'

; moisture by mixes of hydrogen bearing materials with other materials
simulating soils. Some are totally 1 inaccurate and some are very unstable
unless particular attention is made to maintaining water levels and
preventing evaporation.

During the development of.the 3400-B Series, Troxler Laboratories, Inc.
developed a set of six standards made from laminated sheets of polyethy-
lene and magnesium. The equivalent water content was computed using the i
thermalizing and absorption characteristics of hydrogen and carbon in the
polyethylene as opposed to the same characteristics of hydrogen and oxy-

. gen in water. The equivalent water content ranged from zero to 1163
kg/m3 (72.6 PCF). These laminated standards were necessary in order toL

'

design the neutron geometry of the instrument.

Data from the standards agreed with the thermal response and absolute
values agreed with data from saturated graded ~ sand. Since - the final

: . geometry design yielded a response which was linear within 16 kg/m3
(i 1 PCF) over the desired range, two standards, zero and 641 kg/m3e

(40 PCF) were reproduced as production standards.

The zero standard is the same magnesium standard with is used for the
density calibration and yields a count rate equal to an air count, i.e.,'

a count made with no material other than air within a 3 meters (10 feet)
circumference of the instrument.

The 641 kg/m3 (40 PCF) standard is made from vertically laminated sheets
of 0.76 mm (.030 inch) thick magnesium and polyethylene. The exact sheet
thicknesses must be.used in the computation to yield correct results since,

even very small errors in sheet thickness creates large errors in computed
moisture.

As with the density count rate data, the moisture count rate data is'
,

-nonnalized to a moisture standard count to eliminate long term drift in
; the instrument. These count ratios are then used to solve the equation:
!

CR = E + (F x M)_
,

where: CR = Count ratio;

i E = Offset at zero moisture content
: F = Slope
; M = Moisture content

Data is taken in all density geometries and averaged for the final data
stated in the fourth section of figure 11-3.

i

TR0XLtR. 11-9
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XI-D. M0ISTURE PERFORMANCE PARAMETERS

The fifth section of figure 11-3 lists various moisture performance
parameters which, in some respects, are similar to those for density.

1. E and F are constants computed from the count rate data to satisfy
the equation shown in section XI-C.

2. " RAT" is the ratio of the count rate at 320 kg/m3 (20 PCF) to the
count rate at 80 kg/m3 (5 PCF). As with the density, " RAT" is
related to the slope of the calibration line.

3. "PREC" is the statistical precision of the gauge computed at the
-68.3% confidence level and has the same meaning as that computed for
the density "PREC". The same equations are used however, the count
rate and slope are taken at 240 kg/m3 (15 PCF) moisture content.
The moisture calibration and precision are illustrated is figure
11-5.

500-

SLOPE =FgW

= |

5
m.g ____________

E CR -_-_-___- g

, _s g i_______

I>- I IZ I

3 I i i
o 100- I I Io

I I IE
I I i

-P M +P
150 350 550

3
MOISTURE (KG/ M )

Graphic Solution To Moisture Calibration
Figure 11-5

4. "SR" is the surface roughness error caused by a 1.25 mm (.050 inch),
100% void under the gauge and has the same characteristics as the
backscatter density "SR". It is a small magnitude since the volume
measured for moisture is larger than the volume measured for
backscatter density. It is determined by taking the difference
between a flush measurement of moisture and one with the gauge
elevated by 1.25 mm-(.050 inch) . The error quoted will bq much low r

(40 PCF);4on materials with a moisture content less than 641 kg/m
in fact, it will be directly proportional to the moisture content.

5. "EX ER" is computed in the same manner as the "EX ER" for density

[
with the exception that "CE" is omitted. The value is valid for
field measurements provided all errors due to hydrogen not contained'

in water and high neutron absorbers have been accounted for in the
field correction procedure.
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XII. RADIOLOGICAL SAFETY

The quantities of. radioactive material contained in Troxler moisture and
density gauges are quite small, and an operator may safely use a gauge

~ daily without receiving any bodily damage due to radiation. In addition,
each radioactive source is doubly encapsulated to afford even greater.

protection for the operator. However, all radioactive sources, no matter
how small, should be handled with care.

The purpose of.this section .is to acquaint the operator with the types' and
characteristics of, radiations with which he will be working, and to de-
scribe the routine handling procedures and precautions which should be

~

,

;followed in order to obtain safe and efficient operation of Troxler gauges.
>

XII-A. RADIATION CHARACTERISTICS

XII-A-1.' TYPES OF RADIATION

The radioactive materials in Troxler gauges emit four types of radia-4

,

tion which the operator should know about: alpha and beta particles,1

photons, and neutrons. Of these four, the alpha and beta particles are
completely stopped by the walls of the source container; therefore,
only the characteristics of the photons and neutrons need to be
discussed in detail.

,

Photons (sometimes called gamma rays) are a form of electromagnetic
radiation, somewhat similar to radio waves and rays of light, and are
electrically neutral. However, unlike light rays, photons are
extremely penetrating and may pass through several inches of lead or
concrete without being deflected. The energy of a photon is usually
expressed in units of millions of electron volts, or MeV. This need
not -be discussed any further except to state that, in general, the
higher the energy, the more penetrating the photon will be.

I When a photon (gamma ray) enters a slab of material, any of three
j things may happen. First, the photon may be absorbed (stopped) by the
| material . Second, the photon may be deflected or " scattered" in the

material, and come out of the material with a different direction andt

lower energy than when it entered (of course, sometimes the photon is!-

scattered several times before being absorbed or coming out of the,

i material). Third, the photon may pass through the material without
| being scattered or absorbed.

|.

:
!

!

.
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XII-A-1.TYPESOFRADIATION(cont'd)

It- is impossible to accurately predict what will happen to a single
photon entering a certain material. However, if a beam of photons is
directed at the material, it is possible to calculate the percentages
of the beam that will be absorbed, scattered, or transmitted. The
percentage of photons that will pass through a material depends mostly
on the energy of the photons and the -density of the material. For
example, if a beam of 1.25 MeV photons was directed at a concrete block
285 mm (11.2 inches) thick, 10% of the beam would be transmitted.
However, only 44 mm (1.73 inches) of lead would be required to cut this
same beam down to 10% becausa lead is much denser than concrete."

Neutrons are extremely small, very dense particles. They are electri-
cally neutral and quite penetrating. Unlike gamma rays, the penetrat-
ing power of neutrons through a material does not depend on the density
of the material, but on the material composition. Neutrons are slowed
down most effectively by a material containing a high percentage of
hydrogen atoms (such as water or polyethylene) For this reason,
neutrons are used to measure the moisture ' content of soils or other
materials.

XII-A-2. TYPES OF SOURCES

The 3400-B Series of instruments are only available with cesium-137
gamma sources for measuring density and americium-241: beryllium neutron
sources for measuring moisture.

Both sources meet or exceeed NRC, 00T, and IATA regulations for
"SPECIAL FORM" or sealed source materials. Except for the direct
radiation hazards, the sources are extremely safe.

The first encapsulation of the cesium-137 material is a glass bead
approximately 1.5 millimeters in diameter which is wipe free even if
broken up into pieces. This bead, if ingested, would pass through the!

digestive system without leaving any traces of absorbed material. The

glass bead contains nominally 8 mci of cesium-137. The second
encapsulation is vacuum melted stainless steel in which the closure is
fusion welded. This source capsule is fusion welded into the source
rod to provide a third encapsulation.

!
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XIl-A-2. TYPES OF SOURCES (cont'd)

The americium-241 material is a compacted mixture of americium oxide
and the beryllium metal target. The pressed pellet nominally contains
40 mci of americium-241. This pellet is fusion welded in two separate
stainless steel capsules and is contained within the instrument in
another stainless steel housing embedded in lead.

The cesium-137 material decays with the emission of a beta particle
with a maximum energy of 1.167 MeV and an average energy of .195 MeV.
The half-life of this decay is 30 years. With this emission the
cesium-137 material is transformed into barium-137m, which is still
unstable and decays with the emission of a .662 MeV gamma photon with a
hal f-life of 2.5 minutes. The beta emission is absorbed by the

stainless steel capsule, and thg result is effectively a .662 MeV gamma
source with a yield of 2.5 x 10 photons per second.

The americium-241 material decays with the emission of an alpha
particle having an average energy of 5.45 MeV and a gamma photon of
0.06 MeV. The half-life of this decay is 458 years. Other minor
emissions of daughter prodygts are present but are not significant.
The gamma yield of 5.6 x 10 photons per se
the capsule along with all of the 1.5 x 10gond is mainly absorbed byalphas per second. Some

of thg(a,lphag are absorbed by the beryllium target material, producing
a

a Be n)C reaction. Other alpha particles are sel f-absorbed
by the americium-241. The carbon-12 has excess energy and produces a
smallquantityof1-9MeVghotons. The final result is effectively a

neutron source of 7.0 x 10 neutrogs per second with an average energy
of 4.5 MeV and less than 5.6 x 10 gammas per second at an energy of
0.06 MeV.

XII-A-3. RADIATION UNITS

Although there are several units of radiation measurements, there are
only two with which the operator of the gauge needs to be familiar.
These are the curie (C1) and the Roentgen Equivalent Man (rem). The
curig is defined as the quantity of any radioactive material giving 3.7
x 1010 disintegrations per second and is approximately equivalent to
the number of disintegrations in one gram of radium-226. The sources
used in this gauge are small and are expressed in millicuries (mC1).

The effect of the various types of radiation on the human body is
type that produces the same

defined as the quantity of radiation of a_y bsorption of one roentgen ofeffects in man as those resulting from the a
X or gamma radiation. The unit is " roentgen equivalent man" (rem).
Since the absorbed dose is generally small, the millirem (mrem) is
generally used.

.

TR0XLER 12-3



r _

-&- -XII-A-3. RADIATION UNITS (cont'd) |

The gamma dose rate (mrem / hour) at any point from the unshielded
cesium-137 source in this gauge can be caleglated for any distance (D)~ .
in millimeters and is equal to 2,500,000/D . For several values of-

"D", the dose rate in mrem / hour is given in the- table below. The
neutron dose rate .(mrem / hour) at any point from the unshielded

americium-241: beryllium source can be calgulated for any distance (D)
in millimeter!, and is equal to 62,500/D . This dose rate is also
given in the table below.

.

Distance Gama Dose Neutron Oose
-(m) Rate (mrem /hr) Rate'(mrem /hr)

y 10 25,000.0 625.0
cf

j-[j 50 1,000.0 25.0

,Y / 100 250.0 6.3
i. e

500 10.0 0.25t f,
,

.> v -/ by 1000 2.5 0.06h vyy
Dose Rates For Unshielded Gauge Sourcess

Figure 12-1

XII-A-4. EXPOSURE LIMITATIONS

In order to protect personnel from overexposure to radiation, the
Nuclear Regulatory Commission and the Federal Radiation Council have
established exposure limits for radiation workers. These limits,

expressed in mrems, are reproduced in the following table.

EXPOSURE LIMITS FOR RADIATION WORKERS

Type of Exposure Millirem Limits for
13 weeks 1-week rate

Sensitive Regions
(wholebody, eyes,
gonads, skull) 1,250 96

Kidneys, spleen, lungs, liver 5,000 385

Skin of whole body 7,500 577

Hands, arms, feet, ankles 18,750 1,442

.
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(XII-A-4. EXPOSURE LIMITATIONS (cont'd)
s
''

A licensee may permit an individual'to receive a dose to the whole body-
)greater than that - above,- _provided: (1) the dose during the 13 week~

quarter does not exceed 3 rems and :(2) the dose to the whole body does
not exceed [5 x_(N-18)] rems; where N equals the' individual's age.,

These limits _are intended to be highly conservative, and do not repre-.

sent_'the absolute maximum exposure a person could receive -_without
. becoming ill -or suffering radiation damage. - However, it is advisable
to remain under the limits- whenever possible. This can be done .quite

~

t easily - with Troxler _ gauges, by following established handling pre-
' cautions..

.

h

XII-A-5. SHIELDING',

Thers are two basic ways in which a person can protect himself from a
radioactive source: distance and the interposition of shielding

imaterial.;
.

As a person moves away from a. source, the amount of radiation which he-
:is receiving from.the source falls off sharply. In fact, the radiation

'

obeys the " inverse square" law which states that the radiation intensi-i

ty decreases as the inverse square of the distance from the~ center of
the source to the " target". = For example, if a person standing one foot
from a source were receiving forty millirem per hour, moving .back
'another foot would cut the intensity to ten millirem per hour. By mov-i-

[ |ing back, the person represents a smaller " target area"'to the source.
'

The other method of-shielding is obtained by placing matter between the
source and the target. To a reasonable approximation, it makes no,

li difference where the shielding material is placed between the source
y and the target, as long as the thickness of the material remains the
| same..

- As was mentioned earlier, dense material provides the best shielding
against gamma radiation; while hydrogeneous (hydrogen containing)
material affords good protection against neutrons.

The 3400-8 Series gauge uses tungsten as the biological shield forg
p

. higher melting point, greater density, higher scattering and absorption
gamma radiation. Tungsten' offers many advantages over lead, such as:

|
; coefficients, and much greater dimensional stability. Since the shield

is also a part of the gauge geometry for backscatter measurements,
tungsten prevents a calibration shift caused by cold-flowing of lead.

- The tungsten shield provided in the 3400 Series produces a reduction of
gamma dose rate on the surface of approximately 50 to 1.

,

i
!
;
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XII-A-5. SHIELDING (cont'd)

Since any shielding of neutrons also produces thermal neutrons which
affect the measurement of moisture, no provision is made to reduce the ,

neutron dose rate except distance. Small amounts of thermal neutron i

absorbers are included to eliminate neutrons thermalized by components
of the instrument. The neutron dose rate is kept within reasonable

.

levels by simply limiting the neutron yield of the source. Dose rates
for the 3400-B Series gauge with the source rod in the SAFE or
BACKSCATTER positions are shown below. The measurements given are for
the right or left - side of the instrument and are the highest levels
around or over the instrument.

Distance Gama Dose Neutron Dose Total
(meters) (mrem /hr) (mrem /hr) (mrem /hr)

Surface 14.0 1.0 15.0

0.1 2.5 0.5 3.0
'

0.2 O.7 0.2 0.9

0.4 0.2 0.1 0.3

1.0 0.1 0.05 0.15*

3400-B Series Dose Rates
Figure 12-2

XII-A-6 OPERATOR EXPOSURE

Using the dose rate data for the 3400-B and exposure limits as prescrib-
i

ed by the NRC, it can be easily shown that no hazardous dose can be
| received by the operator if reasonable procedures are used. As an,

example, the operator could place his hands on the surface of the
instrument for 90 hours each week before reaching the maximum

-- recomended level for the hands. Assuming the distance of 0.4 meters
(16 inches) from the instrument during operation, he could use the
instrument for 300 hours each week without exceeding the maximum
recomended levels for these parts of his body. Obviously., these,

conditions would never normally exist. ,

Under average conditions, a full time operator working a 40 hour week
can expect to receive about 4 mrem per week or 50 mrem per 13 weeks for
his whole body and approximately 50% higher for his hands and feet.
This dose is only 4% of the maximum recomended level for radiation
workers.

12-6 TR0XL]
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.XII-B. HANDLING PROCEDURES

This instrument ~was designed with operator safety as a prime considera-
~ tion. However, as with any piece of potentially hazardous equipment, some
: general precautions should be observed.

1. . Do not operate or attempt to operate the instrument unless you have
L been authorized to do so.

2. Keep the source position in the " SAFE" or stored position when not in
use.

3. If required by your license or organizational . procedures, wear a Film
Badge or other dose measurement device when using or transporting the
instrument.

4. While . exposure dose levels are well within limits for radiation
workers, never expose yourself to the bare source without sufficient
reason-for justification of-the additional dose.

5. Keep all unauthorized persons out of che operating area. A suggested
distance is 5 meters (15 - feet). ~ The general public must not be
unnecessarily exposed to radiation.

6. Maintain security of the instrument at all times. The source lock
should be in place when not in use and the instrument should be kept
on a locked vehicle when transported. When stored, the area should be
locked. Not only is it an expensive piece of equipment but, if
stolen, could be abandoned under conditions which could be a hazard to
the general public.

'7. Every ' user organization has standard operating procedures; the opera-
tor should follow those ' procedures and report ~ any that he feels

. unsafe.
8. Insure that the gauge has had leak test measurements at the proper

intervals as required by your Radioactive Materials License.
9. If you have any doubts about use of the instrument, ASK. Your

Radiological Safety Officer either has the answer or can obtain one.

.XII-C. DISPOSAL

Title 10 CFR, part 20 of the Federal Regulations and Regulations of the
Agreement States require the disposition of radioactive materials be
accomplished by very restrictive methods.

In ' general, no licensee shall dispose of licensed material except by
transfer to an authorized receipient as provided by regulations. The
. material may be returned to the factory for disposition or may be sold as
-.an instrument to another licensed user. If the instrument is damaged,

beyond repair, the source may be' transferred to an approved burial
facility as provided by Federal Regulations.

.TR0XLER- 12-7



--
- - _ - _ _ _ _ _

f
i

d
XII-D. SECURITY

I Regulations require that locks be maintained on radiographic equipment to i
prevent accidental exposure of a sealed source when not under the direct g
supervision of approved personnel. In addition, storage containers shall -

be physically secured to prevent tampering or removal by unauthorized
--

'

3
'

personnel. n

(=

XII-E. PERSONNEL MONITORING

' The licensee shall not permit any person to use this equipment unless at 5
- all times the user is in the possession of a film badge dosimeter or

-

pocket chamber. Chambers shall be read daiiy and records maintained. ]
TFilm badge reports shall be maintained for 'nspection. _

,,
~

iThe film badge requirement may be waived upon app 11 cation by the licensee"

if it can be demonstrated that the waiser is authorized by law and will -

not result in undue hazard to life or property. 3
Y

k X11-F. RECORDS AND REPORTS
-

' _.

r 1. Each licensee shall conduct a quarterly physical inventory to account 1

i for all sealed sources received and possessed under his license. The f

[ record shall be maintained for inspection. ?
1

-

Each licensee shall have all sealed sources leak tested at intervals- 2.
not to exceed six months. In the absence of a certificate, the

,

source shall not be put into use until tested.
SE

- 3. Reports from film badge service shall be maintained for inspection. g
[ g
r

4. When an individual terminates employment with a licensee, a record g=

h of his total received dose must be made available to the employee. 3
o

]c
E XII-G. INCIDENTS

E The licensee must report any theft or loss of licensed material by j1.-

-
telephone or telegram to the appropriate agency. A listing of NRC =

P
.

regional offices are noted in figure 12-3. If operating under state 2
-

license, the appropriate state agency must be notified. !-

5
'=

f Within 30 days after the loss, a written report must be filed giving )E detailed description of the source, circumstances of the loss, state-
ment of disposition, possible radiation exposures or hazard, actions f
taken to recover the source and procedures which will be implemented -,

: 3
[ to prevent a recurrence of the loss or theft.

I 2. The licensee must report any overexposure of operators which exceeds
B' the limits given in section XI-B-4, detailing circumstances of the

- |

w

T exposure and possible injury.
h

|
6

d
$ h
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XII-H. NRC AND AGREEMENT STATE REGULATIONS

Many sections of State and/or Federal Regulations are referred to in this
manual. Troxler Electronic Laboratories, Inc. cannot guarantee the accu-
racy of these references since the regulations change. The statements do
represent our interpretations at the time of issue of this manual.

It is the final responsibility of the gauge owner to obtain copies of
regulations which apply to his situation and comply with them.

Telephone
Region Aadress

Daynme
Mostdays

!'$5"[DN'l*N'. $$Y'bfs.6_2 , o[, .$_'*e '
" * " ' " " ' " * * " '""'"4"'

= m sy..n... Rhod. r a..a. ,,.06
,

t gion 11. USNRC
| A 'd;[*,$a7''7," '""*i'#s"s''py 2%*Etha(*,"a'n".**!- A coo nsein too ni 4s0e

Car $4'ina. Yin s's $r 'entaNargin Su6te 3100
issands. and West Virg6nfa Atlanta, Conrela 30 3 0 3

.

110

C, ce of sn t on and

"'s'a*N"Ja",t a*,3; a"'J"Mant"*- , A"' :J,*,""e"| Ro.d ' ' ' ' " " ' " " ' " " ' " " "
t

Geen Eityn. til. 40137

R son IV, USNRC

E "ut na M n na. Ora a.New
6 4 8 R' an D'iaza Ort.e (457).314 2841 (8171 334 2848Montco North Oakota Oklahoma. y

ut kota. Tesas, hah. and to 10H
16012

ieo is s c son and

E f'C, '$',,,7 ~I"'" 'a'* ' ' " " " ' ' ' " '"" "'''"i * '
.

94596

United States Nuclear Regulatory Comission
Inspection and Enforcement Regional Offices

Figure 12-3
Y
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XIII. LICENSING

The possission and use of by-product radioactive materials requires a-

special license issued by the Nuclear Regulatory Comission or the equiva-
lent agency of a state which has entered into an agreement to assume
control of the distribution and use of radioactive materials.

.XIII-A. UNITED STATES REQUIREMENTS

An application must include the following information.

1. Initial training.
2. Periodic training.
3. On-the-job taining.
4. A means of detennining the operator's knowledge and

understanding of the regulations and emergency procedures.
5. Applicant's written operating and emergency procedures.
6. Specified delegation of authority or supervision.
7. Leak test procedures and agency who will certify test. If

performed by the licensee, equipment methods and personnel
experience.

8. Types, sizes, chemical and physical form of the sources,
maximum quantity to be possessed, and manufacturer.

XIII-B. NON-UNITED STATES REQUIREMENTS

Import controls are in effect in every country to control the import of
this equipment in addition to controls for the distribution and use.
In general, where Troxler International, Ltd. operates through an

~

agent, he will make available to the user all information required.
Where no agent is involved, the purchaser must obtain this information
from his government's agency controlling the distribution and use of
radioactive materials.

TROXLER 13-1
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XIVJ TRANSPORT AND SHIPPING

XIV-A. GENERAL

The transportation of devices containing radioactive material requires
conformance to regulations which are very restrictive in order to
prevent possible damage to either the population or the environment.
Within the' United States, . the controlling regulacions for packaging,
transport and shipping are contained in various sectio: 4 of the Code of
Federal Regulations as follows:

Title 10 CFR, Part 71 (large quantity shipments)

Title 14 CFR, part 103 (air transport)

Title 39 CFR, Parts 124.2 (d),125.2 (d) (parcel post)

Title 46 CFR, Part 146,149(watertransportation)

Title 49 CFR, Parts 170-190 (packaging, rail, water, highways)

In addition, some states have regulations which may be more restrictive
than the above and the Air Transport Restriced Articles Tariff imposes
some additional requirements. In general, these regulations are in
agreement with and are, in fact, controlled by the Code of Federal
Regulations.

International transportation of radioactive materials come under the
regulations issued by the International Atomic Energy Agency
(Regulations for the Safe Transport Radioactive Materials, 1973
edition, Safety Series No. 6) and the International Air Transport
Association (Restricted Articles Regulations).

~

Within the borders of other countries, their own statutory regulations
apply but are, in general, similar to the international regulations.

Devices approved for transportation within a country may meet the
requirements for international shipment but Competent Authority
Certification of the encapsulation design must be obtained and copies
supplied to the carrier.

TROXLER 14-1
_



_ _ . _ _

o

XIV-B. TESTS AND CERTIFICATIONS
.p.

1. The sealed sources in this instrument (Troxler A-102112, 8 mci
cesium-137 and A-102451, 40 mci americium-241) have been tested
to an ANSI rating of C54444 and meet or exceed the requirements
of : ,

a. Part 15 of the _0fficial Air Transport Restriced Articles
Tariff No. 6-D.

b. IATA regulations relating to carriage of Restricted
Articles by air.

c. IAEA Safety Series No. 6.
d. US'49 CFR 173.398.
e. US 14 CFR 103.

The 'Special Form Certificate has been issued and the Competent
Authority Identification mark is: GB:SFC 140 for the cesium-137
source and GB:SFC 7 for the americium-241 source.

2. The 3400-B Series meets all requirements and is labeled as required
-by 10 CFR Parts 20 and 34.

3. The packaging for this ' instrument (Troxler 102187 or 102382) has been
tested and meets the requirements of Spec 7A containers for " TYPE A"
quantities and is in compliance with: ;

a. Parts 6 and 11 of the Official Air Transport Restricted
Articles Tariff No. 6-D.

b. IATA Regulations relating to carriage of Restricted
Articles by air.

c. IAEA Safety Series No. 6.
d. US 49 CFR 172-178.
e. US 14 CFR 103.11. ,

!

4. The following labels are displayed on the transport containers as -re- ,

'quired by 14 CFR 103, 49 CFR 170-190 and the Official Air Transport
Restricted Articles Tariff No. 6-D:

a. " USA 00T 7A Special Form Radioactive liaterial" ;

b. Two " YELLOW II" labels indicating the contents as: 8 mci CS-137/ I

'

40 mci Am-241.
c. Troxler label indicating the gauge type and serial number.

.

14-2 TR0Xq



XIV-C. TRANSPORT

XIV-C-1. TRANSPORT BY PRIVATE MOTOR VEHICLE

.This instrument, in its container, may be transported by motor
vehicle under the " YELLOW II" label without placarding the vehicle
as required by 49 CFR 177.823.*

The source rod lock should be in place and the container placed in
a-portion of the vehicle which can be locked. When not in transit
the instrument should be stored in a secured area.

Since the container has a Transport Index of 0.1, it may not be
stored less than 0.3 meters (1 foot) from passengers per 49 CFR
174.586. It should also not be stored for more than 8 hours at
less than 1 meter (3 feet) from undeveloped film.

XIV-C-2. TRANSPORT BY COMON CARRIER

This instrument, with the source rod lock in place and with either
a wire seal through two or more latches or strapping around the
outer container, meets all of the requirements of the Official Air
Transport Restricted Articles Tariff No. 6-D,14 CFR 103, 49 CFR
170-190, and the IATA Regulations relating to carriage of -

Restricted Articles by Air. Air transport is limited at the
present time to " CARGO-0NLY" aircraft.

The shipping documents must include the Shipper's Certifications
for radioactive materials as shown on the following page. The
shipper retains one copy, the originating carrier retains one copy
and one copy accomrintes the shipment.

The Airbill (or waybill if other than air shipment) must include
the following description:

i

RADIOACTIVE MATERIAL
SPECIAL FORM, (N.0.S.)

Cesium-137, 8 mC1, Group III
Americium-241, 40 mC1, Group I
Type A Packaging, Transport Index 0.1
Radioactive " Yellow II" Label Required

TROXLER 14-3
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XIV-C-2 TRAtlSPORT BY COMM0ft CARRIER (cont'a)

F SHIPPER'S CERTIFICATION FOR RADIOACTIVE MATERIALS
T.,. ..m ,i.f.4 ..a .i .a ..,i.. .e si. ..,,isi..,6.. .h.n 6. he.4 4 6. .. ie,.

(Use bled letters)
Failure to comply in all respects with the applicable regulations of the Department of Trans-WARNING:

portation,49-CFR, CAD 82 and, for intomational shipments, the IATA Restricted Articles Regulations
may be a breach of the applicable law, subject to legal penalties. This certification shall in no circum-
stance be signed by an IATA Cargo Agent or a consolidator for International shipments.

This shipment is within the limitations prescribed for: (mark one)
O passenger aircraf t and contains radioactive material intended for

@ cargo only
aircraftuse in, or incident to. research, or medical disonosis or treatment.

fPACKAGE ;

| NATURE AND QUANTITY OF CONTENT

sHIPkNG M AME
RAoloMUCLlot Gaoup PoAM ACTtylTY CATEGORY TTPE

CHEMICAL PoAu

TELLoW A L
SM Put 75 sol GAouP STA GA / o e,

' ' ' ' , ' ." "-""a'F " ' " *'#" '- fiJa"aW"o".*o'u",i' '#."a0 ,'A cn'".-
-

' AT 17 , A.
.

TAalPP 6 0 CoseTgnf 1 To vil ee SPtclAL CuttEs Peek- Hl.YELLoe GoRitt w

SNCAPSULATloM e,.e LAttL oveLY TTFE S

Radioactive Cesium !!! Spec. Fonn .008

Materials 137 Type "A" Curies
Special Form (1) !!-Yellov 0.1 Type A

(N.0.5.) Americium I Spec. Forta .040

IATA Article 241: Type "A" Curies
i2129 Beryllium

J ADDITIONAL INFOf9AATION REQUIRED FOR FISSILE MATERIALS ONt.Y |

EXEMPTED FROM THE ADOfTIONAL REQUIREMENTS FOR FISSILE MATERIALS
SPECIF1ED IN 8.t OF PART 2 OF THE LATA FESTmCTED ARTICLES REGULATIONS O
NAME PLUS QUANTITY IN GAAMS OA CONCENTRAT10N. OR ENRIC644ENT IN U236.

| MOT EXEMPTEO: PtsslLE CL Ass t O PissiLE Ct Ass ii O PissiLE CL Ass iii 0 i

Addiesenet sereificeees obesened by the sleeppee when necesseeyt
spesiel Feen Encepe.levien Cemlineef s) C Cereif6esee(s) for Leese Rediensive seweee O

Type "B" Pecheging Comfineels) O Ge wnment Appeevels/Peemies C
Ceceihue.(s) fee Pissile meteriel O

spesiel Handling talesmeteen

i hereby certify that the contents of this consignment are fully and accurately described above by
Proper Shipping Name and are classified, packed, marked, labelled and in proper condition for carriage by
air according to applicable national governmental regulations, and for International Shipments the current
IATA Restricted Articles Regulations.

Nome ead teete of sween signeng Ceee6fiesenen

] Nome end fwll eddeese of shapew

m Trnular P1actennie Iahe- fne_ Duth tearhnermnh

Ftecretary
P.0 Rax 12057

Research Trianale Parlt. N. C. 27709
se, ,e of the she, ee i.ee Wannino ebe..)

oeee

/7M M n/#t M 7
June 21. 1979 M -9281)

A4e werb.it No ' A6epeat of Deperewe' A6epere of Doetineed'

. Tb.. b.e . ..eienei ise eem,ies.en b, ..ein, se,e.ee. ,ee.as., ,s geggg.y
re.o .e. . .e.

Sample of
Shipper's Certifications

Figure 14-1
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UNITED STATES OF AMERICA NUCLEAR REGULATORY COMMISSIONp*# ***% Washington, D.C. 20666% maca
to-m e fe.

= !. ' 4 NOTICE TO EMPLOYEES
%. #, STANDARDS FOR PROTECTION AGAINST RADIATION (PART 20); NOTICES,

INSTRUCTIONS AND REPORTS TO WORKERS; INSPECTIONS (PART 19) p"*****

In part 20 et ete Rulee and,Regulat6ene.the Nucteer Regulatory C..-.".ter, Cm. sam pe.o.erde.o r your preaection against radiation heaerde- has esteldlehed stand fo
of u es.nd egui.t-a.sf .uci r. u tor, g- ,s.o.s.e n t.r6e und.e uanse iseu ., me uc.eer

'- has estat>hehed certain prew4enons for the optione of workere engagedin NRC4 censed actMeese.
,.

e-

*f* Hf GION u

VOUA EMPLOYER'S RESPONSISIUTY g** _
,

W [ . , , ,
,.

wresurein escoes of any arc ~u- amit se see " , ~
a

veue empievee de e.guned to-
|'" '' " * * * * " * * ' * 1

'|
,, F V'N6'N 'S*

1. Apply these NRC roguentlene and the conditione * ' " " * ' " * * * * * * * * * ' " * " * * * ' % . I-

#4"'
of has NRC Econes to es work under the Ilcones. forth in Sect 6ene 20101. 20.101 and 28.104 et the

% ~

" w .e g n; .
m_,,,,

' -

T".n.'.'.n we t. C.':.*m*.*t.r e, eir.11.'*.*2,. te_ ,
~ u.

z ; , ;;--- -,-|de- f :
_

t
p

c ntr.- el re. enc _v ,o ,d, _ . ,, ,

,,,s,,,,,2,,,,,,,,,,,,,,e.,,e
w

-
b Len9eaed in, and empleen their prow 6eions to yees. 1 If Nv#*%"*'*d "***"' 8* S*8 *" 8 8 HAWAU Q ** *

P m _ ~ , ...
& poet Notaces of Violation betwing radielegical ies ve-pieyw -t .6ve - a watt- s,#*E

*

we,mn, con.oems. ,,e,eeed ,m_,,on e, '*'*'''''*"''*d""********'*****"'h* . *

c6va *- wh terminat4on of your eneployment. 60 you Q I M GIGN la
YOUR RESPONSISIUTV AS A WORKER ,equest it. and Nt Gli)N V

(b) your employee snues e.e,6ee you annuear of> you asieutd finunee6ae yourust wem these pre. y*W Mposure to reemen. Af m request M.m
M v6einene of the NnC . _ _ _ and the operating

peec.dw which appiy se m.was y.u we INSPECTIONS
~

.ng. e w you.he.dd.m.wwe m p wenione UNITED STATES NUCLEAR REGULATORY COMMISSION. ~ .afor y== ewa pemut6en end pematim.ef you' Ap actMuse under me 5c.ense s*e eee of the NRC e4 add 6-A recrementattee of the Nuclear Regulatory Conumasson can be contacted at the following addresses and telephone
****'k** inspection by represente numbest. Ine Royanet Office =de ecmpt conect telephone calls frcen employus who wish to register complaints or" *' '**'***"'**''* ef wwtwo who
WHAT IS COVERED BY THESE ''*" ""'m*a"s"therele a vioteden of me Atemteconcerne about rahgscal workmg conditems or other matters repudmg comphence with Comuvussion rules and

beEeves
NRC REGULATIONS Enway Act *f is64.the reeutettene issued there. reedanene.

1 Limete en espesure se re.ation and redenesteve undw.es the eersne of the employer's Heense with Regional Offices
maner6et in eestr6cted and unrestr6cted arson; resad to sedesseices working conditions an which mUmf

2. naeasures to be taken efter accidentes emm; the worka 6 oneoged, sney e.guset en anspection REM A M RESS
N "' ""8*"""*

3 pereennea -- - ; ourseye end equ4pnient; by sending a notice of the es eed wiederson to the

4 C A e'eae.nebele.and eefety interteck appeopnete United states mecame, e.guassesy 216337 %the 216 N71150
Comameen insput6en and Enfortunent he9- 0 Reelen L Ofter,e of innpecuen end fecessement.UsNnC

*gaupent; saipart Aven6enal Office ishown en snap et sightl. The request Emt ed pnoseie, peaneviven.e 19estE. Eapeouse recorde and reporte;
6. Opteene for workere sogarding NRC inspectione; must set forth the specinc grounde for the nonce.

use orcement. USNPC eH 2214603 404 221 4603

h* "f,,"*,*,'EN e the wm*we
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O NRC
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as
EXPOSURE HISTORY ,,,epectees any peu ee present coeuen vehich he 7W Aseemn Reed
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Figure 3-3

Since all of the photons which have passed through the material under
test have been scattered at least once, the average energy at the
detectors is lower than the average energy under direct transmission

For this reason, the error due to chemice', ecmposition |conditions.
1s significantly larger.

Figure 3-5 illustrates a typical backscatter relationship between
At zero or very low density, the numbercount rate and density.

of photons arriving at the detectors is very low and represents choseAs the material densitywhich pass through the gauge shielding.
increases, the number of scattered photons reaching the detectors
increases until an equilibrium is reached where the rate of initial
scatter photons reaching the detectors is equal to the mass attenuationt

,

At densities above this point, the count rate at the detectors
<

rate.
decreases with increasing density and follows the standard attenuation
equation throughout the usable density range.

|Since the standard equation is valid for the range of densities
.

involved, it is usable even thougn it does not follow the response |
'

over the low density area.
l
'

me *

l
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I. INTRODUCTION

: This instrument is specifically designed to measure the density and
moisture content of soils and soil-stone aggregates. It may also be used
to measure the density of hot asphalt while the mix is being compacted.

All electronic components are either~ integrated circuit packages or
discrete solid-state devices. Conservative design, using high reliabil.
ity components, insures minimal maintenance under environmental condi-
tions associated with the construction industry.

The system is housed in a stress-relieved 356 aluminum alloy casting and
will withstand a considerable amount of abuse in field usage. All open-

ings are gasketed for protection against dust and moisture.

The radioactive isotope is triple scaled in 304 stainless steel, and is
virtually indestructible. The source is automatically retracted into an

integrally cast lead shield when not in use and radiation levels are well
below those recommended by the Atomic Energy Commission for radiographic
devices.

This manual is intended to co. r the entire 2400 Series of gauges.
There are, however,-some variances in the equipment. The 2451 and
2452 contain only one detector of each type. Users of this equipment

should ; regard any references to multiple detectors in the manual.

Also, in the 2451 and 2452, the density data is only divided by 10.
This is accomplished by omitting the divide by 10 network on the
Input and Clock Board. Therefore, in any statistical calculations
for these two gauges, the 2451 and 2452, the density data should only
be multiplied by 10.

Other values (DC voltages, power consumptions, etc.) are the same for
the gauges in this series. The only difference is a slight increase
in the values of precision stated on pages 3 and 4 of the manual.
The values printed are for the 2401 and 2402.

Before attempting to use the instrument, the operator should read this
manual thoroughly. Particular interest should be taken in the section
on field measurements. The section on Radiological Safety covers the
basic requirements and precautions to be observed and is considered to be
required knowledge by many State Public Health Departments and the Atomic
Energy Commission.

II. DESCRIPTION
~'

A. MEASUREMENT SPECIFICATIONS RA: BE Cs/AM: BE

BACKSCATTER DENSITY
Precision at 120 PCF 10.65 PCF 10.60 PCF
Composition error at 120 PCF !2.00 PCF :1.50 PCF

723
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' Calibration error 10.50 PCF !0.50 PCF

Surface error . (.050" 100% void) -8.00 PCF <-8.00_PCF '
2-3 inches 2-3 inchesDepth of. measurement

~ -Range of calibration 70-170 PCF 70-170 PCF

AIRGAP/BACKSCATTERDENSITY
Precision at 120 PCF 10.75'PCF 10.70 PCF

10.75 PCF !0.60 PCFComposition error at 120 PCF
10.50 PCF 10.50 PCFCalibration error -

Surface error (.050" 100% void) -8.00 PCF -8.00 PCF
2-3 inches 2-3 inches- Depth of measurement
70-170 PCF 70-170 PCFRange of calibration.

DIRECT TRANSMISSION DENSITY (6" DEPTH)
Precision at 120 PCF 19.30 PCF d0.25 PCF
Composition error at 120 PCF p.50 PCF 39 40 PCF
Calibration error 10.50 PCF dp.50 PCF

Surface error (.050" 100% void) 0.50 PCF 0.50 PCF
Depth of measurement 2 8 inches 2 8 inches
Range.of calibration 70 170 PCF 70 170 PCF

MOISTURE CONTENT
Precision at 15 PCF 0.35 PCF do.25 PCF

Surface error (.050" 100% void) 0.50 PCF 0.50 PCF
Depth of measurement at 15 PCF 5 inches- 5 inches
Range of calibration ~ 0 40 PCF 0.40 PCF

B. CONTROL FUNCTIONS

POWER This is a three position switch with OFF, STDBY and ON post-
tions. The switch is normally placed in the STDBY position twenty to
thirty minutes before use and between measurements. In the STDBY
position, the power consumption is less than one half the ON power
yet all critical circuits including the detector high voltage
supplies remain on.

. TIME This rotary switch controls the counting period. The .25, .5,
1 or 2 minute positions may be used for field measurements; houever,
the 1 minute position is normally used. The CALIB position switches
several internal functions to allow the instrument to automatically
take four one-minute counts, sum, divide by four and display the mean
one minute count rate. The STOP and COUNT positions may be used for
controlled scaling with a watch in the event of a timer failure, for
long' scaling periods, and for troubleshooting the instrument.

FUNCTION The three position switch selects the proper logic for
MOISTURE or DENSITY measurements. The center or TEST position scales
the internal clock and checks the time base division and accumulators.
The readout will indicate counts of 819, 1638, 3276, 6553 and 3276
for the .25, .5,1, 2 and CALIB periods respectively.

START This pushbutton switch resets the accumulator and starts a
new counting period for -a tLne dependent on the TIME switch setting.

.
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SUM -. This pushbutton switch starts a new counting period without re-
setting the accumulator. The counting period is dependent on the

. TIME switch setting, and the new count is added to the count vre-
viously stored in the accumulator.

READ Under normal conditions.the digital indicators are not -

,

illaninated in order to conserve power. This pushbutton applies volt-
age to the indicators and may be pressed at any time 71thout affecting~

- the accumulator operation or data storage. The power consumption is
very high so use should be limited to short read periods.

GATE INDICATOR The flag to the lower Icf t of the display area is an
indicator which turc red during the counting period and white when

Lthe counting period has ended.

BATTERY INDICATOR The small meter 'to the lower right of the display
area indicates the charge state of the batteries. The gauge may be
used as long as the meter deflects-into the white area. At the divi-

sion of the red white area, only a few minutes of operation remains.
,

If the gauge is used when the meter is deflected into the red area,
internal circuits will automatically shut the system down to prevent

-damage to the batteries.

DISPLAY The instrument contains a four decade in line display.
MOISTURE data is divided by 10 before display and DENSITY data is
divided by 100. The additional digits are not used in normal opera-
tion, and a decimal point may be considered to exist to the right of
the last digit..

SOURCE INDEX HANDLE - The.lif ting handle also controls the source posi-
tion and automatically positions the source in the shield when lifted.

.,

All standard count data is taken with the handle latched in the top or
stored position. Always insure that the gauge lock jgi removed before
taking any standard counts. Pressing the trigger forward on both sides
releases the source rod and allows the source to be positioned by de-
tents in the index rod (See Figure 1). The first detent below the safe
position is used for backscatter density, air gap density, and moisture
determinations. The remaining detents are used for direct. transmission
density measurements, and the_ depth is marked en the index rod. The
standard model of the 2401 and 2451 have detents in two inch increments,

l from 2 to 8 inches. The 2402 and 2452 have no direct transmission posi-
tions.

CIIARGER CONNECTOR A connector is located on the right side of the

gauge in .which the charger cable is plugged. When connected to
115 VAC, the batteries may be charged in an eight hour period. Ex-

- cessive charging will not cause destructive failure, but does shorten
the life of the battery system. The charger may be operated on
220 VAC with an optional power cable.

3 723
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III.' DENSITY MEASUREMENTS

The instrument utilizes Compton scattering and photoelectric absorption
of gamma photons to' measure the total.or wet density of materials being
tested. The dry density may be determined by. subtracting the moisture
content-from the wet' density.-

A. ' BACKSCATTER DENSITY

The simplest but least accurate method of measuring density involves
the so-called backscatter method. To make this measurement, the

-source and detectors are both on the surface and gamma photons~

passing into the soil are scattered back to the detectors. At zero

density the detected photons are essentially zero and increase with
-density to a point where the backscattered photons are approximately~

~

equal to the losses due to additional scattering and photoelectric
absorption (See Figure 2)._ The quantity of photons detected then
becomes an approximate negative exponential function as the count
decreases with increasing density.

The backscatter method,.while simple to perform, has many possibili-
ties for. error. - Surface roughness is a problem due to photon stream-
ing through surface _ voids. A large portion of the initial scatter
takes place at a shallow depth (50% in the top one inch) and it is
not possible to detect _ changes of 100 to 150 PCF at depths greater
than three inches. Consequently, the measurement is heavily weighted
by the surface density which is generally low. An example of the
possible error is shown in Figure 4. ~

Error due to soil composition is caused by photoelectric absorptir 2
which is inversely dependent on the mean photon energy and dependent
to'the fifth power of the mean atomic number of the soil. ,Composi-
tion errors can be two to five tbnes greater than that of other modes
aof measurement primarily due to the lower mean photon energy caused
by- the~ multiple scattering process.

Assuming the same source size and detection system, the statistical
precision is worse by a factor of two to one over other available

:
! methods.

B. -BACKSCATTER /AIRGAPDENSITY

L, This method provides a means of improving the composition error with
~ a slight decrease in statistical precision.
.

A peculiarity-of the backscatter response is used to provide a
measurement which is generally independent of density but contains a
= variation which is partially dependent on the photoelectric absorp- ,

tion.

I - As noted in the previous section, there is a density at which the
count rate response peaks in terms of density. At this point, small,

variations in density cause little change in count rate; however, the

5- 723
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photoelectric absorption due to soil composition affects the count
rate. This peak response can be simulated by raising the gauge above
the soil.and effectively averaging the air density and the top por-
tion of the soil to produce the required low density. While the
proper height required to produce the effect is dependent on the soil
density, the height determined at 120 to 140 PCF is satisfactory for
use over the range from 70 to 170 PCF. This height has been deter-

mined by the factory for your 2400 Series gauge and a stand has been
built into the instrument.

Ratioing the flush or backscatter measurement to the gap measurement
partially cancels the composition error. It is worthwhile to note
that backscatter gauges with a high initial composition error due to
poor design have a higher degree of correction than gauges with an
initially low error; however, the resultant error is still much less
when the initial error is less. This fact can easily be demonstrated
by comparing data made on varying composition standards by two dif.
ferent gauge systems.

Some users and manufacturers of nuclear gauges have implied that the
air gap method improves surface roughness error. This implication
cannot be demonstrated nor is it technically feasible since the gap

measurement is necessarily independent of density or serious degrada-
' tion of the gauge precision will result.

Thechoiceofutilizingthe, backscatter /airgapmethodisleft to the
operator. The 2400 Series COMPAC generally has a sufficiently low
composition error in the normal backscatter method that the addition-
al time required to make the gap measurenent is seldom worthwhile.

C. DIRECT TRANSMISSION DENSITY

The most accurate method in terms of precision and composition error
involves placing the source at a precise depth in the measured
material and the detection system on the surface. In addition, a
true average of the vertical density is obtained. The gauge response
is approximately a negative exponential relationship with respect to
density, (See Figure 3).

Surface roughness errors are virtually eliminated or greatly reduced
over the other methods, since the void volume is averaged into the
much larger measured volume.

Composition error is small compared to backscatter and less than air
gap since the average photon energy is much higher yielding lower
degrees of photoelectric absorption.

The statistical precision is better by a factor of two to one over
backscatter due to initially higher photon yield and higher scatter-
ing losses per unit density.

723 8
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A further advantage of the direct transmission method with the source
in the soil ~or other material is the accurately defined depth of
measurement. By making density measurements at various depths a.
profile of-density may be approximated by calculation.

IV. ' MOISTURE MEASUREHENTS

The nuclear gauge measures the moisture content of materials by
thermalization of fast neutrons by the hydrogen content of the water.
Fast. neutrons having a mass of slightly more than one atomic mass unit
'(amu) are rapidly slowed by elastic scattering from collisions with
hydrogen atoms which have almost the same mass. Other materials with
higher atomic weight cause lesser degrees'of thermalization or slowing
down. The quantity of thermal neutrons is linear over the normally
encountered range of moisture content.

Four possible sources of error exist in nuclear moisture measurements.
While.not_normally encountered in construction materials, organic matter
(containing hydrogen) or other low atomic weight materials may cause
small errors in measurement.

Elastic or ~ inelastic scattering by heavy elements in the compacted
materials cause an error which is dependent on the bulk density of the
material. This error is small in a properly designed gauge over the

; density range of 110 to 140 PCF; however, larger errors which may re-
- quire correction may be encountered on higher or lower density materials.

Water bound in crystalline form in materials such as gypsum is not
evaporated by low temperature drying; however, the nuclear gauge detects
this water and includes.it in the total measurement.

Materials containing iron or iron oxides and rarely encountered elements,
such.as-boron or cadmium, have a high capture cross section for thermal
neutrons and thus cause the gauge to read-lower than the actual water
content.

Surface voids, or surface conditions such as material with higher or
lower than average moisture content cause errors but can be eliminated
by surface' preparation in field use

~Since wide errors can exist due to soil composition, it is advisable to
check and correct the calibration data as covered later in other parts of
this manual.

V. FACTORY CALIBRATION ,

This gauge has been calibrated against carefully established working
standards. Three sets of standards are maintained and periodically
checked against each other and against weight and water displacement
methods. Certified 0.1% scales are used and cross checking insures a
basic accuracy to 0. 2% or better.

_
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A. DENSITY CALIBRATION

.Five basic density standards, 12 x 14 x 24 inches are used for the
density calibration. These. standards and approximate densities are
magnesium 110.5, magnesium / aluminum . laminate 139.1, limestone .
145.6, granite 164.6, and aluminum 168. 6 (PCF) .

Several values regarding the measurement characteristics of the gauge
are- printed on -the second sheet of each calibration. A typical set
of constants is shown in Figure 5A. Values for A, B, and.C are the
calculated constants for the particular gauge function. The values for
Y .are a check of the program accuracy. The value for BEND is the degre.-
of deviation from a pure exponential function. A portion of a typical
gauge calibration is shown in Figure 5B.

The value for composition error is the maximum error to be expected
~ for materials with a mean atomic number ranging between that for
Sranite and limestone. Since the calculated value is the difference
between two numbers involving statistical variations, the actual
value_ printed has a standard deviation equal to that of the gauge
precision.

,

'The value for the gauge precision (Standard Deviation) is computed at
120 PCF and assumes normal radiation statistics (square root of: the

- mean count rate) and is based on the slope of the calibration
response in counts-per-minute per PCF. Refer to Section XII
Radiation Statistics.

In order to check the gauge stability, twenty one-minute counts are
~

made before and after calibration and the RMS deviation is compared
to the normal radiation deviation.

Data taken from the metallic standards which have a low photo-
electric absorption are used in a computer program to. solve for the
basic gauge response function

COUNT RATIO = A x EXP (-B x DENSITY) - C

where A, B and C are constants. The exponent constant B is discarded
since it does not apply to soils and two additional values for B are
established using the data from the limestone and granite standards.
The arithmetic average of the mineral values of B is used with the
metallic values of A, C and the density standard count to compute -a
table of count ratios and densities between 70 and 170 PCF in 0.5 PCF
increments.

The density standard count'is a reference measurement taken under
standard repeatable conditions, and is used as a ratio to the actual
measurement count in order to cancel long term drift of the equipment

. .
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MODEL- 2401 SER.- 1129 STO. SER.- 1128

CALIBRATION CONSTAN.TS

VALUES FOR CovPOSITION ERRort AND DRECISIO:s CALCULATED AT 120 PCF

FIRST LINE AT-EACH DEPTH FOR NORvAL- SECOND LIAE FOR AIR GAP

DEPTH A B C Y BE.%0 COMP. ERR. PREC.

O. 4 61361 0.007600 0 35435 139 60 0.72 0 99 0 52
0. .1.63619 0 010950 -0.03985 139.60 -0.37 0.21 0.60

2.' 14 24970 0 007609 1 99217 139 60' 1.75 0 58* 0 27 ,
2 4 91294 0 010189 0 24098 139 60 0 90 0 29 03S

4. 15 53472 0.010956 1.01255 139 60 1 59 0 80 0.23
4. 5 63893 0.013076 0 15172 139 60 0 90 0 32 0 32

6. 16.09697 0 015529 0.37010 130.60 1.29 3 93 0.22 |
6. 5 94528 0 017270 0 06017 139 60 ,0.74 0 43 0.?a

'

i

!

8. 17 79452 0.021641 0 07428 139.60 0 66 0 63 0 23
8. 6.57361 0 023077 0.00709 139 60 0 21 0 30 0 27

q

FIGURE SA (

CALIBRATION CONSTANTS

v0 DEL- 2401 SER.- 112s' 5T0. SER.- 112m

60 INCH DIRECT TRANSvISS101

CR=vEASURFvENT COUNT /ST ANDARD COU'!T
i

HCR DEN CR DEN CR DEN CR DEN
s

4.974 71.0 3 254 96 0 2.099 121.c 1.297 146.0
k4.932 71.5 3 226 96 5 2.069 121 5 1 284 146 5

4 891 72 0 3 199 97 0 2 050 122 0 1 271 147.0
4.851 72.5 3.171 97.5 2.031 122.5 1.25a 147.5 ;

4.810 73 0 3 143 98 0 2.013 123 0 1 246 149 0
4 770 73 5 3 116 98 5 1 994 123 5 1 233 149 5

(
FIGURE 5B

SAMPLE DENSITY CALIBRATION TABULATION

l
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due to aging. Air gap calibration utilizes the gap = count for the
ratio'instead of the standard-count.

All data taken during the calib' ration process is accumulated in~

sufficient quantity to insure that the data values have one half the

statistical deviation of the field measurement deviation of'the -

instrument.

B.' ' MOISTURE CALIBRATION

- Two working standards are.used to establish the moisture calibration.
The magnesium density standard is used as a reference for zero mois-
ture since the magnesium simulates field density and has very low
thermalization and capture cross section. A standard made from
compressed asbestos 24 x 24 x 12 inches simulates a moisture content
of approximately 17 PCF. This standard has a' moisture content equiv-
alent established from a compacted saturated sand standard. The
value has been checked against oven dried samples in the field.

Data taken from these ' standards are used to compute the' constants for:

COUNT = A + B x MOISTURE

The constants A and 3 and the moisture standard count are used to
compute a table of moisture content and count ratio from 0 to 40 PCF
in 0.25 PCF' increments. The values of A, B and the statistical pre-
cision are printed on the calibration sheet. A typical calibration
data sheet is shown in Figure 6.

'
The moisture standard count is established using the same procedure

- as with the density. standard count.

VI. FIELD MEASUREMENTS

A. DAILY STANDARD COUNT

The gauge calibration data has been ratioed to standard moisture and

density counts made at the factory on the reference standard supplied
with your gaugc. New reference counts must be made in the field in
order to compensate for component aging and drif t within the ins tru-
ment. By using this technique, the. gauge calibration becomes
dependent on the gauge mechanical geometry; therefore, it is not
_necessary to calibrate the system more than once a year, or whenever
major repairs are performed. A set of standard counts should be
taken at least every day that the gauge is used. It is advisable to
take this data twice a day uhen the gauge is first received in order
to detect any shift during daily use.

.
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MODEL- 2401 SER.- 1128 STD. SER.- 1128

A= 223.0 B= 49.0686 PRECISION = 0 199 PCF(STD. DEv.)

MOISTURE CONTENT

MOISTURE STANDARD COUNT- 1303 6
CR=vEASUREVENT COUNT / STANDARD COUNT

CR PCF CR PCF CR PCF CR PCF

0 130 0.25 0.556 10.25 0 933 20 25 1 309 30.25
0.189 0 50 0.566 10.50 0 942 20 50 1 319 30 50
0 199 0 75 0 575 10 75 0 952 20 75 1 329 30 75

f
0.209 1.00 0.585 11.00 0 961 21.00 1 337 31 00
0 219 1 25 0 594 11 25 0 970 21 25 1 347 31 25

-

0 227 1 50 0 603 11 50 0 980 21 50 1 356 31 50
0 236 1.75 0.613 11.75 0 989 21.75 1.366 31.75
0.246 2 00 0.622 12.00 0 999 22.00 1 375 32 00
0 255 2.25 0 632 12 25 1 00S 22 25 1 384 32 25
0.265 2.50 0.641 12.50 1.017 22.50 1.394 32.50
0.274 2 75 0.650 12 75 1 027 22.75 1 403 32 75
0 283 3 00 0 660 13 00 1 036 23 00 1 413 33 00 |
0 293 3.25 0.669 13.25 1 046 .23.25 1.422 33.25 !
0 302 3 50 0 679 13 50 1 055 23 50 1 432 33 50 J

0 312 3 75 0 689 13 75 1 065 23 75 1 441 33 75
0 321 4 00 0.699 14.00 1 074 24 00 1 450 34 00
0.331 4 25 0.707 14 25 1 083 24 25 1 460 34 25
0 340 4 50 0 716 14 50 1.093 24 50 1 469 34 50
0.34o 4.75 0.726 14.75 1.102 24.75 1.479 34.75
0 359 5 00 0.735 15 00 1 112 25.00 1 429 35 00
0 369 5 25 0 745 15 25 1 121 25 25 1 497 35 25
0.379 5 50 0 754 15.50 1 130 25.50 1.507 35 50
0 387 5 75 0.763 15.75 1 140 25.75 1 516 35.75
0 396 6 00 0.773 16 00 1 149 26 00 1 526 36 00
0 406 6.25 0.782 16.25 1.159 26.25 1.535 36 25
0 416 6 50 0.792 16 50 1 169 26 50 1 544 36 50
0 425 6 75 0.901 16 75 1 177 26 75 1 554 36 75
0 434 7 00 0 310 17.00 1.197 27 00 1.563 37 00
0 443 7 25 0 820 17 25 1 196 27 25 1 573 37 25
0 453 7 50 0 829 17 50 1 206 27 50 1 5H2 37 50 l

0 462 7.75 0.836 17.75 1 215 27.75 1.592 37.75
'

O.472 8 00 0.848 18 00 1 225 2e.00 1 601 32 00
0 481 9 25 0 85S 12 25 1 234 28 25 1 610 38 25 j
0 491 8.50 0 867 18.50 1 243 28 50 1.620 39 50 I

0 500 8 75 0 876 18.75 1 253 28.75 1 629 3F.75.

0 509 9.00 0.866 19.00 1 262 29.00 1 639 39 00
0.519 9 25 0.895 19.25 1 272 29.25 1.649 39 25
0 529 9 50 0.905 19.50 1 283 29 50 1 657 39 50 j
0 539 9 75 0.914 19.75 1 290 29 75 1.667 39 75

|0.547 10 00 0.923 20 00 1.300 30 00 1.676 40 00

FIGURE 6

MOISTURE CALIBRATION DATA SilECT
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Place the Reference Standard on compacted soil, asphalt or concrete |
*

paving at.least 10 feet from any large object and at least 30 feet
|from another gauge. The gauge is seated into the recessed area of -1

the standard with the scaler end pulled against the butt plate on the
Reference Standard-(See Figure 1).- The source index handle should
be placed.in the' safe or stored position (the top' notch on the index
rod). Always insure that the gauge lock ijt removed before taking any 4

standard counts. Place the POWER switch in SIANDBY and the TILE switch !to CALIB. Wait approximately 15 minutes for all critical circuits to
stabilize. 3

Af ter the stabilization period, place the POWER switch to ON and~ the
function switch to MOISTURE. Press the SIART Pushbutton and note
that the GATE INDICATOR flag deflects to a red condition.- At the
end of four minutes, the-GATE INDICATOR flag will return to a white
condition. Depress the READ pushbutton and record the data as

gmoisture standard count. The true count is 10 times the indicated
value; however, only the actual reading need by recorded.

Place the function switch to DENSITY and repeat the above steps.
Record this value as the density standard count. The true count is
100 times the -indicated value. Return the POWER switch to STANDBY.

If the day to day shift in standard count is greater than 2% for
moisture, or 1% for density, there is a possibility of a gauge mal _
function or operator error in placing the gauge on .the standard.
Since the radiation statistics may on occasion cause this degree
of shift, a second attempt to acquire usable standard' counts is
pennissible. If, over a long period of time (several months), the
accumulative shif t in standard count exceeds 6% for moisture or 3%
for density, the gauge calibration should be checked. For this
reason, a log should be kept. of the gauge standard counts. The
initial standard counts will normally be less than the factory
standard counts due to the higher background radiation levels in the
factory.

If repetitive readings vary greater than normal radiation statistics
or if sudden large variations in data are encountered, refer to the
section of the manual on troubleshooting hints.

B. SITE PREPARATION

Any random method of site selection may be used. In any case, the
actual spot on which the gauge is to be placed should be repres.enta-
tive of the area to be tested. If the test does not immediately
follow compaction, the top surface should be removed with a grader
blade or other method in order to prevent errors due to dry surface
material.

Using the scraper plate supplied with the gauge, scrape and lightly
tamp an area equal to the bottom of the gauge. All loose stone
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should:be removed-and small voids filled with native, fines or sand.

'The gaugelshould sitLsolidly on1the site without. rocking.-

.Hoisturefand/orbackscatter'ensitymeasurementsshouldbemadepriord,

L to punching the~ access hole for direct transmission measurements. In

J ' thel event ' these measurements must be made af ter punching the access
; hole, slide the gauge at least 3, inches towards the scaler end.inF

4? orderJ to move' the source -off of the hole.

1Using the drill' rod guide -(scraper plate), drill rod and a four or
~

"

,

:six po'und hammer, punch a. hole into the material ~at least two inches
deeper than.the direct transmission depth-to be used. Place one foot
on the rod guide while driving the rod .into the material. Remove the

1 rod :by pulling straight up in order to avoid -disturbing the access- -

hole. In' heavy clay, it may be necessary to lightly. tap the rod to
- loosen 11t or-use an optional rod jack for removal.'

. # C. MOISTURE MEASURDiENTS

Place the gauge on the prepared site, place the POWER switch .to .ON,
1 function switch to MOISTURE, and.the. TIME switch to 1. Place the
:index handle in 'the backscatter notch (the. first position below the-
Lsafe position) and press the START pushbutton. After the GATE,
INDICATOR returns to white, press the READ |pushbutton and record the
value as'the moisture count. Using a slide rule, divide the moisture
count by the moisture-standard. count recorded under paragraph A;
above-and record the.value as the moisture count ratio. Using this'

-ratio, refer to the moisture calibration table and record the mois-
ture value to the nearest 0.25 PCF. Interpolation may be used to

-obtain a closer. reading; however, it will' have little significance.

D. ' BACKSCATTER DENSITY MEASURDIENTS
~,

'

With the gauge on the site' as covered in paragraph C above, place the '
~ function switch in the DENSITY position, press START and record the~E

reading as the backscatter density count. Determine and record the.

: ratio of_the backscatter density count to the density standard count.
,

Refer;to the backscatter density calibration data and record the.
' density to the nearest.0.5 PCF. Interpolation may be used to obtain
.a. closer reading.

-

E. AIR GAP DENSITY MEASURDIENTS

After taking the backscatter density count as in paragraph D above,
tilt the gauge up on each end, and position the air gap legs by pull-
ing outLfrom the-gauge, tilting-the leg down and pushing the leg into
the detent. With both legs down,-the gauge will sit approximately
15/8"offofthematerial.

_

-Take and record a reading as the air gap count. Divide the back-
scatter count by the air gap count and record as the air gap ratio.
Note that no standard count is used, the air gap count replaces the~

.
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density acandard count'for this measurement.; The air gap. ratio is'
'the'n.usedJalong|with'the air gap calibration data to'obtain the air

~

-

-gap density. -

'F. DIRECT TRANSMISSION. DENSITY. MEASURDiENTS
1

~

: Place the gauge over the access hole and push the index. handle down
;untilythe. source.has reached the. desired depth. . On a standard gauge,. ,

y
this may.be accomplished by counting'2 inches for each detent.belowt -

: ~ the backscatter = position.- Depth markings are stamp'ed intoL the index
~

- rod just-above the notch.' < If one has. difficulty positioning the
- Jgauge-over:the access hole, it may.b'e tilted slightly'to one side'

.

with the source pushed 'through the bottom for correct location. With
. a- little experience, the ; operator will' be able to correctly . locate ,

the gauge over the. access hole.

With the source,at-the desired depth,-take.and record a density.
p . count. ~.0btain the ratio .to the standard : count and u'se the correct

data' table to obtain the-density.
;
i* + .

.

G.: DRY DENSITY'AND PERCENT MOISTURE DETERMINATION.

|
. The gauge fdensities- obtained above are wet densities. _ The dry
-density necessary for compaction control is obtained by subtracting:

the moisture. content in PCF from the wet density. The percent'mois-e
f .

'

[.
ture is 'then obtained by dividing the moisture content in PCF by the
dry' density and multiplying by 100.

. DRY DENSITY = WET DENSITY - MOISTURE CONTENT (PCF)
'

. . PERCENT MOISTURE = (MOISTURE CONTENT x 100)/ DRY ' DENSITY

- H.' ~ ALTERNATE PROCEDURES
.

_Usually all of.the count; data is obtained for'the necessary measure--

im'ents and'the gauge switched.back to STANDBY before calculating the-
6 ' da ta.- - This method will conserve battery power.

~

*

'
.

Timing periods other.than one minute.may be used to speed up opera
'

'tions unless. maximum accuracy is desired. Using1/4minuteperiods'

_

.will double the statistical error stated on each calibration data
*

;
sheet.= The standard count used for calculations with shorter or ;

' longer intervals will.have to be initially divided by two or four if ,'

the1/2or1/4minuteperiodsareused. The1/4minuteintervalsare
very useful.when attempting to take a lot of measurements on a. hot ;

-

asphalt. test' strip.
In' the event a large number of measurements have been taken and the .

_
user desires to process the data by computer, the following FORTRAN !

expression may be used to evaluate backscatter and direct transmis .
sion densities: .

,

DENS = (ALOG((A*DSC2)/(DC*DSCl + C*DSC2)))/BAV

- . ,

-. |
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where: :DSCl = Calibration standard count from the gauge data
sheets

A,BAV,C = Constants'from gauge data sheets
DSC2 = Field standard count taken at the time of the

measurements
DC = Field measurement count
DENS = Density in PCF

The moisture data may be processed by:

MOIST = (MC*MSCL - A*MSC2)/(B*MSC2)

where: MSC1 = Calibration standard count from the gauge data sheets
A, B = Constants from gauge data sheets
MSC2 = Field standard count taken at the time of the

measurements
MC = Field measurement count
MOIST = Moisture content in PCF-

I.- HOT ASPHALT DENSITY

No special precautions are needed when using the gauge on hot
asphalt. Either backscatter, air gap or direct transmission density
measurements may be made.

The surface temperature of hot asphalt is generally sufficiently low
that no excessive temperature rise will be experienced with the
equipment. In the event of high air temperatures and high asphalt
surface temperature, the' gauge should not be left in place unneces--
sarily.long. If the gauge case becomes uncomfortably hot to the bare

. hand, a longer cooling period between measurements is necessary.

Mineral spirits or other solvents should be used occasionally to
clean the bottom surface of the gauge to prevent a build-up of
asphalt.

LVII. . FIELD CALIBRATION (Alteration to Factory Data)

It may become necessary to alter the factory calibration in order to
obtain correct results on particular soil types. Several methods are
acceptable, but extreme care should be taken.

A. . MOISTURE ALTERATIONS

In the event the soils contain hydrogen other than water, mica or )
chemically bound water, such as gypsum, it is possible to correct i

the calibration data by subtracting an average error PCF value )
determined by a series of not less than 10 oven dry sampics from the '

factory data. The oven dry PCF value may be obtained from sand cone
density calculations; however, it is more desirable to use the oven

.
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dry percent moisture and the gauge wet density to calculate the
moisture content in PCF. The equation is:

h'

MOISTURE CONTENT (PCF) = PERCENT MOISTURE + 100,

If the gauge reading is higher than the values obtained by oven dry
samples, the error is due to hydrogen containing materials and the
correction may be made by subtracting a constant value from the
gauge reading.

If the gauge reading is lower than that obtained by oven drying, the
error is likely due to materials in the soil which absorb thermal
neutrons. In this case, the error is not a constant offset but
. varies directly with the moisture content. The compensation is made.

~by adding the full error at moisture contents used to obtain the
error data and reducing the added value at lower moisture contents.
At zero moisture, the error would be zero.

B. BACKSCATTER AND AIR GAP DENSITY ALTERATIONS

If the gauge indicates a density less than that obtained by conven.
tional methods, it usually is due to low surface density where the
gauge is most sensitive. It is not advisable to alter the gauge
calibration under these conditions since they will vary from site to
site with the degree of surface compaction. If it is necessary to
use backscatter or air gap methods, it is generally better to allow
lower compaction requirements unless it is known that the soils
contain high atemic weight elements. In this case, follow the
instructions under paragraph C.

C. DIRECT TRANSMISSION DENSITY ALTERATIONS

This gauge has been calibrated for soils with a mean atomic weight
between that for granite and limestone. With the exception of back-
scatter measurements, soils falling in this range will have very
little composition error. Very few soils will have a mean atomic
weight less than granite and seldom will the gauge indicate densi-
ties less than the actual values. In most cases of error, the mean
atomic weight will be higher than limestone and the gauge will
indicate a high density.

While composition errors reduce with lower densities, it is
generally acceptable to assume that the error is constant and
establish a correction factor by obtaining the average error of at
least 10 conventional tests and applying the correction to all
future gauge reading on the particular soil. Portions of the cali_
bration data may be retyped with corrected densities over the range
of interest.

3

. *
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) D. FACTORY CORRECTIONS FOR FIELD DATA ( _

( LIf the gauge user wil'1 -forward certain data to .the factory, a. )
corrected' calibration sheet can be computed to normalize the gauge 1
for the-particular. soil. A nominal-charge will be made to cover the j

r
- -computer time.- ,

1
'

For.each function desired, i.e.: Moisture, BS Density, - AG Density- j
or a particular DT Depth, it is necessary to supply the gauge serial l

: number,| standard _ count, measurement counts and established values for d
the density or moisture content for each set of count data. y

1

1

VIII.- POWER. PACK' RECHARGE

A fully charged power pack will operate the instrument for 16 to 20 hours
in'the ON power condition or 30 to 40 hours in the.STDBY position. Care-

];fu1 ~use.of the ON condition and short read cycles will enable the

. operator to take and record approximately 300 one minute measurements
over a forty hour work week. .1

When the gauge is in continuous daily use, it is best to utilize daily ,

short: recharge cycles of about 2 hours in order to insure a safety
margin of' operational power. If the gauge is used' continuously in the |

'ON condition'each day, a daily recharge cycle of 4 to 5 hours will be
necessary to maintain the charge.

<

Overcharge vill not cause immediate damage to the power pack but repeated
overcharge will. ultimately reduce the available stored power. It is

never necessary to charge the pack for more than 8 to 10 hours in a
Jsingle' cycle.

.

When'the batteries are below a full charge, nearly_all of the charger
"

. power is -converted to chemical changes in the _ cells. After the pack _is
fully charged, the power is converted to heat. At any time the top of
the case over the power pack is warm to the bare hand, the. operator can
be certain that the pack is fully charged.

The instrument is~normally supplied with a charger cable wired for 115-
125 volts, 50 60 Hz. Cables for 230 volt operation are available on
request and are normally supplied with the instruments when shipped to j
areas in which 230 volt, 50 Hz is standard power. i

Charging from' 12 volt vehicle batteries may be accomplished by using
auxiliary DC-AC invertors. An invertor is available from the factory
or any standard solid state invertor, rated for 100 watt continuous
duty may be used. Units which connect.through cigarette lighter attach.
ments are not considered satisfactory due to operational time limits.
Normal usage of this equipment will not require on the-road recharging,
since daily access to 120 volt, 60 Hz power will guarantee 16 hours of

' daily use..
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IX. PERIODIC MAINTENANCE

This instrument has been designed for rugged field use and~will withstand-
considerable abuse. Relatively simple precautions and maintenance will
greatly reduce damage, and extend the time between major repairs.

1. Routine cleaning of the gauge exterior with compressed air and
a damp cloth will help maintain the appearance and finish.

d2. Monthly, or more of ten if extensively used in sand or sticky
soils, the pocket under the bottom access plate of the gauge
should be cleaned. If any binding is noticed during the
operation of the source index handle, it indicates that soil
has accumulated in this pocket. To minimize radiation
exposure, the following procedure for this operation is
recommended:

a. Make sure the source rod handle is in the storage position.

b. Orient the gauge so that the bottom is facing away from
the person performing the work.

c. Place a mirror in front of the gauge bottom so as to
afford an indirect view of the work being performed.

d. Remove the four retaining screws and lift off the access
plate.

e. Clean the pocket containing the sliding shield and spring
with a stiff bruxh and compressed air.

f. Lubricate the shield using a dry lubricant.

g .- Replace the access plate and put the four retaining screws
back in place.

h. Place the gauge upright, and use a light oil sparingly on
the source and index rod.

Normally, this operation should take approximately 8 to 10
minutes to perform. Normal radiation exposures obtained
would be 4 mrem to the whole body and 25 mrem to the hands.

3. When the gauge is used on hot asphalt mix, any accumulation of
asphalt on the bottom surface should be removed with a suitable
solvent.

4. Even though every opening in the housing is sealed with a gasket,
the case breathes with changes in barometric pressure. In areas

of high humidity and widely varying temperatures, some moisture
may accumulate on the interior of the instrument.

. .
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A simple procedure will prevent this build-up of moisture and !
subsequent damage.' During the recharge cycle, remove the scaler |
module by loosening the four thumb screws in the corners of the |

L module. The heat produced by the charger will dry out the in_ i

terior of the housing. When replacing the scaler module, the
card connector can-be easily felt and inserted. This procedure,. ]
while difficult at first, is relatively simple after a little '

practice. {
i
|5. During transport in a vehicle, the gauge should be supported

and padded to prevent shock damage. The . electronics and ;
- mechanical parts of the gauge are extremely durable; however, i

the radiation detectors are fine wire anode devices with glass
and ceramic seals, and must be protected from high shock loads.

X.- SERVICE

The major portion of the electronics in this system involves complex
' integrated circuit modules. . Most field service can be~ accomplished by
replacement of printed circuit boards and the factory has set up standard
exchange rates for defective board assemblies. Due to the complexity of-
trouble location and replacement, the factory does not recommend field
service of the circuit board, except where, trained personnel with circuit-

. board experience are involved. An additional service manual is availabic
where complete field service by trained technicians is contemplated.

A. PIC01 MENDED EQUIPMEhT

~

1. _ Multimeter, Triplett Model 630NS or equivalent.
2. Electrostatic voltmeter,1500 VDC, Singer Model ESD or equivalent.
3. Oscilloscope, Tektronix Model 422 or equivalent.
4. Power Supply, Hewlett Packard Model 6215A or equivalent.
5. - Tools: /

Screwdriver, 1/4" Blade
Scrowdriver, #1 Phillips
Screwdriver, #2 Phillips
Nut Driver, 3/8"
Pliers, 4 1/2" Diagonal Cutting
Pliers, 4 1/2" Chain Nose
Pliers, 6" Combination
Wrench, 11/32" Open End
Wrench, 5/16" Open End
Wrench, 5/32" Allen Head
Tuning Wand, General Cement, GC-8276
Pin Punch, 3/32"
Hammer, Machinist, 8 oz. -

Soldering Iron, 40 Watt, Chisel Point
Board Extractor, Troxler A-100454
Board Extender, (28 Pin) Troxler A-100455
Board Extender, (6 Pin) Troxler A-100639
Termination Board, Troxler B-100456
External Power Cable, Troxler B-100457
BF-3 Amplifier Termination, Troxler A-100670

.
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B. ~ CHECK 0UT PROCEDURE

1. Place the gauge-on the reference standard, source in the safe
position, and the POWER switch to ON. The physical location
should be well away from high. density or high hydrogen containingc '
materials and at least 30 feet from other nuclear gauges. The
' floor under the standard should be concrete or other material of

'

at least 100 PCF density. .

2. Set thd dunction switch to TEST and the TIME switch to .25.
Press START and the . GATE INDICATOR should change to red if it is
not already red. When the' GATE INDICATOR turns white, press READ
and the DISPLAY SHOULD INDICAIE 819. The counting period should
have been 15 seconds as measured with a watch second hand. If a
tLaing error exists, it vill be in error by at least a factor of
.two to-one so any standard watch is sufficiently ac: urate.

3. Repeat 2 above with the TIME switch set on .5,1 acd 2. The
DISPLAY shall indicate 1638, 3276 and 6553. The counting period
should be 30,-60 and 120 seconds.

4. Set the TIHE switch to CALIB and press START. The display shall
indicate 3276 and the counting period should be 4 minutes.

5. Set the TIME switch to STOP, the GATE INDICATOR shall be white,
press READ and no scaling shall be indicated. Press START and
all display units shall indicate zeros. Set the TIME switch to
COUNT, the GATE INDICATOR shall be red; press READ and the
display units shall be sequ2ntially counting.

6.- If the above tests are completed and agree with the requirements,
the scaler module is operative and the checkout can proceed. If

the conditions are not met, refer to Section X, paragraph C,
TROUBLESHOOTING HINTS.-

7. -Place the FUNCTION switch to DEN 3 and the TIME switch to 1.
Press START and after one minute, press READ and record the
display reading. Repeat this function until a total of twenty

. density standard counts have been recorded. Compute the RMS
standard deviation (Refer to Section XI, page ,34) . Using the
average of the twenty readings, compute the standard deviation
by the square root method. The ratio of the RMS deviation and

~

the square root deviation shall be between 0.8 and 1.25. This
procedure tests the short term stabilitf of the density system.
If the ratio falls outside of this range, the system is
possibly defective.

8. Repeat paragraph 7 above with the FUNCTION switch on MOIST.
This procedure tests the short tera stability of the moisture
system.

. .
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9. If either of the above averages differ greatly.from the moisture !
or density standard counts which have been previously used for
measurements, there is a possibility of detector failure. This ,

isparticularlytrueifthedensitycounthasdroppedto1/3or
2/3; if the moisture count has dropped to 1/2 or if either of the> ,

two are two or more times the normal standard counts. If the i

; countshavedecreasedbyapproximately1/2,1/2or2/3,yetthe~

'

f short term stability requirement has been met, the system may be
| used for field measurements, but should be taken out of service
I for repair as soon as possible.

I ,

j 10. After leaving the equipment ON for a period of 4 hours, the ;

{
average of 10 standard counts (moisture and density), should. be ~ '

taken. If the difference between the original and second set is1

greater than .5%, (density) or 17. (moisture) of the average of

',the two sets, the short term drif t is excessive. The system may
( be used by taking and using a new standard count every hour or
( two but the system should be removed from service for repair as
[ soon as possible,
s
[ 11. If all the conditions above are met, the system may be continued
( in service,

i

[j C. TROUBLESHOOTING HINTS
6

- This section will serve to assist the owner in locating the source of

g difficulty in an inoperative gauge. Many gauge failures can be
R rectified by exchanging printed circuit boards with spares or by
h obtaining replacements from the factory. Technicians with general

y electronic knowledge equipped with the instruments and tools listed
? in paragraph A of this section should be able to effect any repair
$ or adjustment. In general, repairs of the logic circuits in the

& scaler module should be made at the factory where special test
? equipment and tools are available,
o

1. BATTERY INDICATOR does not deflect when the POWER switch is
placed to ON or STDBY.

_

a. Replace DC fuse.
b. Recharge /replacebatterypack.

j c. Defcetive battery saver on pre-amp circuit board.

h( 2. Battery will not charge.

i a. Replace AC fuse.
; b. Check AC power source.

c. Replace battery pack.;

. 3. Battery will not hold charge.

a. Replace battery pack.

- 4. With POWER ON, EATTERY INDICATOR deflects to white area but-

.
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digital indicators do not light when READ is depressed,

a. . Replace. Indicator Power Supply.

5. All numbers of the indicators light when READ is depressed,

a. Replace Logic Power Supply,

h. Any single digi 6 fails to light.

:a. Replace the Decoder-Indicator Board Assembly.

7. Performing the test procedure listed under paragraph B of' this
section does not produce the proper sets of numbers.

a. . Replace the defective indicator if only one digit of each
,

number set is wrong.

b. Replace the. Accumulat r Board if more than one digit of each
set is wrong.

Replace the Time Base Divider if the number set is wrong andc. -

the time period is(not as set on the Time Switch. The time
period will be in error by a factor of two or more.

d. Replace the Input and Clock Board if the number sets are
correct but the time period is. wrong.

.

Replace the Accumulator Board if the time period is foure.
~ inutes but the number indicated for the CALIB function ism

incorrect.

8. Timing periods restart and cycle without pressing the START or
SUM-pushbuttons.

.

a. ' Replace the Time Base Divider Board.
_

; !
9. GATE INDICATOR deflects to red when START is depressed but

indicators do not count.

- a.. Replace Input and Clock Board.
b. Replace Accumulator Board,
c. Replace Time Base Divider Board.

10. Indicators do not reset when START is depressed.

a. Replace the Timet has'e Divider Board if f all digits fail to
reset to zeros.

b. Replace - the Accumulator Board if only one or two digits fail
to reset to zero.

>
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The following defects are likely if the TEST functions are correct !:

,
-but difficulties are experienced in MOISTURE and DENSITY functions. j

. ,

11. System fails to count on MOISTURE and DENSITY functions.

a, ' Replace H. V. Supply Board. [
b. Replace Input and Clock Board. _p

i

12. System fails to count.on MOISTURE but DENSITY standard count-is ;

normal.
,

!-

a. Replace Preamplifier Board. |
b. Replace Input and Clock Board. j

!

13. System fails to' count on DENSITY but MOISTURE standard count is [
'

normal. t
i
t

a. Replace Preamplifier Board, i

b. Replace Input and Clock Board. [.
r

14. MOISTURE standard count is normal but DENSITY standard count is !
.erraticandhighorreducedtoapproximately1/3or2/3ofnormal. ;

a. Replace one or more G. M. Detectors.
b. Replace Preamplifier Board. is

e
i

15. -DENSITY standard count is normal but MOISTURE standard count is i!

highanderraticorreducedto1/2ofnormal. !
I

a. Replace one BF-3 Detector. !-
b. Replace Preamplifier Board. |

,

16. A series of DENSITY counts do not meet statistical tests. I

a. Replace H. V. Supply.
.

b. Replace' G. M.. Detectors.

17. A series of MOISTURE counts do not meet statistical tests.

a. , Replace H. V. Supply. !
b. Replace BF 3 Detectors.

|c. Replace Preamplifier Board. ;

!
18. Day to day abnormal changes or long term drift in the DENSITY |

. standard count. i
I'

a. Replace Input and Clock Board. |b. Replace H. V. Supply. I

'c. Replace one or more G. M. Detectors.
d. Replace Preamplifier Board.

- ,
i

!

25 723 j



.m -

f

.19. Day to day abnornal changes or'long term drif t in the MOISTURE
, standard count.

.

a. . Replace Input and Clock Board,
r b. Replace ~H.' V. Supply.

c. Replace Preamplifier Board.
- d. Replace ~BF-3 Detectors.

D. GAUGE DISASSD1BLY

~Several stages of disassembly of the system may be accomplished.
The factory does not recommend disassembly beyond the_ point required
for a particular repair.

CAUTION! Before connecting or . disconnecting any detectors or the
H.':V.. Supply, the high voltage must be discharged by shorting across

. the 1400 V corona regulator mounted on the Prcamplifier Board Assem-
bly in order to prevent damage to the' amplifier.

1. Remove the Scaler Module by releasing the four screws at the
corners of the module.''The frame may then be withdrawn from the
case. Care should be exercised during replacement to insure that
the module mates with the connector. '

All Scaler Module adjustments may be made at this point by
. plugging the - Board Extender, Troxler B 100455 into the Pre-
amplifier connector and the scaler module into the extended '
-connector.

All Preamplifier Board adjustments may be made at this point by
plugging the Tennination Board, Troxler B 100456 into the Pre-
amplifier Board connector. - CAUTION! This turns on all power on -
the board ~ including the H. V. Supply.

2. If it is necessary to remove the Preamplifier Assembly or
De te'e tors, it'is necessary to remove the top'shell. -Disconnect

, the A. C. power harness by separating the connector between the
L top shell and the Battery Pack Assembly. Tilt the gauge on its

side and remove the six rim screws using a 5/32" Allen wrench.
Return the-gauge to the upright position. Slip the top casting
up by lightly tapping around the rim. In order to keep the top

| out of the way, it may be necessary to tie it to the Index- Handle
using a strong cord. If it is necessary to lift the Battery Pack
out of the way such as during the replacement of the H. V. Supply,
disconnect the power cable by separating the-connector between
'the Preamplifier Board and the Battery Pack Assembly. The
Battery Pack may then be raised out of the way.

. 3. The H. V. Supply Board may be removed by taking out the two hold
doun screws using a-y2 Phillips screwdriver. The BF-3 Detectors
may be removed by taking out the.four reflector _ hold down screws.
Carefully disconnect the BF-3 cable condectors at the pre-
amplifierusingthe11/32"and5/16"openendwrenchesto

*
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prevent damage to the connectors. The Preamplifier Assembly may
be removed by taking out the four corner screws and lifting the
assembly out of the base casting. The G. M. Detectors are
mounted on the bottom of this assembly. They may be removed by
taking out two screws on the G. M. tube retainer, removing the
retainer and unplugging the detectors. Care should be exercised
in all of the operations in order to prevent damage to the
various assemblies. Save all screws and note the locations.

4. If it becomes necessary to replace the Battery Pack Assembly or
for other reasons to completely disassemble the gauge, it is
necessary to remove the source rod assembly.

Place th'e Index Handle in the backscatter position. Just below
the index rod cap screw there is a hole containing a roll pin.
Drivethispinoutusinga3/32"pinpunchandasmallhammer.
The top cap may be removed by unscrewing. Remove the Source Rod
and handle by lifting straight up. Note that the flat side of
the trigger wedge is on the bottom side. If the Trigger Assem-

bly is removed from the handle, it must be correctly replaced in
order to insure proper indexing. Store the Source Rod in a cali-
bration standard or in a 4" x 4" x 6" lead pig with a 3/4" hole
4" into the long dimension. If shielding is not available, store
the Source Rod at least 10 feet from all personnel. When holding
the rod, keep the tip away from the body.

5. Reassemble the gauge in the reverse order of the above. Use care
to prevent damage and tighten all screws to prevent their working
loose under field use. A small amount of fingernail polish
around screw heads helps to retain them in place.

E. INTERNAL ADJUSTMENTS

Unless a gauge malfunction is experienced no attempt should be made
to alter the internal adjustments as they are quite stable. Refer to

Figure 8 for circuit location of the adjustments and the circuit
block diagram. Refer to Figures 7, 8 and 9 for the physical location
of the adjustments and test points. The tools and equipment required
for these adjustments are listed in Section X, paragraph A. All or

parts of this equipment are available from the factory.

1. Remove the Scaler Module Assembly from the gauge and disconnect
the cable between the Battery Pack Assembly and the Preamplifier
Assembly. Connect the external power cable between the Pre-
amplifier Assembly and the Power Supply (H. P. 6215A) . Turn on

the supply and adjust to 12.5 volts. Insert the Termination

Board (B 100456) into the Scaler Module connector on the Pre-
amplifier Assembly.

2. Connect the multimeter to the 9.2 V and Ground test points on

the Termination Board and determine its nominal value. Vary

the power supply between 10.5 and 14.5 volts; the 9.2 volt
test point shall not vary over ! 0.1 volt from its nominal value.
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' 3. Adjust the power ' supply to 10.5 volts. Connect the Electrostatic
Voltmeter- (Singer EDS) to - the 1400. volt tes t point on the Pre-
amplifier! Board and Ground on the Termination Board. Turn the
H. V. ' adjust _ on the Preamplifier Board counter clockwise until-
either the end of the adjustment is reached or the high voltage

ibegins to fall. Turn the adjustment clockwise until the high
voltage reaches _a plateau and then turn-three additional full

- turns clockwise. If the voltage failed to fall at the full
counter-clockwise position, simply turn the adjus tment 3 full
-turns clockwise from the counter-clockwise position. Set the
power supply at 12.5 volts. The high voltage shall be between
1380 and 1420 volts. Vary -the power supply between 10.5 and
14.5 volts. There shall be no measurable change in the high.

_ voltage reading. Readjust the supply to 12.5 volts.,

4. Connect the Oscilloscope to the Density. Test point on the
~

Tennination Board. Set the sweep speed to 50gs/cm and the verti-
calsensitivityto.5 volt /cm. The negative nulse heights shall
be between;l and 2 volts. It may be possible to visually sepa-
rate the pulses from each of the three G. M. Detectors. The
pulse heights shall be uniform.

5. Turn off the power supply and short across the 1400 volt
~

corona regulator to discharge.the high voltage. Using care

to prevent damage, disconnect the BF-3 cable on the icf t side
of the Preamplifier Assembly. Attach a Termination (A-100670)
to the left side of the Preanplifier Assembly. Failure to do

so may cause the preamp to oscillate. Reapply power to the
assembly and connect the Oscilloscope to the moisture test
point on the Termination Board. With the sweep speed on
20 ps/cm and the sensitivity on .5 volts /cm adjust the -

moisture gain on the right side so that the thermal pulse
,

height (See Figure 10) falls between .8 and 1.2 volts.
' 6. Turn off the power supply and short across the 1400 volt

corona regulator. Remove the Termination. Using care to
prevent damage, reconnect the left BF-3 cable and disconnect

'

the right cable. Attach Termination (A-100670) to the right
,

side of the preamp. Repeat the instructions in 5 above.
Turn off the supply, short across the 1400 volt regulator,
remove the Termination, and reconnect the right cable.

7. Remove the Termination Board and insert the Extender Board into
the same connector. Insert the Scaler Module into the Extender
Board. Turn on the power supply and adjust to 12.5 volts. Set
the scaler POWER switch to ON. Connect the multimeter to the
3.4 volt test point on the Logic Supply and adjust for a 3.4 volt
indication. Adjust the pouer supply betueen 10.5 and 14.5 volts.
The logic voltage shall not vary greater than 3.2 to 3.6 volts'.

8. The ripple adjust on the Indicator Supply has been set for mini-
mum current at the factory and will not require adjustment in
the field.

.
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Tha moistura and density level adjustments ' hive been sst to 150
~

my at'tha_ factory and will not raquire_ field adjustm nt.~

>

.9. Set the power supply to 12.5 volts and set the supply meter
select switch to current.- Uith the gauge POWER switch -in STDBY,
the-current drain shall be no greater than 120 ma. With the

1 POWER. switch in ON, the' current drain shall be no greater.than
230'ma. Press the READ pushbutton and the current drain shall
be no greater than 450 ma.

ir
.10. _ Reduce the power supply voltage until the current drain drops to.

L less than 10 ma. The power supply voltage at this point shall
l' '' be between 9 and 10 volts.
li

F. - Refer to Figure -11 for the system block diagram. The signal paths
for data are designated by the heavy lines.

Power from the batteries goes through the 2 Amp fuse, the STDBY/0N
section of the POWER switch to the battery saver circuit on the
Preamplifier Assembly. ,From this point, power is delivered to the
.12.5 volt bus and to the H. V. and 9.2 volt Power Supplies and to

the Scaler Module. In the Scaler Module, 12.5 volts is delivered
to the-BATTERY INDICATOR, through the ON section of the POWER
switch to the Logic Power Supply and through the READ pushbutton
to the Indicator Supply. When the POWER switch is on STDBY, power
is available to the 9.2 volt supply, the H. V. Supply and to the -

BATTERY INDICATOR. When the switch is in the ON position, power.
is connected to everything listed above plus the Logic Power Supply
and is available to the Indicator Supply when the READ pushbutton is
depressed.. The Indicator Power- Supply provides 170 . volts to the
decade indicator tubes. The Logic Power Supply provides 3.4 volts

~

to all logic circuits on the Input and Clock Eoard, Time Base
Divider . Board, Accumulator Board, Decoder / Indicator Soards and to
the SUM and START switches on the front panel. The H. V. Supply
provides voltage to the 1400 volt regulator for the BF-3 Detectors
and to the 900 volt regulator for the G. H. Detectors. The 9.2 volt
supply provides power for the moisture and density amplifiers on the
Preamplifier Board and to the threshold level and crystal oscillator
circuits on the Input and Clock Board. This completes the power
distribution system. During recharge, 110 V or 220 V AC power is
supplied through the .5 A fuse to the charger and from the charger

approximately 700 ma is supplied to the batteries.

|

Pulses from the radiation detectors are fed through their respective
amplifiers, threshold detectors end to the function gate. The
density pulses are divided by 10 prior to the function gate. Low
level logic switching is provided to select either moisture or
density data or if neither is selected, test data from the clock is
supplied ' to the accumulator data input where any one of the three
inputs may be scaled for selective time periods. The function
selector switch (DENSITY / TEST / MOISTURE) provides selection by ground.
ing lines f rom the Input and Clock Board. A line is provided from
the Input and Clock Board to the Accumulator Board to provide TEST
control.

.
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The 139.810 KHZ Oscillator is divided by 256 on the Input and Clock
Board and this.provides a 546.133 H: clock signal to the Time Base
Jivider Board and to the Accumulator Board for the TEST function.
The signal provided to the Time Base Divider is selectively scaled
3own to provide a gate of .25, .5,1, 2 or 4 minutes duration for
the Accumulator Board. The selection is provided by grounding lines
available on the TIME selection switch. This switch also controls
pre-scaling for the CALIB function and grounds the gate lines for the
COUNT function. The START pushbutton generates a reset pulse on the
Time Base Divider Board which resets the Accumulator and Time Base
circuits while the SUM pushbutton generates a reset pulse for the
Time Base circuits only.

All front panel switching except fer power is accomplished by ground-
ing lines. No signals are switched at the front panel.

Data to the Accumulator is prescaled by ten and then accumulated in
binary coded decimal (1,2,4,8) form before being decoded and indi-
cated at the front panel. At the indicators, the moisture data has
been prescaled by 10 and the density data by 100. In addition, all
data is prescaled by 4 during the CALIB function.

XI. RADIATION STATISTICS

The subject of radiation statistics cannot be completely covered in this
short section; however, sufficient detail can be given without proof to
enable the user to perform the operations required and understand the
statistics pertaining to this equipment.

The binomial distribution describes the probability of randem events and
its limiting case, the Poisson distribution accurately defines the
probability of radioactive decay. The most significant property of this
distribution applying to this equipment is that the variance of the rate
of decay is equal to the mean rate of decay. Therefore, the standard
deviation (c) is equal to the square root of the true mean rate of
decay (m) . Since a cannot be determined it is convenient to substitute
the sample mean E where:

n=

for # number of samples n. The standard deviation of a given sample n
within a population can be expressed as:

c(n) = (n)1/2

Further, it is possible to define the precision of a single n as:

(n)1/2n=nt
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" ' ' . The" deviation of; # ' samples L thus becomes: |,

f. f)1/21
.. -|W '.>

.

( -1/2 N,
. a(n)

.

.o(n) = (N),,, =&
, _

=

(N),,,^
. .

;|,

:.and the precision of h is:- |
*

Y .n = h t ( ) = h t' * 'f
~

g
. _

.(N) *

|

. be - $ The ' foregoing demonstrates that the accuracy of. a given gauge measurement
can be improved by accumulating and averaging multiple measurements and .

7= zthe deviation :is decreased by a factor of two for four measurements,
[' three for nine, four for sixteen, etc. The time consumed increases

geometrically however, and is not practical beyond four measurements.
"

This? quantity is .used for calibration and field determination of the
standard count. . - The 2400 Series.'COMPAC obtains the average of four

=|Tone-minute measurements automatically in the. CALIB position of. the
'

TIME _ switch.' ,g
.

, _ iIt should be. obvious that. it .is necessary to obtain. the square root of -|-

the true! count rate in' order to- compute the standard deviation; i.e. , j
first multiply moisture count rates by 10 and the density count rates j<

(by 100~. =g.
,

:

It is' of ten convenient to express the precisiin as a percentage of the I
: s

,
count rate:

, j
_

L*

0(%) = n L (n)1/2
'

ygg+

x 100 = n t
(n)I|# k.

"
,

e i
<

ti
[- This further demonstrates the futility of using more than four or at the {

most nine samples to determine a calibration count. or a standard count. 3

| ' If a gauge has . a count rate of 62,500 cpm for s 'given test, the precision 3
L represents a stability of 0.4% for a' single count or 0.2% for four ' B

~

counts. Assuming that the gauge electronics must be more stable than .j
[ the decay of 'the source, the electronics must be more stable than 0.1% ?.

| for all possible sources of drif t; detector efficiency, high voltage. b
n- supply, . threshold levels ' and time base.- Few pieces of field operated '{equipment can ' demonstrate this order of stability and this explains the r

(, | careful choice of fixed regulated high voltage supplies and the crystal 6
-time clock used in-the 2400 Series COMPAC rather than variable high f;vo.i ageIsupplies and tuning fork or DC motor timers used in other equip- f|

t

ments..< p,

h. .. . .
-

' Standard deviations in terms of counts-per-minute have little meaning to
E the gauge: user 'since the interested units are -PCF of density or moisture [

content. In order. to determine these units, it is necessary to obtain D
>
H
F

lj.,
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L

the relationship between counts-per-minute and PCF. This is not a ratio
of the ~ values but a ratio of the change in counts-per-minute for a given
. change in PCF or slope (S):

S = ff fhor

therefore: '

a(D) " (n) |#
- c(n)"

an, S (Density)
4D

or:

I " a(n)* S (Moisture)

Since the gauge response to density is basically an exponential function,
the slope is different for different densities and the density must be
stated in order to specify a deviation in terms of density.

While the Poisson distribution describes the probability of decay, the
normal or Gaussian distribution is more useful and convenient when
predicting or comparing values by the statistical theory of errors. No
error is introduced with n > 200 and probability > 0.01. Assuming normal
distribution, the probability of obtaining a measurement within a speci-
fied deviation is:

Deviation .5 1 2 3

Probability .383 .683 .944 .997

From this table, one can see that 94.4% of the measurements will be
within 20 and the probability of obtaining a measurement outside of Jo
is remote.

.

The procedure outlined above predicts the precision of measurements
assuming the gauge stability to be greater than the decay stabilitics.
Obviously this may not be a correct assumption and it is necessary to
. test the gauge stability in terms of the decay stability. In order to
accomplish this test it is necessary to accumulate a number (20 or more)
of sample counts. Normally the. moisture and density standard counts are'

used.

The standard deviation may be determined by:

pf,1E (n-n)Ea =
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or:

E 1 (in# Z"}2
}o = -

N-1 R
i

[ The latter equation is sometimes referred to as the working formula and
5 is convenient for use on desk calculators. The deviation obtained is
i the root-mean-square (RMS) error of the individual measurements from the

mean.
.

| A ratio of the RMS deviation to the predicted deviation should fall
between .8 and 1.25. Ratios outside of .7 and 1.4 definitely indicate a

- defective system while ratios between these values indicate possible
_

defects and the test should be repeated.

$ The gauge stability over a working day should be such that the drif t in
g

b
standard count is less than that required to cause an error in excess of

f one standard deviation. For the 2400 Series gauges this maximum
difference is 0.5% for the density standard count and 1% for the moisture
standard count. These values were picked at 120 PCF density and 15 PCF
moisture content. _

L The long term drif t of the standard count is dif ficult to set a maximum
g/ for, since it is dependent on the source of the drift. Detectors display
7

L an aging which is temperature dependent and this type of drift is com-
[ pensated for by the standard count procedure. A gradual shif t of even

@
107. may be of no concern if it has occurred over a long period of time;

y however, any sudden shift in excess of 2 to 3% may indicate a mechanical
i shif t in the gauge geometry and the calibration should be checked against

a known reference.
4

XII. RADIOLOGICAL SAFETY INFORMATION

A. GENERAL
.

! The quantities of radioactive material contained in Troxler moisture
t and density gauges are quite small, and an operator may safely use a

gauge day after day without receiving any bodily dmnage due to radia.
E@ tion. In addition, each radioactive source is doubly sealed to
f afford even greater protection for the operator. However, all radio.

active sources, no matter how small, should be handled with care.s

The purpose of this appendix is to acquaint the operator with the
types and characteristics of radiations he will be working with, and

i to describe the routine handling procedures and precautions which
should be followed in order to obtain safe and efficient operation of
Troxler gauges,

v
s

:
t
t
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B. RADIATION CHARACTERISTICS a
7
d1. Types of radiation n
=The radioactive materials in Troxler gauges emit four types of

radiation which the operator should know about: alpha particles, -i

beta particles, gamma. rays, and neutrons. Of these four, the y
alpha and beta particles are completely stopped by the walls of 3'

the source container; therefore, only the characteristics of the es
gamma rays and neutrons need to be discussed in detail, d

5
Gamma rays (sometimes called photons) are a form of electro- j
magnetic radiation, somewhat similar to radio waves and rays of g
light. They travel in straight lines with the speed of light, -R

and are electrically neutral. However, unlike light rays, ganna J
rays are extremely penetrating, and may pass through several 5
inches of lead or concrete without being deflected. The energy
of a gamma ray is usually expressed in units of millions of ,

J
electron volts, or MeV. This need not be discussed any further

-

except to state that, in general, the higher the energy, the more
penetrating the gamma ray will be. ]

:
3When a' gamma ray (photon) enters a slab of material, any of three

things may happen. First, the photon may be absorbed (stopped) f

by the material. Second, the photon may be deflected or
-

" scattered" in the material, and come out of the material with a !
different direction and lower energy than when it entered. (Of "

course, sometimes the photon is scattered several times before _

being absorbed or coming out of the material.) Third, the photon =

may pass through the material without being scattered or absorbed. ]
It is impossible to accurately predict what will happen to a 5
single gamma ray entering a certain material. However, if a beam 3
of photons is directed at the material, it is possible to calcu. _

late the percentages of the beam that will be absorbed, scattered a

or transmitted. The percentage of photons that will pass through ]
a material depends mostly on the energy of the photons and the 1
density of the material. For example, if a beam of 1.25 MeV 1
photons were directed at a concrete block 11.2 inches thick, 107. $
of the beam would be transmitted. However, only 1.73 inches of j
icad would be required to cut this sama beam down to 107., be. ,

cause lead is much heavier than concrete. g
-

i
Neutrons, instead of being rays, are extremely small, very dense
particles. They are electrically neutral and quite penetrating.
Unlike gamma rays, the penetrating power of neutrons through a
material does not depend on the density of the material, but on
the material composition. Neutronc are slowed down most effec- ,

tively by a material containing hydrogen atoms (such as water or
polyethylene). For this reason, neutrons are used to measure the
moisture content of soils or other materials. ;

;

e *
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2. Characteristics of Troxler Radioactive Source Materials

Almost all Troxler gauges use as source materials Radium-226,
Cesium 137, or Americium 241, either singly or in combination.
A brief description of the characteristics of each type of source
is now given.

Radium 226 emits alpha particles and low-energy gamma rays. It

has a half life of 1620 years, which means that in a given sample
of pure Radium 226 atoms, half of these atoms would decay in
1620 years. Of the Radium-226 atoms remaining after the first
1620 years, half again would decay in 1620 more years, and so
on. However, when a Radium-226 atom undergoes radioactive decay,
it is transformed into Radon 222, which is also radioactive, and
in turn decays into still another radioactive element. Actually,
each original atom of Radium-226 must decay a total of eight i

Itimes before it finally becomes a stable (non-radioactive)
element. For each decay process, energy is given off in the
form of alpha particles, beta particles, gamma rays, or combina-
tions of these. Therefore, even though the Radium 226 atom gives

;

off a low energy gamma ray, several members of its following ,

decay chain emit gamma rays with high energies, i
|

Cesium 137 decays with the emission of a beta particle, which is
stopped by the walls of the source container. However, when ;
Cesium 137 decays, it is transformed into an unstable Barium 137
atom, which in turn decays to a stable state with the caission of

*

a gacraa ray. Cesium 137 has a half l.ife of 30 years. !,

t
Americium 241, like radium, is a member of a long decay chain, ;
which emits alpha, beta, and gamma radiations before achieving !
stability. Americium is not a suitable source for density I

measurement because practically all of the gcmma rays emitted
by the members of its decay chain are of low energy, and would
be absorbed by soil or asphalt before being transmitted or
scattered back to a detector. For this reason, Troxler gauges
use Radium and Cesium sources for density measurements, while .

Americium (and also' Radium) are used for moisture determinations. !
Moisture is measured by counting the number of neutrons which are !
slowed down by water in soil or other material.

Americium and Radium (and their by-products) do not emit neutrons. |
Beryllium is used as a neutron source. Although Beryllium by it- !

self is a stable element, it emits neutrons when it is struck |
by alpha particles from Radium or Americium. Therefore, a com- r

bination moisture and density gauge would use a source such as I
Radium-Beryllium (where Radium would provide gamma rays for I

density measurements and Beryllium would provide neutrons for
moisture determination), or a combination Cesium-Americium. I

Beryllium source, where Cesium would provide gamma rays and
,

Americium would be used to bombard the Beryllium atoms for a
source of neutrons. ;

t

V

i

!
'
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3. Radiation Units

Although there are several units of radiation measurement, there
;

are only two with which the operator of a Troxler gauge needs to
be familiar. These are the curie and the rem.

The curie is defined as the quantity of any radioactive material
10 disintegrations per second (dps). That is, in~

giving 3.7 x 10
a curie of radium, 3. 7 x 1010 atoms would decay each second.

The strength of sources used in Troxler gauges is usually ex-
pressed in mil 11 curies (one millicurie is one thousandth of a
curie, or 3.7 x 107 dps) . Therefore, a 3 millicurie Radium

(3. 7 x 10 ) = 11.1 x 1077 dps, or 111source would yield (3)
million dps.

In order to calculate the amount of radiation absorbed by a
human being, a unit called the rem is used. Because the amount
of absorbed radiation is usually small, doses are usually ex-
pressed in millirem (thousandths of a rem). The millirem is
actually a measure of the effectiveness of the body in absorbing
radiation, and depends on the type and energy of the radiation.-

4. Exposure Limitations

In order to protect personnel from overexposure to radiation,
the Atomic Energy Conraission and the Federal Radiation Council
have established exposure limits for radiation workers. These .
limits, expressed in millirems, are reproduced in the following
table. ,

EXPOSURE LIMITS FOR RADIATION WORKERS

Type of Exposure Millirem Limits for
13 weeks 1 week rate

Sensitive Regions
(whole body, eyes,
gonads, skull) 1,250 96

Kidneys, spleen, lungs, liver 5,000 385

Skin of whole body 7,500 577

Hands, arms, feet, ankles 18,750 1,442

These limits are intended to be highly conservative, and do not
represent the absolute maximum exposure a person could receive
without becoming ill or suffering radiation damage. However, it

'
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is advisable to remain under the limits whenever possible. This >

can be done quite casily with Troxler gauges, by following ,

established handling precautions.

5. Shielding
i

There are two basic ways in which a person can protect himself *

from a radioactive source: distance and the interposition of i

shielding material.

'As a person moves away from a source, the amount of radiation
which he is receiving from the source falls off sharply. In ,

fact, radiation obeys the " inverse square" law which states that ;
the radiation intensity falls as the inverse square of the d

distance from the center of the source to the " target". For [
example, if a person standing one foot from a source were re- j
ceiving forty millirem per hour, moving back another foot would ;
cut the intensity to ten millirem per hour. By moving back, the ,

person represents a small " target area" to the source. [
The other method of shielding is obtained by placing matter h
between the source and the target. To a reasonable approxima- 4

tion, it makes no difference where the shielding material is [
placed between the source and the target, as long as the thick. ''

ness of the material remains the same. As was mentioned earlier, -

dense material provides the best shielding against gamma radia. .

tion, while hydrogeneous (hydrogen.containing) material affords
,

good protection against neutrons. The type of shielding in
general use is as follows for the various encapsulated source {
materials: .

5'

RA226 licavy material ;
Cs137 . Heavy material '

.

Ra226 + Be lleavy material and hydrogeneous material .g
Am241 + Be Ilydrogeneous material [

I
C. HANDLING PROCEDURES

<

Although Troxler gauges can be operated quite safely, the following f
general precautions should be observed, l

1. Do not operate or attempt to operate a gauge unless you have [
been authorized to do so. F

'a
2. Keep the gauge in the " SAFE" or storage position when not in use. 9

3. Wear a film badge or other radiation measurement device at all f
times while operating or transporting a gauge. t

4. Keep unauthorized persons away from the gauge.
ti'5. Be sure that the gauge is locked up or otherwise secured when.

it is not in use. [
E
i|
W

h
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6. Follow established operating procedures when using the gauge.

I- 7. Insure that the gauge is leak tested at proper intervals.

8. When in doubt, ASK.

D. ' ACCIDENTS AND INCIDENTS

In case a gauge is lost or stolen, or involved in an accident which
might cause physical damage to the source, notify your Radiological
Safety Officer, DtdEDIATELY. He will notify the proper authorities.

XIII. SHIPPING

A. GENERAL

Shipping procedures for 2400-Series gauges are governed by
applicable Department of Transportation Regulations for
Shipment of Radioactive materials. These regulations are
contained in Title 49, Code of Federal Regulations.

*

B. PACKAGING '

2400-Series gauges are shipped from the factory in shipping
cases which contain the proper labeling. This labeling
consists of a Radioactive Yellow-II label on either side of
the package. DO NOT REMOVE THESE LABELS. Information on
these labels include:

a. Type of material
b. Number of curies
c. Transport Index (This is the highest reading in

mr/hr at one meter from any part of the package).

These original shipping cases should be used whenever it is
necessary to ship the gauges anywhere. If it is desired to
ship empty shipping cases, an " EMPTY" label must be af fixed
to the package, instead of placing tape over the radioactive
labels.

Each package should have a seal (such as banding or a lock)t

which, while intact, will be evidence that the package has
not been illicitly opened.

Since the 2400-Series gauges contain sealed sources which
meet "Special Form" requirements, the shipping cases are
considered as Type "A" packaging. This fact should be
shown on the case by another label on each side which
states:

SPECIAL FORM
TYPE "A"
RADIOACTIVE MATERIAL
SEALED SOURCE . .

723 42
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C. SHIPPING DOCUMENTS -

- 1.' Waybill

' The Waybill must include the following information: k

!
'SPECIAL FORM, TYPE "A" .k
RADIOACTIVE MATERIAL !

Cs-137/Am-241:Be. 8/50 mci Y
#

(Ra-226:Be-- 2 mci) -

t SEALED SOURCE ;j

LABEL: RADIOACTIVE YELLOW-II .

2. Restricted' Article Statement- .- {
t

When gauges are to be shipped by air, a Restricted ?
Article Statement Inust accompany the shipment. ji

3. Sample Doctanents
'

,

Sample copies of the Waybill and the Restricted'

.

; Article Statement for both Ra:Be and Cs/Am:Be .{
sources are given on tha following pages. While g
the Restricted Article Statement is needed only g
for air shipments, the Special Form statement on (
the Waybill must be included regardless of the ;;

mode of shipping. . _ j
~

.

.,

,

!i
i
d

I

,

!

f

-
,

.

.
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RESTRICTED ARTICLE STATE!ENT

,,.

This is to certify that the contents of this consignment are properly
. described by name and are packed, marked and labeled, and are in proper
condition for carriage by air according to all applicabic carriers and
to the-1. A. T.'A. restricted articles regulations. This consignment
is within the limitations prescribed for passenger or carrying aircraf t..

' SHIPPED TO: Troxler Electronic Labs., Inc. FOR EXPORT TO:

P.O. Box 5997

Raleigh, North Carolina 27607

.

Number of cartons: 1
,

Contents: Ra-226:Be

Net Quantity: 2 mci
,

ACE TESTING LABORATORIES, INC.

By: John Doe

Title: Testing Engineer

Signature

FIGURE 12

RESTRICTED ARTICLE STATEMENT F0R RADIUM SOURCES

,
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UNIFORM AIRBILL NON-NCGOTIABLE
*R rer to se s2.ssos s.*>as i. c. .' cea'<a' .. sa. saa e' e'** m **
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, , , . , .

VAtut To'ks4 A w.HiR VALUE 65 05CLAR20.5How OECLAPID | e
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. 3.,s2798 899,.)007 NCAA15T WHOLE Do41AR. ,y ;

..

O cou'C'v Paa Pare aa '''a r a ==''c .A6

.. .. , .. .. .. .. - . . ...

1 1

s............,...... CARRIER USE ONLY

oCONSIGNEEn . Arc c,, m t,

. . . . . . . . . . . . .

Troxler Electronic Laboratories. Inc. $
.,u,.... ..u

P.O. Box 5997 *

. . . . ..... ..,..n n .n .,

Raleigh. North Carolina 27607
m, -

..u........................a.............. . u . o . .. ..
e
d

vn............. . . . . . . . . . . . . . , , . . . . . . . . . . . .

o SHIPPER , , , ,

. . . . . . . . . . . . . . . . . . . .

Ace Testing Laboratories. Inc.
.,u ,.n u. .n.....en_,,,

121 Elm Street . ., s, ,

g. . . . . . . . . . . . . . . . , . . . . . .

Cleveland. Ohio 44128 j
'

2 z........... 2. _ . _ 3 o.
.......u. ..u...,....,u............ ... ,

I 3 :1.
7 r...-s.

. . ........ g . . ....o . . . . . . . . .

__t E $ .

.u. n..., nuu.....u............,u.............

SPECLAL FORM. TYPE "A" .,,,

RADI0 ACTIVE MATERIAL

Ra-226:Be 2 mci-

SLALED SOURCE - LABEL4

RADIOACTIVE YELL 0k' - II

3; '

' THIS IS NOT AN INVOICE

. . . . . . . . . . . . . . .... , . . . .j

8 |
~

'U67 2798 8995
@ SHIPPER *$ RECEIPT

ADS 70534 RET. 8/79 AC 17

- ,.
, .

FIGURE 13

SAMPLE WAYBILL FOR RADIUM SOURCES
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' T.ESTRICTED ARTICLE STATEMEIC

.

-
,

,

This is to certify that the contents of this consignment are properly-~

. described by name and are packed, marked and labeled, and are in proper
condition for carriaga by air according to all applicable carriers and
to the -I. A. T. A. restricted articles regulaticas. This consignment
is within the limitations prescribed for passenger or carrying aircraft.

.

SHIPPED TO:' Troxler Electronic Labs., Inc. FOR EXPORT TO:

P.O. Box 5997

Raleigh. ?! orth Carolina 27607
,

Number of Cartonst, 'l

Contents:. Cs-137/Am-241:Be

Net Quantity: '8/50 mC1

ACE TESTING LABORATORIES, INC.

.

By: John Doc

Title: Testing Engiheer

Signature s ___

.

FIGURE 14

RESTRICTCD ARTICLE STATEMENT FOR CESIUM SOURCES

; .-
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SAMPLE WAYBILL FOR CESIUM SOURCES
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XIV. TRENCH CORRECTIONS
'

Of ten, when nuclear densities are -performed on backfill in
trenches, the dry density is suspect. The usual cause is a
high moisture count due to the reflection into the detectors
of thermalized neutrons by the moisture in the side walls of
the trench. This may easily be corrected for by taking a
moisture standard count in the trench and using the difference
between this and a normal standard count as a correction in
the field moisture data.

Mathematically this may be stated as:

Correction Factor (CF) = Std Ct - Std CC
Trench Surface

,

.

Count ratios are then calculated by:

(Meas CC -CF)
#*"#

CR = Std Ct
*

Surface .

Corrections for wet density determinations in the direct
transmission mode are not necessary. However, the above
procedure should be used for the density counts when using
backscatter.

In a wide trench a correction factor may only be needed when
performing tests within 3 feet of the trench wall. In this

case, the trench standard count should be taken at approxtnately
the same distance from the trench wall with the gauge in the
same orientation as the measurement will be made. A correction
may. also be necessary when performing tests close to bridge

*-

abutments .

!
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-XV. REPLACDiENT PARTS LIST
-|When ordering the main assemblies listed below give the model *

and serial number of the gauge, or part number of the unit and
its name. For example: ,

.

Model 2401 Gauge
-

Serial number: 852
Part number: C-100139
Name: Scaler Module Complete

EXCHANGE SALE
MODEL OR PRICE PRICE (EA.)

DESCRIPTIONPART NO.

Scaler Module, Complete (2401 & 2402) $ 346.00 S 692.00
C-100139 346.00 692.00Scaler Module, Complete (2451 & 2452)B-100675

-C-100139 182.00.

Scaler Module (Less Boards & Clamp)
~OR

51.00 102.00*B-100675
B-100031 Input and Clock Board (2401 & 2402) 51.00 102.00*
B-100674 Input and Clock Board (2451.& 2452) 42.50 85.00*
B-100034 Time Base Divider' Board 41.00 82.00*
C-100036: Accumulator Board 18.00 36.00*
A-100038 Decoder-Indicator Board (4 required) -

23.00 46.00*
A-100128 Indicator Power Supply 24.00 48.00*
A-100134 Logic Power Supply 3.00,

A-100150 Board Clamp Assembly

93.00 186.00*
C-100210 Preamplifier Board Assembly (2401 & 2402) 75.00 150.00*
C-100688 Preamplifier Board Assembly (2451 & 2452)

C-100212 Preamplifier Ass'y (Less G.M's , 2401 & 2402) 150.00 243.00

C-100681 Preamplifier Ass'y (Less G.M, 2451 & 2452) 132.00 207.00

C-100212 Preamp 11fier Ass'y (With G.M's, 2401 & 2402)
483.00

C-100681 Preamplifier Ass'y (With G.M, 2451 & 2452)
287.00
80.00*

A-100159 G.M. Detector 29.00 58.002
A-100184 High Voltage Power Supply 90.00 152.00*
C-100190 Battery Charger Assembly 5.00
A-100085 Transformer

45.00
A-100097 Battery Pack (2 required) 225.00*
B-100570 Baron-Triflouride Detector 15.00
A-100318 Neutron Reflector 95.00
D-100271 Top Shell Assembly 8.00

,

'

A-100246 Charger Harness 2401 & 2451) 315.00
C-100232 Base Assembly (Complete, minus source,

2402 & 2452) 311.00
C-100229 Base Assembly (Complete, minus source, 64.00
A-100218 Source Rod Assembly (2401 & 2451) 60.00
A-100220 Source Rod Assembly (2402 & 2452) 25.00
A-100221 Trigger Assembly 2.00
A-100222 Trigger Spring (Set)

723
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UNITED STATES NUCLEAR REGUI.ATORY COMMISSION

RULES' and REGULATIONS
I '

. Tm.E to. CHAPTER 1. CODE OF PEDEMAI. REGULATIONS-ENERGY

.

.

I PART NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS:'

| lh INSPECTIONS

.

(c) " Worker" means an individual sued pursuant to Subpart B of Part 2 of
engaged in activities licensed by the Com |, this chapter, and any response from theSec.

1%8 Pw p***-
m ucensee.its s-

masion ad controuw br a neens.e. n <b> If posung of a document speciaed
taagi.c..ns.i:3,

but does not inerud. the ucensee.
Co.e, <d) -I.icense means a ucens.1 ed = in paragraph <a> m. <a) or m of this..n .n..i e.

49.3 poestas of nouces to workers. under the regulationsin Parts 30 through * sectio's is not practicable, the licensee,

to :2 instruction to weekers. 35. 40. or 70 of this chapter. including M may Nst a notice which describes the

! .N *$*e'7,*eMIe'iM oN'Yet Ucenses to operate a producuan or unu- docuaient and states wheM it may be
pno c sation faculty starsuant to Part 50 of this ,,,gmaed.and workers eurine inspections.

te. $ Comemasesion wien workers dwing in. chapter. "IJcensee" means the holder of -

specteens. such a license. (c) Form NRC-3 " Notice to Em-
19.14 - Itseusets Oy worteft for inspections. (gj *RestitCled area" nteans any ares ployen * shan be posted by each u-,

19.17 laspection not wertanted:tafornien te % access to which is cont 19110d by the H- conste wherever individuals work in or
g conset for purposes of protection of in- % fMquent any portion of a Mstricted area.ie.3o Vin ns. dividuals front exposure to radiation and Nort: Coptee of Form NRC-3 may be ob.m radioective matertals. " Restricted area" gDecri.ation for eternanons.

I e.J t Aepuc g
z .atned by writing to tne Director of sne: nation prohituted.Le.J1

g shau not include any areas used as rest- * appropetate CA Nue: ear Reguta:ory com.
dential quarters although a separate $ mtaston taspect:c's and Infor:ement ae.

AUrucesTY: Sece. 53. 83. st. los.104,141. room or rooms in a residential building stonal Omce usted m Appendix "D''. Pstt 2o

I Pu'3. L. 83-703. SS Stat. 930. 533, 93s. 93e. may be set apart as a restricted area. of tnis enapter, or the Dtrector Cece of In.
337. 94e. as amended (42 UAC. 2073, 20e3. spection and Enforcement. U.S Nucteer Ree.

t - 2111. 2133,2134. 2200: Sec. 401. Pua.1 93- I 19't In8"Pwentione. ulatory Commissicn. Wasatngton. Q.C. 20543.
eso, as stat. 1234 (42 USC. 3000 Except as specift ally authorized by the E (d) Documents nouces, or formsCammiasion in wrtting, no interpretation'

of the meaning of the regulations in this posted pursuant W this section shan ap.
part by any omeer or employee of the pear in a sumelent number of places to

g 19.1 Purpose * Commission other taan a written in, permit indiftduals engaged in 11 censed
Tte regulations in this part estab!!sh terpretation by the General Counsel wtil activttles to observe them on the way to

requiretnents for notices. Instructions, be recognised to be binding upon the or from any parucular Ucensed acunty
locanon to which the document applies,

j: cod reports by Ucensees to individuals Cornmtanion,
shan be conspicuous, and shan be re.participating in Licensed activities, and =||

I' options available to such individuals in 819.3 Commonientlene. placed if defaced or altered.
(c' Commission documents posted

f connection with Commianian inspecuons Except where otherwise specified in pursuant to paragraph (a)(4) of thisof Heensees to ascwtain compuance with this part, a11 communications and reports secuan shan be posted within 2 working
'

the provisions of the Atomic Energy Act
f 1984, as amended. Title II of the En- g concerning the Mgulanons in this part days after receipt of the documents froen

I(ergy Reorganization Act of 1974. and ret- 3 should be addressed to the Director. Of- the Commission: the Ucensee's response.
fice of Inspection and Enforcement. UJ. if any, shan be posted within 2 working

E ulations, orders, and Ucenses thereunder .z Nuclear Regulatory Commission. Wash- davs after dispatch by the licensee. Such
. * regarding radiological working condi g ington. D.C. 20535. Communications. re-$ documents shan remain posted for aa
,

ti$ ons* ports sad applications may be delivered n minimum of 5 working days or untu ac.

1717 N Street. NW., Washington. D.C.: y con correcting the violation has been
in person at the Cornmtanton's oSces at'

' | 10.2 Scope. 'a completed, wtuchever is later.The regulations 14. this part apply to |

or at 7920 Norfolk Avenue. Bethesda.$ $ 19.12 Instructions to wori.ers.au persons who receive, possess. use or
transfer materiallicensed by the Nuclear , W.and. All individuals working in or frequent-
Regulatory Comsnimalan purs'annt to the =$ 19.11 Poesing of notices to weekm. ing any portion of a restricted area shan i
regulauons in Parts 30 through 35, 40. be kept informed of the storage. trans- 1

or 70 of this chapter. including persons 11 W Each Heensee shau post current for or use of radioactive materials or of
'

consed to operate a production or utill. copies of the fouowing documents: (1) radiation in such portions of the re-
sation faculty pursuant to Part 50 of g The regulations in this part sad in Part stMcted area; shan be instructed in the

,this chapter. c. 20 of this chapter: (2) the Ucense. Heense health protecuon problems associated |

conditions, or s'ocuments incorporated with exposure to such radioactive mate- )
0. M I)ehitino. Em into's Ucense -j reference, and amend- rials or radiation. in precautions or pro- i

cedures to minimize exposure, and in the.

'M As usedin this part- 9 ments thereto: (3) the operating proce,
N (c) " Act" manna the Atomic Energy * purposes and functions of protective de.dures applicable to !! censed activities, vices emplond shan be instmeted in.= Act tf 1964 (88 Stat. 919) including any (4) any nouce of violation involving sad Instructed to obsem, to the extent* amendsnents thwow radiolosteal working conditions. proposed within the worker's concret, the applica-

. R m Comension means the L*nited Sastes imposition of civs1 penalty' or order 1s- ble provisions of Commisstor. regulations| Nacions llegunasory Commission:
I

19 1 August 1,1980
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PART 19 * NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS: INSPECTIONS
..

[ and licenses for the protection of per. report shall be transmitted at a time deliberr.tely interferes with a fair and

i sonnel from exposures to radiation or noc later than the transmittal to the orderly inspection. With regard to areas

r radioactive matenais occurring in such Commission. containing information classided by an
tress; shan be instructed of their re. - agency of the U.S. Government in the

E sponsibuity to report promptly to the 11 fel At the request of a worker wno is interest of naconal security, an individ.~

-
ual who 2,Ccompanies an inspector mayE Censee &Dy conditioQ which may lead to 'emnatmg emplo} ent in a given have access to such information only ifcater.dar quarter w};t.. the licensee int or cause a violation of Cornmtuton regu.
authorized to do so. With regard te any- lations and licenses or unnecessary ex.

posure to radiation or to radioactive mm. work involving radiatica dose. or of a tres conntntr e proptietary information.c

| terial: shall be instr' acted in the appro. worker wno while employed by another the workers' representative for that area
E priate response to warnings made in the person. is terminanny assign =ent to shall be an individual previously author-

event of any unusual cecurrence or ms!. work involving radianon dose in the ized by the Ucensee to enter that ares.
e

2 function that may involve exposure to 1: bcensee s fac.bty in that calendar | 19.15 Consultation wieli workers dur.
radiation or radioactive matertal: and ;| ouarter. each licensee shall prende to ing inspections."

( shan be advised as to the radiation ex. ; each such worker. er to the woriser's (1) Commission inspectors may con.
[ posure reports whicn workers may re. * cesignee. at terminacon. a wr:tten sult privately with workers concerning

-

quest pursuant to I 19.13. The extent of : report reptci::3 the radiatos dose matters of occupational radiation protec.
'

these instructions shall be commensur. received by t:4t worker from operat2ces {n a oth r matje s
d to ap.

- ate with potential radiological health of the licensee durmg that spec:fically
_

lations and ucenses to the extent the in.
protection problems in the restricted tdentified calendar quarter of fracncn spectors deem necessary for the conduct

_

area. thereof. or prende a wntien tsumate of of an efective and thorough inspection.
g 19.13 Noeinessions and report.s to in. that dose if the fin 32) deter =med (b) During the course of an inspection

dividuals, perscnnel momtermg results are not any worter may bring privately to the

f al Radiation exposure data for an available at tnat 12me. Esemated doses attention of the inspectors, either oraHy
% individual. and the results of any useas. shMI be clearly :ndicated as such. or in writing, any past or present condi.

urements, analyses, and calculations og tion which he has reason to beneve may-

? radioactive material deposited or re. ha" contributed to or caused any vio.-

tained in the body of an individual. shall 8 19.14 Presence of representatives of lation of the act, the regulations in this
be reported to the individual as specided licemees and workers during inspec. chapter. or heense condition, or any un.

=
in this section. The information reported tions. necessary exposure of an indvidual to

radia n Hee. sed raccacun ma.i shall include data and results obtained (a) Each Ucensee shall aford to the terial under the ucensee's control. Any' pursuant to Commt" ion regulat:ons, or. Commt"!on at all reasonable times op.
7 ders or Ucense conditions as shown in such notice in writing shall comply withportunity to bspect materials, acuMues,; records maintained by the licensee pur. the requirements of I 19.16(a).

suant to Commission regulations. Each fac1 Hues, premises, and records pursu.
g,3 . 'he provisions of paragraph (b);

notification and report shall: be in writ. , ant to the regulations in this chapter.During an inspectics. Com=1ssion ~ of this section shall not be interpreted asg,ing: include appropriate identifying data g .(b) A authortzation to disregard instructions

g such as the name of the Ucensee the N * Inspectors may consult privately with Q pursuant to I 19.12.name of the individual the individual'sr
)g,1 yq.e ; g 19.1 Requests by workers for inspec.1

.m.,rs as s
{ social secunty number: '.nclude the indl. I ,-

e o n
vidual's exposure information; and con. A accom, pan,y Commtuton inspectors dur. Ip
tain the fonowing statement: (a) Any worker or representative M-

ing other phases of an inspection.

E rhn report is furnnhed tu you under the provi. (c) If, at the time of inspection, an workers who believes that a violatten of
p sons of the Nuevar itetulatory Commisuon rett individus! has been authorized by the the Act, the regulations in this chapter.

lation lo O R Part 19. You trmuld preserve this workers to represent them during Com. or license conditions exists of has oC.p repert fut further referense, mW [nspectog the ggem gag Curred in Ucense act17ttles with regard to
radioleccal working conduons in which

t (b) At the request of any workar each notify the inspectors of such authortzt.
licensee shall advtse such worker annu. tion and shall give the workers' repre. the worter is engaged may request an
any of the worker's exposure to radiation sentative an opportunity to accompany inspecuan by giving notice of the aHeged
or radioactive material as shown in rec. the inspectors during the inspection of viutston to the Director of Inspectwn snd En-

~ ords maintained by the licensee pursu. physical working conditions. forcement. to the Director of the sppro.
; ant to 120.401(a) and (c). (d) Em workers' representative shall priate Commission Regional CHice, or to
( (c) At the request of a worker former. be routinely engaged in licensed activt. Commt"fon inspectors. Any such notice

E ly engaged in Ucensed activities con. ties under control of the Ucensee and shan be in witting, shan set forth the

troUed by the Ucensee, each Ucensee shalf. shaII have received instructions as spec. specific grounds for the notice, and shan
furnish to the worker a report of the ified in i 19.12. be signed by the worter or representa.

.'
worker's exposure to radiation er radio. (e) Diferent representatives of 11 tive of workers. A copy shan be provided
active material. Such report shall be fur. censees and workers may accompany the the licensee by the Director of Inspection snd
nished within 30 days from the time the inspectors during diferent phases of an Enforcement. Regionsi Office Director.

s request is made, or within 30 days after inspection if there is no resulting inter. or the inspector no later than at the time
; the exposure of the individual has been ference with the conduct of the inspec. of inspection except that, upon the re.

determined by the licensee, whichever is tion. However, only one workers' repre. Quest of the worker giving such notice.*
.

: later: shan cover, within the penod of sentative at a time may accompany the his name and the name of individuals
time specified in the request. each calen. inspectors. referred to therein shall not appear in

i dar quarter in which the worker's ac. (f) With the approval of the licensee such copy or on any record published,
tivities involved exposure to radiation and the workers' representative an in. released, or made available by the Com.

T from radioactive materials Ucensed by dividual who is not routinely engaged mission. except for good cause shown.
the Commission: and shall include the in licensed activities under control of (b) If. upon receipt of such notice. the

, dates and locations of licensed activities the Ucense. for example. a consu; tant Director of Inspection snd Enforcement or Re-
- in which the worker particspated dunng to the licensee or to the workers' re::re. gmnst Office Director determines that

this period. sentative, shall be acorded the oppor* the complaint meets the ren'airements set
id) When a Ucensee is required pur. tunity to accompany Ccmmission inspec. forth in paragraph (a) of this section.

- suant to | 20.40$ or i 20.408 of this chap. tors dunng the inspection of physicaI and that there are reason 2Se grounds to
ter to report to the Commission any ex. Working conditions. >!ieve that the alleged r.ciation exist.s
posure of an individual to radiatier. or (g) Notwithstanding the other provi. I 7 has occurred, he shan cause an in.
radioactive matertal the Ucensee shall stens of this section. Commission inspec. -nen to be made as soon as practica.
also provide the individual a report on tors are authorized to refuse to permit 'o determine if such aDeged violation

| e>,
_

his exposure data included therein. Such accompaniment by any individual who , or has occurred. Inspections pur.

:
I
,
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PART 19 * NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS: INSPECTIONS
s

'suant to this section need not be limited tion or order issued thereunder. or any
a matters rWemd to in the cosaplaint. term. condition or umstation of any H.

(c) No licensee shall discharge or in eense issued thereunder or for any vio-
any inannae discriminate against any lation for which a ucense may be revoted
worker because such worker has Sled anF under nction 186 of the Act. Any person

who willfully violates any provision ofcomplaint or instituted or caused to be a

instituted any proceeding under the % the Act or any regulation or order tsaued
regn1aHam in this chapter or has testi- g thereunder may be gut!ty of a crime and
Sed or is about to testif y in any such prck ;; upon conviction, may be punished by Sne

-

caeding or because of the exercise by
such worker on behalf of himself or g or imprisonment or both, a4 provided by
others of any option agorded by this law.
8"#'' $ 19.31 Applii stion for esen.pilone.
$ 19.17 Inspections not warranted: In- The Commission may, upon app!!ca-'* tion by any ucensee or upon tta own in-*

tal if the Drestur of inspesnon and I ntorce itiative. grant such exemptions from the
me;.t at of the appropnate Regnanal nquirments of the ngulations in clus
Oflice determines. with respect to a com- part as it determines are authorized bvplaint under i19.18. that an inspection
is not warranted because there are no law and will not result in undue hazstd
reasonable grounds to believe that a vio- to life or property.

lation exists or has occurred. he shall no- ".
tify the complainant in writing of such j 19.32 Di-criniinusion proliiliiteil.
detemination. De complainant may No person shall on the ground of sex
obtain review of such determination by be excluded from participation in. be de.
submitting a written statement of post- nied the benents of, or be subjected to
con with the Execunse Director for O renons. discrimination under any pr0 gram or ac-
L'.5. Nuclear Replatory Commisuon. ening, tivity licensed by the Nuclear Regulatoryton. fLC. 2055s. who will proude the licensee
with a copy of such statement by certi- , Commission. Das prorts:cn w11 ce en-forced through agency provtstons and
Sed matL excluCng. at the request of the 3 rules similar to those already established.complainant. the name of the complain.
ant. The ucensee may submit an oppos. = with nspect to ractal ana other disenm.inauon.under title VI of the Civil Rights
In2 written statement of position with ; Act of 1964. This remedy is not exclu- -

t!w Esecutive Drestor for Operations who will rr save, however, and will not preludice or
peo?ide the complainant with a copy of such cut off any other legal remed1H avail-statment by cernfled ma:L t,pon the request
cf the complainant. the Esecutive Drector for able to a disenminatee.

"

Operatens or ha designee may
hold an informal conference in which *

the complainant and the ueensee may
|

orally present their vtews. An informal
. conference may also be held at the re. *

A quest of the licensee, but disclosure of the
N identity of the complainant will be made
= only following recetpt of wrttten author.
- tration from the complainant. After con-
O sidering all written and oral views pre-

selted. the Esecunse Drector for Operanons
shall affirm. modify. or reverse the determina.
noa cf the Drector of Inspecuon and Enforce.
ment or of the appropnate Resonal
Of5ce and furnish the complainant and

the licensee a written notthestion of his
dec)sion and the reason therefor.
Ibn if the Drector ofInspection and Enforce

meTt or of the appropnate Regmnal .

Omco determines that an inspection is
not warranted because the requirements
of i 19.18(al have not been met he shall
notify the complatnant in writing of
such determination. Such determination
shall'be without prejudice to the filing of
a new complaint meeting the require.

ments of I 19.164 a) .
|

.-

Il 19.30 Viol.ition..
'

( be obtained prchibiting any violation of
An inlunction or other court order may

a
C (ny provtsion of the Act or Title II of
* the Energy Reorganization Act of 1974.
O r tny regulation or order issued there.

{Cunder.|

| A court~

order may be obtained for the payment
of n etnl penalty imposed pursuant to
section 234 of the Act for violation of sec.
tion 53. 3*, 62. 63. 81. 82.101.103.104.
107, or 109 of the Act or any rule, regula.

I94 August 1,1980
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UNITED STATES NUCLEAR REGULATORY COMMISSION

RULES and REGULATIONS
. TITLE 10. CHAPTER 1. CODE OF PEDERAL REQULATIONS-ENERGY

PART
| STANDARDS FOR PROTECTION AGAINST RADIATION

20
,

i
EXCEPTIONS AND ADDITION AL REQUIRE.

GENER Al. PRUViblUN$ MENTS 1964, as amended, and the Energy Re.
20. Joe Applications for exemptions. organisation Act of 1974 should in ad-

S*** 20.302 Additional requirements, dition to complying with the rettuire.!2 ' "# *
'

Sco'n*ations. ENFORCEMENTDefi Q r***^"*hI* esort to maintain radiation20.3
20.4 Unsts of radiation Jose. 20.604 Vloissions 3 exposures, and releases of radioactive
20.5 Units of radaoactivity.

3 m ateria!S in eSuents to unrestricted20.6 laterpretations. Appendit A-[ Reserved | 3 areas, as low as is reedonably achievable.2%7 Coeununscations.
Appenota 5-Concentrations in air and water ' The terta "as low as is reasonably

PERMIS$1BLE DOSES. LEVELS AND g,,,,$,"C* -

able* mans as low as is Mason.
*

CONCENTRATIONS 4,,enein D. United States Nuclear Regula. ably achipsble taking into account the
etion and an state of technology.and the economics of. tory Commaasson insNfices.toJol Esposure of individuals to radia* forcement Regaonal Improvements in relation to beneSts to

u'ta t ed AUTNORITY: The provisions of thaa Part 20 the public health and safety. and other29Jo2 Deerm a o ace
dose. assued under secs. 53. 63.65.88.103.1o4,164. societal and soctoecccornic considers.20Jo3 Exposure of individuals to concen. ,6 .d '.[C ' ' ' s'

3 0 '2o ' am* tions. and in relation to the utnization'

'" '' I"',''',"nS [r 2133,2 34. 220t. For the purposes of sec. of atomic energy In the public interest.
20Jo4 Exposure of manors. 22 3. 6s stat. 9s s. as amended: 42 U.S.C. Z

2273. j8 Stat. 950. as amended
j 20.400 20.409 issued under sec. ~ j 20.2 hospe.20JoS Permeasbie levels of radiation in

164 o 42 U.S.C. aunressncted areas. 220l (o k Secs. 20 2. 206. Puth L. 9 3 4 3 3. 84 n The regulaticns in this part apply to20.104 Rad etivi in effluents to unte'
_ Stat.12 44.1244 (42 U.S.C. 5 s42, 5 346 h $ all persons who receive, possess, use. or

i O ransfer material ucensed pursuant to20Jo1 Medical Jiagnosas and therapy. g 20.1 Perpeee. t

2oJos Orders requiring furnishang of be.
(a) The regulations in this part estab. the refulations in Parts 30 through 35.

asasy services.
, lish standards for protection against ra- 40. or 70 of this chapter. including per.=

# g ,qP;1ECAUTIONARY PROCEDURES 3 d!ation hazards arising out of activities
ut izatic fac 11 y p us t to P

20.208 kurs. z under ucenses issued by the Nuclear Reg-;
of this chapter.

20.202 Personnet monitonng. $ ulatory CommWon and are issued pur.'

20.203 Caunon siens. tabets, signals, and U suant to the Atomic Energy Act of 1954 $ 20.3 Definitions.
e:Ieptions. as amended. and the Energy Reorganiza. ia) As used in this part:20,204 Sam

20.205 Procedures for picking up, receiv. tion Act of 1974. t!) "Act" means the Atomic Energyins. and opening packages. -

Act of 1954 (68 Stat. 919) including any
k ! N fter7ee

~

d co of I censed (b) The use of radicac*ive matenal or amendments thereto:
matenals in unrestricted areas. other sources of rsdiation not licensed (2) " Airborne radioactive material"

| WASTE DISPOSAL by the Ccmmissten is not subject to the means any radioactive mater:al dispersed
|

2$3ot cenersi requirement. regulations in dis part. However. it ts in the air in the form of dusta, fumes.
2h3o2 Method for obtaining approval of the purpose of tne regulations in this Inists. {apors, o? gaaes.( ) yproduct material,, means anyproposed disposal procedures. Part to Control the possessica. use. and2&Jo3 D6spoul by retesse into sanitary radioactive material (except special nu.

sewersee systems. transfer oflicensed matenal goy any clear matertal) yielded in or made rs.2S3o4 D6sposal by bunalin sost. , [icensee in such a manner that the total, , dioactive by exposure to the radiation
Treagent or disposal by inciners' 3 dose to an individual (including incident to the process of producing or

2 % 30s

: exposures to licensed and unlicensed ut!!!ains special nuclear ratertal:
RECORDS. REPORTS. AND NOTIFICATION u. radioactive mat 2nal and to other

!

| 2A401 Records of surveys. radiation mon * unlicensed soJrces of radianon, whether to carendar quarter" means not less*

| tronne, and disposal. in the possession of the licensee or any | Otaa 12 consecuMTe weeks zor more thantheft or loss of scensed H ume wes.M h hdarRegt other persor but not including y quarter of each year shall begin in Janu.
21402

2A4o3 Notincations of incidents. . exposures to radiat:en from natural mary and subsequent calendar quarters

(Reserud) "a"[nYe n"e'n stIns.diagnosts and therapy) does not exceed more than one calendar quarter or
20.404 background sources or medical pall be such that no day is tncluded in

*E[ve lev
| 20.40. [ Reserved | the standards of radiation protection omitted from inclusion within a calendar
| 20.40* Personnel monitoring reporta. resenbed in the regulaticas in this part. ,quamr. W licensee shan change the

method observed by him of determining2140s Reports of personnet monitonns on -

(c) h accordance with noommends- calendar quarters except at the ha-ma*-
termtnation of employment or work.

'tioon of ths Feders! Radlauon CmL of a calencar yearr.
2o.4o9 Notifications and reposts to indi. appeoved by the President, persona etaa

viduals. SagedAMtivlues3nder hjagged d) "Commissw"t" means the Nuclear Regu-
by the Nucient Regulatogj eomminamn tatory Commiseoa or its duty authonzed
pursuant to the Atomic Eneesy Act of f r2p esentsenes:

20-1 August 1,1980
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PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION4

the body. when the nguianons in thiste> "oovenment agency ~ mans any-
o n' *t*'"u't" Of 0"' 1 ff'"8 part specify a dose during a gened ciesecutive department. cammhan. inde.het*htp e n d e n t establishment, corporation.o Q 05% i u mm M o umium. '' Go-ume, the dose means the total quantity

w nqug g,r ,p u tiy ow n g ,q ,t u gu y g g ,,[,; , y d g =n g fn' &"de' 'Etiof,rgagon,smagetg=,gta,=g,.* *
, m

, , , , , , , , bodydunnssuchperkdof um. Semal
mentality of the United |3tates, or any''': diferent units of dose are in currens use.
board, bunau, d1Maion, servin oSce. Mnmons of units as used 2 Wa part(16) "Special nuclear material" means

other establishment in the esecutive (D plutonium, uranium 233. uranium are set !ctth m pangraphs W and (c)!. oScer, authority, admin'ttracon, or

of this soccen., asuriched in the isotope 233 or in the iso. (b) The rad. as used in this part is a
,

branch of the Government. t hich
Min'."Individus1" means any humang tope 225. and any other materis w3the '"a= = w an pursuant to the.provi- measure of the dose of anyionizing radi-17

ation to body tissues in terms of the
i8I "I.lcensed matertal" means source 5sions of section 51 of the act determinesto be special nuclear material, but does energy absorbed per unit ' mass cf the

material. special nuclear material or by sa
5 product mater:a! received, possessM.mnot !aciude source material: or (1D any

ussus. One rad !s the dose ccrrespond.,

E used, or tran.sferred under a general or material art 12cially enriched by any of ing to the absorption of 100 ergs per gram
the foregoing but does not include source of ussue. (Que mil:1 rad (mrad)=0.001

spectSc Ucense issued by the Commission2
to the regulations in this jnsW %c)) The rem. as used in this part. ispu a t

I t17) " Unrestricted area'* means any a measure of the dose of any ioniang
*

$ License.. means a license issued to Wch is not controHM by radacon to body tissue in terms of its
under the regulations _in Part 3,0. 40. orh- the 11censee for purposes of protection ofasthasted bicIcgical egeet relatve to a

.0 of this chapter. I.!censee ' meansz individuals from exposure to radiacon dose of one reentgen (r) of X-rays. (One

"""' tm (mrom) =0.C01 rem.) The rela-the holder of such license: *

e 10' "Occupattonal dose', includes ex- A and radioactive materials, and any area tion of the tem to other dose units de.
cosure of an individual to radiation 8 0 n. used for residential quarters. , pends upon the biological efect under
in a resti:cted area: or i1D in the course ~ (18) " Department" means the E consideranen and upon the conditicas of
of employment in which the individual's Department of Energy established by the = inadiaton. Fu the purpose of me ns.

x
duties involve exposure to radiation: Department of Energy Or3anization Ac. u!sti.cas 2 this pan, any M the foHow.. m =g .s con:ridered to be equivalent to aprovided that " occupational dose" sh&H

(Pub. L 96-91. 91 Stat. 565. 42 U.S.C. A dose of one nm:not be deemed to include any exposure '

of an indivtdual to radiation for the pur. 7101 et seq.) to the extent that the (1) A does of 1 r due to X- or gamma

pose of medical diagnosis or medical Department. orits duly authorized radiacon:
therapy of such individual. representatives exercises functions (2) A dose of t rad due to X . gamma.

or beta radiacon:formerly vested in the U.S. Atomic~
(3) A dose of 0.1 rad due to neutrons(11) " Person" means iD any indi. * Energy Commission. its Chairman.'

e arty Untons*
vidual, corporation, partnership. Srm. * members, officers and components and
association. trust, estate, public or pri * transfened to the U.S. Enugy Rmarch hmMn man protens and with sum"e:ent

" "* ' "
i

vate institution. group. Government E energy to reach the lens of the eye:
agency other than the Ccmmission or the , and Devefopment Administration and to
Administra :en (except that the Admin-i the Admirustrator thereof pursuant to If it is more convenient to mes.sure the

sections 104 (b). (c) and (d) of the Energy neutron eux, or equivalent, than to de.
istration shall be considered a person termine the neutron dose in rads, as

% within the meaning of the reguistions in Reorganisation Act of 1974 (Pub. L 93-
E this part to the extent that its facinties 438,88 Stat.1233 at 1237. 42 U.S.C. 5814) PM8 l" 8$D*'*878'".ejdg,h18A t

3, ag , g 3, t ,,

3 and activities are subject to the licensing and retransferred to the Secretary of may, for purposes d the regulacons in
and related regulatory authority of the Energy pursuant to section 301(a) cf the this part, be assumed to be equivalent

? Commission pursuant to section 202 of Department of Energy Organization Act to 14 manon neutrons per square cenu-
the T.nergy Reorganization Act of 19"4 (pub. L 96-91. 91 Stat. 565 at 577-578. 42 metw incident upon the body: or. if

cas Stat.1244)), any State, any foreign th""msta suscist m!cmauon to att-
government or nation or any political U.S.C.7151). mate with reasonab e accuracy the ap-
subdivision of any such government or - (ggj g.ermination":'*eans the ud of proximate distribution in energy of the

neutrons, the incident number of teu-nation, or other entity: and (in any uploymet wig the iicusee or. in the trons per square cenumeter equivalent
legal successor. representative, agent or~ case of individuals not employed by the to one tem may be wuansted from theagency of the foregoing. a licensee, the end of a work assignment fonow:ng table:--

i
(12) "Radiauon" means any or aH of " in the licensee's ree:ricted areas in a Namou ru mes res s

the fonowing: alpha rays, beta rays. given calendar quarter, without
gamma rays. Z. rays. neutrons, high- { expectation or specific scheduling of Namn.r se a,.ne.*

" * " " " 88
| speed electrons, high-speed protons. and *, reentryinto the licensee's restricted

other atomic particles; but not sound areas during the remainder of that Neuwen .nnst 0.ter) "Eu"r N"rY'* a
cr radio waves, or visible. infrared or calendar quartsr. .".$. .*.T.e.tr ".u'es ,.M)

g
u.

.g ultravtoletlight: -
waneam9

#13) " Radioactive material" include? ,,,

any such material whether or not subPct (b) Dean 1 Mons of certain other words M @{$ @,,,,,to Ucensing control by the Commission; and phrases as used in this part are set ,

forth in other sections. including: o ms _ - saxw ro
|~ a =.- =x" :=
- <1e misstricW we=" means any m mrborne adioactity nes de-

=

area access to which is controued by the Sned in I a.m3: N'*"* $*$ E
| m'aname for p'2:90ees of protection of (2) ''Radtagon area" and "high radt- li :ex p is

"$ individuals from uponn to adiauan*h : #suon ves-deanedtai n.as: H-- --

- and radioscure mainials. -nestricted m renonnetmentiormtegepmat- u.. . :.x = n;

5 wea shan not inetude any anas und e- dennedini n.ms: g,. n;g g1
~ ~~

as nsidenual quarters, although a sepa- y (43 Survey * deAned in i 20.201:.

i

g rate room or rooms in a residentiala (5) Units of measurement of does (rad.
but1dina may be set apart as a restricted remi dennedin i 20.4; (d) Por determmmt exposures *.o X or

! * (6) Units of measurement of radio- samma rays up to 3 Mev. the dose limits
i area: specified in Il 20.101 to 03.104, inclusive.. , . . ..

t O activity da8ned in 120.5.
#158 -Source mater:al" means (D may be a.ssumed to be equivalent to the

>

uranium or thortum or any ecmbinae (2U.4 Unies of endission dese. " air dose". For tb1 purpose of this part
tion thereof. In any ptlymcal or chemtest f a) -Dose." as used in this part. !s the " air dose * means thas *.he dose is mena-,

|
i form: or f11) cres which contain by quantity of radiation absorbed, per mit ured by a property calibrated appropriate

of mass..by the body or by any ,1oruct. Of instrument in air at or nest the body sur-
face in the region of hiatest dosage rate.

~
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PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
9 20.5 1| mise of r=Jia-etivity, body gre:ter than th:t permitted under (exn ga the preparanon of Form NRC4.

~

par 8eraph (a) of its secten. provided- ,, , eg,,, ,,4 p, ,,co,4 co,.(a) Radioactivity is commonly, and
for purposer of the regulations in this N Dunng any calencar quaner me , taining all the information required in
part shan be measured in terms of dis. total occupaconal dose to tne whole that form. the licensee shall make a res-

,
; integrations per taat time or in curies. body shall not exceed 3 rems: and ! sonable effort to obtain reports of the

The dose to the whole body. when *e individual's previously accumulated oc-| g One cuesem3.7210* disintegrations per m cupational dose. 1"cr each period for,, second (dos) =2.2x10* disintegrations *2)
; per minute (dom). Commonly used sub- added to the accumulated occupational 4 which the licensee obtains such reports.,

! q muittoise of the curie an the minicurie dose to the whole body shall : tot exceed the Ucensee shan use the dose shown in
and the microcurie: 5 ' N-18 ) rems where ~N" equals the in- the report in preparing the form. In!

i (1) One miH! curie (mCD S0.001 curie utvidual's age in years at his last birth- any case where a licensee is unable tn
(CD 'n3.7x10' dos. day; and obtain reports of the individual's occu-l

(2) One microcurse GCD 's=0.000001 (3) The licensee has determined the pational dose for a previous complete
. curte=3.?s10* cos. individual's accumulated occupational calendar quarter. it shan be assumed2

2 does to the whole body on Form NRC4.or that the individual has received the oc~

(b) (Deleted 40 FR 30704.| 2 on a c!ese and legible record contain- cupational dose speeded in whicheve.
i ing aH the information required in that _of the fonowing columns apply:

(c) [ Deleted 39 FR 23990.] = fonn; and has otherwise complied with -

the recairements of 1 20.102. As used in
$ 29.6 Interpeetations. paragraph (b) "Dese to the whole body" , column t c,tumn :
,

|
shan be deemed to include any dose to I w uamt murnaExcept as specificaHy authorized by the whole bcdy, scnada active bl d., , gtgry . g;tg

o
~

!' the Commmion in wnting. no interpreta- fenning organs. head and trunk. cr ens g ,,3,,,,, ,gn,u,tion of the meanmg of the regulations in
i this part oy any oScer or employee of p eye. ],uagg ,7,- ,,,

the Commmion other than a wntten tn. "12C.102 Determmaton of petor dose, f 18" 1 53 * *'
-

;'" 8 *A terpretat:en by the General Counsel will 4
Commeon.

. (a) EacMicensu shau aqmn any
I be recognized to be btncing upon tha m6vidual pncr te first entry of the 'vhow bedr. eonads. . v. t'.

:: Individualinto the licensee s restricted n'EL/fjM'. |
9 20.7 Comsnunientions. ans dur=g each empicyment or werk *ns e ; i

Except wnere otherwise specified in assig". ment under such circumstances - - - -

this part. s11 communications and re. that the indancual mil receive or is 2
4

ports concerning the regulations in this likely to receive m any pened of one Q (2) *t.e licensee shan retrin and pre-'

part should be addressed to the Execu- calendar quar er an occupational dcse - sern ncords used in onpating Form
a NRC-4 until the Commissics authem:estive Director for Operations. U.S. Nu- ncessog.., est ,.,de ap$abk [ their disposit:cn.I clear Regulatory Ccmmission. Washing- .

E ton. D.C. 20555. Communications. re- standards specifiQ in ! 20 Mal and ,

a ports, and applications may be delivered a 1 0.104(al. to d;sclose in a wr:: ten.
''""

in person at the Commission's of".!ces at *. signed s atement. entner (1) that tne ,fIf calculat:on of the mdividual's ac.
'*

individual had no pnet occupational cumulated occupational dose. for all
O 1717 H Street NW.. Washington. D.C.: or ; dose dunng the current calendarg periods pner to January 1.1961 y:e:dstt 7920 Norfolk Avenue. Bethesda Mary.=

land. ' quarter. or (*) the nature and a=cuni of . a result higher than the appi: cable sc.
! any occupanonal cose wh:en the 7 cumulated dose value for the individual"

" " "'' " 8 D"** I' m = indmdual may have received durms o as of tnat date. as speeded m paragraph
**b) of I 20.101. the excess may be disre." " * * " " " * that specuically ident: fled current gar MI 20.101 Ramation Jose stancards fo' calencar quaner from sources of

memousse tn restnctee areas. rad 2ation possessed ce centroUed by
(a) In accordance with the provisiens other persons. E.ach licensee shall

of I 20.102(a), and except as provided in mamtam records of suen statements
~ paragraph (b) of this secuen, no licensee unt:1 the Conumssion authenzes the:r I 2kI0,n ,] npoup,o)in ;(dus s io cQo o e ,,,
g shall possess. use. or transfer licensed d;sposttson- in air in re tricted acess .

= materialin such a manner as to cause (b) Before permitt=g. pursuant to (ati11 No Ucensee shall pcssess use
'

; any mdzvidual m a resmeted area to i 20.101(b). any tndmcual m a restncted or transfer licensed material in sEch a I
l receive in any period of one calendar area to receive an occupational manner as to permit any Individualin a l.

quarter from radicactive matenal and radiation dose m excess of the restncted ares to inhale a quantit/ of I
cther sources of radjahon a total standards spenfted m i 00.101(a). each a radioactive mater:a1 in any pened of j
cccupational dose in excess of the licensee snall: M one calendar quarter greater than the

| standards specified m tne following
" 2 quantity which would result from :nha.

.

1

I table: 0) Otnaia a certificate on Form NRC.a. or a lation for 40 hours per week for 13 weeks
| r"- on a clear and legible record y at uniform concentrations of radicactive"

4 Jtems per estender tsarter containing all the information required w material in air specified in Appendix B.

| * 1. Whole body; head and truna: settre in that form, signed by the individual Table I. Column 1.'8' If the radioactiveI
blood.fer-ung organs: tens et showins each period of time after the matertal is of such form that !ntake by

2 eyes: or g: n s as. . . . . .. ... . ... .. . 1% individual aitained the age of 18 in which absorptien through the skin !s likely. in.
2. Hands and torearms; teet and * the individual received an occupational dividual exposures to radioactive mate. |

1s's h dose of radiation; and rial shall be controHed so that the up. |N a na :es . . . . . . . . . . . . . .. . . . . . . .. . . .,

,,,3, sain er wno:e 0o47..... ....... TS take of radioactive material by any or.l g g p ,

,

; (b) Alicensee may pernut an { ance wien the instructions appear. y"d' m g ga g e absce :d -* .

_

! O mdindualin a resmeted area to receive ing therein. or on a clear and legible dar quarter does not exceed that which
{ a total occupattonal dose to the whole record containmg au the infonnation would result from inha!!ng such radio. |

required in that form. the previously sc. active material for 40 hcurs per weex for I
,

w

: cumulated occupational dose received by 13 weeks at uniform concentrations spec. |
' the individual and the additional dosa iaed in Accendix B. Table I. Column 1.. nerever poannote. the appreortate unas

naould te wrtsten out as "curman." mnitu. anowed for that individual under
curtei en.* or ":nzerocut ei s).* and the amere. !*0.101(bl.
ms:oca snould not se med. |

" Amended 36 FR 1446.

20 3 August 1,1980
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PART 20 oSTANDARDS FOR PROTECTION AGAINST RADIATION

.

.

M

8 Stace the ecscentration spectSed !cr trit-
tum oxide vapor assumes equal intates by
stan absorptics and inhalatten the total
intate pemt'.ed is twice that which would
result frem inhalation alone at the concen.
trat:en spec.2ed for N 3 5 in Appendiz 3.
Table !. Column 1 for 40 hours per weet for
13 weeks.,

; 'For redon.222. the limiting quantity is
that inhaJed in a period of one calendare

"
g " year. For radioactive materials designated

Sub" In the " Isotope * column of the table.a
the concentration value specified ta baseda

* upon exposure to the :naterial as an ester.
nal radiation source. Individual exposures to
these materials Inay be accounted for as
part of the Ihnitation on individual dose in
i20.101. These auctades shan be subject to
the precautionary procedures required by
120.103(b M13.

' Multiply the concentration values spect-
fled in appendix 3. table L columr4 1. by
dJx10* ml to obtata the quarterly quantity
1 halt. Multiply the concentration value spec.
ifled in appendix B. table L column 1. by
2.3x10' mi to obta:n the annuma quantity .

11mit for R.n.222.
.

i
,

|
Footnotes 4 and 5 on page *0-4
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FART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION>

|@ Na !!censee shan possess. use. or limit concentrations of radioactive ma- "i 20.I'l4 E.xpo,ure of minor .
transfer mixtures of U-234. U-235. and terial in air below those defined in

f,f gfl bu8U-238 in solucle form in such a manner 120.203:d) t 11 :11) , other precautionary
g e a

, as to permit any individualin a restricted procedures, such as increased surml-

| area to maale a quantity of such mater:al lance. limitation of working times, or manner as to cause any individual within

in excess of the intake limits spec Sed in provision of nspiratory protective equip- a restr:cted area who is under 18 years
i

Appendix B. Table I. Column 1 of this ment. shall be used to maintain intake of age to receive in an7 P'riod of one
part. If such soluble uranium ts of a form of radioactive material by any individ- calendar quarter from radioactive :ra-

tenal and other sources of radiation insuch that absorption through the ska is ual within any period of seven consec 3 the licensee s possession a dose m excesslikely, individual exposures to such ma. utive days as far below that intake of
i terial shan be controUed so that the up. radioactive Inster:a! which would result got 10 percent of the limits spec: fed in

take of such material by any organ from from inhalation of such mater:a! for 40 the table in paragrapn s ai of i 20.101.'

g (b# No heensee shall possess. use oreither inhalation or absorption or both hours at the unifonn concentrations *
routes of intake * does not escoed thag specided in Appendix S. Table 1. Col. A nansfer licensed matenal in sucn a

manner as to cause any individualwhich would result from inhaung such umn 1 as is reasonably achievable.
matenal at the limits specified in Ap. Wheneur the intake of radioactive ma- E M a W M a n e ois & M
pendix B. Table I. Column 1 and footnote terial by any individual exceeds this 40- years of age to be exposed to airborne
4 thereto. hour control measure the licensee shall radtoact:ye matenal possessed by the

(3) For purposes of determining com. make such evaluations and take such heensee in an average concentration in
pilance with the requirements of this sec. acticca as are necessary to assure excess of the limits spec: Sed in Appendix
tion the ucensee shan use suitable mess. against recurrence. The Heensee shall B. Table II of this part. For purposes
urements of concentrations of radioac. maintain records of such occurrences, of th:s paragraph. concentrations mai
tive materials in air for detecting and evaluations, and actions taken in a clear be averaged over periods not greater
evaluating airborne radioactivtty in re- and readily identifable form suitable t.han a mk.
str.'cted areas and in addition. as appro- for summary revtew and evaluation.

fc* pmv si na of H 21M3@ f 2) Ipriate, shall use measurements of radio- iei When respiratory protective
act:rity in the body. measurements of equipment is used to limit the Mm!n- gan shan apph m uposcu

j radioactivity excreted from the body. or tion of airborne radioactive Insterial N t 2 pa[agnph @ of Wa sec onsu
m ap at . e nienncu n H 20M3N any combinst:on of such measurements pursuant to paragraph (b> <2) of this

* as may be necessary for timely detection section. the licensee may make allow- g and W W m Appen s &
f and assessment of individual intakes of acce for such use in estimating expo- umn I shan bejumed M Wa

- radioactivity by exposed individuals. It ksures of individuals to such materials * nhnnus M Appendh 1.2Me H. Co!-' un 1.is sasumed that an individual inhales provided that such equipment is used,

radioactive material at the airborne con- ha stipulated in Regulatory Gu:de 8.15. 7 00.103 Penni. ale lesel. af ruliasi.m
'

centration in which he is present unless s" Acceptable Prcgrams for Respiratory in unre trieved areuh3 uses resptratory protective equipment * Protection."'
pursuant to paragraph ic) of this sec- S 8de Notwithstanding the provisions of eat There may be included :n any sp-
tion. When assessment of a particular aaragraphs 'bi and (c * of this secticn.

pManon W & heense or M amdmmt
individual's intake of radioactive ma* of a Hanse pmposed umits upon Msthe Commission may impose furtherte-talis necessary. intakes less than those of rad!ation m unruted anas nsult-* estrictions,*.

which wou!r' result from !=hafation for :ng from the appucant's possession or
i 0 hours in any one day or for 10 hours 31) On the exunt to which a Uces" use of radioact:ye material and other

in any oce week at uniform concentra. C17 mak8 130 # AC8 f07 M Of M8Pif8* sourecs of radiation. Such appucat:ons
'

tions spec:f.ed in Appendix 3. Table I. tors in Heu of pmvision of procus, con- should include information as to antici.
Column 1 need not be included in such tainment ventilation or other engineer * pated average radiation :evels and an-
assessment. Provided that for any assess. ing controls. If appucation of such con- tici;ated occupancy times fcr each#

ment in excess of these amounts the en- trois is found to be practicable: and unrestricted ares involved. The Com-
tire amount is included. (2) As mignt be necessary to assure mtssion wd1 approve the proposed limits

Ib)(1) The l!censee shall. as a precau. that the respiratory protective progra:r. ' the applicant demonstrates that the.

tionary procedure, use process or other of the Ucensee is adequate in Hmiting J proposed Um:ts are not likely to cause

exposures of personnel to Wborna rs* ! any individual to receive a dcse to the
engineering controls. to the extent prac. *

dioactive materials. whole body in any per:od of one ca;endarticaule. to limit concentrations of radio.
active materials in air to levels beloir s ee The I!censee shall actify, in writ a year in excess of 0.5 rem.
those which delimit an airborne rad!o. ing, the Director of the appropriate Nu * tb) Except as authorized by the Ccm-
activity area as de".ned in 120.003(d) (1) clear Regulatory Commission Inspection 2 missten pursuant to paragraph i21 of
f 11) . and Enforcement Restonal Oc!ce listed this section no Ucensee shall possess. use

(2) When it is itspracticable to apply in Append!x D at least 30 days before the or transfer ucensed :nater:a1 in such a
process or other ensinaering controls to date that respiratory protective equip. mmner as to create in any unrestr:cted

i ment is 11rst used under the provtsions ares from radicact;ve material and other
{ of this section. sources of radiation in his possession:

if) A licensee who was authorized to el) Radiation levels which. if an indi-
make a110wance for use of respiratory vidual were continuous!y' present in the

a signiscant tntake by ineestion or injec- pt'tective eculpment prior to Decem- area. could result in h;s receiving a dose
tiin is presumed to occur only as a reeu:t of be? 09. 1976 sh*ll bring his respira- in excess of two millirems in any cne
etreumstances such as acetdent, tnadvertence. tot 17 protective program into conform- hour, or
coor procedure. or similar special condtttons. anc' with the requirements of para- i2' Radiation levels which. if an indi-
Such intakes must be evaluated and ac*
counted for ny teenniques and procedures as graph f c1 of this section within one v! dual were continuously present in the
may be appropriate to the etreumstances of year of that date, and is exempt from area could result in his recetving a dese
eni occurnsee. noosuns so evaluated shan the requirement of ;aragraph (e) of in ucus of M mEnms in any seun
be tactuded ta deter =tetng whether the this section, f.onsume M .

timitation on indtvidual exposures in 120.- -

tosian a t) has been exceeded. 9 20.106 Rahioactivity in ehence to' ' Resulatory eutdance on ass *soment of
..rhts incoruoration tT reference preft- unrestricted areas. *

in1ttvidust intakes of radioactive matertal is ston was aeproved be the Dtreetor of the red Iriven in Reculatorv Outde 8 9. " Acceptable eral Regtster on October 19. 19M. Sinele C fas A 11censee thC1 not possess use.Coneeats. Mode's. Esustions and Assump- coptes of Regulatory Outde 0.15 are avstian;e 2 or transfer Mcensed material so as to re-
ratfas t N es from the ca.tce of standards Develo-ment. cilease to an unrestricted area radioactivef ht are o f

Str.nda5 Deretooment, t* 5. Nue!est Resu. tngtett. D c"#. 2c's's"s. upon wntten nwes- * $ material in concentrations which exceed
'I' * "7 *

tetery commiss:en. wasatesten. D c. 2cs55.
upon wrttien ncest.

20 5 August 1,1980
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l* ART 20 e STANDARDS FOR PROTECTION AGAINST RADIATION
the limits spec 1 Sed in Appendix "B". reduce the concentration of radlonuclides equipment by:'

Table II of this pad. except as authortsed in eSuents prior to their release. 817 Each Individual aho enters a re-
pursuant to 120.302 or paragraph (b) of (d) For the purposes of this section stncted area under such circumstances
this section. wor purposes of this see. the concentration limits in Appendis "B". that he receives or is hkely to receive.

tion concentrations may be averaged over Table II of this part shall apply at the a dose in any calendar quarter in excess

a period not greater than one year. boundary of the restricted area. The
of 25 percent of the applicaole value

concentration of radioactive material spectaed in _ paragraph s at of 120.101.
(b) An application for a license or (2) Each individual under 18 years ofMeged through a stack, pipe or sim.amendment may include proposed limits age who enters a restricted area underilar conduit.may be determined with

higher than those spectSed in para. respect to the poant where the material such circumstances that he receives. or
". graph (a) of this section. The Cogamis. ' eaves the conduit. If the conduit d!s. ts likely to recette. a dose in any calen-

sion will approve the proposed umits charges within the restdcted area, the dar quarter in excess of 3 percent of
if the applicant demonstrates: the applicable value spectaed in para-(D That the applicant has made a | concentration at the boundary may be

determined by applying apprognate graph ias of f 20.101.
reasonable effort to minimise the radio- e <3a Each individaal who enters a high
activity contained in eSuents to un, g factors for dilution dispersion, or decaybetween the point of discharge and the radiation area.,restricted areas: and(2) That it is not likely that radio. 3 boundary. (b) As used in this part.

(e) In addition to limiting concen* (1) " Personnel =cnitoring equipment"
Ocuve mater!af discharged in the eSueng *g trations in eEuent streams, the Com- means devices designed to be worn or
Oculd result in the exposure of an indi. R mission may limit quantities of radio *
vidual to concentrations of radioactive carned by an individual for the purpose

active materials released in air or ws et 3 g mmunns the dose mmd (t g.material in air or water exceeding the gduring a spec 15ed period of time if it
appears that the daily intake of radio. gS!m badges, pocketlimits specified in Appendix "B". Table chambers, pocitet

II of this part. active material from air, water, or food g dosimeters. S!m r:=gs, etc.) :f ci An application for higher limits (2 " Radiation area" means any area,*
pursuant to paragraph (b) of this sec. by a suitable sample of an exposed pop. N acces)sible to personne!. in which thereulanon group, mraged om a periodtion shall include information demon, not exceeding one year, would otherwise ensts radiation originating in whole erstrating that the applicant has made a esceed the daily intake resul*.ing fromreasonable effort to *nimm*= the radio, ,in part within !! censed material, at suchcontinuous exposure to air or water con- .eg that a major portion of the bodyactivity discharged in eSuents to unre. tatning one-third the concentration of could receive in any one hour a dose ins?ricted areas. and shall include, as radfoactive materials spec 1 Sed in Ap.
pertinenti pendiz "B". Table II of this part. excess of 5 millirem. or in any 5 con-

(1) Information as to Sow rates, total
volume of esuent, peak concentration of (f) The provisions of this section do secutive days a dose in excess of 100

each radionucIldein the eSuent, and con- not apply to disposal of radioactive ma- m !I1re ms:
tarial tato sanitary sewerage systems. (3) "High radiation area * means any

centrauon of each radionuclide in the which is governed by 1 20.303 area, accessible to personnel. in, whicheSuent averaged over a period of one
-

. there exists radiation origina*dng inyear at the point where the eSuent leaves 4 20.10,. >fedical do.esnosis and therapy. , ,

g o stacJs. tube, pipe, or similar conduit:(2) A description of the properties of Nothing in the regulations in this part da at such Imis that a maje porden, shall be interpreted as limiting the in- of the body could receive in any one hour* the eSuents. Including:
k (D chemicalcomposition: tentional exposure of patients to radia- a dose in excess of 100 millirem.
* (11) physical characterist:cs. including tion for the purpose of medical diagnosis
R suspended solids content in liquid eSu- or medical therapy.

ents, and nature of gas or aerosol for air
, R

$ 20.108 Orders requiring furnishine of g $ 20.2t)3GSuents: bio.assey services. Caution signs, IaIsels, signals,,
' (!!!) the hydrogen ton concentrations m and controls.

( p88) of liquid eSuents: and Where necessary or deairable in order
(tys the sise range of particulates in to aid in determining the extent of an 4

eSuents releasedinto air. individual's exposure to concentrations L
(3) A description of the anticipated of radioactive matenal, the Commission -

#as General s!) Except as otherwisehuman occupancy in the unrestricted may incorporate appregnate provtsions
area where the highest concentration of in any Ucense, directing the licensee to authonred by the Ccmmission, sym-

radioactive material from the eSuent is make availahle to the individual appro. bois prescribed by th1J section shall use
the convent:enal radiation caution colorsexpec*.ed, and. In the case of a river or priate bio-assay services and to furnish

|
stream, a desertption ot water uses down- a copy of the reports of m sec.tces to "(magenta or purple on yellow back-

stream from the point of release of the , the Commiutan. ground). The symbol prescribed by this
section is the conventional three-bladedesuent.Information as to the E heet con. j Pasemomy Ptoctncnza design:(4)

centration of each radionuclide in an; 6 20.201 Serveys.
unrestricted area including anticipated a sal As used in the regulations in this
concentrations averaged over a period of 2 part. " survey'' means an evaluation of

,

e ra anon azan ain nt to the pro-
(1) In air at any point of human oc-

I .
duction use, release. disposal. or pres.
ence of radioacuve matenals e other

I water at points of use down- sources of radiation under a spe6fic set
stream from me point of rWesse of the of conditions. When appropriate. such'

eSuent. evaluation includes a physical survey of
(5) The background concentration of the location of materials and equipment.,

t radionucHdes in the receiving rifw or and measurements of levels of radiationstream prior to the release of Uquid or concentraticus of radioactive material
'

eSuent.
i

(8) A description of the environmental present.
(b) Each licensee shall make or cause

l monitoring equipment including sensi. to be made such surveys as may be neces-
tivity of the system, and procedures and sary fu him to ecmply with me resds-
calculations to determine concentrations tions in this part.
of radionucudes in the unrestrteted area

i and possible reconcentrations of radio- 5 20.202 9ersonnel monitoring.,

I nuclides. (a) Each !!censee shall supply appro-
(7) A description of the waste treat- priate personnel monitoring equipment

ment facilities and procedures used to to. and shall require the use of such

!~ August 1.1980 20-6
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PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
RA4MrtON SvMoot. area establa.|hed for a pericd of 30 days trol devices such that upon failure of

or less, direct aurve:llance to prevert un- the entry control devices to function ast. crane-natcaed area is to be magenta or authortaed ent:7 may be substituted for required by paragraph ic e ,6''t' of thispurpie,
! 2. Saczeround ts to be yellow, the controls required by subparagraph section the radiation lesel ritnan the

(2) of this paragraph. area. from the sealed source. shall be'

45) Any licensee, or applicant for a reduced below that at which it would be[ 6c0 h @ license. may apply to the Commissicn possible for an Individual to recetve a
,

i:
j. 3 for approval of methods act included in dose in excess of 100 mrem in one hour:

a ubparagraphs s2) and (4) of this para- and visible and audible alat-n signalss
|
>

' . * graph fc; controlling acccca to high rad 1* shall be generated to make an mdividual
go 2 ation areas. The Commission will attempting to enter the area aware of,/ s

approve the proposed alternatives if th? the hazard and the licensee or at least'. ?
g g licensee or applicant demonstrates that one other individual. who is famthar

![ } \ the alternative methods of control wd1 with the activity and prepared to render
s. .- \ prevent unauthor: sed entry into a high or summon assistance, aware of such

'' ' " d Q h. N - - D } radiation area. and that the requirementD failure of the entry control devices.'Qy } of subparagraph 13) of this paragraph is-

ill!' Be equipped with control dances
met... * such that upon failure or removal of-

[v . ,* ' 8 61 Each area in wl.ich there may exist physical radiation barners other than~

i radiation levels in excess of 500 rems in the sourcea shielded storage container
the radiation level from the source shallone hour at one meter from a sealedN.\ '' e be reduced below that at which it wouldradio-active source' that is used to ir.4h be possible for an ind2vidual to recetteI radiate materials shall'. a dose in excess of 100 mrem in one** I (le Have each entrance or access point

&M A 1 equipped with entry control dev ces hour: and nalble and audible alarm sig-.

A W |[ g which shall function automatically to nals shall be generated to maice poten-
tially afected individuals aware of the

i prevent any individual from inadver,
M* Y ) tently enter:ng the area when such ra-

'

hazard and the licensee or at least one
other mdividual. who is familiar withen diation levels exist: permit deliberate~

In additica to the contents of signs * device is actuated that shall cause the c[[ a o ,r n ep aentry into the area only after a control
82) ,,

censees may provide on or near such z adiation level within the area, from the or removal of the pitysical bar$er Wher;and labels prescribed in this section. H.
r ,g ,

s:gns and labels any additional informa- g sealed source. to be reduced below that at ,

which :t would be pusublec for an in.
. tion which may be appropriate In Olding , dividual to receive a dose in excess of g ,

individuals to mMimize exposure to rad!.

ttten or to radioactive material. 100 mrem in one hour: and prevent op- g
801 Radiation areas. Each radiatlan erstion of the scure,e if the source would g 3g g , , , , , ,g

area shall be conspicuously posted with produce radiat:en levels in the area that g 4" ,y
could result in a dose to an individual in g ga sign or signs bearing the radiation cau-

tion s)mbol a .d the wcrds: excess of 100 mrem in one hour. The en- b omr,m-
,

m'eme W na m
try control devices required by this para 3,the requirements of thte paragraphCAtmCN * graph icI' 6' shall be established in such

'RAMAN AREA a way that no indlVidual will De pre. e h coulpred w:th dence W.t wi.
(c' 7-'t radiction areas. 'll Each vented from leaving the area.

8' * !* !
high ractation ares shall be conspicu- 'ti' Be equipped with additional con- b M a e ~ ~1
ously posted tv:th a sign or signs bearing the area before the source can be Put
th3 radiation cau*!on symbol and the .m.to ope.%on and in su?.cient t:me for
werds: ' nts paragrspa act .6i does not apply :o

CAtmCN s radioscuee sources :nat are usec in tete, any incittdual in the area to ocerate a
*

thera sy. in radicgraphy. or in completely Clearly identt".ed control dence which
I MIO3E RADIATION ARIA self-sttelded trradiators in waren the source shall be !nstalled in the area and Tn:ch

is tota stored and operated wt:ntr. :ne same can prevent the source from be:ng put'

(2) Each entrance or access point to
i8 2 ** ** " * * in ene ao into operation.a high radiation area shan be- sh2'!"e" con'e*.g*u*ra"tton or'"tne tr"rnetat:r. is al.stene ,v, Be controlled by use of such ad--

(D Equipped with a control device wap panteauy inaccesatute to any indtetaua: midstmm nowbra and sues de-a

thich shall cause the level of radiation and cannot enate uten terets of ractation in etces as are necessary to assure tha the
to be reduced below that at which an an area that ts accessible to anv tactrieuat.

) in' vidual might receive a dose of 100 his paragrapa ciisi also does not appar to area 13 cleared of personnel once to eachr

mt!!1 rems in 1 hour upon entry into the sources from waten the radtation s ines, use of the source preceding which use it
6

dental to some otner use ner to nec; ear re. might have been possible for an inc;.
arest or

(3) Equipped with a control device actor pnerated radiation other than raata. vidual to have entered the area.
non from BTpmeuct. Sour". or 8p*ctal 'vi' Be checked by a phrstcal radia-

chich shall energize a conspicuous vis nuclest matertals tnat are used in seated tion measttrement to assure that pr:or to, ibl.> or audible alarm signal in such a sources in non.self.sntetaed trrastators. the f.rst individual's entry *oao the ame a
3 manner that the Individual entering the anese requirements apply after Mar 14. after any use of the source the radia-
rt high'rsdiation ares and the licensee or Isis. Eaca person :teenseo to conaue: ac:t-t. tion level from the source in the area is* a supervisor of the activity are made t:es to wnten tats paragraph ici ses appites
4 g/.!are of the entry; or and wno ta net in competance witn the pro. below that at trhach it Tould be possible

visions of ta;s paragraph on Mar.14.19's. for an Individual to receive a do*e in ex.
(11D Veintained locked except during snal S!e with the Director. CH!ce of Nuclear

cess of 100 mrem in one hou''evtees re.periods when access to the area la re- Matertal Satery and Safeguares. t'.S. Nuctear 'ni' Have entry control d
quired, with positive control over each Regulatory Commtaston. wasnington. D C. Quired in paragraph 'c- @ ile of :h:s
individual entry. 2 ossa, on or nefore June 14.19 8. Information section which have beta tested 'c', - --

83) The controls required by subpara- duerteing in eetatt ene ac: tons : amen or to prope.,, .JA on:ng prior to init:al
,

graph $2) of this paragraph shall be te :aken to acntere ecmpitance witn this
operat:en with such source of radiat:an

established in such a way that no indi- paragrapn er Dec. :4 1978. and mar continu,
vidual w:!! be prevented from learing 2 activttles in conformance wttn present treens, on any day that operations are not un.

conditions and the prortsions of :ne pre. .nterruptedly continued from the prert.high radiation area. vtous:7 ocecute 5 0 2C3 unut suen comp 11 ous day or beft' resuming Werat: cts
(4) In the case of a high radiaticn ance is achtered. ttr =uen persons compts. after any unint. ed inte ruption. and

anee must de mentevec not :ater enan Dec. ;4 for which recorcs are kept of the cates.
# ***''' #I

. times and_ results of gueh (93t3 of hne.,

1 Amemted 43 > R I e * . g g ,y, j, ,
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PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION
tion. No operations other than those tes Addftfonalrequirements. (1) Each (vtD Fw manufacturing or process

necessary to place the source in safe area or room in which licensed materiaj equipment, such as nuclear reactors. re.
condition or to efect repairs on controls is used or stored and which contains any .cw components. piping, and tanks.a

shall be conducted with such source un- radioactive material icther than natural
less control devices are functioning uramum or thorium) in an amcunt ex. f W Each licensee shall. prior to dis-
properly. The licensee shan submit an creding 10 times the quantity of such posal of an empty uncontammated
acceptable schedule for more complete mater:a1 specif!ed in Appendix C of this ;; container to unrestricted areas,
periodic tests of the entry control and part shan be conspicuously posted with N remove or deface the radioactive mate.
warning systems to be established and a sign or signs bearing the radiation 8 rial label or otherwise clearly indicate i

adhered to as a condition of the license, caution symbol and the words: m that the contalner no longer contains I

{ radioactive materials.e vins Have those entry and exit portals cAtyrgo,y a
that are used in transporting matettals RaDIQaCTIVE MaTMt!AI.is) )to and from the irrediation area. and
that are not intended for use by indivtd- (2) Each area or room in which nat-
u:Is. controHed by such devices and ad- urs! uranium or thorium is used or
ministrative procedures as are necessary stored in an amount exceeding one-
to physicaHy protect and warn against hundred times the quantity specifted in
inadvertent entry - by any individual Appendh C of this part shpl1 be con-
through such portals. Exit portals for spkuously posted with a sign w signs

-processed mater:als shall be equipped to bearing the radiation caution symboldt.tect and signal the presence of loose
radiation sources that are carried toward .,.and the weds-

- such an exit and to automatically pre. -

CAtTTIOff'O vent such loose sources from being car-
SantoacT:7E MATERIAZ.(31

y tied out of the area.'73 Licensees with, or applicants for. (f) Containers. (1) Except as pro-

f 11 censes for radiation sources that are vided in subparagraph (3) of this para-
within the purview of paragraph ecM68 graph each container of Heensed mate-a
of this section. and that must be used !n a rial shan bear a durable, clearly visible*
vtriety of positions or in peculiar loca. label identifying the radioactiva con-

tions. such as open fields or forests, that tents.
make it impracticable to comply with (2) A label required pursuant to sub-
certain requirements of paragraph ici paragraph (1) of this paragraph shall
'6' of this section. such as those for the bear the radiation caution symbol and
automatic control of radiation levels, the words "CAITI' ION, RADIOACTIVE
may apply to the Director. Of5ce of Nu. MATERIAL" or " DANGER. RADICAC-
clear Material Safety and Safeguards. TIVE MATERIAL'. It shall aiso provide .

suScient information' to pemit in-U.S. Nuclear Regulatory Commission. dividuals handung or u ing the con-Washington. D.C. 20555. for approval, tainers. or wcrking in the vicinity there-prior to use of safety measures that are
alternative to thosespectied*in paragraph of. to take precautions to avoid or mini.

mise exposuns.sc e a 6 5 of this section. and that win pro, (3) Notwithstanding the provisions ofvide at least an equivalent degree of per. subparagraph (1) of this paragraph,sonnel protection !n the use of such labeHagis not nquind*
sturces. At least one of the alternative (1) For containers that do not con-measures mustinclude an entry prevent.
ing interlock control based on a physical, tain Ucensed materials in quantities

measurement of radiation that assures! greater than the app!! cable quantities
-

the absence of high radiation levels be- listed in Appendia C of this part.

fore an individual can gain s'ccess to an g (11) For containers containing only

area where such sources are used. ! natural uranium or thorium in quantities
.

M no greater than 10 times the applicable"

(d) Afrborne radioactivity creas. (1) quantities listed in Appendix C of this
~

As used in the regulations in this part, part. !

"airberne radioactivity area" means (1) (iii) For containers that do not con- I
eny room, enclosure, or operating area tain ficensed materials in concentrations
in which airborne radioactive materials. greater than the applicable concentra-

. c!mposed wholly or partly of licensed tions listed in Column 2. Table I. Ap- '

material, exist in concentrations in ex- pendia B of this part. '
.

cess of the amounts specified in Appen- tiv) For containers when they are at.'

dix B. Table L Column 1 of this part; or tended by an indindual who takes the

(H) any room, enclosure, or operating precautions necessary to prevent the
area in which airborne radioactive mate- exposure of any individur.1 to radiation or
rtal composed wholly or partly of licensed radioactive materials in excess of the
material exists in concentrations which, limits established by the regulations in

| averaged over the number of hours in this part,
(v) For containers when they are inany weelt during which individuals are

I' in the area, exceed 25 percent of the transport and packaged and labeled in
accordance with regulations of the *

amounts specified in Appendix B. Table I.
Department et Transportation .

| Column 1 of this part.
(2) Each airborne radioactivity area (vi) For containers which are acces. ' As appropriate the information wit! in-

shall be conspicuously posted with a sign sable 8 only to individuals authorized to etude ractattoa levels, atnes of matertal es.'

or signs bearing the radiation caution handle or use them. or to work in the etmate of neunty, date for wazes ac.arier ta' estimated. mass eastenment m.
l symbol and the words: vicinity thereof, provided that the con.

tents are identified to such individuals 'For example, containers in tocations such
by a readily avaHable written record. ,(water.EM canMs. storage vautta, or hot

l CAtry:Ctr *

A*RECRNE RACICACT!7TTT AREA
Amended M F R 19546.*

g pg
* Amended.
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j pauents contammg byproduct material days and a total quantity of no more
n provided thnt there are personn"! in at- than 100 minicuries.
S tendance who ct11 take the prectutions The monitoring shall be performed as

necessary to prevent the exposure of an7 soon as practicable after receipt, but nog
m Individual to radiation or radioactive later than three hours after the pack-

g material in excess of the limits estab- age is received at h Ucense(s IscAty
lished in the regulations in this part. If received during the ucensee's normal

working hours. or etshteen hours if re--
(c) Caution signs are not required to ceived after normal working hours.

be posted at areas or rooms containing (2) If removsble radioacun contand-
radioactive materials for periods of lest nation in excess of 0.01 microcuries

e than eight hours provided that (1) the (22,000 disategrations per minute)'per
j mater: sis are constantly attended during 100 square e=rimatars of paren- sur.

such periods by an individual who shall face is found on the external surfaces of
f take the precautions necessary to pre- the package, the Ucensee shan immedi-
e vent the exposure of any individual to stely noufy . h inal deHvering carrier
" radiation or radioactive materials in es- and, by telephone and telegraph. maalgram, or

cess of the limits established in the regu* facsimile.t the appropriate Nuclear Reguistory
!stions in this part and: (2) such area or Commesson Inspecuon and Enforcement Re-j'

' _ room is subject to the licensee's control. gional Office shown in Appendix D.
Tanta or Essacrr uro Tvys A geurrrrsum

(d) A room or other tres is not re.
quired to be posted with a caution sign. % %g
and control is not required for each en- Treassers sraep i emanatdt enmannt naut

,, e ame e sune
"O rance or access point to a room or othert

area which is a high radiation area solely
g . ea acon

f because of the presence of radioactive tg- aa a oss

I ~$g materials prepared for transport and gy
packsted acG labeled in accordance with y } J
regulat;ons of the Department of R vu _ _ _ 3, 000 1808

a m
| Trsnsportation, g somnauw--

(c)(1) Each Heensee, upon receipt of a' "

$ 20.205 Procedures foe picking up, re e package containmg quantities of radio-*
eeMag, and opem,as pakases. A active material in excess of the Type A

(a)(D Each licensee who expects to quantities specified !n paragraph (b) of
receive a package centaining quantities this section, other than those transported
of radioactive =sterial in excess of the by exclusive use vehicle, shall monitor
Type A quantities specified in Evas1*ph the radiation levels external to the pack-
(b) of this section shan: age. The package shan be monitored as

(D If the package is to be delivered soon as practicable siter receipt, but.no
to the Heensee's facility by the carrier, later than three hours after the wkere
make arrangements to receiv 'e pack- is received at the !!censee's fSc1Hty if
age when it is ofered for del., s by the received during the !!censee's normal
carrier: or working hours, c'r lg beurs if received

(H) If the package is to be picked up after normal working hours.

by the Heensee && the carrier's terminal, (2) 1! rattation levels are found on the
make arrangements to receive notifica- external surface of the paAsee in escess
tion from the carrier of the arrivsl ot the of 200 munrem per hour. or at three feet
package. at the time of arrival. from the external surface of the package

(2) Each licensee who pteks up a in excess of 10 millirem per hour.

package of radioactive material from a g the licensee

" age expeditiously upon receipt of-notia g shan immediately notify by telephone
carrier's termtnal shall pick up the pack.I -

- and telegraph, mangrsm, or facsimile.5 20.204 Sames eteeptiona.
E cation frcm the carrier of its strival- E the director of the appropriate NRC Re-

Notwithstanding the provisions of e (b)(1) Each Heensee, upon receipt of *, I 20M3- a package of radioacuve material, shan; gional C " ice listed in Appendix D. and5 E the final delivering carrier.
9 (s) A room or area is not required to * monitor the external surfaces of the F d) Each I!censee shan establish and|
e be posted with a caution sign because of R package for radioactive contamh'a21m E ma(intain procedures for safely openingI

the presence of a sealed source provided caused by teskage of the radioactive cond packages in which licensed material isi

! $ the radiation level twelve inches from tents, except: received, and shan assure that such pro-'"

the surface of the source container or (1) Packages containing no more than f cedures are followed and that due con-
housing does not exceed five m1Hirem the exempt quantity specified in the g sidersuon is given to specialInstrucuens
per hour. table in this paragraph: for the type of package being opened.

(11) Packages containing no more
'

Z (b) Rooms or other tress in hospitais
trian 10 m1111 curies of radioactive mate. {$ 20.2% Instruction of penonnd.

I
i

are not required to be posted with cau* rial consisting solaty of triuum, carbon. 3
tion signs, and control of entrance or Instructions required for individuals

14. sulfur-35, or lodine 123; packages containing only radio * R= working in or frequenting any portion ofaccess thereto pursuant to i 20.203(c) is (ug)
not required, because of the presence of active material as gases or in special 6 a restricted ares are specified in i 19.12

Packages containing only indio M of this chapter.form:
i_(17)

sctive material in other than liquid form
(including Mo-09/Tc-99m generators)
and not exceeding the Type A quantity
limit spectued in the table in this pars-
graph: and

(v) Packages containing only radio- , m ,, g , en,,, ne sp.es

nucHdes with half-Hves of less than.30 sme m es,an.e La i n.* w as casosar.
tAmended 41 FR 16445.
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PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION

~l 20.297 Soarese and eestof of Hesesed ing results of whois body counting ex-

massenais is unce.arieted am M waten and amint.tions, made pursuant to i 20.108,

f fa) L! censed materials stored in an ,f shall be preserved until the Commissiono a 8
,,c , ,g, , e into wt r:zes dispos:en.

| unrestricted area shall be secured froanthe system by the Ucensee in any one
unauthorized removal from the place of (2) Records of the result.s of surveys

f storage. day does not exceed the larger of sub- and monitoring which must be main-

th) Licensed materials In an unre paragraphs (1) or (2) of this paragrach: tained pursuant to paragraph tb) of this
I stricted area and not in storage shan be (1) D:e quantity which. if diluted by section shall be preserved for two years

tended under the constant surveillance the average daily quantity of sewage re g;, after completion of the survey except
pad immediate control of the licensee. leased into the sewer by the Ucensee. - that the following records shan be main-

O will result In an average concentrat on [ tained until the Commission authorizes
equal to the Umits specified in Appendix their disposition: (D records of the re-I" *"3'

e suits of surveys to determ:ne compli-I 20.301 General requirensens. B. Table I. Column 2 of this part; or
Na Ucensee shau dispose of Ucensed c) Ten times the quantity of such 3,neeh*U '

I e ito data r,
material speciSed in Appendix C of this ords of the results of surveys to deter-j material except:(a) By transfer to an authorized re part; and mine external radiation dose: and (iii)

capient as provided in the regulations in (c) The quantity of any I! censed of records of the results of surveys used toz
* Part 30,40. or 70 of this chapter which- other radioactive matertal released in evaluate the release of radioactive e?.!u-
2 evsr may be applicable; or any one month,if diluted by the average ents to the environment.

(b) As a u t h o r12 e d pursuant to monthly quantity of water released b)
~

J 20.302; or the Ucensee, win not usult in an avenge @(3) Records of disposal of licensed
** "

Q k) As provided m i 2f1303 applicable concentration exceeding the limits spec I bdd I are
;- to ths d:sposal oflicensed matenal by ifled !n Appendix B. Table I. Column 2

maintained until the Commissionof this part; andz releast into sanitary sewerage wstems. *
(d) The gross quantity of !! censed and , authenzes the dispoMon.T' or in i 20.106 (Radioactivity in eIHuents

O to unrestncted areas). $ other radioactive material released into (O Records which must be maintained
~

6 e the sewerste system by the !!censee does pursuant to this part may be the cris-

| 20.302 &thod for obtaining approval *Nnot exceed one curie per year.
inal cr a reproduced copy or tnicroform
M sach mrodued c@y or hh 3el peoposed disposal procedures. Excreta from individuals undeFICIDE duly authenticated by author: zed ;erson-,

g A (c) Any licensee or applicant for a medical d!agnosis or therapy with radio- net and the microform is capable of pro-
- Ucense may apply to the Commission for active material shall be exempt from ducing a clear and legible copy after
C approval of proposed procedures to dis * any limitations contained in this storage for the period speciSed by Com-

pose Cf licensed material in a manner not 3,,gg ""

Treetaient oc dapenal by inein- ! omm[iuton's regulations in this part.
* 0

*conaict between the2 otherwise author: zed in the regulaMons ,
in this chapter. Each application should 9 20.305, CInclude a description of the !! censed ma- erstson. ; Ucense condition, or technical speciA-
terir.1 and any other radioactive material No licensee shall treat or dispose of C cation, or other written Cornmusion ap-invrived, including the quantitles and Ucented material by incineration except 7 preval or authorization pertaming to the
kinds of such mater!al and the levels of as specifesJ7 approved by the Commis. retention per:od for the same type of
radioactivity involved, and the proposed sion pursuut to 1120.106 t b) and 20.302. record, the retention pericd specifed in
manner and cond!tions of disposal. The the regulations in this part for such

escosas, ams, aND NOMCaNtpplication thould also include an anal, records shah apply unless the Commis-
ysts and evafustian ot pertinent !nforma- 3 20.401 Recoede of sorsey . radiation sion pursuant to 1 20.501. has granted a
Lion as to the nature of the environment, neonitoring. and diepoaal, specific exemptica frcm the reccrd re-
Including topographical, geological, me* ta) Each licensee shall main'tain rec. tention requirements spec: Sed in the
teorological. and hydrological character * ords showing the radiation exposures of regulations in this part,
tatics usage of ground and surface a!! ndividuals for whom personnel mon 2
srtters in the general area; the nature ttortnr is required under 120.202 of the @ 20.402 Reports of theft or loss of
and location of other potentlany afected regulatsons in this part. Such records shad licensed material.
fac111ttes; and procedures to be observed be kept on Fovm NRC 5,in accoed- (a) Each licensee shall report by tele-
g, .nWmh the risk of unexpected or ance with the instructions contained in

that form or on clear and legible rec. phonet to the Director of the appropriate
hazardous exposures. Nuclear Regulatory Commission of the

ords containinst all the information re- | appropriate Nuclear Regulatory Commis-
-

r

[* (b) 'The Commission will not approve quired by Form NRC 5. The doses entered
any tpplication for a license to receive on the forms or records shau be for r-

licensed matertal from other persons for periods of time not exceedine one calen- e ion Inspection and Enforcement Re-a
s"

f disposal on land not owned by the _dar quarter - * gional Office listed in Appendix D. im-
g Federal government or by a State X mediately after its occurrence becomes

4

government. @p (b) Each licensee sh.ll mamtain known to the licensee, any loss or theft
* * " ' " " oflicensed materialin such quantities andI tc The Commission will not approve e resu1 s of u e

3 any )tpplication for a license for disposal under such circumstances that it appearse required by 120.301(b). momtoring
g of licensed material at sea unless the a required by {{ 20.005(b) and 20 *05(cl. to the licensee that a substantial hazard

tpplicant shows that sea disposal offers e
and di may result to persons in unrestricted

f less harm to man or the environmeng *Lzo soasposals made under !! 20.302.addere'edizoso4' areas.g than other practical alternative methods|
-'

got disposal. ,.

(c)f11 Records of individual exposure p tb) Each licensee who is required to
| ,nj 20.303 Diepoest by relene. Inte seni. to radiation and to radioactive material so

which must be maintained pursuant to g make a report punuant to paragraph (a)
,

ante newerese sWeme.~
j

I I- No !!censee shall discharge !! censed the provisions of paragraph ta) of this -of this section shall, within thirty (30)
! c mittrialinto a sanitary sewerage system sectten and reentris nf Nnwars, includ ! days after he learns of the loss or theft.

* unless: - make a report in writing to the appropri-
N (c) It is read!!y soluble or dispersible ' Wmn :o * pm*d for W "I ** 1 ate NRC Regional Otfice listed in Appen-

quanntice of heensed wees m sud Notice ofits
eftedessenated 36 > R 23I 38. deietion apoem m the Fedecol seystee of Wrober 4 FR 43965.

Jo.1980 tes FR -1.

October 31,1980 2040
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* #' ''Idix D with copies ti the Director cf ,f ,, ,,
12sp;stiss and Ent:rcement, U.S.
Nuclear Regulat ry Co=====ian, Wash-5. k;} '8' ** I'*'''*I i" ****" #

inston, D.C 20555, setting forth the * *

{Each licensee shall wsthm 24 hours notify
Jouowinginformation: (b) Twenty-four hour noriAcetion.
- .

(1) A description of the licensed ma- by telephone and telegraph, maalgram,or
t.a. mvoived, inoung hind. e,y. . f._.a., ,,e D,,ec,or o, me ap,,o,ria,e
chemical, and physical form; f NRC Regional Offce listed in Appendixi

(2) A description of the circumerances TD -of any incident involving licensed
under which the loss or theft occurred; ' material possessed by him and which may

(3) A statement of disposition or

probable dispostaon of the licensed ma
,have caused or threatens to cause:
.

terialinvolved; (1) Exposure of the whole body of
- (4) Radiation exposures to individ. any individual to 5 rems or more ofr

uals, circumstances under which the ex. radiation; exposure of the skin of the
posures occurred, and the extent of poo, whole body of any individual to 30 rems

.

|
< bis hazard to persons in unrestricted or more of radiation; or exposure of the

j(areas; feet, ankles, hands, or forearms to 75# '

r4 (5) Actions which have been taken, or g rems or more of radiation; or
* ill be taken, to recover the material; and 3 (2) The release of radioactive materialw'

g
(6) Procedures or . measures which a in concentrations which, if averaged over'

have been or willbe adopted to prevent a * a period of 24 hours, would exceed 500
Arecurrence of the loss or theft oflicensed times the limits specified for such ma-

material. terials in Appendix B, Table II; or
-(c) Subsequent to filing the written (3) A loss of one day or more of the

report the licenses shall also report any operation of any facilities affected;or
snbstantive additional information on the (4) Damage to property in excess of
loss or theft which becomes available to 32,000.$
the licensee, within 30 days after he "

_

learns of such information. (c) Any report filed with the Commis.
(d) Any report filed with the Commis Asion pursuant to this section shall be

sion pursuant to this section shall be so 8
prepared that names of ladividuals who ! prepared so that nalnes of individualswho have received exposure to radiation
may have received exposure to radiation Rwill be stated in a separate part of the .

. are stated in a separate part of the report. report.

1 20.403 Notifications of incidents.
Each 11.p (d) For nuclear power , reactors li-(a) Immediate norfAestion. ensed under 9 50.2r or 3 50.22, the

! conses shall immediately notify by teio i; incidents included in paragraph (a) and! phone and telegraph, mailgram, or fac ".
N mile, the Director of the appropriatef paragraph (b) in this secdon shau insi

ENRC Regional Office listed in Appendix 0 *f50
epated punuant to'

UD of any incident involving byproduct, k
source, or special nuclear material pos-
sessed by him and which may have caused*

,or threatens to cause:.

. -

.(1) Exposure of the whole body of'

any individual to 25 rems or more of
radiation; exposure of the skin of the
whole body of any individual of 150 rems

g or more of radiation;or exposure of the4

e feet, r ales, hands or forearms of any
2 in&idual to 375 rems or more of radia-
; :lon;or

(2) The release of radioactive material
in concentrations which, if averaged over
a period of 24 hours, would exceed 5,000
tirnos the limits specified for such
materials in Appendix B. Table II; or

* es m esees.(3) A loss of one working week or
coneetton

2011 October 17,1980 (reset)



~ PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
diation or concentrations of radioactive 4,, ;, eg , , , , , ,_y g g, yy , , ,'. g ,3
material <whether or not invtiving ex-
cessive exposure of any individual) in

,

'k' [ '[
an unrestricted area in excess of ten ' " ''' " U N '""
times any applicable limit set forth in I. D "

I."[.'."h (,
' '

*this part or in the license. Each report
, ,

| tequired under this paragraph shalldesenbe .. dcatt..g G;at ..tch po irm.-l umns.

g. the extent of exposure of individuals ** terms w2. sm.t cc:a:rN.
g to radiation or to radioactive material. * b' a C.mttid: su mn" r.' r. Tat ' of
I including estimates of each individual's tha prr:6. . el ntora:arsrg mf..r.r.at:on

: * exposure as required by paragraph (bi rrects. e *: , the *:en. ire .*c t *t.divid.
of this section: levels of radistica and nais (c; encot .:ers,nn.: .t..:. tar.n.t
concentrations of radioactive material ns e6ti.er requimo vr ve..frir.1, as de.

involved: the . cause of the exnosure. scribed ut paragraph ..n of this sec.
levels or concentrations: and corrective t|cn. inutening the e an ect of i .d.<id.

steps taken or planned to assure against uais whose total shMr hedy atpmura

a recurrence. recorded durmd the. rrmous calendar
year was in each nt the fMiowine sci.~

a bi Any report filed with the Commis- **I#d'* DOS"f'f*"C'Tg alon pursuant to this section shall in-
g clude for each individual exposed the ... . ,

name, social security number. and date r..u..u m ..,.- n .e , e. . ..u.e

8 of birth; and an estimate of the indl. m m m.u -m.. .n . n .

"" vidual's exposure. The report shall be
I prepared so that this information is *"*= r* * " se' *

[ stated in a separate part of the report. $***,*;* "8**"*p '"_a " 8 - - ; -us w n _ _(c) (Deleted 38 FR 22220.] e a to 0.?s _ , _. _.,
...,m_

120.406 (Deleted 38 FR 222201 !N' (1~
- :tu

. , , .

jto.4e7 Pec.ene,4 menestactaar repuets. i eo I ~~ ~ '"~, | _,'7,_.
Each person desertbed In f 20108 of ['8- - - - - - -

-- -
*

this part shall, within the first quarter s ta t . . . . _ _ , . _ _ . , . , _ , , , , . _

of each calendar yest, sub.it to the t ros. . ~ ~ . - . _

8 N '-- --- --.~Director cf Manastement and Pre; am
Analysis. U.S. Nuclear Regulatory Ij',,"Yg - " - - - - - -

Commission. Washing'on. D C. 20555. , t t to is.E.~." ~~ TZ ~ " ~

. . ,_,

the reports specified in paragraphs tas a is ---
-

and (b) of this section covering the 3 -- - - -

preceding eslendar year ' All other ; amtwiiuana nr.ww.imeuu m v % we.
persons specifically ticensed by the s ins noewse misa w w mourimi .n w

*"""
Comminston shall, within the firt.t a
quarter of caleecar years 19~9 and * The low exposure rann data are re

i 1980. submit to the Director of Man. quired tn orcer to comn better intor.
seement and Protrsm Analysis. U.S. mation acout the expmures 'actuativ-

% Nuclear Regulatory Commission. reordac. This seet:nn coc., nu. n.qmre
: Washineton. D.C. Nd35. the reports improved messt.rements.

specified in parar.tphs (as and tbl of*

E this sectten rover:ng the precedmg cal. |Jo.40s iteerts of per*..anet momtnem
endar yeare 19':3 and (M. 8 on 'erminisuon of ernpin3 meist eer
(a) A report of either (1) tr4 total work*

number of individuals for whe*u per. tal T!.:: . sec*:en tr;;l.-s to each
sonnel monitoring was required urdor person littn=ec c7 the Commaton to.
II20.202(a) or 34.33 a) of th!s chapter iD Ocerne a nuclear reactor de-
during the calendar yest: or '2) the Wn M predm ew w heat

120.104 [ Deleted 38 FR 222201 total numeer of incriduals for whata enersy pursuant to f 50.21tc: or 150.22
" $ 20.10.*. Repoet- of overespe.nece aml sersonnel momtoring was provided

esce ive lcrelm and eoncener.asione. dur'ng the calendar year Prort.&c. g[',d *[50.
"'

f .

g eat In addition to any notification re- hotcerer. That such total includes. r.t (2) Ptmer.s or use byproduct matert.

g quired by 1 20.403, each licensee shan lesat the numoer of tad:viduals re. , al for purposes of radiography pur=u.

** make a report in writing within 30 days qt.irtd to be repotted c..de.r paragraph at t to Parts 30 and 31 of this rharter;

2 to the appropriate NRC Regional Ot5ce tax 1) cf this sectmrt. The r.Po-t shall ,J) Process or ut at any cae time.
'UUI'"I' "I'''ther it La submitted in ac. for purposes of fuct prxessing, feri-** listed in Appendix D with a copy to the c rd w e with rarmph esuis 'T caticn. or reprocese.n.r. special nuclearDirector of Inspection and Enforcement.

material in a cantity exceedir.g 5.000
U.S. Nuclear Regulatory Commission,
Washington. D.C. 20555. of: grams of rentained uranium.235 ura.

* A Heensee wnese ti*ense espires or t:r ni nium.233, or plutonium or any ccmbi.-

(1) each exposure of an nates anor to. or on ene tass day of the est. natfort thereof pursuant to Part 70 cfIndividual to radiation in excess of the endar rest. shali siaomet reports at tne etpi.
applicable limits in 1120.101 or 20.104 ratton or termanacon of the ticense. cover. this chapter. or

or the ucense:-(2) each exposure les that part of the year aunt.4 wmen the ,4) Possess or use at any one time,

k o(c)f an individual to radioactive material "Q ,'i win eestaste the data for processing or manufacturing fcr

g in excess of the appucable limits in obtained for 1978 and teto pursuant to this distributica pursuant to part 30. 32 or<

n il 20.103(a)(1) 20.103fa)(2). 20.104(b) ,,,nerarh. and the eenefits date d th'* 33 of this chapter. byproduct material
* , or the !! cense: f3) levels of radiation or from and may take action. inetudme puott. in quantities exceed!nt any one of the. U - concentrations of rad!oactive material cation or nouce of proposed rulemakme. to

~ in a restricted area in excess of any extend or otnerntse medity this reportins following qusatities:
other top 11 cable limit in the Ucense: (4) requirv.nent.

" *any incident for which notification is re- 3Arnended 42 FR 43965.
outred by I 20.403: and (5) levels of ra-

2012August 1,1980
i
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PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
j $ 20.502 Additional requiressents. APPENDIX A [ Reserved |anmenuenee . Guan.ar in

ens : The CammW may, by rule, regula-
$. tion. or order, impose upon any licensee

i y%'s [ ; such requirements. in addition to those7
w estaMahed in the regulations in this

Gold.19 tee
rodine.t 3 a a part. as it deems appropriate or necessary

"| to protect health of to antmmire dangerIndaism-192 to

p$,P,',gafn.tc bI*III'''D''''#IY*in
. 1.oes

| Tec*nettism.9 -
i

Il 20.601 Violations.'

uen, or er tw resumaan or oro.,usense emess. An injunction or other court order*ne come maan mar r re, e a .i
t oursuams i

s tases, recens tremi useasses one a.e ue,mes se may be obtained prohibiting any viola-
I use .1-

-

met en trus :ist. in evenuuse sur. tion of any provision of the Atomic
" " ' " * ' * * * " " * " " ' " ' ' " * " * * Energy Act of 1954 as amended, or Title

H of the hersy Reorganizanon Act of(b) When an individual terminates 1974. or any regulation or order issued
| employment with a licensee desenbed thereunder. A court order may be ob.

in paragraph (a) of this section. or an tained for the payment of a civil penalty;
- individual assigned to wort in such a , imposed pursuant to section 234 of the
2 Wannae's facility but not employed by : Act for violation of section 53, 57. 62. 63.
! th) Licensee, completes the work as. ! 81. 82,101,103.104.107. or 109 of the
f signment in the licensee's facility. the ! Act,or section 206 of the Energy Reorga-
; licensee shall furnish to the Director * nization Act of 1974. or any rule, regula-e

tion. or order issued thereunder, or any
| (f Management and Program Analysis, term, condition. or limitation of any
i U.S. Nuclear Regulatory Commission, ucense issued thereunder or for any

' Washinston. D.C. 20S53. a report of violation for which a license may be re-
the ladividual's exposures to radiation voted under section 186 of the Act. Any

person who willfully violates any pro-
and radioactive matwial. W vision of the Act or any regulation or

i during the period of employment or order issued thereunder may be guilty of
I work assignment in the ucensee's fa. a crime and. upon conviction, may be
, cility, containing information recorded punished by Sne or impr:sonment or
by the licensee pursuant to both, as provided by law.'

"
99 20.401(a) . and 20.108. Such report

'shall be furnished within 30 days after
th2 exposure of the indindual has
been determined by the licensee or 90
days after the date of termination of
employment or work assignment,
trhichever is earlier.

w
amm. .

i 3 20.409 Notinessione and reports to
6 individuals.
l (a) Requirements for notifications

and reports to individuals of exposure to
radiation or radioactive material are

* speciSed in i 19.13 of this chapter.
I % (b) When a Lcensee is required pur-

" suant to il 20.405 or 20.408 to report to

f the Cammunica any esposure of an in-
. dividual to radiation or radioactive ma-
* terial the licenses shall also notify the

individual. Such notice shall be trans-
; mitted at a time not later than the

transmittal to the Cnmmfuton and shall'

comply with the provisions of i 19.13(a)
{of this chapter.

-

-
1 Exesmows Amo AnomoMAI.
! Rzeumzuxxts
i $ 20.301 Appileations for esenoptions.

' E The Commuston may,upon application
; by any licensee or upon its own initiative.
w grant such exemptions from the require-
* monts of the regulations in this part as

it determines are authorized by law and
.

will not result in undue hazard to life or'

property.

Nors.-no reporting and record iceeping
requiremenu contained in taas part have
been si proved by the General Accounting
Cmee under 5-18 cts iRoo43). tRoo64), ace
sRooe41.

20-13 August 1,1980
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PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION
~

NOTE TO APPENDIX B 3. It any of the conditions spostand below
are met, the corresponding values spectSed~

Noes: la aar ease waere there m = .atsture ta air oweser of more them oss redaenuedde. the deattne value,rbelow may be used la lieu of those spectaed
for purpsess of tas Appometa saoud be determises as la paragraph 2 above,
fedows: a. It the identity at each radionucude la

the an1EtWe is h Dut the concentration
e ta he are snown. tse ilm uns
seemed to 1ertred as seenws: Determaae. ter seen re, of one or more of the radionuciklee la the

' qasseshde ta tae masture the reus between the queartty misture le not known. the concentration
5 is cae misture and tae ilmit otherwtia estah- limit for the mixture to the limit spectaed2 Em Apoemen 8 ser tae specine riennuence ne" la Appendia "B" ter the radionucude la the

f M,tr,.ine m*a*stur"e m'ar n" 7E' v.'"t*"t'e''e mixture having the lowest
" *

concentrattoae t u== or-

% us2 m aurt.a: !! redhma=Ca.de, and d' e. a. and C are pensent %D. If tl e identity of each radionuende laA 5
nd d the sophemewe the mixture le not known. b'2t it te knowna

~

MPC's. are MPC . and 51PCs, and St PCe renom that ourtala radionucudos spectSed la Ap=
ttvely, thee the anneentratione snell be limited so taas pendiz "B* are not present la the mixture.
the followtas relauensato etwts' the concentration limit for the misture is

Ce . Ce . CF the loupest concentration Unit spec 18ed Lap
MFC ~MPCs. K e Appendiz "B" for any radionucude which le

y act known to be absent trosa the aussure.

I rs;tinnu ude i u:e : aiore 1.'ne eveeestraw af my
if either the t1ent*P v or

.ans aan.*n. u.e turistitie
esma, *)r pur& < A;*endt !! .nad to: -

a. For purposes of Tsble L col 1-4 X 10-8
f b. For purposes of Table L Col 3-4 x 10-'

e. For purposes of Table II. Col 1-2x 10*q d. For purposes of Table II. col :-3 X 10-8

-

| Tabis !!Tabin!

s o la.a.--- n.4,.e
Celeens 1 Column 3 Cohman 1 Caiuses 3

Air facuum0 traser Air (acumi) water
foCuan (aculm0

If it is known thea si n.112s.112s.112s 1 iSt. (1133
tanne u onlyh Pt 210. Po 210. At 311. Ma =2. Ra .:e.
Sa 30. As 227. Ra 2:n. T3 22A Ps 31. Th 43J. Tt.
eaa. Ca 240. C8 234, a.ad Fm 234 are not present tX194 3X10 8

!! tt a known sties $r 90.1128. I 129.11.9. 41 L31. I.. .133
tates ti entyh Pb 2n Po 24 Ita 223. Ra 23. Ra 23.
Ps 31. Th.eas. Ca 2te. C124. and Fm 2as are nos

HE thes Sr so,115UEE 113i teele dE
eely). Pe 210w Am 228, Ra 22. Ca 244 anns di 24 are*

**** "2''
A u".'".'"ee"hmi.ragr1rsrWwurma wa.

23 are met preens._ - . . . . . - 3X194 1X194
It is a sneen taas alpeammisters and Se to.1129. Pt

21o. As 23r Am 23. Fa 2an,Pu 241, and Du 2de are not

If at a uneen taas eseheemstters ame PD 3t0. Ae 22F.- - - . . .
3X1e'* IX1tP*present. . _ - - - - ---- .-

Ra 2a and Pu 241 are not preent...... ..- 3XIM 1X10 8
!!it a taewn taas alpaa.emassers and As Mr are ses

If EM that As 227.3EPt'23s. FuIE
an. Fu 2te. Pu 2es. Fu toe. Cm 2ea. C12ee end Cr 2s1 3X18.e 1X3dPeese aos prema-

-

~

k ura. It a misture of radionucindes consists of
4
nium and its daughtere la are duas petor

g to stesnsent esparation of the urmatum from
[ the ore. the values spect$ed Delow may beused for uranium and its daughtere throught

@ radium.336.lastead of those from paragrapas1,2. or 3,above.
m-

a. Por purposes et Taele T. Col.1-1X10 8
aC1/ int groes alpha estivityl or SX10 5* act/
mi natural urantuan; or 78 micrograme per

'' eette meter et air natural tranhamn.
E D. Ptr purposes of Table II. COL 1-4 X 10-*
" sC1/m1 gross alpha eettyttyl or 2X10 ta ,cgf
$ mi assurmi meninen:.or 8 admegreens pee
L,entes anator of att naturet uranium.-

5. Por purposes of this eote, a redle=~

analide may be comehtered as not present la
a entstwo if (a) the retto of the concentre.
Sten of that radionuctade la the statwo
(Ca), to the cocoentration Umat for that,)

b'; radionusude opsessed la Table II of Ap-pendis 3 (Af7C4) does not esseed he

gh) and (b) the sum of such1.e.

N (ation for au the radienuciada considered as2
not posent la the misture does not escoed
%

Ca Ce

_ a.a. m +m+ * 5%)-
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g Any alpha enttting radionuclideMaesmil merocums-

_ not 11sted anon or mixtures cfI Ameiseen C Sosmtu m .191 m. 10e .Apna emitters et unnown com.
Osmaum.191 100 $ posttionm,,% , , , , , , , , 01...... . ..... ......................

.01 Osmlum.193 100 g Any radionuc!!d) other than alph34mersetum.241 .................. ......... ..... ..
4ntimony.122 100 Pa11adium.103 ________ 100 u. emitting radionucitees, not listed..... ...........

A ntimony.124 10 Palladium 109 .... ........ . 100 % secte or mixtures or beta emit.... . . .... ..

4 ntimony.123 . . . .. . . . .. . . ....... 10 Phospnorus.32 ...._....... .._ 10 L ters or unknown composition... t

4.rsecue.73 . . .. . ..... . ... ... 100 Ptetanum-101 100. .... ....
Areems.74 10 Platinum.193m . .. .. 100........ . . . .

Arse te ....................... Ptatinum-193 100 Nees For purposes of I :0.303. when. . ...........

Ptattaum.197m . . .. .. 100. . . . . . . . . . . _ . - there is involved a combirtation of isotopes inr

I ametum.131 10 P1stinum.197 100.. ... .. .
,

* ts.ru.m.o. . 10 Piutonium.239 .... . ...... ...... . . 01,,. known amounts, the lia:At for the combinataan.... ..... .

) Au Poteasum 210 ..... .... ... O.1 ||* should be derived as followe. Determine, fotBartum.140 .. . . .... .

51sm u th.210 .. .... ... ......... 1 Potaantum.42 .... . . . . 10 g each isotope in the combination. the ratio
sconune.42 . ... . ... ... ... ..... 10 Praseodymium.les . . 100 m between the quantity present in the
Cadmaum.109 pr.seodymtum.143 100 * combmation and the limit otherwise. . . . _ _ _ _ ...... _ ...

Cadmtum.113 n ........ .....~ . Prometatum-147 . ... .... 10 '
pstablished for the specific isotope when notCadmium * l 15 .. . . ....... .. 100 Promethium.149 .......... .... 10
in combination.The sum of such retios for allC.a ctum.43 . . .. .. . . .. ... ... ...... 10

Radiu m.228 . ........ . ..... .01
hum.1se __.___ 100 the isotopes m' the combmation may notC.uct u m .47 . ... .. . . . .... .. ... 10

C a rbon.14 . . ... .. . .. . .. . ...... . 100 Rhenium- 188 . ... .... ... ....... 100 exceed "1" |Le, " unity *).
Ca num.141 100 Rhodium-103m ......... ... .. 100.. . ......... ... -

100Cerium.143 Rhodium.10e ...... .. ... 100................ ...

Certum.144 ..... ........ . . ... 1 Rubidt um.48 .. ...... 10
Cesaum.131 ..... .. ..... . 1.000 Ruetalum 47 ...... .. . 10
Cestum 134m . .. . .~ 100 Ruthentum.97 .... 100.

Cestum 134 . . ... ........ . . . 1 Ruthenium.103. . 10
Cesaum.138 10 Ruthenium.106 _ to..... . . ... .

Cesium.138 .... .. .. 10 Ruthenium.106 ... . - 1...

Cesaum. 4 37 ....... . . . 10 Samattum.131 10
Chieri ne.34 .. ..... ... .... .. 10 hmartum.153 ._ 100._ ._

Chlorme 38 . . ............ ... . 10 Scandtum.44 10.

Chromaum.41 . . _ 1. 000 Scandium.47 . 100.

Cobalt-Sam ... . .... ... 10 Scandium.44 . _
10

Cotelt.34 .. . . . . 10 Selenium.*S 10

Cobalt.40 1 S111 con.31 100.. . . . _ .

Copper.44 . ... ... ...... .. . 100 5:1Tef.106 ... 10. . . .

Desproseum.I6S .... .._. .. 10 SL1Ter.110m ... . ~ 1

Dysprosaum.164 100 Salver.111 100..... . ..... _

Estaum.189 100 5cdium 24 . . 10......... ... _ .... _ . .

Erttum.171 100 strontium.44 . 10.......... . ... . ...

Europsum.t$2 9 2 n... . .. .. 100 5 tront a um.49 ... .. . . ......... 1

N 5toatium.90... . . . O.1b3 Eurcpaum.I $2 13 yr............ 1

5 Eu ropiu m l S4 ........ .. .. ..... . . 1 E Strontium.91.... .. ... 10
Easops u m. t SS . . . ..... . .......... 10 g Strontium.92 ..._. . .. .. 10g

w. Fluortne.18 .................... 1.000 u. Sulphur.33 ... .... _... . 100
1010 g Tan talum.182 .............. ...g Cadotam uan.13 3 ... . ... .......... Technettum.96 ............... 10Cacon tntu m l S9 ... . ....... . ..... 100

0.n a l: um.72 . . . . . . . . .. . . .. . . . .. . t0 Technettum.97m .. .... . 100
Germanium.78 100 Technettum.97 . ........ 100...................
Qu id . t P S . . . . . . .. . . . . .. . . . . .... . . 100 Technetium.99m ............ .... 100
0o16 109 . . . . . . . . . .. .. . .. . . .. . ... 100 Tecnnettum.99 ... .... .... ... 10

Mafua um.181 ... ...... . .... .... 10 Telluttum.123m . .......... .... 10

Molmaum.164 . ... . ....... ..... .. . 100 Te!!urtum.12*m ...... . ... 10

Hydrogen.3 ... .......... ... 1. 0C0 Tetturtum.127 .......... . . 100

tudtuna.I13m .................... 100 Tettuttu n.129m ... .. ........ 10

Indn u m. I 14m .............. .. 10 Te!!urtum.129 . ..... .... ..... 100
Inda um. l 15 m . . .... . ..... ..... .. . 100 Tellurtum.131m ...... ......... 10

Ind i u m.1 13 . . . . .. ... . .. ... ...... 10 Tellurtum 132 ............. .... 10

todme.123 1 Terosum.160 30................ ............. .........

!<ssine.126 1 Tha11tum.200 . ....... ..... ....... 100......................

lutme.129 O.1 Tha11 um. 201 . ........ ....... 100................ ...
1 Thallium 2C2 ........ ...... .. 100!come.131 ......................

todtne.132 10 Tha litum.204 . . .. . . . . ...... . . .... 10
.....................

1 **1"hortum (natural)* ._ 100!cdane.133 .............. .. .. _

todme.134 10 Thu ttum.170 . .. . . ... .. . ... . ..... 10
.............. ......

toda ne.135 . . . . .. .. . . .... ....... . 10 Th uli um.171 . . ... ... . ... .... . 10

trids um.192 . ... ...... . .. 10 Tin.113 ........ ............... 10

1r:d a u m.19 4 . . .. .... . .. ... ....... 100 Tt n . t :5 . . . . . . .. . . . . . .. . .. . . . 10 *
tron-SS .................... ... 100 Tun gst en.181 . . . . . .... . . . .... ... . 10

trot. 50 30 Tureten.185 10....................... ................. .
100**Tungste n.187100Kry ptost.43 . . . . . . . . . . . . . . . . . . . ...................... Cranium (natural)S... . ...... 100Krypton.87 10.....................

Lan t ha n u m.14 0 ... . .. . . . . . . . .... 10 U ra nt um.2'11 . . ... .. .... . . .... . .. .08
Lutettum.ITT 100 Crantura.234- Urantum.235 . ... .01

...................

Stang a n ese.5 2 . . . . . ... . . .... .... . 10 V.anadotm.48 ... ............... 10

it a nonese.34 .... .... ... ........ 10 Xa na n. I 3 I m ..... . . ... ... .. . . .. 1. 000

11a nu s nese.54 . . . .. . .. . . . .. . . .. .. 10 Xennn.133 100......................

. lercury.197nt . ....... . . ....... .. 100 Menon.135 . . . ...... . . . .. .. ..... . 100\
10011ercury .197 . . .. ..... . .. ... ... . . . I00 Ytterotumal"S ..................

1: ercury .203 .. . . . .. .. . . . .... . .... 10 1* t t ri nm.90 . . . . . .. . . . . .. . . . . . . . .. 10

Sinnv Dden um.99 .. .... .. . . .. ..... 100 Y tt rium. 91 . . ... .. . . . ... . . . . . . .. . 10

N eoe rm m m.147 .... . .. . .. . . . ... . 100 Y ttriu m.9 2 . . . .. . .. . . .. . . ... . 100
N eod em a u m.149 . . . . .... . .. ... ... 100 Yttrtum. 93 . . ... .. .. . . .. ........ 1 Based on alpha disintegrattu rate et

Z1Ae%e k e t .5 0 . . . . . . . . . . . . . . . . . . . . . . . . 100
g uc g m ... .. . . . . . . ...-.......". , . ,g ,Th,-232. Th.230 and thetr daugh,ter products,.

- - . . . . . ~ . . ~ ~ . .

nes e m .c3 . . . . . . . . . . . . . . . . . . .. . . . . to ,, ,,,e4 ,, .:,3, a t,iot ,,, io, ,,,, ,
Me t e l .oS . . . . . . . . . . . . . . . . . . . . . . . . 100 ... .....................

, 7, .238. U.234. ane U.235.Ntont u m .91m . . . . . . . . . .. . .. . .. .. . t0 ,treontum ....................

N annium .9 5 . . . . . . . . . . . . . . . ... . . . 10 2.rconium.9 5 . . . .. .. . .. . .. . . .. . . . 10 p g g,,

Noc a u nt. 9 7 . .. . .. . .. . .. . ... ..... 10 Zirmn tum. L . . . . .... . .. .... .. . . . .0
O*mmm.145 10....................
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PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
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UNITED STATES NUCLEAR REGUL.ATORY COMMISSION

INSPECTION AND ENFORCEMENT REGIONAL QFFICES

Teesonone
Regeon Aceress

NOeytime Hci y

i
Regeon i USNRC % %

Connecticut. Detaware. Otstreet of Ce. office of insoectio.1 and
tumosa. Maene. Marysene. Massocnu. Enforcement (215)337-5000 (213)337 5000
setts. New Memeen6te. New Jersey, 6 31 Parm Avenue'

' New Yoru, Pennsytvente. Rnoom is. King of Prusena. Pa.19406
tene, ane vermont

"
f ten it. USN AC * *Of a of ansoeason andAlaspema. Plottes. Georgia. Kentucky.

101 NeEtreet (404)2214503 (404) 221 a503i M6seasoood. North Carottna nopuerto Rico. doutn
i Carolina. Tennessee. Virg6nta. Virgin Suite 3100
i tssanes, and west virginea Atlanta. Georgia 30 3 0 3

11
Rogson til. USNRC ee se
office of insoect6on and

E (JI2) 932 2500 (312) 932-2500tuinoes. Indiana. Cneo, ane wisconsinIowa. Micnigen. Minne.
I

79,nf orcementRooseveat Roaosota Missouri.'

|
Geen Ellyn, tit. 60G7

L

R IV, USNRC
Arkansas. Coserson. teano. Kansas, ofEof Inseection ano

i

Lautuana. Montana. Neoraska. New Enforcernent
Mensco Nortn Demota Ckt 611 Ryan masa Drive ?(337).334 2341 (sI7) 334 284
Soutn bkota. Texas hananoma.ane Suite 1000
wyomeng Arungton Temas 76012

V Regten V USNRCOffice of,insoection ane .. e.
Alas'ta. Arltone. Cailfornte. Hawell. Enforcement *

Nevaca. Oregon. Wasnington. and U.S. este N. Cattforn44 Blvd. (415)943-3700 (415) 943*3700territories and possesssons en tne Suite 202
pecific walnut Creek. Calef.

g4516

' 'S FR 42587

* Amended 48 FR 55851.

tArnended 43 FR 32741.
Amended 43 FR 5220t.

" Amended 44 FR 63515

... Ameneee as FR tases

i
,
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UNITED STATES NUCLEAR REGULATORY COMMISSION !
RULES and REGULATIONS

TITLE 10. CHAPTER 1. CODE OF FEDERAL REGULATIONS-ENERGY
;

- ,

I

PAR RULES OF GENERAL APPLICABILITY TO DOMESTIC

%_ LICENSING OF BYPRODUCT MATERIAL * *
!'

CENERAL PROVISIONS ENFORCEMENT
@ 30.3 Activities requiringlicense.

3.c, 3o.68 Modification and revocation of licenses. Except for persons exempt as provided3o.1 purpose and scope. 3o.42 Rish: to cause the withholding or recall
so.2 Resolutica of conflict. of brproduct material. in this part and Part 150 of this chapter,
3o.3 Activities requiring license. 3o.43 Violations no person shall manufacture, produce,
Joo Dwinitions. $ transfer, receive, acquire, own, possess, or
so.s Interpretations. . SCHEDULES g use,** byproduct matenal except asso.6 Communications.

. E authorized in a specific or generallicense
30.70 Schedule A-Exernet concentrations. * issued pursuant to the regulations in thisEXEMPTIONS 3o.71 Schedule 5. ~

I

3o.11 Specific esemptions. AUTHORITY: Secs. St. s2,16 t 182.183, @ 30.4 Definitions.
'

3o.12 Persons using byproduct material under 6a Stat. 9 3 $. 944. 9 5 3, 954, as amended (42
As used in th2s part and Parts 3135**

.

certaan Ener6y Researca and Devel. U.S.C. 2111, 2112, 2201, 2232, 2233): sees.
opment Administration and Nuclear 202,204 SS Stat. 1244,1246 (42 U.S.C. 5842 of t[lis chapter:
Regulatory Commission contracts. and $444).

. (a)''*Act" means the Atomic Energy30.13 Canters. Section so.34(t) also issued under sec.144, Act of 1954, (68 Stat. 919)* including3o.14 Exempt concentrations. 6a Stat. 954, as amended (42 U.S.C. 2234). For
""II"*" 8030.15 Certain items containing byproduct ma- the purposes of sec. 223, 6a Stat. 95 8. as

terial amended (42 U.S.C. 2273), { 30.34(c) issued "

30.14 Resins containing scandium.44 and under sec.16th., 64 Stat. 944 (42 U.S.C. 22o1 ~ (,,g) Department **and ** Departmentdesigned for sand. consolidation in cd (b)) and i j 3o.5I and Jo.s2 issued under sec.
wells. 161. 64 Stat. 950, as amended (42 U.S.C. of Energy'' means the Department of

3o.18 Exempt quantities. 20o1(o)). Energy established by the Department of
4

3o 19 Self.tuminous - products containing - Energy Organization Act (Pub. L 95-91.
tritium, krypton-85. or promethicm. @ 30.1 Purpose and Scope. 91 Stat. 565. 42 U.S.C. 7101 et seq.) to the
147 extent that the Department, or its duly

30.80 Gas and aerosos detectors containins This part prescribes rules applicable to authorized representatives. exercises
byproduct material. all persons in the United States governing functions formerly vested in the U.S.o

R domestic" licensing of byproduct ma. Atomic Energy Commission. Its
LICENSES * terial under the Atomic Energy Act of Chairman. members. ofEcers and

1954, as amended (68 Stat. 919), and components and transferred to the U.S.
"g under Title 11 of the Energy Reorganiza 2 Energy Research and Development3(31 Types d ucenses

30.32 Appiscations for specific ?lcenses.a

1974 (88 Stat.1242), and ;;. Administration and to the Administrator%t 30.33 cenerat requirements for issuance of tion Act of
li-; thereof pursuant to sections 104 (b), (c)specifie licenses. exemptions from the domestic"

and (d) of the Energy Reorganization30.34 Terms and conditions of licenses.
censing requirements permitted by Act of 1974 (Pub. L 93-438. 88 Stat.1233

3o'N AppNatio for rSet orlicenses. mion M M h M. at W, u EC W and.

: 30.34 Applications for amendment of ticenses. - retransferred to the Secretary of Energy
t~ so.se Commiraton action on appucations to - pursuant to section 301(a) of the

renew or amend. @ 30.2 Resolution of conflict. Department of Energy Organization Act; 3o.01 Transfer of byproduct material. L . 91 Stat. 565 at 577 578. 42gg g
RECO R DS, INSPECTIO NS. TESTS, 8 addition to, and not in substitution for, ,

PROCEDURES, A''D REPORTSt m other requirements of this chapter. In any
f conflict between the requirements in this I (b) Terms defined in section 11 of the

*

.s2 Inse etIons. g part and a specific requirement in another f Act shall have the same meaning when
30.f 3 Tests. part of the regulations in this chapter, the aused in the regulations in this part and

| 30.s4 Control and accountins procedures for specific requirement governs. ' Parts 3135" to the extent such terms; tritium.2 E
3o.$$ Tritium reports.2 Lare not specifically defined in tMs part;*

e Amended 37 FR 920*. ** Amended 43 FR 691s. Amended 36 FR 1466.*
"

8 Added 37 FR 9207.
'

s
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PART 30 e RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING-
(q) "Research and development"

the Energy Reorganization Act of 1974 means (1) theoretical analysis, explora-(c) " Agreement State" means any
, state with which the Atomic Energy (88 Stat. 1244), any State or any tion, or experimentation; or (2) the
3 Commission or the Nuclear Regulatoryg political subdivision of or any political extension of investigative findings and
rt Commission has entered into an effective entity withtn a State any foreign govern- theories of a scientific or technical nature,

agreement under subsection 274b. of thef ment or nation or any political subdivi- into practical application for experi-
{ Act. "Non-Agreement State" means anyg sion of any such government or nation, ormental and demonstration purposes.

other entity; and (2) any legal successor, aciuding the expenmental production_other State; repressntative, agent, or agency of the and testmg of models, devices, equip--

(d) , Byproduct material,, means anY
special

-. foregoing' ment, maMais and pmcuses,1esearch
radioactive material (except and development" as used in this part and
nuclear material) yielded in or made (1) " Physician" means an individual

Parts 31-35t does not include the internal
radioactive by exposure to the radiation licensed by a State or territory of the or external administration of byproduct
incident to the process of producing or United States, the District of Columbia or material, or the radiation therefrom, to
utilizing special nuclear material; the Commonwealth of Puerto Rico to

(e) " Commission" means the Nuclear dispense drugs in the practice of human beings;

Regulatory Commission and its duly medicine; g (r) " Sealed source" means any by-
e product material that is encased in a

authonzed representatives; (m) " Production facility" means
(f) " Curie" means that amount of production facility as defined in the f capsule designed to preverst leakage or

regulations contained in Part 50 of this g escape of the byproduct material;radioactive material which disintegrates at (s) " Source material" means sourcethe rate of 37 billion atoms per second; chapter; material as defined in the regulations
(n) " Radiographer" means any indi- ,

! exe(g) " Government agency" means anycutive de p artment, commission, vidual who performs or who, in atten- e ntainyd in Pan @ of this chaptyn
(t) Special nuclear material, means

E independent establishment, corporation,$ dance at the site where the sealed source special nuclear rnaterial as defined m the
" wholly or partly owned by the Unitede or sources are being used, personally ngulati ns contained m Pan M of tNs
N States of Amenca which is an instrumen-f supervises radiographic operations and dapten

tality of the United States, or any board,g who is responsible to the licenset for
. bureau, division, service, office, officer, assuring compliance with the require C g,3 United States" when used in a
authority, administration, or other es- ments of the Commission's regulations" geographical sense. includes Puerto Rico

,

tablishment in the executive branch of and the conditions of the license; f and all territories and posunions of the
the Government; (o) " Radiographer's assistant" means: Uruted States:

(h) " Human use" means the internal any individual who, under the personal M "U h h MSW'' - a
or external admmistration of byproduct supervision of a radiographer, uses g g g.g g
material, or the radiation therefrom, to radiographic exposure devices, sealed regulations contal:ted in Part 50 of this
human beings; sources or related handling tools, or

(i) "I.icense" except where otherwise ra diation * survey instruments in :: chapter;t

specified means a license for byproduct radiography; (w) " Commencement of construc-
material issued pursuant to the regula- (p) " Radiography" means the tion" means any clearing ofland, excava-

tions in this part and Parts 3135t of this examination of the structure of materials tion, or other substantial action that

chapter; by nondestructive methods, utilizing would adversely affect the natural
sealed sources of byproduct materials; e environment of a site but does not

(j){ l) " Micro cu rie" means that $ include changes desirable for- the
s temporary use of the land for publicof radioactive material whick 'The " Department racillaies and activitiesj amount

g disintegrates at the rate of 37 thousaac identified in section 202 are: e. recreational uses, necessary borings to
g atoms per second; (i) Demonstration Liquid Metal Fast " determine site characteristics or other 1

2) "Millicurie" means that a ttount of Breedef reactors when operated as part of the preconstruction monitoring to establishg (ioactive material which disintegrates atpower senwauon faculties of an electric utiuty background information related to the

Lrad
system, or when operated in any other manner

the rate of 37 million atoms per second,, for the purpose of demonstrating the suitabGity suitability of a site or to the protection of
fu e mmweial appucad n of such a ructs. p nmentalvalues. |~

(k) " Person" means (1) anY indi- (2) Other demonstration nuclear reactors, -

vidual, corporation, partnership, firm, except those in existence on January 19.197s, { 30.5 laterpretations.
association, trust, estate, public or private when uperated sa part of the power seneration Except as specifically authorized by

faceities of an electric utdity system, or when, institution, group, Government agency
*'"***d I" ""Y ''h" **""" ' ' the Purpose

R other than the Commission or the of demonstrating the suitabuity for commercial tion'of the meaning of the regulations ,m
es
r2 Department a , except that the Depart- application of such a reactor. $this part and Parts 3135t by any officer

g ment **
shall be considered a person (3) Facilities used primardy for the receipt eor employee of the Commission other

within the meaning of the resulttions in and storage of high4evel radioactive wastes gthan a written interpretation by the
this part to the extent that its iscilities resulting from ucensed activities. SGeneral Counsel will be recognized to be(4) Retnevnele Surface Storsge FacGities
and activities are suMeet to the h. censing and other facGities authorued for the express binding upon the Commiss.On.
and related regulatory authority of the p ,po,e or ,,e.eq ,et tons term storase of i 30.6 Communications.Commission pursuant to sectiors 202 of high-level radioactive waste senerated by the

" Department, which are not used for, or are Except where othe wi 9 specified, all
part of, research and development actrvities. communications and rept"ts concernirig

? Amended 43 FR 69ts. * Amended 36 FR 1466.
" Amended 4 s FR1419 9
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PART 30 o RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING-

the regulations in this part and Parts subject to licensing pursuant to section ""| 30.14 Exempt cancentratisns.
3135t and applications filed undar them, 202 of the Energy Reorganization Act of (a) Except as provided in parwchs - '

should be addressed to the Director of 1974 are involved, any pnme contractor (c) and (d) of this section, any person is
Nuclear Maten21 Safety and Safeguards, of the "f Department is exempt from the exempt from the requirements for a

& .S. Nuclear Regulatory Commission, requiremenu for a license set forth in license set forth in section 31 of the ActU
" Washington, D.C., 20555. Communica. sections 31 and 82 of the Act and from and from the regulations in this part and
E ions, reports and applications may be the regulations in this part to the extent Parts 31-35 t of this chapter to the extentt
N delivered in person at the Commission's that such contractor, under his pnme that such person receives, possesses, uses,

offices at 1717 H Street N.W., contract with the "* Depart:nent manu* transfers, owns or acquires products or -

Washington, D.C., or "7920 Norfolk factures, produces, transfers, receives, materials containing byproduct material "

Avenue, Bethesda. Md. acquires, owns, possesses, or usesi by- in concentrations not in excess of those
EXEMPTIONS pr duct material for: (a) the performance listed in } 30.70.

2 of work for the "* Degartment at a (b) This section shall not be deemed.

j 30.!! Specific exemptions. United States Government-owned or to authorize the irgport of byproduct
(a) The Commission may, upon controlled site, including the transporta- material or products containing by-

, applicacion of any interested person or tion of byproduct material to or from product material.
E upon its own initiative, grant such exemp- such site and the performance of contract (c) A manufacturer, processor, er
* tions from the requirements of the regula- services during temporary interruptions producer of a product or material in an
{ tions in this part and Parts 3135t of this of such transportation; (b) research in, or Agreement State is sxempt from the
a chapter as it determines are authonzed by development, manufacture, storage, requirements for a license set forth in

law and will not endanger life or property testing or transportation of, atomic section 81 of the Act and from the
or the common defense and secunty and weapons or components thereof; cr (c)e

{ the use or operation of nuclear reactors $ regulations in this part and Parts 31,32,are otherwise in the public interest. 33, and 34,t to the extent that he
# Cr other nuclear devices in a United tnnsfers byproduct material contained in

"p' 30.n(b) (Delewd 4s FR 4ss21- - 6 States Government. owned vehicle or g a product or material in concentrationsSvesseL In addition to the foregoing not in excess of those specified in
exemptions and subject to the require- @ 30.70 and introduced into the product
mest for licensing of '" Department. or =aterial by a licensee holding a
facilities and activities pursuant to section specific !! cense issued by an Agreement
202 of the Energy Reorganization Act cf State, the Cornmdion, or the Atomic
1974, any prime contractor or sub* Energy Commission expressly authorizing
contractor of the "" Department or the such introduction. This exemption does
Commission is exempt from the require- not apply to the transfer of byproduct
ments for a license set forth in sections material contained in any food, beverage,
81 and 32 of the Act and from the cosmetic, drug, or other cornmodity or
regulations in this part to the extent that product designed for ingestion or inhala.
such prime contractor or subcontnctor tion by or application to, a human being.
manuf actures, p rod u ces, transfers, (d) No person may introduce by.

= receives, acquires, owns, possesses, or product material into a product or ma-
usest bWreduct material under his pnme terial knowing or having reason to believe
contract or subcontnct when the that it will be transferred to persons
Commission determines that the exemp- exempt under this section or equivalent
tion of the prime contnctor or sub" regulations of an Agreement State, except
contractor is authorized by law; and that, in accordance with a license issued
under the terms of the contract or sub- pursuant to j 32.11 of this chapter or t
contract, there is adequate assurance that the general license provided in @ 150.20
the work thereunder can be accomplished of Part 150.
without undue risk to the public health 2
and safety. $

E j 30.15 Certain items containing by.
"*
-

{ 30.13 Carrien. = product material.
Common and contract carriers, freight $30.12 Persons using byproduct m a-

terial under certain ewoepartment forwarders, warehousemen, and the U.S."

{ of Energy j Postal Service are exempt from the ~ (a) Except for persons who apply
= Nuclear R egula tory Commission M regulations in this part and Parts 3135 t byproduct material to, or persons who
f contracts. E of this chapter and the requirements for a S neerporate byproduct material into, the
S Except to the extent that "" Depart 4 license set forth in section 81 of the Act * following products, or persons who -m
| ment facilities or activities of the types to the extent that they tnnsport or store ' initially transferi fer sale or distribution

byproduct material in the regular course M the following products containing by-
of carnage for another or storage incident product matenal, any person is exempt
hereto.*t Amended 43 FR 591s. from the requirements for a license set

" Amended 34 FR 19:46.
* Ameneee e s F R t 419 s
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PART 3) o RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING-

| forth in sectio 2 81 cf the Act and fromI (5) Mann) c:mpasses centening not { 32.14 of this chapter, vrhich license

g the regulati:ns in Parts 20 and 30-35' ofk mire than 750 millicuries of tntium gas
states that the product may be

this chapter to the extent that such s and other manne navigational instru. distnbuted br the IIcensee to persons

u. persoa receaye3, posses:es, uses,g ments containing not more than 250 exempt ftom the regulations pursuant tog

paragraph (a) of this section.X transfats," owns, or acquires the(miHicunes of tntium gas. T
kfollowing products: 9 30.16 Resins containing scandium-46

-

2
(1) Timepieces or hands or dials 3 (6) nermostat dials and pointers and designed for sand-consolidation in

-

containing not more than the followinggcontaining not more than 25 milheuries ,;g ygg,
specified quantities of byproduct material.cf tritium per thermostat. E ** " * *E' ** **
and not exceeding the fouowing specified1

(7) (Deleted 34 FR 6651.1
quirements for a license set forth in.

(8) Electron tubes: Provided, That section 81 of the Act and from theIevels of radiation: -

(1) 25 rndlicuries of tntium per time.
each tube does not contain more than regulations in Parts 20 and 30-35' of this

chapter to the extent that such person
) 5 miulcuries of tritium per hand. hone of the following specified quantities; receives, possesses, uses, transfers.* owns,]

,

of byproduct material:(iii) 15 miuleuries of tntium per diale (1) 150 minicuries of tritium perg or acquires synthetic plastic resins ,

*
(bezels whe's used shall be considered as.A microwave receiver protector tube or 10e containing scandium-46 which are

miHicuries of tritmm per any other'g kW k sanknWahn 6 oupart of the dial)
(iv) 100 microcuries of promethium- wens, and which have been manufactured

147 per watch or 200 microcuries of
electron tube;

or initiaHy transferred * for sale or distn-
promethium 147 per any other timeptece, - (ii) I microcurie of cobalt-60; bution, in accordance with a specific

.

(v) 20 microcuries of promethium- (iii) 5 microcuries of nickel-63; license issued pursuant to @ 32.17 of this
147 per watch hand or 40 microcuries of (iv) 30 microcuries of krypton-85; chapter or equivalent regulations of an
promethium-147 per other timeptoce (v) 5 microcuries of cesium-137; Agreement State. The exemption in this

(vi) 30 microcuries of promethium- section does not authonze the manu.[ hand, -

(vi) 60 microcuries of prometh:,um-|147; facture or initial transfer for sale org
147 per watch dial or 120 microcuries of f And provided further, That the levels c,f distnbution* of any resins containing
promethium-147 per other timepiece dialXradiation from each electron tube scandium-46.
(bezels when used shall be considered as containing byproduct matenal do not 2) 30.18 Exempt quantities.
part of the dial), exceed I millitad.per hour at I centi-

(a) Except as provided m paragraphs
(vii) Re levels of radiation from meter from any surface when measured

(c) and (d) of this section, any person is-hands and dials containing promethium- through 7 minigrams per square centi.
147 wal not exceed, when measured meter of absorber.3

mmpt from the requirements for a
license set forth in section 81 of the Actthrough 50 mdhgrams per square -

centimeter of absorber: (9) lonizing radiation measuring and from the regulations in Parts 30-34 of

(a) For wrist wctches,0.1 malirad per instruments containing, for purposes of this capter to the extent that such

hour at 10 centimeters from any surface., internal calibration or standardization, a
person receives, possesses, uses, transfers,

(b) For pocket watches,0.1 millizad msource of byproduct material not ex- owns, or acquires byproduct material in

per hout at I centimeter from any sur $ceeding the applicable quantity set forth individual quantities each of which does
not exceed the applicable quantity set

0.2[in @ 30.71, Schedule B.face,
forth in @ 30.71, Schedule B.(c) For any other timepiece, (10) Spark gap irradiators containing (b) Any person who possesses by-

mdhrad per hour at 10 centimeters from
g not more than 1 microcurie of cobalt-60 product material received or acquired

any surface.
y per spark gap irradiator for use in electn 8 25, 1971, under the

(2) I.ock illuminators containing nota. cally ignited fuel on burners having a$ prior to Septemberseneral license then provided in Q 31.4 of"|".

more than 15 minicuries of tritum or not0 firing rate of at least 3 gallons per hour!this chapter is exempt from the require-
more than 2 minicuries of promethium-[(11.4 liters per hour). 2 ments for a license set forth in section 81
147 installed in automobile locks. De - of the Act and from the regulations in J(b) Any person who desires to apply
levels of radiation from each lock
aluminator cont:.ining promethium-147 byproduct material to, or to incorporate

byproduct matenal into, the pr ucts
p wiu not exceed I millirad per hour at I exempted m, paragraph (a) of this section, ,

O centirreter from my su; face when who desire o tial! ansfer ,

[ measured through 50 minir-ams per
production, packaging, repackaging, org square centimeter of absorber. conta66g byproduct matesi, should

(3) Balances of precision containing transfer * of byproduct matenal, or the
apply for a specific heense pursuant to incorporation of byproduct material into

,

not more than 1 millicurie of tritium per
balance or not more than 0.5 minicurie of products intended for commercial distri-

7For purposes of this subparseraph "elec-tritum per balance part.
tron tubes'' , include spark sap tubes, power (d) No person may, for purposes of(4) Automobile shift quadrants gun,,, ,,, ,ut incuging gjow immps, receiving

containing not more than 25 minicuries tubes, microwave tubes, indicator tubes, pickup commercial distnbution,' transfer by-

of tritium. tubes, radiation detection tubes, and any other product matenal in the individual
completely sealed tube that is designed to quantities set forth in } 30.71 Schedule

Amended 43 FR 691s. conduct or control electrical currents.

August t 1980 30 4
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B,' knowing or having reason to believe aerosol detectors c:ntaining byproduct - (b) Th2 Commmion may at any time
that such quantities cf byproduct ma. material," any person is exempt from the after the filing of the ongmal application,
terial ciH b3 transferred to prrsons requirements for a license set forth in and before tha expirati:n of the license,
exempt under this section or equivalent section 81 of the Act and from thei require further statements in order to
regulations of an Agreement State, except regulations in Parts 20 and 30-35' of this enable the Commmion to determine

E in accordance with a license issued under chapter to the extent that such person whether the appucation should bet

! * { 32.18 of this chapter, which license receives, possesses, uses, transfers," owns, granted or denied or whether a license,
|

I states that the byproduct material may be or acquires byproduct materialin gas and should be modified or revoked.

aerosol detectors designed to protect life! e(c) Each application shall be signed by| transferred by the licensee to persons l

or property from fires and airborne!- exempt under this section or the equiva, th applicant or licensee or a person duly
l lent regulations of an Agreement State, haaards, and manufactured, processed,y suthorized to act for and on his behalf.

O produced, or initially * tranrferred in * (d) An application for license filed{ 30.19 Selfluminous products con.,
taining tr%m, krypton-85, or pro ,g,accordance with a specific license issued apursuant to the regulations in this part

pursuant to @ 32.26 of this chapter, and Parts 32 35* wiH be considered alsomethium.147 g which license authorizes the initial * as an application for licenses authorizing
(a) Except for persons who manu ' transfer of the product for use under this other activities for which licenses are

frcture, process, produce, or initially hection.
- required by the Act, provided that the

transfer for sale or distribution * self- (b) Any person who desires to manu- application specifies the additional
haminous products containing tritium, facture, process, or produce gas and activities for which licenses are requested
krypton 85, or promethium 147,* and aerosol detectors containing byproduct and complies with regulations of the '

except as provided in paragraph (c) of material, or to initially * transfer such Commission as to applications for such
this section, any person is exempt from products for use pursuant to paragraph Econsa
the requirements for a license set forth in (a) of this section, should apply for a =
section 81 of the Act and from the license pursuant to { 32.26 of this (e) Each application for a byprodue
regulations in Parts 20 and 30 35' of this chapter, which license states that the material license, other than a license
chapter to the extent that such person product may be initially * transferred bygexempted from Part 170 of this chapter,
receives, possesses, uses, transfers," owns, the licensee to persons exempt from the -shan be accompanied by the fee

regulations pursuant to paragraph (a) of f prescribed in { 170.31 of this chapter.er acquires tritium, krypton-85, or
promethium 147 in self luminous this section or equivalent regulations of MNo fee will be required to accompany an

1 . products manufactured, processed, _an Agreement State, application for renewal or amendment of.

kproduced, or initiaHy* transferred in "*
LICENSES a license, except as provided in } 170.31

, ,

a accordance with a specific license issued of this chapter. |
30.31 Types oflicenses. ;;2 pursuant to @ 32.22 of this chapter,

I

which license authorizes the initial * Licenses for byproduct material are of (f) An application for a license to
cransfer of the product for use under this$ two types: General and specific. Specific receive and possess byproduct material i

section. E licenses are issued to named persons upon for commercial waste disposal by land ;

(b) Any person who desires to manu.f applications filed pursuant to the regula- burial or for the conduct of any other 1

facture, process, or produce self-luminous 2 tions in this part and Parts 32-35.* g activity which the Commission de-
'

products containing tntium, krypton-85, Generallicenses are effective without the Gitermines will significantly affect the

cr promethium-147, or to transfer * such fHing of applications with the Com-gquality of the environment shan be filed
products for use pursuant to paragraph mission or the issutace of licensing;;at least 9 r.sonths prior to commencement j
(a) of this section, should apply for a _ documents to particular persons. of construction of the plant or facilityin

** * " " d "" llicense pursuant to @ 32.22 of this "j 30.32 Application for specific licenses.,

shall be accompanied by any Environ-
! chapter, which license states that the -

S mental Repwt nquind pursuant to PanCby the2. product may be transferred
licensee to persons exempt from the$ should be fHed in duplicate on Form 51" of this chapter,> -

NRC.313, " Application foz Byproduct "

|
| regulations pursuant to paragraph (a) of g Material License," with the Director of 3 30.33 General requirements for is.

|
this section or equivalent regulations of g Nuclear Material Safety and Safeguards, suance of specific licenses. i

'

an Agreement State. U.L. Nuclear Regulatory Commission, (a) An application for a specific |
(c) The exemption m. paragraph (a) of|

this section does not apply to tritium
ashington, D.C. 20555. license will be approved if: IW

L

3 (1) The application is for a purpose
krypton-85, or promethium-147 used in Applications may be filed in person at E authorized by the Act;
products primarily for frivolous purposes the Commission's offices at 1717 H f (2) ne applicant's proposed equip-

_or in toys or adornments. + Street, N.W., Washmston, D.C., or 7920 and facilities are .sdequate toBethesda, Ma yland. 2 ment[*{ 30.20 Cas and aerosol detectors con pafolk Avenue, protect health and muumaze danger to
g taining byproduct material. mInformation contained m previous life a property-

d*#* "''#****"'""
- (3) The applicant is qualified by! re (a) Except for persons who manu with the Commission w the Atornic* f;cture, process, produce, or initially tranung and experience to use the ma-'

Energy Commission may be incorpwated terial for the purpose requested in suchtransfer for sale or distribution * gas and by ref ere nce, provided that suchr

_ references are clear and specific.
* Amended 43 FR 6915. " Amended 39 TR t6279.

30 5 6ctober 3,'1980
z (next uese is 20.s a)
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PART 30 o RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING-

! manner as to protect health and minimhe
Idan
,$ (ser to life or property;

,

4) De applicant satisfies any special
" requirements contained in Parts 32-35;*
I
L.dan

[ license to receive and possess.(5)In b case of an application for a

byproduct material for commercial
waste disposal by land burial or for the
conduct of any other activity which the
Commission determines v ill
significantly affect the quality of *he
environment. the Director of Nuclear
Material Safety and Safeguards or his
designee. before commencement of

' construction of the plant or facility in
which h activity will be conducted. on

, the basis ofinformation filed and
% evaluattoris made pursuant to Part 51 of

this chapter, has concluded, after
weighing the environmental, economic.

.tWeel and other benefits against
environmental costs and considering

- avadable alternatives, that the action

{ called foris the issuance of the
* proposed license, with any appropriate
* conditions.to protect environmental

*
a ivslues. Commencement of construction*

prior to such conclusion shall be j

grounds for denial of a license to receive 1

and possess byproduct materialin such -i
plant or facility. As used in this
ptragraph the term " commencement of
construction" means any cleanns of
land. excavation. or other substantial
action that would adverselv affect the
environment of a site.The term does not
mean site exploration. necessary roads
for site exploration, bonags to
d:termine foundation conditions, or 4

other preconstruction monitortng or {
testing to establish background
information related to the suitabdity of
the site or the protection of
environmental values.

.

* 1

30 5s October 3,1980
(next paea is 30 4)
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PART 30 0 RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSINZ-
~

accordance with the pr:visi:ns of the Act
9 30.35 [ Deleted 40 FR 8774.]and shan give its consent in writing.

' { 30.36 Expiration oflicenses.
(c) Each person licensed by the Com- Except as provided in { 30.37(b),

mission pursuant to the regulations in this each specific Heense shall expire at the
part and Parts 31-35' shan confine his en'd of the day, in the month and year
possession and use of the byproduct catu therein.

g material to the locations and purposes g 33,37 gppt;,,gg,,, f,, ,,,,,,g og:

g authorized in the license. Except as other- gema,,
a wise provided in the license, a license AppHcadons f x n ne wal of a
"" issued pursuant to the regulations in this
I spe Heense shan be &d in accow

part and Parts 31-35* of this chapter shan
ance with { 30.32.carry with it the right to receive, acquire, In any case ,n which a Heenue,i

own, and possess,* byproduct material. n t less than thirty (30) days prior to the
Preparation for srpment and transport of expirati n of his existing license, has filed
byproduct material shall be in accordance ** *''E*U " I" P"P" I"" f" ""***Iwith the provisions of Part 71 of this a fx a ne a Heense, mch exist 2ng licase
chapter. shall not expire until the application has

(d) Each license issued pursuant te teen findly determined by the Com-
the regulations in this part and Parts gmission.
3135' shan be deemed to contain the ;;{ 30.38 Applications for amendment of
provisions set forth in section 183b.-d., E licenses,
inclusive, of the Act, whether or not 8 Applications for amendment of a
these provisions are expressly set forthin IIcense shall be f!!sd in accordance with
the Ucense. { 30.32 and shan specify the respects in

(e) The Commission may incorporate, which the licensee desires his license to be
in any license issued pursuant to the amended and the grounds for such
regulations in this part and Parts 3135,* amendant.

!~ at the time of issuance, or thereafter by
30.39 Cmanussion action on applica.

e appropriate rule, regulation or order, such
tions to renew or amend.

$ additional requirements and conditions ,

(b) Upon a determination that ana with respect to the licensee's receipt, In considenng an application by a_,

licensee to renew or amend his IIcense the
| application meets the requirements of the k possession, use and transfer of byproductCornmi" ion win apply the applicable
|

Act, and the regulations of the Com- material as it deems appropriate or
i missi:n, the Commission win issue a necessary in order to: criteria set forth in { 30.33 and Parts

specific license authorizing the possession (1) Promote the common defense and ,,32 35" of this chapter.L,i

and use of byproduct material (Form security;
NRC 3 74, " Byproduct M aterial (2) Protect health or to minimite -

1.ic:nse"). danger to life or property; { 30.41 Transfer of byproduct material.,

'

(a) No licensee shan transfer by-
{ 30.34 Teims and conditions of (3) Protect restricted data;

. product material except as authorized
keeping of such records, and to provide g{ pursuant to this section.

(4) Require such reports and the
I licenses.

(a) Each lisense issued pursuant to the
for such inspecti ns f activities under ,=, (b) Except as otherwise provided in

regulations in this part t.id the regula- " " * " ** E "*
~ ~ ** ***** ** **Y ""****#7 "R5 tions in Parts 3135' shall be subject to

appr priate to effectuate the purposes of of paragraphs (c) and (d) of this section,u. all the provisions of the Act, now or any licensee may transfer byproduct ma-
hereafter in effect, and to all valid rules,

the Act and regulations thereunder.
|regul;tions and orders of the Com Uff.R,nc!r ItcEnsE sid!1 Totiff the (1) To the Adniir.fstration;'

missi;:. ,Co(pm!ssionf,in writing when the 11 _,

granted;censee decistes to permariently discon- 3(b) No license issued or
pursuant to the regu14tions in this parr :tinue allescsivities involving materia!2 (2) To the agency in any Agreement-

and Parts 31-35,* nor any right under a2siuthertzed tmder the license. This no- 2 State which regulates radioactive material

| Ifeense shall be transferred, assigned orin,tmption requirmet appHes to su j pursuant to n agreement under section'speci Ucenses sued endu th!s Pad o 274of the Act;any manner disposed of, either volun- andhrts 32 th' rough 35 of this chap .

Edirectly, through transfer of control of
t "*-

'

Ti-

tarily or involuntarily, directly or
.

^~

(3) To any person exemit from"the
any licuse to any person, unless the b)~Ea'c5 licensee prepa'rin'g j licensing requirements of the Act and

,

C mmission shah. after securing fullatechnetium-99m radiopharmaceuticals ;; regulations in this part, to the extent
inf;rmation, find that the transfer is in3frommolybdenum.99/ technetium.99m '. permitted under such exemption;

e
.

; generators shall test the generator (4) To any person in an Agreement
w eluates for molybdenum 99 r State, subject to the jurisdiction of thata

Am nded 43 FR 4ets. ; breakthrough In accordance with | State, who has been exempted from thei e

** Amanded 39 FR 16279. | l 35.14(b)(4) (i) thru (iv).

October 3,1980 (reset) 30-6
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PART 30 0 RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING-

licensing requirements and regulations of (5) When none of the methods of for the same type of record, the retention
that State, to the extent permitted under verification desenbed in paragraphs (dx !) penod specified in the regulations in this
suc to (49 of this section are readily available part and Parts 3135' for such records

f (h exemption;5) To any person authonzed to or when a transferor desires to venfy that shall apply unless the Commission,
a receive such byproduct matenal under = information received by one of such pursuant to j 30.11, has granted a
Q terms of a spectfic license or a general j methods is correct or up-to-date, the specific exemption from the record reten-
g license or their equivalents issued by the ; transfer 9r may obtain and record tion requirements specified in the regula-

At:mic Energy Commissian, the Com ' confirmanon from the Commission or the Jions in this part or Parts 31-35.*
mtsston, or an Agreement State;or :licenstng agency of an Agreement State ,

that the transferee is licensed to receive } 30.52 Inspections.
_

7 the byproduct matenal.
(a) Each licensee shall afford to the

5 (6) To a person abroad pursuant to an RECO RDS. INSPECTIONS. TESTS, Commission at all reasonable times
s export license issued under Part 110 of PROCEDURES, AND REPORTS + opportunity to inspect byproduct
'n this chaptert _} 30.51 Records. matenal and the premises and facilities
h (a) Each person who receives by, wherein byproduct material is used or

(7) $ As otherwise authorized by the product matenal pursuant to a license stored.
Commission in writing. issued pursuant to the regulations in this (b) Each licensee shall make available

(c) Before transfernas byproduct part and Parts 3135* shall keep records to the Commission for inspection, upon
matenal to a specific licensee of the showing the receip t, transfer," and reasonable notice, records kept by him
Commission or an Accement State or to disposal of such byproduct material. g pursuant to the regulations in this
a general licensee who is required to (b) Records which are required by theE chapter.
register with the Commission or with an regulations in this part and Parts 3135*f j 30.53 Tests.
Agreement State pner to receipt of the or by license condition shall besi Each licensee shall perform or permitbyproduct matenal, the licensee trans. maintained for the period specified by the Commission to perform. such tests as
fernns the matenal shall venfy that the the appropnate regulation or licen:a the Commission deems appropriate or
transferee's license authorizes the receipt condition. If a retention period is not necessary for the administration of the
of the type, form, and quantity of by. otherwise specified by regulation or regulations in this part and Parts 3135,*
pr: duct matenal to be transferred. License condition, such records shall be including tests of:

(d) The following methods for the maintained u ntil the Commission (a) Byproduct material:
verification required by paragraph (c) of authorizes their disposition. (b) Facilities wherein byproduct ma-
this section are acceptable: (c)(1) Records of receipt of by- terialis utilized or stored:

(1) The transferor may have in his product m aterial which must be (c) R a dia tio n detection and I'

possession, aru read, a current copy of maintained pursuant to paragraph (a) of monitoring instruments: and

the transferee's specific License or registra.g thethis section sha:1 be maintained as long as(d) Other equipment and devices usedn
licensee retains possession of the in connection with the uttlization oret tion certificate: ,* C) The transferor may hau in his-byproduct material and for two years storage of byproduct material.E

possession a wntten certification by the a following transfer," or disposal of the ~

transferee that he is authorized by license byproduct material. (2) (Deleted 43 FR I} 30.54 Control and accounting pro-or registration cert:ficate to receive the 6915.1 (3) Records of transfer of by- cedures for tritium.
type, form, and quantity of byproduct product material shall be maintained by
matenal to be transferred, specifying the the licenses who transferred the matenal (a) Except as spec:fied in paragraph

ggg g glicense cr registration certificate number, for five years after such transfer. (4) g g , ,g
issuing agency and expiration date; Records of d:sposal of byproduct ma- g location more than 10.000 cunes of(3) For emergency shipments the trans- t'. rial shall be maintained tn accordance e g g
feror may accept oral certification by the with { 20.401 (c) of this chapter. g g g
transferce that he is authorized by license (d)(1) Records which must be
or registration certificate to receive the maintained pursuant to this part and,

type, form, and quantity of byproduct Parts 3135' may be the original or a g
,

j
material to be transferred, specifying the reproduced copy of microform if such
license or registration certificate number, reproduced copy or microform is duly r- gissuing agency and expiration date: authenticated by authorized personnel
Previded, That the oral certification is and the microform ts capable of ,
crnfirmed in wnting within 10 days; producing a clear and leg:ble copy after =

d6mmW6m(4) The transferor may obtain other storage for the period specified by Com g g g, g
sources of information compiled by a mission regulations. g
reporting service from official records of (2) If there is a conflict betwe*" the g
the Commission or the licensing agency Commission's regulations in this pe.t 5 id j (b) Written matenal control and sc-
of an Agreement State 13 to the identity Parts 3135,* license condition, or other a counting procedures are not required for
of licensees and the scope and expiration written Commission approval or author :(1) tritium produced or possessed withm
dates of liceitses and registration; or iration pertaining to the retention pened ;;a production or utthzation fac:hty inci-
* AmendeJ 37 FR 9to?. Amended 43 FR 691s.*

g Recesigasted 43 FR 691s.
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PART 30 o RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING-
dental to the operation of the facility: Part 20 of this chapter by telephone and " "*
and * (2) tntium contained in spent fuel, telegraph, matigram, or facsimile any *
other than tritium intentionally produced incident in which an attempt has been # #*" * ** " * "
in or recovered from a production or made or is believed to have been made to * "' * " *

utilization facility for any subsequent commit a theft or unlawful diversion of '** *"I **
use. " (3) (Deleted 43 FR 6915.1 (4) more than 10 curies of such material at provtst ns of the Act or of any rule,
[ Deleted 43 FR 6915 l gany one time or more than 100 curies of regulation or order of the Commission.
{ 30.55 Tritium reports. gsuch material in any one calendar year. (c) Except in cases of willfulness or

(d) of this section, each licensee who
m,' Die initial report shdl be followed within 2 those in which the public health, interest(a) Except as specified in paragraph "

a penod of fifteen (15) days by a written E or safety requires otherwise, no license
transfers or receives at any one time wreport submitted to the appropriate NRC f shall be modified, suspended or revoked I

1.000 curies or more of tntium shall Regional Office which sets forth the 2 unless, prior to the institution of
complete and distribute a Nuclear Ma. details of the incident and its conse- proceedings therefor, facts or conduct
terial Transaction ** Report on Form quences. Copies of such written report which may warrent such action shall have
NRC 741, in accordance with the printed shall be sent to the Director of Inspection been called to the attention of the
instructions for completing the form, and Enforcement. U.S. Nuclear Regu* licensee in wnting and the licensee shall

j Each licensee who transfers such material
latory Commission, Washington, D.C. have been accorded an opportunity to

g shall submit a completed copy of Form _20555. demonstrate or achieve compliance with

Subsequent to the sui' mission of the
alllawful requirements.w NRC 741 to the Commission and three -

A copies to the receiver of the material
promptly after the transfer takes place. written report required by this paragraph,7'

Each licensee who receives such material the Licensee sha!! promptly inform the O { 30.62 Right to cause the withholding,

Office of Inspection and Enforcement by ashall submit a completed copy of Form or recall of byproduct materials.a

NRC 741 to the Commission and to the
means of a written report of any

I
shipper of the material within ten (10) substantive additionalinformation, which _

days after the matenal is received. The becomes availan:n to the licensee. -

W Chh w cause 6 @
Commission's copies of the report shall concerning an attempted or apparent g ,gg g, ,g
be submitted to tne U.S. Energy Research theft or unlawful diversion of tritium.

.
from any licensee who is not equipped to

and Development Administration, Post 3 (d) The reports desenbed in this observe or fails to observe such safety
Office Box E Oak Ridge, Tennessee g section are not required for tritium e standards to protect health as may be

37830, and shall include the Reporting spessessed pursuantprovided in Part 31 of this chapter or for $ established by the Commission, or who
to a general license

zuses such matenals in violation of law oridentification Symbol (RIS) assigned by g
tritium contained in spent fuel. regulation of the Commisston, or in a,tjte Commission to the licensee. (e) The reports described in paragraph manner other than as disclosed in the
(b) of this section are not required for (1) application therefor or approved by the

_

(b) Except as specified in paragraph tntium produced or possessed within a Commission.(d) and (e) of this section, each licensee pr duction or utilization facility -

who is authorized to possess at any one incidental to the operation of the facility,
-

30.63 Violations.., time and location more than 10,000 othu than endum intendonally produced
O curies of tritium shall submit to the An injunction or other court order
3 Commission within thirty (30) days after by or ree vered from a production or

utmzation facWty for any subsequent w W M M M W any g - ;

I March 31 and September 30+ of each
use.. (2) (Deleted 43 FR 6915.1 (3)

tion of any provision of the Atomic
S year a statement of his tntium inventory Energy Act of 1954, as amended, or Title

hundredth of a gram -(Deleted 43 FR 6915.1 11 of the Energy Reorganization Act ofto the nearest
1974. or any regulation or order issuedcalculated at 10,000 curies per gram. -

ENFORCEMENT thmunda A m urt du may W
The { 30.61 Modification and revocation of-

* E*I*** * ,
reports shall be subrnitted to the U.S. !! censes. penalty imposed pursuant to section 234

, Energy Research and Developi' tent (a) The terms and conditions of each;' of the Act for violation of sections 53,57,
g Administration, Post Office Box E. Oak license issued pursuant to the regulations; 62, 63, 81, 32,101,103,104,107, or
n Ridge, Tennessee 37830, and shall n this part and Puts 31-35 * shall be m 109 of the Act, or section 206 of the
' include the Reporting Identification subject to amendment, revision or modifi S Energy Reorganization Act of 1974, or .

'

" Symbol (RIS) assigned by the Com* cation by reason of amendments to the any rule, regulation, or order issued there-
mission to the licensee. g Act, or by reason of rules, regulations and under, or any term, condition, or limita-g

in accordance with the tion of any license issued thereunder, or
_

r- (c) Except as specified .in paragraph *g orders issuedterms of the Act. for any violation for which a license may;-

: (d) of this section, each licensee who is jil (b) Any license may be revoked, be revoked under section 186 of the Act.
= authorized to possess + tntium shall suspended or modified, in whole or in Any person who willfully violates any
; report promptly to the appropriate NRC part, for any material false statement in provtston of the Act or any regulation or
; Regional Office listed tn Appendix D g

,

the application or any statement of fact order issued thereunder may be guilty of
required under section IS: of the Act, or a crime and, upon conviction, may be

* Amended 4t FR 33t6s. because of conditions revealed by such punished by fine of imprisonment or
. Amended 43 FR 69 ts. application or statement of fact or any both, as provided by law.
** Amended 38 FR t33o. .
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PART 30 o RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING -
~

SCHEDULES
Column Colu mnj 30.70 Sc hedule A-Exempt con- a g:

Centrations. Element (atomic !.iquid
'

g

number) Gas and
Column Column concen- solid

I il tration concen-
Element (stomac Liquid aCi/ trationg,,,,,,

number) Gas and mi + acu
concen- solid mI8+
tratiun concen. Idafntum ( 72) ---- Hf 131 7X10*acu tration -----

mt' t acu Hydrogen i 1 ) ---- H3 $X10* 3X10'3
mt'+ Indium (49)----- In 113m I X 10'3-----

In 114m X 10"Antimony (51) --- Sb 12 3X 10-4
-----

-----

I dine (53) ----- 1 126 3X10* 2X10"Sb 1 4 2X 10-.- - . - - -

I 131 3X 10* 2X10"Sb 125 IX 10-)-----

Argon (18). ----- A 37 IX10" I 13: 8X10" 6X 10"- - - -

A 41 4X10" 1 133 IX10" 7X10"- - - - . .

9 1 134 2X 10" I X 10''. Arsenic (33)----- - As 73 = = 5X10
Iridium P)----- Ir190 2X 10'8As 74 $ X 10-*

-----

Ir 192 4X10*As 76 2X 10-*
-----

-----

If 194 3 X 10''As 77 8X10*
-----

-----

Ir n (26) Fe 55 8X 10"Barium (56)----- Ba 131 OX 103
------ -----

-----

Fe 59 6X 10*Ba 140 3 X 10-*
-----

-----

Krypten (36) ---- Kr35m IX 10*Beryllium (4) ---- Be 7 2X 10 2
-----

-----

Kr85 3X 10*Bismuth (S3) ---- Bi 06 4X 10* -----
-----

nt snum ( D - La 140 :X 10''Bremine (3 5 ) ---- Sr 30 4X 10" 3X10 3
-----

Lead (82) ----- Pb 203 4X 10-3Cadmium (48) --- Cd 109 'X 10-3
-----

-----

Lutetium I71) Lu 17' s---- IX 10"---

Cd I15m 3X10"g - -----

e Man 3anese ( 5)--- Mn52 3X10"ale Cd i 15 3 X 10''
-----

- - - -

1 Mn54 1X10"y Calcium (20) ---- Ca45 - - - -

9X10 m-----
4

< 4 m Mn56 ---- IX10g Ca 47 'X10- - - - - -

erm ( ) --- Hg IMm X 10*3Carben (6) ----- C 14 IX 10* 8X10o
---

9 X 10-.
Hg 197 3xloJCerium (5 8)----- Ce141 -----

-----

Hg203 :X10*Ce 143
-----

4X 10- - - -

d""" " I - " 99 ---- X10"Ce 144 1X 10"-----

Neodymium (60)-- Nd 147 6X 10"Cesium (55 )----- Cs131 2X 10-2
-----

-----

Nd I49 3 X 10-2Cs 134m 6X 10-:
-----

-----

Nickel (28) ----- Ni65 !X10"Cs 134 9X10"
-----

-----

Ni bium (Colum- Nb 95 IX 10'8Chlorine i ! *) ---- C138 9X10" 4X109
-----

biu m) (4 I )----- Nb 97 9X10"Chromium (24)--- Cr 51 'X 10-2
-----

-----

Osmium (76) ---- Os 135 7Xlo*Cobalt (27) ----- Co57 X103
-----

-----

9 Os 191m 3X 10~3Co 58 iX10
-----

-----

Os 191 - - 2X 10~3Co 60 $X 10-4-----

9 Os 193 6X 10''Ca ppe r ( 09 ) ----- Cu 64 -----

3X 10-----

Palladium (46) --- Pd 103 3X 10*3Dysprosium (66) -- Dy 165 3 -----

4X10-----

Pd 109 49X104Dy 166 -----

4X 10-----

Phosphoms (15) -- P 32 2X 10''Erbium (68)----- Er 169 9X 10'*
-----

-----

9 Platinum (78)---- Pt 19I 1X 10*3Er 171
-----

1X 10-----

Pt 193m IX 10'3Europium (63) --- Eu 152 6X10
-----

-----

Pt 197m IX10"(T/ =9.2 Hrs)
- - - - -

9 Pt 197 I X 10*3Eu 155
-----

2X 10- - - -

3 Potassium (19) --- K 40 ----- 3 X 10'3Flutrme (9)----- F 18 2X10* 8X10
9 Prase dymium Pr 142 3 X 10**Gadolinium (64) -- Gd 153 - - - - - -

*X10----- ~
( 5 9 )--------- Pr 143 $X10"Gd !$9 8X 10.

-----
-----

4 hommum (6 U- Pm 147 2X 10~3Gallium (31) ---- Ga 7: -----4X!0-----

9 Pm 149 4x10*Germanium (32) -- Ce 71 ----

h'X 10
-----

9 Rhenium (7 5)---- Re183 6X10*3Gold (79) ----- Au 196 -----

X10-----

Re 136 9X10"Au 198 $ X 10-4
-----

-----

Au 199 ,v. : Re 155 ----- 6X10''- - _ _ ,

Vtlues are given only for those matertals'
*

normally used as gases.
' sClism for sulids.
P Amended 38 l'R 19314.
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PART 30 o RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING-

Column Column Column Column
I !! ! !!

LiquidLiquid Element (atomic g3,,op,Element (aturnic (soto p Gas andGas and number)numtwr)
concen. solid concen. solid

tration concen. tration concen-

#C1/ tration aC1/ tration

m !' t aCI/ m1' t aC1/
jmt'+ mi3+
I

IX 10*8Rhodium (45) --- Rh 103m - IX 10'' Zine (30) - Zn 65 - - - -

7X 10"IX 10'' Zn 69mRh 105
--------

2X 10'87X 10" Zn 69Rubidium (37) --- Rb86 - - - ------

4X10'' Zirconium (40)- - Zr 95 6X10"Ruthemum (44) - Ru 97 ----

2X 10"8X10" Zr 97Ru 103 ---------
4IX 10'' ' IX 10Ru 105 I X 10'' Beta and/or gamma ---- ---

IX 10"* $ emitting byproductRu 106 ----

8X 10" * material not listedSamarium (62) -- Sm 153 -----
g

4X 10" * above with half-lifeScandium e:1) --- Sc 46 -----

9X10'' R less than 3 years.Sc 47 ----

Sc 48
- 3X10*

3X 10*8 NOTE 1: Many radioisotopes disantagrate into isotopes which are
Selenium (34)---- Se 75 - - - -

9X10 3
als radi active. In expressms the concentrations in Schedule A. the

Silicon ( 14) ---- Si 31 ******"*""i''"***''"'''""'''''**"#''""I"******"''"*----

1 X 10''Silver (47)----- Ag 105 --- daughters.
3X10* NOTE 2: For purposes or i so.ta where there is involved aAgIlom -----

4X10" comeination or isotopes. the limit for the combination should beAg 111 -----

2X103 derived as toitows:
Na 24 D*"'*i"*'""**i'***''i"'"'''*d"*''"*""*6''*""'"'Sodium (l!) - - - ----

Strontium (38) --- Sr 85 *
- IX 10'8 concentration present m the product and the esempt concentration.

IX 10 4 estaditaned in schedule A for the specific isotope when not inSr 89 -----

7X 10" combination. The sum or such ratios may not exceed "t -(i. .. unity).Sr91 -----

7X 10'* Example:',
Sr92 ----

* Sulfur ( 16) ----- S 35 9X 10' 6X 10'' C "('a'"'i*" *f f' ' '' A in er duet t,, ,

'''*'''"**"'"''"*'i''''^4X10" Cuncentneton of tsotope B in ProductN Tantalum (73) --- Ta 182 ,---

' '' ' 51I X 10'' " " ' " ' " * * " ' " " " " * '* Technettum (43) -- Tc 96m -----

1X 10~88 Tc96 -----

2X 10'8Tellurium (52) --- Te 1:5m -----

6X 10" @ 30.71 Schedule B.
-

Te 127m -----

3 X 10~8
| Te 127 - - - -

3X 10'* Byproduct material .tricrocuriesTe 129m' - - -

6X 10"Te 131m - - - -

3X 10'' Antimony 122 (Sb 122) 100Te 132 -----

4X 10* Antimony 124 (Sb 104) . .. 10Terbium (65) ---- Tb 160 - - - -

4X 10~8 Antimony 125 (Sb 125) 10
| Thallium (81 )---- T1200 ----

3X 10~8 Arsenic 73 (As 73) . 100! Tl 201 - - - - ..

Tl202 - IX 10~8 Arsenic 74 (As 74) . 10. .

IX 10'' Arsenic 76 (As 76) . 10,

.T1204 -----

!
.

SX10" Arsenic 77 (As 77) . 100
| Thulium (69) ---- Tm 170 - - - - .

5X 10'' Barium 131 (Ba 131) . 10 iTm 171 --- . .

9X 10" |e= Barium 133 (Ba 133) . 10 |,

Tin (50) ------- Sn 113 . .. '-----
i

2X10" 2 Barium 140 (Ba 140) . . 10Sn 125 ---- .

Tungsten (Wolf- W 181 = 4X10~8 3 Bismuth 210 (Bi 210) I... .

7X10" f Bromine 82 (Br 82) . . 10ram)(74) --- W 187 -----

3X10" A Cadmium 109 (Cd 109) . 10
! Vanadium (23) --- V 48 = - .

Xenon (54) -- - Xe 131m 4X 10" Cadmium 115m (Cd i15m) . 10

Cadmium 115 (Cd 115) . . . . 100Xe 133 3X10* ----- ,

'

Calcium 45 (Ca 45) 10Xe 135 IX 10' -- -- .. . ..

IX 10'' Calcium 47 (Ca 47) 10Ytterbium (70)-- Yb 175 - - - - . .. .

2X10" Carbon 14 (C 14) . . . . 100Yttrium (39) - Y 90 ----

3X 10'2 Cerium 141 (Ce 141) . 100Y 9tm ---- . . ..

Y 91 -- 3X10" Cerium 143 (Ce 143) . 100.

' 6X10" Cerium 144 (Ce 144) . !Y9 ----- . .

Y 93 3 X 10'' Cesium 131 (Cs 131)--- . . 1.000
|Values are given only for those materials'

Added 36 FR 16895.norrnally used as sases.
". AJ4ed 3s FR 39f 2.' aCl/sm for solids.

? Amended 38 FR 29314
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PART 30 0 RULES OF GENERAL APPLICABILITY TO DCMESTIC LICENSING -
Byproduct merenal Microcunes Byproduct matenal Microcuries Byproduct matenal Microcunes

Cesium 134m (Cs 134m) .. 100 Neodymium 149 (Nd 149) 100 Tellurium 127 (Te 127) . 100.

Cesium 134 (Cs 134) . 1 Nickel 59 (Ni 59) . 100 Tellurium 129m (Te 129m) . 10.... ... . . .

Cesium 135 (Cs 135) . 10 Nickel 63 (Ni 63) . . 10 Teilunum 109 (Te 109) . 100... ..

Cesium I36 (Cs 136) . 10 Nickel 65 (Ni 65) ... . .. . t00 Tellurium 131m (Te 131m) . . 10

10 Niobium 93m (Nb 93m) t0 Tenurium 132 (Te 130) . 10Cesium 137 (Cs 137) . . . . . . . ...

Chiertne 36 (C136) . 10 Niobium 95 (Nb 95) 10 Terbium 160 (Tb 160) . . . . 10.. .. ....

Chlorine 38 (Cl 38) . . . . . . 10 Niobium 97 (Nb 97) 10 Thallium 200 (TI:00) . 100.. ....

Chromium 51 (Cr $1) . . .. 1.000 Osmium 185 (Os 185) . 10 Thallium 201 (T1201) .... . . 100
. Csbalt 58m (Co 58m) 10 Osmium 191m (Os 191m) . . 100 Thanium 202 (Tl 202) . t00. . . .

C:balt 58 (Co 58) 10 Osmium 191 (Os 191) 100 Thanium 204 (Tl 204) . . 10. . .. .. . ..

Cobait 60 (Co 60) 1 Osmium 193 (Os 193) t00 Thulium 170 (Tm 170) 10. .. . .. .

Cs pper 64 (Cu 64) . 100 Panadium 103 (Pd 103) . . 100 Thulium 171 (Tm 171) 10.... . .

Dysprostum 165 (Dy 165) . . . 10 Panadium 109 (Pd 109) . 100 Tin I13 (Sn 113) . 10.

Dysprosium 166 (Dy 166) . . 100 Phosphorous 32 (P 32) 10 Tin 125 (Sn 105) . 10.. ..

Erbium 169 (Er 169) . 100 Platinum 191 (Pt 191) . . 109 Tungsten 181 OV 181) . 10. ...

100 P!atinum 193m (Pt 193m) . 100 Tungsten 185 OV 185) . 10Erbium 171 (Er 171) . .. .

Europium 152 9. h Platinum 193 (Pt 193) . 100" Tungsten 187 OV 187) . 100. .

(Eu 15 9. h) 100 Platinum 197m (Pt 197m) . 100N Vanadium 48 (V 48) 10... .. ..

Europium 15213 yr Platinum 197 (Pt 197) . 100 Xenon 131m (Xe 131m) 1.000
(Eu 15213 yr) I Polonium :10 (Po :10) 0.1 Xenon 133 (Xe 133) 100.. .. ... . .

Europium 154 (Eu 154) 1 Potassium 42 (K 42) . . . 10 Xenon 135 (Xe 135) . 100 I.... . .

Europium 155 (Eu 155) 10 Praseedymium 140 (Pr 142) . 100 Ytterbium 175 (Yb 175) 100
'

....... . ..

Fluorine 18 (F 18) . . 1,000 Praseodymium 143 (Pr 143) 100 Yttrium 90 (Y 90) . 10 <.. ... ... .

Gadolinium 153 (Gd 153) 10 Promethium 147 (Pm 147) 10 Yttrium 91 (Y 91) . 10...

Gadolinium 159 (Gd 159) . . . . . . 100 Promethium 149 (Pm 149) 10 Yttrium 9 (Y 92) . 100.

Ganium 72 (Ga 72) . 10 Rhenium 186 (Re 186) 100 Yttrium 93 (Y 93) . . 100 ,. ..... . .....

Germanium 71 (Ge 71) . . 100 Rhenium 188 (Re 188) 100 Zinc 65 (Zn 65) . 10
'

.. ..

g Gold 198 (Au 198) 100 o Rhodium 103m (Rh 103m) . 100 Zinc 69m (Zn 69m) . 100 )... ....

3 Gold 199 (Au 199) 100 3 Rhodium 105 (Rh 105) . . 100 Zinc 69 (Zn 69) . 1.000 i.....

g Hafnium 1-81 (Hf 181) . lo s Rubidium 86 (Rb 86). . 10 Zirconium 93 (Zr 93) 10 I
. . ...

g H:Imium 166 (Ho 166) . . . . 100g Rubidium 87 (Rb 87) 10 Zirconium 95 (Zr 95) 10. .

1.000 Ruthenium 97 (Ru 97) 100 Zirconium 97 (Zr 97) 10Hydrogen 3 (H 3) . . . .

Indium 113m (In i13m) 100 Ruthenium 103 (Ru 103) 10 Any byproduct material not listed. . .

Indium 114m (In !14'n) 10 Ruthenium 105 (Ru 105) 10 above other than alpha emitting.. .

Indium 1 im (In i15m) 100 Ruthenium 106 (Ru 106) . . . I byproduct matenal, 0.1 |... .

Indium !!$ (in 115) . 10 Samarium 151 (Sm 151) . 10 -
'

... ..

Iodine 125 (! 125) . . . I Samarium 153 (Sm 153) 100. ..

I: dine 1:6 (I 126) . . I Scandium 46 (Se 46) . 10.. ... .

... . 0.1 Scandium 47 (Sc 47) . . 100I: dine 109 (I 129) .
Iodine 131(! 131). I Scandium 48 (Sc 48) 10 I. .... . . . ..

)lodine 132 (I 130) . . . 10 Selenium 75 (Sc 75) 10..

Iodine 133 (I 133) . . . . . I Suicon 31 (Si 31) . . 100 '
.. .. .

todine 134 (I 134) . . 10 Suver 105 (As 105) 10 |. .. . .

Itdine 13 5 (I 135) . . . . . . . . . . 10 Silver 110m (As 110m) I. . ;

Iridium 192 (tr 192) 10 Silver !II (As 1I1) . 100 l. .. . . .. ..

tridium 194 (It 194) . . 100 Sodium 24 (Na 24) . 10 I
.... .. ...

tr:n 55 (Fe 55) . 100 Strontium 85 (Sr 85) . . . . 10 l... ....

Ir:n 59 (Fe 59) 10 Strontium 89 (St 89) . . I. ..., . . ... .

Krypton 85 (Kr 85) . . 100 Strontium 90 (St 90) . . . . . . . . 0.1... . .. .

Krypton 87 (Kr 87) . 10 Strontium 91 (St 9!) . . . 10. .. .

1.arthanum 140 (La 140) . 10 Strontium 92 (St 92) . . . 10. .. .

!.utetium 177 (Lu 177) . . . 100 Sulfur 35 (S 35) . 100. . . .

M:nganese 52 (Mn 50) . 10 Tantalum 182 (Ta 182) . 10.......

Manganese 5 4 (Mn 54) . . . . . . 10 Technetium 96 (Tc 96) 10...

Manganese 56 (Mn 56) . 10 Technetium 97m (Tc 97m) 100. ... .. .

Mercury 197m (Hg 197m) . 100 Technetium 97 (Tc 97) 100 NOTE.-The reporting and record. .... .

Mercuty 197 (Hg 197) . . 100 Technetium 99m (Tc 99m) 100 keeping requirements contained in this....

Mercury 203 (Hg 203) . 10 Technetium 99 (Tc 99) 10 part have been approved by the General.. ... ..

M:tybdenum 99 (Mo 99) . 100 Tenurium 125m (Te 105m) . 10 Accounting Office under B.150005 |
. ....

N:odymium 147 (Nd 147) . . . . 100 Tenunam 127m (Te 127m) . 10 (R0079), TMP9) and (R0173). |
..

30-il August 1,1080

_



, -

48234 Federal Register / V:1. 44. No.161 / Frid;y, August 17.1W9 / Propos;:d Rul;s

NUCLEAR REGULATORY radioactive materials in greater than
COMMISSION " Type B" quantities and of fissile

materials.'
ggggPg J7 Subsequently. AEC regulations were

Packaging of Radioactive Material for extended to include Type D [ greater
than Type A) quantities. Among theTransportation and Transportation of requirements adopted was one that

Radioactive Material Under Certain
Conditions; Compatibility With IAEA packages for greater than Type A

quantities of radioactive materials andRegulations packages for fissile materials had to
AGENCY: U.S. Nuclear Regulatory satisfy certain specified performance
Commission. criteria when subjected to severe
Action: Proposed rule. conditions known as " hypothetical

accident conditions."
A Typg A quamatedal u conu,ntity of non. fissilesuumARY:The Nuclear Regulatory

Commission is considering revising its ked not a sedous
regulations for the transportation of hazard if packaging failure occurs in an
radioactive material to make them accident: however, Type A packages
compatible with those of the must be able to witnstand a wide range
International Atomic Ene gy Agency f specified conditions which may be
(IAEA) and thus with those of most experienced in normal transport. The
major nuclear nations of the world. regulad ns of e Depanment of
Although several substantive changes TranspoNadon@1,n 49 CFR Parts 170-179
are proposed in order to provide a more specify the requirements for these
uniform degree of safety for various packages.
types of shipments. the Commission's The regulations m, the AEC,s to CFR

b'asic standards for radioactive material Part 71. as revised in 1968, were

packaging would remain unchanged. substantially in accord with the
The Department of Transportation is recommendations of the International .
a!au proposing a corresponding rule Atomic Energy Agency (IAEA) as
change to its Hazardous Materials published in IAEA Safety Series No. 6.
'I ransport Regulations. " Regulations for the Safe Transport of

DATES: Comments must be received on Radioactive Materials"(1967 edition).
Or before October 16.1979.

Only minor changes have been made to !
10 CFR Part 71 since that time except for '

AcoREssEs: Interested persons are the change in the administration of Type !
muted to submit written comments and B packaging requirements and the
suggestions on the proposal and/or the addition of I 71.42 placing restrictions
supporting value/ impact analysis to the on shipment of plutonium.
Secretary of the Commission. U.S. No special restriction on air transport*

Nuclear Regulatory Commission, of plutonium is imposed by the present
Washington. D.C. 20535. Attention: of proposed to CFR Part 71. because the
Docketing and Service Branch. Single congressional legislation restricting such
copies of the value/ impact analysis may shipment and resulting in the NRC

|be obtained on request from the contact development of a Plutonium Air
!identified below. Copies of the value/ Transport (PAT) package is a separate !.mpact analysis and of comments and overriding requirement. A separate |

ri aived by the Commission may b,, rulemakmg is being undertaken by the |
examined m the Commission's Public Cornminion to address restrictions on
Document Rcom at 1717 H Street. N.W the air transport of plutonium.
Washington. D C. Several years f experient.e in the
FOR FURTHER INFORMATION CONTACT
Mr. Donald R. Hopkins, Office of dicate th t iE gula ons
Standards Development. U.S. Nuclear were generally sound and practical and
Regulatory Ccmmission. Washington. that they prosided a reasonable doa
D.C. 20555. Telephe . 301-413-5946. of safety. Although several Type B

packages (i.e.. packages containing more
sUPPt.EMENTARY INFORM ATION: In 1968
the Atomic Energy Commission (AEC)

than a Type A quantity) have been

amended its regulations in 10 CFR Part involved in severe accidents in the

71, then entitled " Packaging of United States. no known escape of

Radioactive Material for Transport" (33
'Present resulanons diennguish amons Type AFR 17621), to be compatible with the quannty (the maximum amaunt of a parncutor

Department of Transportation's revision ridinnuraida that may ba transported in a pack se
(33 FR 14918) of its regulations designed to withstand specified condinone of

normal transportanon 1,ut not the simulated
pertaining to safety in the transport of accident conditions). Type a quantity b speaned
radioactive material.The AEC amount greater than a Type A quan ity but
regulations at that time applied to the 'd' nan 4 mqmnes no special

packaging and transportation of remoesij. and a tarse quanney (provision for heatsteater than a Type
8 quanuty).

_ _ _
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radioactive material has resulted. It did
effective date or before expiration of the

each radionuclide two values. A, and

certificate of compliance whichever is A.. which are the maximum number of
cunes permitted in Type A packages inappear.however that a more uniform later.degree of safety for various designs and

It is essential that NRC and
special form and normal form.

for different package contents was respectively.The Ai and A. values for
desirable and could be achieved without Department of Transportation various radionuclides are listed in the
undue restriction by some modification regulations be consistent and that proposed ' regulation.
of the design requirements and related changes to the regulations of the The value of Ai for special form

two agencies be made simultaneously.
performance criteria of the IAEA The proposed changes to DOT's 49 CFR

materialis intended to limit the possible
regulations. parts 170-179 and DOT's proposed new external radiation dose rate to I rem /

and 1972 to review their transportation Part 127 to Title 49 to make them
hour at 3 meters from the source if theThe IAEA convened panels in 1971

consistent with the relevant portions of contents of the package are released.
regulations and to recommend the 1973 IAEA requirements have except that an upper limit of 100 curies
appropriate amendments. All member
countries with a well developed nuclear already'been published in the January 8. is imposed. Special form material must

industry and many international
1979 issue of the Federal Register. also be nondispersible as determined by

certain stringent criteria (which differ
organizations were represented on the. Major Changes somewhat from present criteria for
panels, the United States participated m The major changes to 10 CFR Part 71 specialform) which are set forth in
the program and in fact initiated many being proposed deal with assignment of Appendix D of Part 71.

The bases for the A. value for normalof the amendments.The IAEA individualized Type A quantitles for
material (that is. material not in specialsubsequently issued the 1973 edition of each radionuclide, and the addition of
form) are:(1) and accident of rnoderateSafety Series No. 6. " Regulations for the new Type B(U) and Type B(M)
severity might release 0.1% of theSafe Transport of RadioacFve

packaging standards. These major
contents and 0.1% of the amountMaterials." Reasons for significant changes are discussed in the following released might then be taken into thechanges from the 1967 edition are

documented in proposals submitted in paragraphs. body of a human being in the vicinity;
advance to the IAEA by member Individualized Type A Quontities this intake should not exceed half the
countries. In working papers prepared One important change that would be maximum permissible annualintake for
by study groups during the course of the made by the proposed regulations is the workers as given in IAEA Safety Series
meetings and in the taped record. Much elimination of the system used to specify No. 9," Basic Safety Standards for
of this background information is the quantity of radioactive material Radiation Protection" (1967 Edition):
summarized in IAEA Safety Series No.

permitted in Type A packages. Under
and (2) A. shall not exceed A,. Intake
values are based on the International37, " Advisory Material for the the present system, radionuclides are Commission on Radiological ProtectionApplication of the IAEA Transport divided into seven transport groups

Regulations." which take account of toxicity and (ICRP)1966 recommended limits for
Based on figures compiled for the radiation exposure.

calendar year 1975 more than 10.000
specific activity, plus a "special form" The following table compares the

packages of radioactive material are
category for materials which are not present special fcrm and normal form

exported annually from the United
dispersible because of their inherent limits with the limits that would be
physical form or because of suitable applicable under the proposed rule. forStates. In order to minimize encapsulation. Under this system. the several of the more commonly shippedcomplication and delay and encourage allowable number of curies for each radionuclides.uniform safety of these export shipments radionuclide in a group is in most cases The adoption of Ai and A. values willand those which are imported revision
the same as the allowable number of sometimes permit a single Type Aof United States domestic regulations in
curies for the most toxic member of the package to replace two or more present10 CFR Part 71 is proposed.This group.This method is unnecessarily Type A packages. Also, some of therevision. In combination with a restrictive when applied to the less toxic small number of Type B packages withcorresponding amendment by DOT of
group members, which in some cases contents near the lower limit for Type B

Title 49 of the Code of Federal have a maximum permissible body could be reclassified as Type A.Regulations. will bring the U.S.
burden more than ten times that of the However, the number of Type Aregulations into accord with relevant more toxic members. packages and the total amount ofportions of the IAEA design and The proposed regulation eliminates materialin Type A packages is not

performance requirements to the extent transport groups. Instead, it assigns to expected to be significantly affected.considered feasible. thereby making
,

them compatible with the domestic
regulations of most of the international tow ry,.ap.o.o e ,

community; remaining differences are
discussed below. Although procedures *=*o=a *=* *oco***

for implementing and enforcing the , ,,,, , ,

regulations necessarily vary somewhat
among countries, the IAEA , _ . . o o mi s o w.
administrative requirements are also -.4,t 20 20 'mo 'a

"C -
---.N-- ' '"

being adopted where appropriate. D-- -'k~ ,# s' "' 7

Packages of design having a valid m- - - m 2 so a-

effective date of this amendment will be kr - 2 |-~- $ $a'cs- " 'certificate of compliance as of the

-uo - -
_u_ _ ro ro im tw

"o m, 'o oo,*
treated as complying with the amended " "

regulations provided fabrication is in ",1* zzz - ._ , ; -

- su._. -
t...__.-_ .o a os to n

' " " - -- ' " - " ' '" 02
accordance with design and has been
completed within two years after the



48236 Federal Regist ' Vcl. 44. No.161 / Fridny. August 17. 9 / Propos;d Rul;s

For some r:dioactive mitirirls in Comparison With Current Regulations Where no entry is shown, there is no
special form the Type A limit will be closely corresponding paragraph or
increased and for some the Type A limit Set forth below in a cross.index of section.
will be decreased. The change in the paragraphs contained in the proposed The administrative requirements in
number of such packages is also revision of Part 71, the present Part 71. the United States for application to the
expectsd to be small. and IAEA Safety Series No. 6 Nuclear Regulatory Commission for

Regulations for the Safe Transport of
Type B(UJ-Type B(MJ Packaging Radioactive Materials" (1973 Revised

approval of a package design, for review
by the Commission staff, and forStandards Edition). Omissions from proposed Part
documentation of design and approvals

iType B packages regulated by the 71 of requirements in IAEA Safety necessarily differ from those described -

NRC currently fall into two categories: Series No. 6 are not shown; however, in IAEA Safety Series No. 6. For most of
such omissions of a technical and these items, no cross-index with IAEAthose containing Type B quantities and
substantive nature are discussed later. Safety Series No. 6 is shown.those containing "large quantities of

radioactive material The present upper
crou iniseslimit for Type B quantities and the

designation of amounts greater than that
limit as "large quantity" were preco a pra.n i4s4 weyestablished at a time when large "o"*"" ****'""""a*
quantities of radioactive material. supan A.G d m mparticularly in the form of irradiated pwoo
fuel, were thought to require special scoe.

7.. : ru
7s 2 71 2

provision for heat removal and special
consideration of the possible escape of g * "'*"" a mmene r| 8- y3

Tr.r con on e ac n ris itscoolant under accident conditions. so.aae

However, experience has shown that. g e, ga
emme.on * io. me.nw. 7ts rtrwhile some present Type B quantities do E'*"paoa * '*** ***"

its its
require special consideration of heat Uou NE__NM Ei$removal, some large quantitles do not Homoe.a=ou. hyd. ==i

riikcL. 7teie sone)require such consideration. Also. the
X""."Us emisoi NE_ NN "'$hazard associated with escape of i ne au 'tsn ooim

i

radioactive material is not appreciablz g,,""**,,,,,,, nmi- " " ' 'o
dependent upon whether the o.n.rs .c.a n = m.n- ruo

roi rusaccompanying non-radioactive material Zgg r;jt rf"*8is classifled as a coolant. Therefore, the r c = m. ca. i. ,,
ruuci runeproposed rule would combine the |= c,a", *g e.=, a __njg,___,,c en

existing Type B and large quantities. ,
,o ,. .c.n.. .,,,=.o pecue run rua.Two classifications of Type B C*",,*",",'',",**- "j "js, , , , , , ,

packaging, designated as Type B(M) and Aoe.on , ,.n.- rus rusType B(U) have been established by the ^=*"** * a'a"o 'ce = rue
IAEA and are included in the proposed sue,.= s-Anucam paa paca.on An .t

regula tions. For international shipment.
Q C.ma.on ~ N$ r[2ythe Type B(M) package requires pecame. a nn 7t:3approval by the competent authority of
1*",".'*,.",.',,',,c,_,, ,.cosr.,,o.no,

y 2* "y,,

Cach country into or through (but not
so

ever) which the package is transported. o.non.n.on . n
rtai . tw, ro,.re,i.e multilateral approval. Any special

for-reed: sign fe'atures or operational controls **"m'**' *M '***'" "b- "'h,3cf the Type B(M) package will thus be **.num om.aaen ,,,

7tum _. in ssaien riosubject to review for consistency with ,s n e 3 og _, ,,n, ,c.
the practices and procedures of more r oo.n o.-
th:n one country. The Type B(U) **"****="***"a 7t m ._ 7t3u. 23

rt32m ri3ke tis
package is intended to require approval v.h,or. ri 32t,g)

, e
p. mee. m no, un.co,s 222

n a ,g n33m ,3ont by the country of origin (i e
Ad**"* **"*"*"' 'o' og* p*a*g*.* ****** a acad*a

8

una ateral approval) and for this reason Ad8.on 1 regwem.nts for n ue rtasm 229. as
,ri 34p. ,.,n,m n

h: numerous special features of design ra- cooane sve-a. , 3,_, , t3 ,,
,,,, no.7tsam nand performance as desenbed in "*",",",',O',,,,,,,, "jg- , ,22s

p,,
proposed i 71.34. Proposed Part 71. co r..no pre w. ima ti w e.,
h wever. makes no distinction between ,,,,',,"",8O%,, "gm. (ob

ns*
nr. noType B(M) and Type B(U) package o,n,,,,,,,,,,,,,,,,

designs with respect to required uaue m.ne. no on
,ta,,,, _ ,,

approvals. Both types will fall within the **""""c'*aa""***** n a .x 3 rtas so,
p=*m. ace m acad== t' 3 Sax 3L- rt35*> eosgenerallicensa provisions of I 71.12 for so.c .na ,. n 3s.xai_. ri se=> eor. eir

7tm.xsn 7tne ear. sirimport and export, and will require F== cha ' - n 3 set- ri sa_ mespecific NRC approval for shipments D c*.*. '". "$* - " 8' yf '
wholly wtthin the United States. In some pecue.*=v

tva.t n atcircumstances, the NRC must also .

approve the conditions of transport for a
Type B(M) package.



Feder:1 Register / si. 44. No.161 / Frid y. August 17. 1979 Proposed Rul;s 48237

of time shorter than a year for pressure
crose inee.-conomed buildup.

A definition of " stress intensity" has*

been added in proposed i 71.4(q).ThisProcond Pr.s.nt IAEA uf.,y

* ,.gu con ,.pnan. nu % e
term is used in proposed i 71.34 (f) and

7tse 7t.2 (g).
so.c,m ouan.um r.w a.ac. - 7: 27
Pr.wou ly .corow.0 p.c..g _ 2.Section 71.8-Exemptionforlow

sem o--on.sn o comers u.o oocnown.r

*g g^g,,,,, _yy 'jj levelmaterials. Low. level solid,a3 matenals and low specific activity
. n sa ri ss ne

NN~~i as%m~~.~ soe.ss4.y materials evenif they should escapefrom the packaging, present little hazard
p,.,,,an.,y a.i-min.no, Y
So"."".* C, '.r."l.G.T 7tsme _ inasse to individuals in the public because the, . , . , , , , , 7t on_ in.ssam._. soa

75 ss _ _ N'ss'
concentration of radioactivity is small. ,nm cone.manon '

and individuals have a limitede,,,,,,,,,,,,,,,an. ri so tiei -.-

yg yy capability for inhalation and ingestion ofm.oon..

the material. The risk to an individual
fn**o.L*on .n

i _
._ ~ - 7to. 7 t .s.

does not depend to a significant extentvioi non.
on the curie quantity.These materialsAns=ours

een A A 2

Norm.i conenon. e tran.oort have therefore been exempted from the
Aon s _ Aap.s ris-72,

requirements of the proposed Part 71..os.i tyo coo.nt condeon. App. c

Ano.o $ "oS
but must satisfy the requirements of thec. =nanon a A, .no A..

no-nr
applicable regulations of theI.T."o "" or, .

Aco. s. . esa e
Department of Transportation. Thisc4 ,.w., .ne.

' As w nca in we ons or nr ar. pas aico.g'a in are io e. pro
an. e .$ cm p.,t in e e. ,.p.aoas 8 exemption was requested in three

petitions currently pending before NRC.
**U"*""*"'#***"""*"" Type A quantities continue to be exempt

Some changes have also been made from the, requirements of Part 71.
Detailed Changes

3.Section 71.G~exemptionforfissile
mfena d

fo , ,p ci i ac i t I s willIn addition to the major substantive material. Proposed i 71.9(a) will require
changes to Part 71 previously discussed be related to A. values rather than to that for up to 15 grams of fisste material
and numerous editorial changes for the transport group. Articles, such as be exempt from the requirements oft
purpose of clarity or conciseness, there contaminated equipment, with non. fixed i 71.35 (standards for fissile material
are several other minor modifications" surface contamination have been packages), the smallest external
These changes are described below and included within the LSA definition. dimension of the package shallbe not
are accompanied by a reference to the hiethods of concentrating the activity in less than 10 cm. Since 15 grams of some
section or paragraph of the proposed transport, such as leaching and fissile matenals could physically be
rule where the change appears. evaporation, must now be considered. c ntained in a smaller reckage, the

1. Section 71.4-Definitions. Many F nally, the limit for tritium oxide in requinment is consistent with prnposed
definitions needed to reflect the aqueous solution, after consideration of i 71.35 (aM3)0v) nlating to size d
proposed changes to Part 71 have been the hazards due to wettfitg of the skin aperture in outer surface of paciaging.
added, and some existing definitions and to possible inhalation of vapcts, has Paragraphs (c)through(g)of f 71.9
have been appropriately modified. been increased from 5 curies / liter to 10 c ntain several changes and additions
These changes reflect the meanings of curies / liter- to the exemptions for fissile material.
terms as used in the proposed revision The IAEA regulations define These changes and additions to the
to the regulations. " maximum normal operating pressure" exemption standards for fissile material

The term " containment system." (MNOP) as the maximum pressure that include:
defined in proposed I 71.4(c) replaces would develop in one year without a. Reduction from 7600 to 5200 of thethe existing term " containment vessel." venting or special cooling under g g, g

The containment system may include a expected but unspecified ambient hydrogen to fissile material (H/X) that
vessel as well as other components conditions for that period of time.The t W edd fm 500 m %
intended to retain the radioactive conceptis applied in those regulations fissile radionuclide to be exempt from
material during transport. only to T e ( pac ges oe w tne packaging requirements of proposed

A new classification of radioactive , p ,,pp g 71.35. A concentration limit of 5 grams
material. Iow level solid' (LLS) allowable stresses are imposed. per liter will be imposed on this
radioactive material is being added to
the regulations. it is defined in proposed In the regulatory changes proposed

material.These changes eliminate the

i 71.4(g) and is similar to "!ow specific herein, the MNOP concept is applied to need for the H/X requirements presently

activity" (LSA) material except that the Type B(M) packages, and the MNOP is imposed by I 71.7(b)(4)(iii) and

then assumed to be a normal condition ! 71.9(d)(3).
LLS concept permits a ; water
concentration of radioactWe materialin of transport at the time of the tests
the contents of a package and a higher desenbed in Appendices A and B. At the

surface contamination, while imposing same time the regulations recognizes. in
I 71.31(c). that in some casesgreater restrictions on the dispersibility operational controls. as with a sole.useand on the permissible method of
shipment. may justify assuming a period

shipment.
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b. Application of quantity limits for Proposed i 71.32(e), relating to tie- 10-. As per hour or better. The
bulk shipment to the vehicle rather than down, is a modification of the existing acceptance criteria and methods of
ta the package. I 71.31(d). The present specification of demonstration, which take account of

c. Extension to uranium metal of the strength corresponding to 2.10. and 5 the relative toxicities of the various
present limitations for exemption of times the weight of the package in the radionuclides, are addressed in
ur:nium compounds. vertical. longitudincl. and lateral Regulatory Guide 7.4. " Leakage Tests on

d. Removal of the restriction on the directions. respectively, has been Packages for Shipment of Radioactive
t:tal amount of fissile radio-nuclides per ehmmated because for normal transport Materials.
package, provided the concentration the required strength depends on the The IAEA option of designing Type
does not exceed 5 grams per 10 liters. shipping mode and is addressed in DOT B(M) packages for continuous venting.

,

e. Exemption from fissile material regulations, and for accident conditions with specified limits for escape of
packaging requirements of plutonium up the tiedown attachments are assumed to radioactive material. hs been omitted

. fail. from proposed Part 71.There is nota 1 kilogram, but with imposition g
certain restrictions on its isotopic Proposed i 71.32[f). dealing with apparent need for such design in the
c1mposition. reactions among package components. United States at present:if the need

corresponds to the present i 71.32(a). should arise and if the adequacy off. Exemption of uranyl nitrate
.s lutions subject to certam restrictions but with the added requirement that the controls is demonstrated, exemptions

cn fissile c ntent. consequences of any credible water might be granted on an individual basis.
inleakage must be taken into account. The present requirement of i 71.32(a)

4.Section 71.11-Cenerallicensefor This requirement is included because that the strength of a package beshipment of/icensedmateriol. packages sometimes contain substances analyzed as a simple beam has beenP:ragraghs 71.11(' ). (d), and (e) of the that are highly reactive with water. eliminated because greater strength is
o

pr; posed regulations for certain fissile
Class II and Class III packages Proposed j 71.32(g), corresponding to required in order to satisfy the impact
correspond to paragraphs 620. 623 and paragraph 222 ofIAEA Safety Series No. tests of the hypothetical accident.

6. requires protection of valves. The following lAEA package624 of IAEA Safety Series No. B and are Although this requirement is not in the requirements have been omitted from
added specifications within the scope of present regulations, such protection is revised Part 71: several of them area generallicense.

needed for safety and has been provided subjects for discussion in existing and5. Section 71.23-Package evaluation. In practice. contemplated regulatory guides:
In accordance with the basis for Proposed i 71.32(h) sets forth' general a. Paragraphs 201-203 relating toestablishing Type B(M) and B(U) acceptance criteria for normal means for handling. 'packages, the proposed package conditions of transport.This b. Paragraphs 206-207 relating to
evaluation must include a description of corresponds to paragraphs 225 and external crevices or pockets and toany special controls or precautions 231[a] of IAEA Safety Series No. 6. decontaminability.during the shipping and handling of However, the proposed regulations will c. Paragraph 208 requiring that anyType B(M) packages. require design to be based on an features added at the time of transport

6. Section 71.J2-Standards for all unattended time period of one year for shall not reduce safety. Currently in the
Type Bpackages. Proposed i 71.32(a), all Type B packages ex 3 at when,in United States, any such features are
which relates to the strength oflifting accordance with I 71.3 .:). a shorter considered in the safety analysis.attachments. is more general than the time is justified by operational controls. d. Paragraph 212 requiring thatexisting i 71.31(c). The proposed rule During this time, which allows for external protrusions be avoided as far
will require the package to withstand possible delays in shipping. pressure as practicable.
abrupt lifting without developing unsafe may continue to develop as a result of e. Paragraph 213 requiringstresses. At present, packages must chemical reaction (e.g., corrosion) and consideration of the ambientwithstand three times the weight of the radiolytic decomposition. By way of temperature range and calling attentionp:ckage (or lid) without exceeding yield comparison, the IAEA regulations in to the phenomenon of brittle fracture.
strength. This change will permit paragraphs 231(a) and 242 require f. Paragraph 214 requiring fusion joints I

,

adjustment of the strength requirement considering for a!! Type B packages only to be in accordance with recognized
in situations where a factor other than the effects of heat and only for one standards.three may be appropriate or where the week: the one year period is specified g. Paragraph 217 permitting credit tod: sign is intended to safely only for Type B(U) packages (by be taken for "special form" as a means
accommodate a stress exceeding yield requiring them to be designed to of containment. Special form is
strength in some component. in addition. withstand " maximum normal operating advantageous because it permits athe proposed rule requires the package pressure.") larger amount of radioactive materialt: satisfy the performance standards Paragrphs 233A and 243 of Safety per Type A package than does normalev:n if the lifting attachments should Series No. 6 permit escape of form. However, the indispersible naturefall under excessive load, as is required radioactive material at the rate of of special form material.in Type B

|

'

f;r tiedown devices in present and A,x 10-* per hour in normal transport. quantities is necessarily taken intoproposed regulations.This new This amount is considered to be an account in the evaluation of
requirement for lifting attachments takes insignificant hazard and was containment.account of the possibility of some introduced in the 1973 edition of Safety h. Paragraph 218 requiring a separatecbstruction or wedging while handling Series No. 6 in recognition of the fact fastening device for a containment
th] package dunng transshipment. that zero leakage is neither necessary system that is a separate unit of the

Proposed paragraphs (b). (c) and (d) of nor attainable for some types of packaging. l

,

I 71.32, imposing package design shipments. The reqirements of "no loss 1. Paragraph 223 requiring a separate
fe:tures, correspond respectively to or dispersal"in normal transport is fastening device for a radiation shield
present 49 CFR 173.393 (c) and (b) and being retained in proposed Part 71, but that encloses a part of the containment
10 CFR 71.31(b). with an acceptance test sensitivity of system.
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i Paragraph :33 requiring thermal In most cases the release rate would Series No. 6. However, there is no

protection (e g.. msulation) to remain decrease shortly after the accident, and essential difference in technical

effective under normal and accident the recovery of the damaged package requirements and assumptions for

condit: ens and under other conditions, would be1 expected within less than a evaluation of criticality or in controls

such as cutting or skidding, not week. However. a time limit is required during shipment, except that

simulated in the specified tests. necessary for demonstration of the requirement for no more than 5%

Effectiveness under specified normal compliance. and the NRC considers that reduction of volume or spacing and no

and accident conditions is necessarily the one week specified in IAEA aperture greater than 10 cm in normal

considered in the safety analysis. The regulations is adequate for corrective transport applies to all fissile material
packages in the existing and proposed

nature of other conditions such as action.
Part 71, but only to Fissle Class 11

cutting or skidding would reqbire further Because of its relatively innocuous packages in IAEA Safety Series No. 6.
d;finition before inclusion in Part 71. nature and rapid dispersion in air,

Retention in Part 71 of these
7. Sectior. 71.J3-Additiono/ special consideration was given to Kr- requirements for all fissile material

requireme 1ts for Type B(MJ pockcges. 85, and its limit was increased from packages is considered Justified by the
Proposed i 71.33(a)(2) specifies the 1.000 to 10.000 curies. On the other hand, added margin of safety for package ;

allowable radiation level after the the allowsble release of many present integrity.
hypothetical accident as 1000 mrem / Group I radionuclides will be reduced

10.Section 71.54Rountine
h:ur at 1 meter rather than at 3 ft from because the present limit of 0.01 curie

determinations. Proposed i 71.54(b) .
the package surface.This change will exceeds the A. value.This is illustrated

,

not significantly affect package design by the values for "Pu in the table. corresponds to the present 49 CFR '

8

173.393(J) and to paragraphs 534 and 537
or performance. 8.Section 71.34 Additional ofIAEA Safety Series No. 6. A change

The requirements of paragraph 244 of requirements for Type B(UJ pockages. fr m the present regulations is that the
IAEA Safety Series No. 6 that limit Only a few of the requirements for Type allowable maximum radiation level for a
stress in the containment system to the B(U) packages have counterparts in the package transported as a fullload in a
yield strength under normal and present regulations. These are identified closed vehicle will be 1000 mrem /h on
accident test conditions have not been in the cross-index. the surface of the package. rather than
included in proposed Part 71 because, as Analysis taking into account the at 3 ft from the surface as presently
specified in the American Society of atmospheric dispersal and possible measured. In practice, only small
Mechanical Engineers. Boiler and inhalation has shown that any senous packages are affected since the

,

Pressure Vessel Code, acceptable radiologicalinjury due to release of an controlling radiation level for large
stresses may be higher or lower am unt A from a package is quite packages remains the allowable
depending on details of design. In unlikely.The pmposed allowable radiationlevel at the edge of the vehicle
particular, stresses above yield strength mlease f this amount fmm a Type B(M) or at 2 m from the vehicle.The change
ne acceptable at points of stress package under hypothetical accident reduces allowable surface radiatin
concentration where local deformation conditions is thus considered levels and thus for small packages
provides stress relief.This subject is adequately safe. As an added factor of increases the naargin of safety in
treated in Regulatory Guide 7.6. " Stress safety for Type B(U) packages, which handling.
Allowables for the Design of Shipping Proposed i 71.54(c). specifying
Cask Containment Vessels." acce a ew out eview y countries allowable surface temperatures,
. The proposed allowable escape of other than the country of crigin. the corresponds to the present 49 CFR
radioactive material from Type B(M) specified maximum release under 173.393(e)(2) and to paragraphs 231(b)
packages under accident conditions is hypothetical accident conditions is and 240 of IAEA Safety Series No. 6
not greatly different from existing limits smaller than the Type B(M) limit by a Present NRC and DOT regulations.

|except to the extent A values differ factor of 1000. This factor takes into however. do not specify the ambient air
from present transport group values- account the possible differences in tempesture. In accordance with IAEA
Present regulations restrict the loss to methods of evaluation in different mgulations, ambient air temperature
gases or contaminated coolant. This countries and the freedom from any will be assumed to be 38' C (100* F).
restriction is deleted in the proposed restrictions on handling or shipment.

The IAEA regulations. however.
revised regulations because the concept impose aly on Type B(U) packa8es theof an identifiable coolant is no longer int na pressur tat ons. espond limit of 82* C (160* F) for the temperature
included in the regulations.The to paragraphs 237 and 238 of Safety of readily accessible surfaces with fullfollowing tabulation shows the changes Seles No. 6. but use the term stress load shipment: Part 71 will impose this
in the allowable release for some ,

" p '
.,

.'. limit on both Type B(U) and Type B(M)" "'
radionuclides of particular concern in n 1sta e i re e on packages.the shipment of irradiated fuel. The This changa should help to clarify this Proposed i 71.54(d). limiting external I
proposed revised regulations specify requirement. Although these radioactive contamination. corresponds
that the allowable release must not be requirements,in amplified form might /
sxcee ed in a period of one wee . seem more appropriate for a regulatory to present 49 CFR 173.397.

Amowsme Re6es in thetical Accident guide. they are included in proposed 11. Section 71.62-Records. Proposed

Part 71 because of the need for 171.62(a) defines the records that must
consistency with IAEA regulations. be kept for shipment of fissile material

% no %oe
particularly for Type B(U) packages. and Type B quantities of radioactive*** m =H

metnial.
9. Section 71.35-Standards forfissle

materialpackages. The editorial 12. Appendix A-Normalconditionsa'cs - sa 20

*L-.. .
,o ,o

arrangement of proposed 171.35. which of transport. Proposed Appendix A
%- _

o o, occa

N,* Z _.f f~ 'so toYo
contains the revised requirements for'

i fissle material packaging, differs
significantly from that of IAEA Safety

'or o iw co==. .a.ca.m
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d; scribes e nvironm:nt:1 conditions be omitted because they are mee the Ai and A, values for any
c nsidered to represent normal suitable for a regulatory guide. The radioisotope. A new entry has been
transport. Paragraph 232 of IAEA Safety specifications for the compression test included .Sr the radionuclide lead.201 a
Series No. 6 Specifies 38' C (100* F) as in proposed paragraph (d), which medicalisotope,in response to a
ambient temperature. However. the contemplates packages being stacked. petition currently pending before NRC,
matter of diurnal variation is not have been converted to the metric 15. Appendix D-Requirements for
addressed.There are only a few spots in system by applying the test to packages specialform radioactive material. The
the United States (e.g. Death Valley) up to 5000 kg rather than 10.000 lb and qualification tests for special-formwhere a few days in the year the daily by adopting the IAEA load value of 1300 radioactive materialin proposed2verage temperature exceeds 38' C. and kg/m8 (1.85 lb/in ) rather than the Appendix D have t>een modified,

8

then it exceeds that temperature by only previous 21b/in . The IAEA regulations primarily by adding a bending test,
8

a small amount. However, to avoid the do not specify an upper limit for weight. providing more detailed instructions forneed for more complex analysis to However. such stacking is not the immersion or leaching procedure,c:nsider diurnal variation and because contemplated for packages such as
of other considerations which may spent fuel casks. and thus the test will and changing the maximum loss by

leaching to 0.05 microcurie in each ofincrease ambient temperature above not be applied to packages greater than
two determinations rather than thethat of outside air (e.g closed vehicles. 5000 kg.
present 0.005% for a singleassembly of multiple heat producing 13. Appendix B-Hypothetical
determination. Long. slender objects arepackages insulating effects of other accident conditions. As in Appendix A

cargo). the present ambient temperature for normal transport conditions, the more likeiy to suffer bending under

of 54* C (130* F) has been retained. ambient temperature and internal rough handling or accident conditions

The present Part 71 does not specify pressare are specified for the package than are short or sph ..tal objects:
ambient temperature or internal entering the test SequenCP. Paragraph hence. a minimum length of to cm and a

pressure preceding the normal transport (c), describing the thermal test, will be minimum length-to-width ratio of to

and accident tests. The IAEA revised for clarity and will require have been selected for application of the
regulations specify an ambient consideration of convective heat input bending test. The proposed leaching test
temperature of 38* C (100* F) but do not when sigmficant. When the main body specified by the IAEA regulations has
specify a time period during which of a package is surrounded by and been selected as suitable and should
pressure could develop. Proposed Part directly exposed to fire, the convective yield uniform results. An absolute

71 will require selecting the most heat input is small compared to radiant amount leached is better related to the
unfavorable ambient temperature heat input. However, some packages are hazard than is a fixed percentage.

between -29' C (-20* F) and 38' C protected partially or wholly by a Ith
",8 o 5. {ctQurie s mu

h
g , 9 , A q ,n in(100* F) and internal pressure equal to radiation shield through which air and

the MNOP adjusted for ambient combustion gases may circulate. In such this case it is specified as a measure of
temperature. Although the high cases, convective heat input may be the indispersibility and is equivalent to
temperature is unfavorable with respect sigmficant and must be mcluded since the maximum permissible non-fixed,

surfto the effects of fire, a low temperature the test is intended to simulate realistic cm , ace contamination on an area of 50of a package surface.is unfavorable with respect to possible fire conditions with respect to expected
brittle fracture and perhaps other total heat input. Existing regulations require that
effects. Thus some intermediate A requirement will be added that "special form radioactive material" have
temperature may be most unfavorable artificial cooling shall not be applied either (1) no dimension less than 0.5 mm
for a prescribed sequence of tests. and that any combustion of materials of or (2) at least one dimension greater

The present i 71.32(b) and Part 71, construction shall be allowed to proceed than 5 mm. It is now proposed that
Appendix A. paragraph 3. require the until natural termination. The IAEA special form radioactive material must
p ckage to withstand ambient pressures regulations permit artificial cooling after have at least one dimension not less
cf 25 psig and 0.5 atmosphere, 3 hours. However. 3 hours may be than 5 mm. The first option has been
respectively.The requirement to inadequate for control of fire even in removed because of the possible
withstand an ambient pressure of 25 populated areas. Also, unrecognized difficulty ofidentifying, for safe
psig without damage is not contained in smoldering may continue for a much handling, an object as small as 0.5 mm
the IAEA regulations, although there is longer time. in every dimension.
an accident test of immersion in 15 m of Proposcd paragraph (e) adds an 16. Miscellaneous. Several changes
water which results in a pressure of accident test condition of immersion in and additions that experience indicates
cbout 21 psig. The resistance to external 15 m of water, since some harbors have will be useful are proposed in the
pressure is considered desirable as a such depth and a package might be requirements for exemption of fissile
way of providing ruggedness for dropped overboard during handling. material from the provisions of Part 71
unspecified rough handling conditions immersion to a greater depth within the and in the specifications for packages of
and is in most cases aasily satisfied. The United States could occur !n one of the fissile material that are generally
1:w ambient pressure in the proposed Creat I.akes, but such occurrence is very licensed. Criticality studies showed that
Appendix A. as in IAEA Safety Series improbable. these proposed modifications satisfy theNo. 6. is about 0.25 atmosphere rather 14. Appendix C-Determination ofA, requirements for avoidance of criticality.than the presently specified 0 5 and A . A few of tho radioisotopes listed The IAEA regulations also include some
atmosphere. This change recognizes the in Appendix C of the present Part 71 examples of specific packages that the
possibility of transporting packages in have been omitted from the table of Ai IAEA considers to satisfy criticalityunpressurized compartments of aircrat't and As values in proposed Part 71, requirements but nevertheless to requireat altitudes of 10 km or about 33.000 ft. becwse these radioisotopes have approval by the competent authorityAlthough proposed Part 71 requires a seldom if aver been shipped in recent before use. These examples are notwater spray test. details of this test as years. However, the proposed Appendix included in the proposed revision of togiven in IAEA Safety Series No. 8 will C provides procedures for determining CFR Part 71.
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Subpart A -General Provisions
The metric system, as represented by see.

n.3 Requirements for hcense.
the International System of Units (Sil. I 71.1 Purpose.

71.4 Definitions.
has been incorporated in the proposed n.5 Transponanon cflicensed material. (a)This part establishes:(1)
regulation. Rounded-off values of Requirements for packaging, preparation
equivalents for the English system are Exemptions for shipment, and transportation of

n.6 specific exerrptions. licensed matenah and (2) proceduresgiven in parentheses except in a few
cases where the conversion seems

n.7 Exemption ci physicians. and standards for approval byThe
unnecessary or inappropriate. n.s Exemptior for fow level matenais. Nuclear Regulatory Commission of

71.9 Exemption for f!ssile material. packaging and shipping procedures forThe Commission has determined that
neither the Council of Environmental G * r8ILi" n*** fissile material (uranium-233. uranium-

71.11 Canerallicense for shipment of fissile 235, plutonium 238, plutonium-239, orQuality guidelines,40 CFR Part 1500. nor
plutonium 241) and for quantities ofthe NRC regulations in 10 CFR Part 51, "'Aenal other licensed materialin excess of type"l.icensing and Regulatory Policy and n.10 Cenerallicense for shipment .m

Procei;tes for Environmental Quality," approved packages. A quantities, as defined in i 71.4(s).
require the NRC to prepare an n.13 Communicauons. (b) The packaging and transport of
environmentalimpact statement for the 4 ***** N* * ' ' * '" "'I ''

. 15 d io al eq irements. parts of this chapter and to theproposed revision of 10 CFR Part 71.
.

Concurrently with the publication of this Subpart B--Appacation For Package regulations of other agencies having
notice of proposed rule making the jurisdiction over means of transport. TheApproval
Commission is making available in its requirements of this part are in addition
Public Document Room at 1717 H Street.

n.21 contents of application. to, and not in substitution for, other
n.22 Package desenption.

NW., Washington, D.C., an
"EnvironmentalImpact Assessment ol 71.23 package evaluation. requirements.

n.24 Quality assurance. 9 M.2 Scope.Changes to Radioactive hf aterial 71.25 Additionalinformation.
Transport Regulations," to support the The regulations in this part apply to
negative declaration required t'y 10 CFR Subpart C-Package Standards any licensee authorized by specific

Part 51* n.31 Demonstration of compliance.- I cense issued by the Commission to

The Commission has deternined that 71.32 standards for allType B package ** receive possess.use, or transfer
n.33 Additional requirements for Type licensed materials if thelicenseeno significant changes are berg made in

the reporting requirements of 10 CFR BlM) packages. delivers such materials to a carrier for
Part n, so no GAO clearance is n.34 Additional requirements for Type B(U) transport or transports such material

s e eo s s ac plant
71.35 stan rds for fissile mr.terial

,

nt ested persons are invited to
packages. provision af this part sha11be construed

submit written comments and 71.36 special requirements for plutonium to authorize possession of li~ ensedc
suggestions on the proposal and/or the shipments. material.supporting value/ impact analysis to the n.37 Previously constructed packages.
Secretary of the Commission, U.S.
Nuclear Regulatory Commission. Subpart D--operating Controis and i71.3 Requirement for license.

No licensee subject to the regulations
Wadington, D.C. 20535. Attention: Procedures

r n.51 Establishment and maintenance of a
in this part shall(a) deliver any licensed

=

:

Docketing and Service B, anch. Copies of materials to a carrier for transport or (b)
the value/ impact analysts supportmg quality assurasce program-
the rule are available for pubhc n.52 Assumptions as to unknown transport licensed material except as

inspection at the Commierion s Pubb,c properties. authorized in a generallicense or a

Dccument Room at 1717 H Street N.W., n.53 Preliminary determinations. spec fic 1 cense issued by the
n.54 Routine determinations. Commission, or as exempted in this part.

Washington. D.C. Single copies of the n.55 Opening instructions.value/ impact analysts may be obtained
71.61 Reports. g 71.4 Definitions.

on request from: hir. Donald R. Hopkins, n.62 Records. As used in this part:
Office of Standards Development. U.S. 71.63 Inspection and tests. (a) ,,Ai or As., means the maximumNuclear Regulatory Commission.
Washington, D.C. 20555. Telephone:301- 7 tat Violations. activity of special form or normal form

443-3946. Appendixes radioactive material, respectively,
~ ermitted in Type A package. These

Pursuant *o the Atomic Energy Act of Appendix A-Normal conditions of transport. p

1954. as amended, the Energy Appendix B-flypothetical accident
values are listed in Appendix C. Table
C-1, for many radionuclides. Rules given

Reorganization Act of1974. as amended, conditions-

and section $53 of title 5 of the United
Appendix C--Determination of A. and A In Appendix C may be used to derive Ai

States Code, notice is hereby given that Appendix D-Requirements for special form and Asvalues for individual
material. radionuclides and for mixtures.adoption of the following revision to 10

CFR Fart 71 tr. Its entirety is Appendix E-Quality assurance g Close reflection by water" means
immediate contact by water of sufficient

A ty- rovisions of this Part 71 thickness for maximum reflection of

PART 71-PACKAGING AND
issued nnder secs. 53,63. 81.161.182.183. 68 nemn

TRANSPORTATION OF RADIOACTIVE
Stat. 930. 933. 935. 948. 953. 954 as amended; (c)" Containment sy3 tem" means the
42 U.S.C. 2073. 2093. 2111, 2201. 2232, 2233. components of the packaging intendedMATERIAL unless otherwise noted. For the purposes of to retain the radioactive material during

Suopart A-GeneralProvisions sec. 223,68 stat. 958, as amended; 42 U.S.C.
.

2273, sections 71.61-71.63 issued under sec. transport.
Sec. 161o. 68 Stat. 950. as amended; 42 U.S.C. (d)" Fissile classification" means
n.1 Purpo m. 2201(o). Secs. 202. 206. Pub. L 93-438,88 Stat. classification cf a package or shipment
n.2 Scope. 1244.1246; 42 U.S.C. 5842,5846.

.

. ..
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. of fissile materials according to the (ii) The activity is, and remains, contamination averaged over 1 m (er2

controls needed to provide nuclear insoluble so that, even under loss of the area of the surface if it is less than 1criticality safety during transportation packaging, the loss of radioactive m') does not exceed 1 C1/cm . of which2

as follows: material per package resulting from the no more than 0.1 pC1/cm may be alpha8

(1) Fissile Class b Packages which effects of wind, rain. etc and from total emitters other than natural or depleted
y may be transported in unlimited immersion in wateris limited to less uranium or na ural thorium.numbers and in any arrangement, and than 0.1 A. in a period of one week: and (1)"Maximem normal operatingwhich require no nuclear criticality (iii) The estimated activity averaged pressure" means the maximum gaugesafety controls during transportation. A throughout the material does not exceed pressure that would develop in thetransport index is not assigned for 2x10" A /g. containment system in a period of onepurposes of nuclear criticality safety but (2) Objects of non. radioactive year under the normal condition ofmay be required because of external material contaminated with radioactive

radiation levels. material, provided that the radioactive transport specified in paragraph (1) of
Appendix A. in the absence of venting.(2) Fissile Class lh Packages which contamination is in a non-readily

may be transported together in any dispersible form and the level of external cooling by an ancillary s'ystem.
arrangement but, for criticality control. contamination averaged over 1 m8(or or operational controls during transport.
in numbers which do not exceed an the area of the surface ifit is less than 1 (j) .. Normal form radioactive material"
aggregate transport index of 50. Such m') does not exceed 20 Ci/cm . of means radioactive material which has2

shipments require no other nuclear which no more than 2 Ci/cm may be not been demonstrated to satisfy the8

criticality safety control by the shipper alpha emitters other than natural or requirements for "special form"
during transportation. Individual depleted uramum or natural thorium. radioactive material.
packages may have a transport index (h)" Low specific activity material (k) Optimuminterspersed
not less than 0.1 and not more than 10. (LSA)" 8 means any of the following: hydrogenous moderation means the

(3) Fissile Class //h Shipments of (1) Uranium or thorium ores and presence of hydrogenous material
packages which do not meet the physical or chemical concentrates of between components of the packagir.g to
requirements of Fissile Classes I or 11 those ores. such an extent that the maximum
and which are controlled in (2, Natural or depleted uranium or nuclear reactivity results,
transportation by special arrangements natural thorium. (1)" Package" means the packaging
between the shipper and the carrier to (3) Tritium oxide in aqueous solutions, together with its radioactive contents as
provide nuclear criticality safety, provided the concentration does not presented for transport.

(e) " Fissile material" and " fissile exceed 10 Ci/ liter. (1) " Fissile material package" means a
radionuclides" " Fissile material" means (4) Materials in which the activity, fissile material packaging together with
any material consisting of or containing under normal transport conditions. is, its fissile contents.
one or more of the fissile radionuclides, and remains, uniformly distributed and (2)" Type A package" means a Type A
which shall be taken as uranium 233. in which the average estimated specific usckaging together with its radioactive
uranium-235. plutonium 238. plutonium. activity does not exceed 10" A /g. ontents.
239, and plutonium-241. Unitradiated (5) Materials in which the activity is (3)" Type B package" means a Type Bnatural and depleted uranium are not uniformly distributed and which, if packaging tcgether with its radioactive
considered to be fissile materials. reduced to the minimum volume under contents. The two classifications of(f) " Full load" (also referred to as conditions likely to be encountered in Type B package are as follows:
" sole use" and " exclusive use" in IAEA transport such as dissolution in water

(i) " Type B(M) package." which mayand DOT regulations) means any with subsequent recrystallization, be subject to special conditions ofshipment: precipitation. evaporation, combustion. shipment or storage; or(1) From a single consignor having the abrasion. etc., would have an average
exclusive use of a transport vehicle or of estimated specific act eity of no more (iij .. Type B(U) package" which has

the special design and performancean aircraft. or of a hold or compartment than 10" A /g.
.of an inland watercraft. or of a hold, (6) Objects of non-radioactive features described in i 71.34 and which

compartment, or defmed deck area of a matenal contaminated with radioactive requires no special conditions of
seagoing vessel; and matenal, provided the non-fixed surface shipment or storage.

(2) For w hich all initial, intermediate, contamination does not exceed ten (m) .. Packaging'. means the assembly
.

and final loading and unloading is times the salues given in 6 71.54(b). I components necessary to ensure
carried out by or under the supervision Table VI. and the contaminated object c mpliance with the packaging
of the consignor, consignee. or the or the contamination on the object. if reqmrements of this part. It may. In
designated agent of either party. reduced to the miminum volume under particular, consist of one or more

(g) " Low-le' vel solid radioactise conditions likely to be encountered in receptacles, absorbent materials.
material (LLS)"'means any of the transport, such as dissolutionin water 8 pacing structures. thermal insulation.
following: with subsequent recrystallization, radiation shieldmg. and devices for

ling r f r absorbing mechanical(1) Solids (e.g.. consolidated wastes. precipita tion. evapora tion, combustion. c

activated materials) in which: abrasion. etc., would have an average shocks. The vehicle. tie-down system.
(i) The activity under normal transport estimated specific activity of no more and auxiliary equipment may form an

conditions is. and remains, distributed than 10" A /g. integral part of the packaging.
throughout a solid or a collection of (7) Objects of non radioactive (n) " Radioactive material" means any
solid objects, or is. and remains, matettal contaminated with radioactive material, or combination of materials,
uniformly r'istributed in a solid compact material, provided that the radioactive having a specific activity greater than
binding ar.mt (such as concrete, contamination is in a non-readily 0.002 microcuries per gram (pCi/g).
bitumen. ceramic): dispersible form and the level of (o) "Sper.lat form radioactive

material" means radioactive material
'Packagins requirernents for ILS are set forth in ' Packaging requiremects for LSA are set forth in which meets the requirements of49 CFR Part tr. 49 CFR Part tv. Appendix.D.

*
t

L
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(p)" Specific activity" of a complies with the applicable requirements of this part other tha.:

radionuclide means the activity of the requirements of the regulations of the i 71.5 for the following shipments;

r;dionuclides per unit mass of that Department of Transportation in 49 CFR (a) Shipments of licensed matenal

nuclide.The specific activity of a Parts 127 and 170-189. and the U.S. having a specific activity not greater

mit:rialin which the radionuclides are Postal Service in 39 CFR Parts 14 and 15.
than 0.002 microcurie / gram: and d

essentially uniformly distributed is the and in addition complies with the (b) Packages or shipments of low

activity per unit mass of the material. requirements of this Part. insofar as specific activity or low level solid

(q) " Stress intensity" means twice the such regulations relate to the packaging radioactive material as defined in i 71.4.

maimum shear stress and is. equal to of byproduct. source, or special nuclear provided the fissile material exemption

tha 1:rgest algebraic difference between material marking and labeling of the standards of i 71.9 are satisfied; and

cny two of the three principal stresses at packages, loading and storage of (c) Packages each of which contains
packages. placarding of the no more than a Type A quantity.of i

a point,
(r) " Transport index" means the transportation vehicle, monitoring radioactise material as defined in i 71.4.

dim:nsionless number (rounded up to requirements and accident reporting. provided the fissile material exemption

the first decimal place) placed on the (b) When Department of standards of 6 71.9 are satisfied.

1:cel of a package to designate the Transportation regulations are not 1 71.9 Exereption for fissile material
degree of control to be exercised by the applicable to shipments oflicensed

or water A licensee is exempt from the
carri;r during transportation..and material by rail, highway,he requirements of i 71.35 to the extent that
d:t:rmined as follows: because the shipment or t

(1) The number expressing the transportation of the shipment is not in he transports or delivers to a carrier for

maimum radiation level in millirem per interstate or foreign commerce, or to transport:

hour at 1 me er from the external shipments oflicensed material by air (a) Packages containing individually

surface of t package;or because the shipment is not transported not more than 15 grams of fissile

(2) For F : Class !! packages, the in civil aircraft, the licensee shall radionuclides. When materialis

number :ng the maximum conform to the standards and transported in bulk the quantity

r:dit tio.. in n millirem per hour at I requirements of the Department o' limitations apply to the vehicle, inland

mit;r from the external surface of the Transportation, specified in paragraph waterway craft or part of a seagoing

package. or the number obtained by (a) of this section, to the same extent as vessel: or

dividing 50 by the number of such if the shipment or transportation were in (b) Packages containing homogeneous

p::ckages which may be transported interstate or foreign commerce or in civil hydrogenous solutions or mixtures
together per chipment as determined aircraft. Any requests for modifications. satisfying the conditions listed in Table i

under i 71.35(c). whichever number is
waivers or exemptions from those of this part.When materfalls
requirements, and any notifications transported in bulk. the quantitylarger. referred to in those requirements shall I mitations apply to the vehicle. inland(s)" Type A quantity _ means a

quantity of radioactive matenal, the be filed with or made to the Nuclear waterway craft, or part of a seagoing

aggregate rtdioactisity of which does Regulatory Commission. y,3,,g; o,
not sxceed Ai for special form (c) Paragraph (a) of this section shall

radioactive material or As for normal not apply to the transportation of m, t_u,,r , ,, % %

form radioactive material. where Ai and licensed material or to the delivery of sowons a wans Memnons Aom i rus m
Accordomo mih i IJ s/c'

A, are given in Appendix C to this part licensed material to a carrier for
or may be determined by procedures transport, where such transportation is

-

desenbed therein. subject to the regulations of the ' ' ' * " * * * ur.aii, ns ece,

(t)"T. pe B quantity" means a Department of Transportation or the <aOe.*
5

quantity of radioactive material greater U.S. Postal Service. anewao
aeresithaa a Type A quantity. Exemptions

(ul " Uranium-natural. depleted. ve.raun m u -. - ._ 5:00 sao
enriched" l 71.6 Specific exemptions. wa=,, coac.avanan v asse.

(1)" Natural uranium" means uranium On application of any interested e.ooa.c a . .sunen a,
5 5with the naturally occurring distribution

of uranium isotopes (approximately Mson,or on its own initiative, the g'.y g g - - _ soo . SooCommission may grant such exemptions, ,. an,c a., y.c, , _

99 28% uranium.238. 0.7?% uranium 235). from the requirements of the regulations -

(2)" Depleted uranium" means in this part as it determmes are
,

m. w,,,,e.,g
,, ,o.s a a=e= * %* maama'seuranium containing less than 0.72% authorized by law and will not endanger 'wn.wx e=ren

,. nuci,n.

urinium.233 life r property or the common defense . s ma,# .e.a.,a.m in a am . c.w
(3)" Enriched uramum" means and secunty. n e = =... * uranie.ns

ur: mum ,ontaining more than 0.72% i
uranium.235, with the remainder being ( 71.7 Exemption of physicians. (c) Packages containing uranium
u amumc8 Physicians, as defined in i 35.3f b) of er.riched in uranium.235 to a maximum

this chapter, are esempt from j 71.5 with of1% by weight. and with a total
I 71.5 Transportation of licensed materlat. respect to the transport of licensed plutonium and uranium 233 content of

matenal for use in the practice of up to 1% of the mass of uranium.235.
(a) No licensee shall transport any provided that the fissile radionuclides

lic:nsed material outside of the confmes
medicine. are distributed homogeneously

of his plant or other place of use, or I 71.8 Eumption for low lent mateHals, throughout the material. In addition if
d; liver any licensed material to a carrier A licensee is exempt from all the uranium.235 is present in metallic or
for transport, unless the licensee

J
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oxide form. it shall not form a lattice except that for a package in which the (2) The fissile radionuclide content ofarrangement within the package: or only fissible materialis an encapsulated the shipment shall not exceed:
(d) Packages contaming any fissile plutonium-beryllium source the (il 500 grams of uranium-235: or

material, pr(vided they do not contain transport index based on criticality liil 300 grams total of uranium-233.more than 5 grams of fissile considerations may be taken as 0.026
radionuclides in any 10-liter volume, and times the number of grams of plutonium plutonium-238. plutonium-239 and

provided tne material is in packages m excess of 15 grams. In all cases the plutonium-241: or

which wi!! ma:ntain the limitations of transport index shall be rounded up t (i i) A total quantity of uranium-233.
fissile radionuclide distribution during one decimal place, and shall not exceed uranium-235 and plutonium such that
normal transport: or 10.0: or g g, g

(e) Packages containing individually (b) .e e I shi p d as issile each radionuclide to the quanity

not more than one kilogram of Oa specified in paragraphs (2)(i) and (2)(ii)
' of this paragraph exceeds unity; orplutonium. of which not more than 20% g ,,

(iv) 2500 grams of plutonium-238by mass may consist of plutonium-239. (1) Each package shall contain no plutonium-239, and plutonium-241plutonium 241 or any combination of more than a Type A quantity of encapsulated as plutonium-berylliumthose radionuclides: or radioactive material as darmed in i 71.4:
(f) Packages containing liquid and neutron sources: and

(3) Shipment of these packages shallsolutions of uranyl nitrate enrichedin (2) Beryllium and hydrogenous be made only under proceduresuranium-235 to a maximum of 2% by material enriched in deuterium shall not
weight. and with total plutonium and be present; and specifically authorized by the

uranium-233 not more than 0.1% of the (3) The total mass of graphite present Department of Transportation pursuant

mass of uranium 235. shall not exceed 150 times the total mass to 49 CFR 127 507 of its regulations, so

GeneralIJcenses f ur inium-235 plus plutomum: and as to prevent loading, transport or
storage of these packages with other

(4) Substances having a higher
fissile Class II cr Fissile Class !!!l 71.11 General ticenee for sNpment of

hydrogen density than water, e.g. some packages:N**d' material.
,

hydrocarbon oils, shall not be present.
A generallicense is hereby issued to except that polyethylene may be used (d) The materialis shipped as Fissile

persons holding specific licenses issued for packing or wrapping: and Class 111 packages under the following
conditions:pursuant to this chapter, to deliver (5) Uranium-233 shall not be present*

fissile matenal to a carrier for transport, and the amount of plutonium shall not (1) Each package shall contain no
without complying with the package exceed 1% of the amount of uranium-235: more than a Type A quantity of
standards of Subpart C of this part. and radioactive material. as defined in
provided that: (6) The amount of uranium-235 shall i 71.4(s): and

(a) The materialis shipped as Fissile be limited as follows: (2) The packages are currently
Class !! packages with the following approved as Fissile Class Il packages

(i)If the fissile radionuclides are not and the number of packages in any onelimitations: uniformly distributed. the maximum consignment does not exceed twice the(1) Each package shall contain no amount of uranium 235 per package number which may be transportedmore than a Type A quantity of shall not exceed the value given in together as specified in the Fissile Classradioactive material. as defined in Table II of this part; or II approval: andI71.4 and (ii)If the fissile radionuclides are
(2) No package contains more than: distributed uniformly and cannot form a _
(i) 40 grams of uranium-235: or lattice arrangement withi t the % m,g %,,% 7, ,,,

avouwvm osuusom
(ii) 30 grams of uranium-233: or packaging, the maximum amount of
(iii) 25 grams of plutonium, except that uranium-235 per package shall not ur. nun .nnenm.nm e.=ne. mwn on.db& b T & 111of w e-mfor encapsulated plutonium-beryllium

thfs d """'" ~ * ""*neutron sources the maximum amount cf
plutonium may be 400 grams or A' (7) transport !ndex of each

(curies) whichever is the smaller mass: package based on criticality 20 42

considerations shall be taken as 10 " 'sOf
times the number of grams of uranium- ,$ $(iv) A combination of uranium 235. 235 in the package divided by the os s

uranium 231 and plutonium in which the maximum allowable number of grams * 54
sum of the ratios of the amount of each per package in accordance with Table 11 es u
radionuclide to the corresponding. or Table III of this section as applicable: 7s semaximum amounts in paragraphs (1). (ii) or r soand (iii) does not exceed unity; and (c) The material is shipped as Fissile js j(3) Each package containing more Class !!! packages with the following ss sethan 15 grams of fissile radioni.clides is limitations: s n
labeled with a transport index (T.I.) not "
lest than the number given by the (1) Each single package shall contain E4

following equation, where the package no more than a Type A quantity of as se
radioactive material, as defined in 8

i 71.4. nor more than 400 grams total of f s'"contains x grams of uranium-235. y
grams of uranium 233 and z grams of plutonium 238. plutonium 239, and t5 2nplutonium: platonium 241 encapsulated as . '31 *", plutonium beryllium neutron sources. ,$'iu 7 t . to.o. o sr, e _ m

. . , , and
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(a)In a specification container for
Tawe m.--p mvss,ue mss or uramense radioactive material, as defined in fissile material as specified in 49 CFRfissse cass IIFackage Appgave to { ff. f f(b/(s"#n/l 71.4[s); and 127.117. or for a Type B quantity of## #***# (2) The packaging shall not radioactive material as specified in 49

incorporate lead shielding exceeding CFR 127.115 of the regulations of theure,wn .ni cnni.ni n p.mmen me=mwn warns Scm in thickness nor tungsten nor

waa' e wannens w pacmao. uranium shielding: and Department of Transportation. 49 CFRe sann e 23sgne

[3) Beryllium and hydrogenous part 127: or"***
material enriched in deuterium shall not

(b)in a package for which a license.
certificate of compliance or others4. be present: and

8, [ (4) The total mass of graphite present approval has been issued by the Officeer2s

must not exceed 150 times the total
of Nuclear Material Safety and

mass of uranium-235 and plutonium; and Safeguards of the Commission,provided24o2
'5 5"

(5) Substances having a higher that:'" '"

hydrogen density than water. e.g. some (1)The person using a package |

Tawe tv.-sen,ssev uess o/ urnaum ns aer hydrocarbon oils, shall not be present. pursuant to the generallicense provided

ressse osss e conssamwit Apotes** * except that polyethylene may be used by this paragraph:

I tr. t rtensui> (tvonuwrorm asews for packing or wrapping: and (i) Has a copy of the specific license.

(6) For fissile contents containing no certificate of compliance, or other

* * * * " , * * * " " * * * """* 7 *"n''", 7 *"* uranium-233 and less than 1% total approval of the package and all
, , , , , documents referred to in the license.

we. mates ==.ns = coa =7 =.at plutonium:
(i)If the fissile radionuclides are not

certificate, or other approval, as
"o'""*""

uniformly distributed. the maximum applicable:
amount of uramum 235 per consignment (ii) Complies with the terms ands2oa

sao
shall not exceed the value given in conditions of the license, certificate. oris swn

'', 5 7s Table IV of this part: or other approval, as applicable, and the

(ii)If the fissile radionuclides are applicable requirements of this part: and
s7s

|s % distributed uniformly and cannot form a (iii) prior to the licensee's first use ofe

lattice arrangement within the the package submits in writing to the
rs rao

packaging. the maximum amount of Director of the Commission's Office of7 72

f $ uranium 235 per consignment shall not Nuclear Material Safety and Safeguards,
exceed the <alue given in Table V of this his name and license number the name

ss eso
and license or certificate number of the

$3 ,E
part: and

(7) For fi site contents contaimn8 person to whom the package approval
..

ooo
uranium-233 or more than 1% plutonium, has been issued. and the package.

3s ""

$ the total mass of fissile material per identification number specified in the3

consignment shall be such that the sum package approval.5
: 2cso

', 8, 3,'" of the number of grams of uranium 235 (2) The package approval authorizes
divided by 400, the numoer of grams of use of the package under generallicense

esco
plutonium divided by 225. and the provided in this paragraph.

,

o 82 $ 5"O

number of grams of uranium-233 divided (c)In a package which meets the

Tawe v. c msses,vassorursawnascer by 250. does not exceed unity * and pertinent requirements in the 1973

esse osss a conssnment Amesmo (8) The transport shall be direct to the regulations of the International Atomice

I tr. t r(ersywurvrorm os**> consignee without any intermediate Energy Agency and the use of which has
' *

* * " , ' , * " " , * * " * " ' "*""**[* **"Es '*** (9) hip ent of these packages shall co7petent au ori y cert a which

we.nw =.ns w can gem.at be made only under procedures has been revalidated by the Department,n.,,n

specifically authorized by the of Transportation, but only for import or" * " * * * " "
Department of Transportation pursuant export of radioactive material and only

, , , , to 49 CFR 127.507 of its regulations, so provided that the person using a
is isso

{ y as to prevent loading, transport or package pursuant to the generallicense
storage of these packages with other provided by this paragraph:

: 300o
m Fissile Class 11 or Fissile Class ill (1) Has and complies with the

4 packages. appl cable certificate, the revalidation.
and the documents referenced in the

f 71.12 General Hcense for shipment in certificate: and(3) Shipment of these packages shall approved packages, (2) Complies with the applicablebe made only under procedures A generallicense is hereby issued, to requirements of Subpart D of this part,sp;cifically authorized by the
D;partment of Transportation pursuant persons holding a general or specific and with the Department of j

license issued pursuant to this chapter, Transportation regulations in 49 CFRto 49 CFR 127.507 of its regulations. so to transport or to deliver to a carrier for parts 127,175 and 176.as to prevent l'oading. transport or transport licensed material as follows,
stirage of these packages with other provided the licensee has a quality 9 71.13 communications.
Fissile Class II or Fissile Class !!! assurance program approved by the All communications concerning the
p:ckages:or Commission as satisfying the provisions regulations in this part should be(e) The materialis shipped as Fissile of i 71.51. addressed to the Director. Office ofCl:ss III packages with the following Nuclear Material Safety and Safeguards.
hmuations: srams uramum-usuoo stems + s ams

(1) Each package shall contain no pi,'ioni 2:s gr. . . ,r,ms ur mum-us + uo Nuclear Regulatory Commission,
Washington. D.C. 20555, or may be

mire than a Type A quantity of seems < t.

.
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dihver:d in p;rsen at the Comm!suon (v) Structural and mechanical means approval should be granted. denied,
offices at 1717 H Street. NW.. for the transfer and dissiaation of heat: modified, suspended, or revoked.
Washington. D.C or its offices at 7915 and
Erstern Avenue.Sil er Spnng. (5)Indentification and volumes of any Subpart C.-Package Standards
Maryland. coolants and of receptacles containing 1 71.31 Demonstration of compilance.

calant.$ 71.14 Interpretations.
(b) With respect to the contents of the (a)The effect of the transport

- Except as specifically authorized by package: environment on the integrity of a
the Commission in writing, no

(1) Identification and maximum
package of radioactive material shall be
evaluated as follows:interpretation of the meamng of the radioactivity of radioactive constituents:

regulations in this part by an officer or
(2) Identification and maximum (1) The ability of a package to

employee of the Commission other than quantities of fissile constituents: withstand conditions likely to occur in
a written interpretation by the General
Crunsel will be recognized to te binding (3) Chemical and physical form: normal transport shall be assessed by

on the Commission. (4) Extent of reflection. the amount
subjecting a sample package or scale

and identity of nonfissile materials used model, by test or other assessment, to

j 71.15 Additional requirements. as neutron absorbers or moderators and
the normal conditions of transport as

The Commission may by rule, the atomic ratio of moderator to fissile
specified in Appendix A: and

regulation, or order impose upon any constuuents: (2) The effect on a package of

licensee such requirements. in addit'icn (5) h!aximum weight: and conditions likely to occur in an accident

to those established in this part, as it (8) Maximum amount of decay heat. shall be assessed by subjecting a sample
package or scale model, by test or otherd: ems necessary or appropriste to g 71.23 Package evaluauon. assessment, to the hypothetical accidentprctect health or to minimize danger to

life or property. The applicant shall: conditions as specified in Appendix B.
(a) Demonstrate that the pact age (b) Taking into account the type of

Subpart B.-Application for Package satisfies the standards specified in [ef c .
d of s n or attaching

Approval Subpart C: y ,

exercised y the shipper, the1 71.21 Contents of application.
ascerta an s ec fy en r of Commission may permit the shipment to

An application for an approval under similar packages which may be be evaluated together with the
this part shall include, for each proposed transported together in accordance with transporting vehicle for the purpose of
p:ckaging design and method of 3 71.35(c); and ne r m te tests.
tr:nsport, the following information in (c) For a Fissile Class III shipment. (c) Except with respect to Type B(U)addition to any other information

and for a Type B(M) package, describe packages, normal conditions of
required: any proposed special controls and transport and hypothetical accident

(a) A package description as required
by i 71.22: precautions to be exercised during conditions different from those specified j

transport, loading, unloading, and in Appendix A and Appendix B may be
(b) A package evaluation as required handling, and in the event of accident or approved by the Commission of the ,

4

by i 7t23: delay. controls proposed to be exercised by the
(c) A quality assurance program shipper are demonstrated to be

description as required by I 71.24: 3 71.24 Quality assurance. adequate to assure the safety of the
(d)In case of fissile material. an (a) The applicant shall describe his shipment.

identification of the proposed fissile quality assurance program to be applied
1:ss' to the design, fabrication assembly. I 71.32 standards for all packages.

testing, maintenance, repair. (a) Anylifting attachments on thef 71.22 Package descriptiot* modification and use of the proposed package, when used in the intended
The application shall include a packaging. manner, with an appropriate safety

,

'

d:scription of the proposed package in (b) The applicant shallidentify any factor to cover abrupt lifting, shall not
sufficient detail to identify the package established codes and standards impose unsafe stresses on the structure
accurately and to provide a sufficient proposed for use in package desfgn. of the package, and shall be so designed
basis for evaluation of the packaging. fabrication, assembly, testing. that failure under excessive load would

|Th) description should include: maintenance and use. In the absence of not impair the ability of the package to
(a) With respect to the packaging: such codes and standards, the applicant meet otherrequirements of this Subpart.

|(1) Classification as Type B(U). Type shall describe the basis and rationale Attachments or other features on the
B(M) or fissile material packaging. ed to formulate the package quality s ace ' kag g whic

(2) Gross weight. ,d e ,

(3) Model number: (c) The applicant shallidentify any rem vable or otherwise rendered
(4) Specific materials of construction, specific provisions to be ccntained in his in perable for transport, or shall be

w:ights, dimensions, and fabrication quality assurance program which are designed with strength equivalent to
methods of: applicable to the particular package that required for lifting attachments.

(i) Receptacles, identifying the design under consideration. including a (b) The smallest overall* dimension of
cintainment system; description of his leak testing the pacakge shall not be less than to em

procedures. [4 in.).(ii) Materials specifically as nonfissile
n:utron absorbers or moderators: I 71.25 Additionallnformation. (c) The outside of the package shall

ncorporate a feature, such as a seal.(iii) Internal and external structures The Commission may at any time which is not readily breakable, andsupporting or protecting receptacles: require further information in order to which, while intact, will be evidence(iv) Valves, sampling ports. lifting
enable it to determine whether a license, that the package has not been illicitlyd; vices, and tiedown devices: certificate of compliance, or other opened.
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1

(d) Each package shallinclude a (2) The external radiation dose rate maximum reactivity of the fissile
containment system securely closed by would not exceed one tem per hour at material would be attained:
a positive fastening device which cannot one meter from the external wface of (i) in the most reactive credible
be opened unintentionally. the package. configuration consistent with the

(e) Each tie-down device which is a (b) Compliance with the r ermitted chemical and physical form of the j

structural part of the package shall be so activity rekase limits shall depend material:
'

designed that failure of the dev' e under neither upon filters nor upon a (ii) Moderated by water to the most
excessive load would not impan the mechanical cooling system. reactive credible extent; and

ability of the package to meet other (c) The package shall not incorporate (iii) Fully reflected on all sides by !

requirements of this subpart. a feature which is intended to allow water. !

(f) Packages shall be of such materials continuous venting during transport. (3) A package used for the shipment of a

and construction that there will be no (d) The package shall not include a fissile material shall be so designed and
'

significant chemical. galvanic or other pressure relief system which would constructed and its contents so limited

reaction among the packaging allow the release of radioactive material that under the normal conditions of
components. or between the packaging to the environment under the conditions transport specified in Appendix A:

components and the package contents. of the test specified in Appendix A and (i) The contents would be subcriticah
including possible reaction resulting Appendix B. (ii) The geometric form of the package

from inleakage of water to the maximum (e) The package shall have a contents would not be substantially
credible extent, maximum normal operating pressure not altered:

(g) All package valves through which exceeding 690 kilopascal (100 psi) gauge. (iii) There would be no leakage of

the radioactive contents could otherwise (f) The containment system shall be water into the containment system

escape shall be protected against capable of withstanding the thermal test unless. in the evaluation of undamaged
unauthorized operation and, except for in Appendix B without experiencing a package under il 71.35(b). (c)(1)(i); and

pressure relief valves, shall be provided stress intensity greater than the (d)(1). it has been assumed that

with an enclosure to retain any leakage. minimum yield strength at the mcximum moderation is present to such an extent

(h) Packages shall be so designed, temperature it would be expected to as to cause maximum reactivity

constructed and prepared for shipment reach. For the purpose of this consistent with the chemical and

that under normal conditions of
determination, the stress intensity shall physical form of the material: and
be considered to result from the sum of liv) There will be no substantialtransport specified in Appendix A there

will be no loss or dispersal of membrane stresses and bending stresses reduction m the effectiveness of the
radioactive contents, as demonstrated to caused by pressure. thermal gradients, packagmg. including no more than 5

and differential thermal expansions, percent reduction in the total effective
a sensitivity of 10-' An per hour by NRC
approved test procedures, no significant (g) The containment system shall be volume of the packaging on which

increase in the maximum radiation level capable of withstanding at least 1.5 nuclear safety is assessed, no more than

at the external surface of the package. times the maximum normal operating 3 percent reduction in the effective

and no substantial reduction in the pressure without experiencing a stress spacmg between the fissile contents and

effectiveness of the packaging, intensity greater than either 75 percent the outer surface of the packaging. and
of the minimum yield strength or 40 no occurrence of an aperture in the outer

i 71.33 Additionei roquirements for Type percent of the ultimate strength at the surface of the packaging large enough to
B(M) packages maximum expected operating permit the entry of a 10 cm (4 in.) cube.

A Type B(M) package. in addition to temparature. For the purpose of this (4) A package used for the shipment of

satisfying the requirements of I 71.32. determination, the stress intensity shall fissile material shall be so designed and

shall be so des:gned and constructed be considered to result from the sum of constructed and its contents so limited

that under the hypothetical accident membrane stresses and bending stresses that under the hypothetical accident

conditions of Appendix B: caused by pressure, conditions specified in Appendix B the

(a) The escape of radioactive material I 71.35 standards for fissile material determination it shall be assumed that:
other than krypton-85 would not exceed packages. (i) The fissile material is in the mosta total amount As in one week, and for

(a) eneralreWirements. Fissile reactive credible configuration
krypton-85 the escape would not exceed matenal packages which are not exempt consistent with the damaged condition
10.000 curies in one week- by $ 71.9 or i 71.11 shall satisfy the of the package and the chemical and

(b) The external radiation dose rate following requirements: physical form of the contents'-
would not exceed one rem per. hour at (1) A package used for the shipment of (ii) Water moderation occurs to the
one meter from the external surface of fissile material shall be designed and most reactive credible extent consistent
t e pac age. constructed in accordance with I 71.32. .with the damaged condition of the

and when so required by the total package and the chemical and physical1 71.34 Additional requirements for Type amount of radioactive material, also in form of the contents: andB(U) packages
accordance with I 71.33 or i 71.34: (iii) There is reflection by water on all

A Type B(U) package,in addition to (2) F.xcept as otherwise provided by sides and as close as is consistent with
satisfying the requirements of 171.32

$ 1. 5(a)(5) with respect to leakage, a the damaged condition of the package.
shall satisfy the following requiremerits-- package used for the shipment of fissil (5) The Commission may approve

(a) The package shall be so designed material shall be so designed and exceptions to the requirements of this
and constructed that under the constructed and its contents so limited section with regard to assumed
hupothetical accident conditions of that it would be subcritical if water inleakage or outleakage provided the
Appendix B: were to leak into the containment package incorporates special design

(1) The escape of radioactive material system or liquid contents were to leak features such that no single packaging
would not exceed an amount 10-8 As in out of the containment system such that error would permit leakage and
one week. under the following conditions, provided appropriate measures are
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taken before each shipment to v::rify the geometry. moderation and water certificate of compliance on or before
leaktightness of the containment system. reflection were then as described in (the effective date of these

(b) Specific standards for a Fissile paragraphs (a)(3) and (e) of this section. amendments), shall be deemed to
Class / package. A Fissile Class I (e) Evaluation of an array ofpackages comp!y with the package standards of
package shall be so designed and offissile material. The effect of the ii 71.31. 71.32. 71.33, and 71.35. provided
constructed and its contents so limited transport environment on the nuclear that fabrication of the package is
that: safety of an array of packages of fissile satisfactorily completed. as

(1) Any number of such undamaged material under hypothetical accident demonstrated by the application ofits
packages would be subcriticalin any conditions shall be evaluated on the model number in accordance with
arrangement, and with optimum basis that each package in the array is i 71.53(c), by (date two years after
interspersed hydrngenous moderation in subjected to the hypothetical accident effective date of these amendments) or
packaging. in which case the greater conditions specified in Appendix B and by the expiration date of the package
amount may be assumed for this that the geometry, moderation and design approval, whichever is later.
determination: and water reflection of the damaged Subpart D.-Operating Controls and

(2) Two hundred fifty (250)'such packages correspond to the maximum Procedures
packages would be subcriticalin any credible reactivity consistent with the
arrangement,if each package were design of the packaging. the nature of f 71.51 Establishmant and maintenance of
subjected to the hypothetical accident the contents, and the conditions of a quaHty assurance program.
condittons specified in Appendix B and shipment. In the case of a Fissile Class (a) The licensee shall establish,
if the geometry, moderation and water 111 shipment, the Commission may, maintain and execute a quality
reflection were then as described in takmg into account controls to be assurance program satisfying each of
paragraphs (a)(4) and (e) of this section. exercised by the shipper, permit the the applicabie criteria specified in

(c) Specific stundards for a Fissile shipment to be evaluated as a whole Appendix E. " Quality Assurance
Class llpackage. (1) A Fissile Class !! rather than as individual packages. Requirements." and satisfying any
package shall be designed and either with or without the transporting Specific provisions which are applicable
constructed and its contents so limited, vehicles for the purpose of one or more to the licensee's activities including
and the number of such packages which tests. procurement of packaging. The
may be transported together so limited. description of the quality assurance
that: I 71.36 specist requirements for program shall include a discussion of

fi) Five times that number of such 8'"'*"'""*"I'**"'*- which requirements of Appendix E are
undamaged packages would be (a) Notwithstanding the exemption in applicable and how they will be
subcritical in any arra'ngement if closely i 71.9. plutonium in excess of twenty satisfied.' A description of that program
reflected by water: and (20) curies per package shall be shipped shall be filed with the Director. Office of

(ii) Twice that number of such as a solid. Nuclear Material Safety and Safeguards,
packages would be subenticalin any (b) Plutonium in excess of twenty (20) Nuclear Regulatory Commission,
arrange-ent if each package were curies per package shall be packaged in Washington. D.C. 20555. If a licensee
subjected to the hypothetical accident a separate inner container placed within has filed such a description by January
conditions specified in Appendix B and outer packaging that meets the 1.1979, the continued use of his existing
if the geometry, moderation and water requirements of Subpart C for packaging quality assurance program is authorized
reflect'on were then as described in of materialin normal form.The separate until the acceptability of the program
paragraphs (a)(4) and (e) of this section. Inner container shall not release has been finally determined by the i

(2)The transport index with respect to plutonium, as demonstrated to a Commission. I

criticality control for each Fissile Class sensitivity of 10"A. per hour by NRC (b) The provisions of this paragraph
Il package shall be calculated by approved test procedures when the deal with packages which have been
dividing the number 50 by the number of entire package is subjected to the approved for use in accordance with
such Fissile Class !! packages which normal test conditions specified in this part prior to January 1.1979. and

1

may be transported together as Appendix A. When the entire package is which have been designed in '

determingd under the limitations of subjected to the hypothetical accident accordance with the provisMns of this
paragraph (c)(1) of this section. The conditions specified in Appendix B. the part in effect at the time of application
transport index so determined shall not separate inner container shall restrict for package approval. Notwithstanding
exceed to and shall be rounded up to the loss of plutonium to not more than the provisions of paragraph (a) of this
the first decimal place. A. in one week for B(M) packages, and section, such packages shall be deemed

(d) Specific standards far a fissile to not more than 10"An in one week for to have been designed in accordance
Class II/ package. A package for Fissile B(U) packages. Solid plutonium in the with a quality assurance program which
Class !!! shipment shall be so designed following forms is exempt from the satisfies the provisions of paragraph (a)
and constructed and its contents so requirements of this paragraph: of this section. l

limited. and the number of packages in a (t) Reactor fuel elements: (c) The provisions of this paragraph
Fissile Class !!! shipment shall be so (ii) Metal or metal alloy; and deal with packages which have been
limited that: (iii) Other plutonium bearing solids approved for use in accordance with

(1) The undamaged shipment would that the Comrmssion determines should this part prior to january 1.1979, have
be subcritical with an identical shipment be exempt from the requirements of this been at least partially fabricated prior to
in contact with it and with the two section. that date, and for which the fabrication
shipments closely reflected on all sides is in accordance with the provisions of
by water; and $ 71.37 Previously approved packages. this part in effect at the time of

(21 The shipment would be subcritical Notwithstanding any other provi fons
if each package w.>re subjected to the of this subpart, a package, the design of 'The Fertment re9wrements of Appenda E
hypothetical accident conditions which han been approved by the fo [n'd[[|f'I|,d * * 8''$'d//f,[*,i|;'f,Ph'd, , , ,
spectfied in Appenalis B and if the Commission by the issuance of a ,are,y .. desenbed m sechon 2 of Appendn E

.
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(2) The package is in unimprired b) 50'C (122'F) for c package in a
rpplication for approval of package physical condition except for superficial consignment less than fullload. or
d: sign. Notwithstanding the provisions (2) 82*C (180*F) for a package in a full
of p:ragraph(a)cf this section,such marks. dents, ete:

(3) Each closure device of the
load consignment.

p:ckages shall be deemed to have been packaging, including any required (d) Externaltadioactive
fabricated and assembled in accordance gasket, is properly installed and securedcontamination.-Prior to each shipment
with a quality assurance program which

and free of defects:
.

of licensed material. the licensee shalls:tisfies the provisions of paragraph (a) (4) Any system for contaming h. quid is ascertain that the level of nonfixed
of this section. adequately leaktight and has adequate (removable) radioactive contamination

(d) A Commission-approved quality space or other specified provision for on all external surfaces of each package
assurance program which satisfies the expansion of such hquid; is as low as practicable, and, when the
applicable criteria of Appendix B of Part (5) Any pressure renef device is package is subjected to the normal
50 of this chapter and which is perable and set in accordance with conditions of transport specifiedin
(st:blished, maintained and executed w te p o ures Appd A:
with regard to transport packages shall as been loaded and (1) Except as provided in (2), no level,

be deemed to satisfy the requirements of closed in accordance with written will exceed the levels m Table VI of this
.

p:r: graph (a) of this section. procedures: par n a e ag o any cm'
(7) For fissile material. any moderator ,

| 71.52 Assumptions as to unknown or neutron absorber, if required, is
properties. present and in proper cradition: Tome vi.-Maunum Amssem tows omonwea

8adosche Coatsmris8onWhen the isotopic abundance. mass' (b) External radiation ievel.-Prior to
concentration. degree of irradiation. each shipment of licensed material, the
degree of moderation, or othe pertinent licensee shall ascertam that, when the M*="*",0,""=*=

property of fissile materialin any package is subjected to the normal , ,

p:ckage is not known, the licensee shall nditions of transport specified in
p:ckage the fissile material as if the Appendix A. s e .n.ning < oon w

mon ==cee a=4=unknown properties have such credible (1) Except as provided in (2), no
v lues as will cause the maximum radiation level will exceed 200 millirem M ! j b"*^'".<enens. w nensnuc ear reactivity, per hour on the accessible external

surface of the package and the transport gg',,'",","** **,
) 71.53 PreHminary determinations. Index will not exceed 10. and . . sngc. cone.ne _

,o- . m
As ** =es mnePrior to the first use of any packagm.g (2) For packages shipped as fullload e. 22e+

for the shipment of licensed material: by rail, highway or water, no radiation

(a) The licensee shall ascertain that level will exceed either: (2) For packages shipped as fullload
there are no cracks, pinholes. (i) 1000 mil!irem per hour on the by rail or highway, no level will exceed
unc:ntrolled voids or other defects accessible external surface of the either the levels in Table VI of this part
which could significantly reduce the package; at the time of shipment or ten times
eff;ctiveness of the packaging: (ii) 200 millfrem per hour on the those levels at any time during

external surface of the vehicle, including
(b) Where the maximum normal the upper and lower surfaces, or, in the

transport, when averaged over any 300
cm area of the package surface.operating pressure will exceed 34.3 case of an open vehicle, on the vertical

8

kilopascal (5 psi) gauge. the licensee planes projected from the outer edges of I 71.55 opening instructions.shall test the containment system at an the vehicle, on the upper surface of the Prior to delivery of a package to aInternal pressure; at least 50% higher load, and on the lower external surface carrier for transport. the licensee shallthan the maximum normal operating
of the vehicle: ensure that any specialInstructionspressure to ensure compliance with (iii) 10 millitem per hour at 2 m (8.6 needed to safely open the package havedesign requirements for integrity and feet) from the external surface of the been sent to or otherwise madeIraktightness; and vehicle, including the upper and lower available to the consignee.
surfaces, or in the case of an open

ousfy and d a ly marked with vehicle. 2 m (0.6 feet) from the vertical 971.61 Reports.
|

consp
Its model number, gross weight, and a planes projected from the outer edges of The licensee shall report to the

-

p:ckage identification number assigned the vehicle and the upper surface of the
Director. Office of Nuclee Materialby the Nuclear Regulatory Commission. load;or
Safety and Safeguards U.S. NuclearPrior to applying the model number, the (iv) Two millirem per hour in any Regulatory Commission. Washington,

lic:nsee shall determine that the normally occupied position of the D.C. 20555. within 30 days any instance
packaging has been fabricated in vehicle, unless persons occupying such in which there is significant reduction in
accordance with the design approved by pos tions are provided with special the effectiveness of any authorized
th: Commission. health supervision and personnel

monitoring devices and training in packaging during use.

( 71.54 Routine determinations. accordance with 10 CFR 19.12. $ 7t62 Rech
(a) Prior to each shipment of licensed (c) Surfcce temperotures.-Prior to

(a) Each licensee shall maintain for amit: rial, the licensee shall ascertain each shipment of licensed material, the
period of 2 years after shipment a record

th:t the package with its contents licensee shall ascertain that. If the
s:tisfies the applicable requirements of package were in still air at 38'C (100* F)

of each shipment of fissile material or of

this part and of the license. including and in the shade, the temperature of any a Type B quantity of radioactive

d terminations that: ~

readily accessible surface of the material, showing, where appljcable:

(1) The package is proper for the package would not exceed the following (1) Identification of the packaging by

c:ntents to be shipped, applicable limit: model number:

.
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(2) Details of any significant defects in that package, of radioactive material (4) Increased external pressure-An
th2 packaging, with the means employed having a decay heat load in excess of 5 external pressure of 172 kilopascal (25 psil
t repair the defects and prevent their kW or with a maximum normal gauge

, ibration-Vibration normally incidentrecurrence; operating pressure m excess of 103 '*(3) Volume and identification of kilopascal (15 psig).
coolant; (6) er spray-A water spray tnat

(4) Type and quantity of licensed $ 71.64 Vio4ationa. simulates exposure to rainfall of
approximately 5 cm (2 in.) per hour for at

miterialin each package, and the total An injunction or other court order least one hour.
quintity of each shipment: may be obtained prohibiting any (7) Free drop-Between 1h and 2% hours

(5) Eor each item ofirradiated fissile violation of any provision of the Atomic after the conclusion of the waterspray test, a
m!teriah Energy Act of 1954, as amended. (the free drop through the distance specified

(i) Identification by model number Act) or Title 11 of the Energy below. onto a flat essentially unyielding

and/or serial number: Reorganization Act of1974 as amended. horizontal surface. stnking the surface in a
" i(ii) Irradiation and decay history to or any regulation or order issued
d Cl s !p kahe8

thi extent appropriste to demonstrate thereunder. A court order may be
free drop shall be preceded by a free drop

th:t its nuclear and thermal obtained for the payment of a civil from a height of 0.3 m (1 ft.) on each ccrner
characteristics comply with license penalty imposed pursuant to section 234 or. in the case of a cylindrical Fissile Class II
cr.,nditions; and of the Act for violation of sections 53. 57, package, onto each of the quarters of each

(iii) Any abnormal or unusual 62. 63. 81. 82.101.103,104,107 or 109 of rim.
c;ndition relevant to radiation safety, the Act or section 206 of the Energy

(6) Date of the shipment: Reorganization Act ol1974, as amended, p,cq, u,,, ,,,,o,,,

(7) For Fissile Class !!I and for Type or any rule, regulation, or order issued omance

B(M) packages. Sny special controls thereunder, or any term, condition, or ** '8"""'' " W

cxercised; limitation of any license issued ,,oca ,, ,,,,, , ,,ana ,,,,,,,,,,, ,, ,

(8) Name and address of the thereunder, or for any violation for s.ooo m si.oco m os s
tr:nsferee; which a license may be revoked under ,$", ,,aga ,

(9) Address to which the shipment section 186 of the Act. Any person who is.ooo_ nooo
was made; and willfully violates any provision of the u%c -.- Os i

(10) Results of the determinations Act or any regulation or order issued '

required by | 71.54.- thereunder may be guilty of a crime.

(b) The licensee shall make available and, upon conviction, may be punished (8) Comer drop-A free drop onto each

to the Commission for inspection, upon by Gne or imprisonment or both, as corner of the package in succession, or in the
case of a cylindrical package onto each

reasonable notice all records required provided by law. quarter of each rim. from a height of 0.3 m O
by this part. Appendix A-Normal Condit' ions of ft.) onto a flat essentially unyielding

(c) The licensee shall ma!ntain. during Transport horizontal surface. This test applies only to
th2 life of the packaging to which theY Evaluation of each package design under exceNn 0 poun1s")'an'd f! 'rboard

* 8 "'
kgp;rtain, sufficient quality assurance

normalconditions of transport shallinclude a or wood cylindrical packages not exceedingrec:rds to furnish documentary determination of the effect on that design of too kg [220 pounds).svidence of the quality of packaging the conditions ard tests listed in this (9) Compression-The package shall be
components which have safety appendix. Separate specimens may be used subjected. for a period of 24 hours. to a
significance and of services affecting for the free drop test. the compression test compressive load applied uniformly to the top
such quality, including records of the and the penetration test provided that each and bottom of the package in the position in
results of the determinations required by specimen is subjected to the water spray test which the package would normally be
171.53 and of monitoring, inspection before being subjected to any of the other transported. The ! cad shall be the greater of
rnd auditing of work performance tests. the following:
during the design, fabrication. assembly. With respect t the initial conditions for (i) The equivalent of s times the weight of
t: sting. modification. maintenance and the tests in this appendix. except for the the package:

r:p2.it of the packaging. water immeni n tests. the dem nstration of (ii) The equivalent of 12.75 kilopascal (1.8s
compliance shall be based on the assumption Ib/in8) multiplied by the vertically projected

j 71.63 Inspection and tests. that the ambient temperature preceding and area of the package.

(c) The licensee shall permit the following the tests remains constant at that 001 Penetration-Impact of the

C:mmission at all reasonable times to value betwun -29' C (-29' F) and +38' C hemispherical end of a vertical steel cylinder

000 F) which is most unfavorable for the of 3.2 cm (1 % in) diameter and 6 kg (13 lb)
inspect the licensed material, packagmg* feature under consideration. The initial **s8. dropped from a height of 1 m (40 In)
and premises and facilities in which the intemal pressure within the containment "' 'h' '*P*''d '"'f*ce I the packa ge
licensed material or packaging are used. system shall be considered to be the which is expet.ted to be most vulnerable to
produced, tested, stored or shipped. maximum normal operating pressure, unless puncture. The long axis of the cylinder shall

(b) The licensee shall perform, and a lower internal pressure consistent with the perpenecdar to th package surface.
permit the Commission to perform. such ambient temperature considered to precede Appendix B-Hypothetical Accident
tests as the Commission deems and follow the tests is more unfavorable. Condition

i nec:ssary or appropriate for the Norrnalconditions of Tmnsport The hypothetical accident conditions in
administration of the regulations in this paragraphs (a) through (d) are to be applied.

ch:pter. (t) Heat-An ambient temperature of 54. C sequentially,in the order indicated, to
(c) The licensee shall notify the 030 F)in still air, end daily average solar

determine their cumulative effect on a
Director. Office ofInspection and radiation of 450 watts /m'with a daily packege or array of packages. A separate

maumum of 900 wens /m'. specimen may be used for the waterEnf;rcement. U.S. Nuclear Regulatory (2) Cold-An ambient temperature of -40' immersion conditions specified in paragraphC;mmission. Washington. D.C. 20555. at C (-40* F) in still air and shade. (e).least 45 days prior to fabrication of a (3) Reduced external pressure-An With respect to the initist cohditions forp:ckage to be used for the shipment, in external pressure of 24.5 kilopascal (3.5 psis). the tests of this appendix. except for the
j

,

1

|
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water immersion tests. the demonstration of not less than eight hours. For test purposes. be 10 C1 and the value of A. shall be taken to
compliatice shall be based on the assumption an external pressure of water of 147 be 0.4 Ci.
that the ambient temperature preceding and kilopascal (21 psi) gauge will be considered II. Mixteres of rodionuclides, including '
followmg the tests remains constant at that to meet these conditions. radioactive decay chains.-(t) For mixed
value between -29'C (-20*F) and MC fission products the following activity limits

APPENDIX C-DETERMINATION OF A' may be assumed,if a detailed analysis of the(100*F) which is most unfavorable for the
feature under consideration. The initial AND A. mixture is not carried out;
internal pressure within the containment dionuclides.-(t) For smgle Ai = to Cl
system shall be considered to be the radionuclides of known identity, the value of A. = 0.4 C1 -

bow r ntern 1 ressure cons stent
A. and A. are given in Table C-1. The values (2) A single radioactive decay chain inte of ^* and A. are also applicable for which the radionuclides are present in their

ambient temperature assumed to precede and radionuclides contained in (s. n) or (7. n) naturally occurnng proportions and in which
follow the tests is more unfavorable. neutron sources. no daughter nuclide has a half life either

(a) Free Drop-A free drop of the specimen (2) For any single radionuclide whose longer than 10 days or longer than that of the .

gi I

y eldbgg h r z nt Is rface
Table C-1 the values of A and A. shall be radionuclide. The activity to be taken into
identity is known, but which is not listed in parent nuclide shall be considered a single

es en ally
stnking the surface in a position for which determined according to the following ac:ount and the A or A.value to be applied
maximum damage is expected. procedure: shall be those corresponding to the parent

(b) Puncture-A free drop of the specimen (a)If the radionuclide emits only one type nuclide of that chain. However. in the case of
through a distance of I m (40 in) in a position of radiation. Ai shall be determined radioactive decay chains in which any
for which maximum damage is expected. according to the rules in paragraphs (i), (ii), daughter nuclide has a half-life either lorcer
onto the upper end of a solid. vertical. (ii) and (iv) of this paragraph. For than to days or greater than that of the
cylindncal, mild steel bar mounted on an radionuclides emitting different kinds of parent nuclide, the parent and such daughter
essentially unyielding honzontal surface. The radiation. Ai shall be the most restnctive nuclides shall be considered as mixtures of
bar shall be 15 cm (8 in) in diameter with the value of those determined for each individual different nuclides.
top horizontal and its edge rounded to a radiation. However, in both cases A shall be (3)In the case of a mixture of different
radius of not more than 6 mm (% in) and of restncted to a maximum of1000 C1. If a radionuclides. where the identity and activity
such a length as to cause maximum damage parent nuclide decays into a shorter lived of each radionuclide are known, the
to the package, but not less than 20 cm (8 in) daughter, of a half. life not greater than to perrissible activity of each radionuclide R
long. The long axis of the bar shall be days. A shall be calculated for both the R., . R. shall be such that Fi + F + . . F.

parent and the daughter, and the more is not greater than unity, where""I'* b

(c) Thermo/-E.xposure of the whole limitmg of the two values shall be assigned to ym,, y n,
specimen for not less than 30 minutes to a the parent nuclide. F. =
heat flux r .* tess than that of a radiation (i) For gamma emitters. Ai s determined by toianesww w a.i
enytronment o. '00*C (1472*F) with an the expression: e, .
emissivity coefficient of at least 0.9. For
purposes of calculation the surface A = 9/ curies
absorptivity shall be either that value which where is the gamma-ray constant, r, .

the package may be expected to possess if corresponding to the dose in R/h at i m per
exposed to a fire or 0.8. whichever is greater. Ci: the number 9 results from the choice of 1 A,(Ri. R . . R.) is the value of A, or As
In addition, when significant. convective heat rem /h at a distance of 3 m as the reference as appropriate for the nuclide R., Rs .
input shall be included on the basis of still dose-equivalent rate. R..
ambient air at 800*C (1472*F). Artificial (ii) For X ray emitters. A is determined by (4) When the identity of each radionuclide
coohng shall not be applied after cessation of the atomic number of the nuclide: is known but the individual activities of some

of the radionuclides are not known, theexternal heat input. and any combustion of for Z i; 53-Ai = 1000 Ci f rmula given in paragraph (3) shall bematenals of construction shall be allowed to for Z > 51-A = 200 Ci applied to establish the values of A, or A. asproceed untilit terminates naturally.The
where Z is the atomic number of the nuclide. appropriate. All the radionuchdes whoseeffects of solar radiation can be neglected

(iii) For beta emitters. A. is determined by individual activities are not known (theirprior to and dunng the test but insolation as
the maximum beta energy (F.) according to total activity will, however. be known) shallspecified in paragraph (a)(1) cf Appendix A

shall be assumed for the period following the Table C-2: be classed in a singfe group and the most

30 minute exposure to fire conditions. (iv) For alpha emitters Ai is determined by restrictive value of A and A. applicable to
the expression: any one of them shall be used as the value of

(d) Immersion-fissile materio/-For fissile
material in those cases where water Ai = 1000 A, Ai or As in the denominator of the fraction.

I ' ' '" ' " |

inleakage has not been assumed for Where A. is the value listed in Table C-3: is kn n ut he ndi dual act of no
cnticality analysis, the specimen shall be (b) A. shall be the more restrictive of the of the radionuclides is known the most
immersed under a head of water of at least following two values: restnctive value of A cr A. applicable to any
0.9 m (3 ft| for a penod of not less than eight (i)The corresponding Ai: and one of the radionuclides present shall be
hours and in the attitude for which maximum (ii) The value As obtained from Table C-3. adopted as the applicable value.
leakage is expected. For this test an ambient (3) For any single radionuclide whose (6) When the identity of none of the
temperature of 38'C (100*F)is not required. identity is unknown. the value of A shall be nuclides is known, the value of A, shall be

(e) Immersion-allpockages-Either the taken to be 2 Ci and the value of As shall be taken to be 2 Ci and the value of As shall be
damaged specimen or a separate undamaged taken to be 0.002 C1. However,if the atomic taken to be 0.002 Ci. However. if alpha
specimen shall be immersed under a head of number of the radionuclide is known to be emitters are known to be absent. the value of
water of at least 15 m (43 ft) for a period of less than 82. the value of A shall be taken to A, shall be taken to be 0.4 Cl.

.
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Taese C-1.--A. and Vates er Radoriucedes *

Symtcs of reeocucede Elemere and atome numcor At(Cil A2tC4
--

"' Ac - .. _. . . Actruum (89) - - . 1000 (7003
"Ac_ .. . . to 4
'"Ag__.._.. $dwer (47) . 40 do.-

'* Ag .. 7 7
'" Ag _. ._ 100 too .

'" Am . Amenaum (95p. O o 006
" Am 8 o 008
" Ar (compressed er uncompressed) Argon (18) ~ -_ 1000 1000
"& (uncorsioressedl 20 20
" 4 ;_ , " 1 1

'' As .. ... Arsenc (331. - tooo 400
'* 20 20

i *Aa to to
" As . 300 300
'" At . ..

_ Astaurie (85) 200 7
'" Au Good (79) . 200 200
'" Au 30 30_

'" Au 40 40
'* Au .. 200 200
'" Sa _ _ . Barnet (56) 40 40
'" 8a . 40 to .
'Be
" Si

. Beryshum 14) 300 300
BefuAh (63) $ $

"' Be . .... to to
'"Os qRaE) - 100 e
''' Bi 6 6
"8k _
" St

._ 8ertehum (97) 1000 t

Bronene 435) 6 6
"C Carcon (6) 1000 too
"Ca Casoum (20) 1000 40
*h N N,

"Cd -. Caamium (48) t000 70
"* CD _ , 30 3o
"' Co .. ... 30 go - -

'"Co . Cerium (58) 100 too
'" Ca . . . _ . 30o 200
'*Ce .- 60 60
'*' Co . to 7
'* Cf. Canforma 1981 2 o 002
"O 7 oN7
" Cf _.- 2 o 009
"CI - Cheonne (17) 300 30 .

"Cl . to io
"Cm ._ . _ . . . . Curium (961 200 o2
** Cm

.. 9 o 009
"Cm.-

. to 0 01
"Cm . _ . - 6 o006
8"Cm .. 6 3 006
* Co ..._ . Cocas (27) _. S $
" Co ._ go go
** Co . .. 1000 1000

'

"Co . - . . . go 20
"Co .. .
" Cr Chrontum (24)

_ 7 7
600 000

'aCs ... ._. _. Comum (55).
"" Cs.

_ t000 1000
icon

ico,n'"Cs to o
'"Cs soon tooo
" Ce .. . - 7 7

% N N
= Cu Copper (29) to 80
'" Cy . Dvspreenam (66) too too
'* 0y 1000 200
'* Er -. Eitsum (68) 1000 300
'" Er 50 So
'= Eu. Ewinum (63) 30 30
'" Eu 20 20
** Es to 5
'" Eu 400 go
"F Fluonne (9) 20 20
" Fe Iron (26). 6 6
"Fe 1000 1000
* Fe - to to
" Ga Galhum (31) 7 7
'"Gd n=**uum (64) . 200 too
'"Gd - 300 300
'' Go .. _.-. _ Germartum (32) 1000 1000
'H..~....._. Hydrogen til see T.Tneum
*' Mt . _ .. _ . . . . Mafraum (72) 30 30
**Hg-.. _ heercury teo) . 200 200
'"Hg.......-_.- . 200 200

i " Hg _ ~ ., . . . . _ . so 30
! ** Mo . . Holmium (67)_ . . _ . . . . . . 30 30

'"1.- . . . . . . .._ loene ($3) . 1000 To
'"1.. _ , . . . . . . .. . . ._ 40 to
'"l . . . . . . . . . 1000 2
'''I... - _ _ . . ._ . . _ . . . . . , . 40 to
'"3 - . _ . . . _ _ ._ . . _ . . . . _ . _.. 7 7
**I. - . . . . _ . ... . . . . . . . 30 3o.

.

. . . . . . . .
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Table C-1.-,4. anct Vadues #0r Radonucwes t -Continued

Cement and atorme number A1(01 A2(G)
Symbol of redenuchoe

8 6
***t. -

10 to
i= (. 60 60

incawn (49)naa In 30 20
n= en ._ 100 100
nse in .

- Inchurn (77) 10 10
i" y . 20 20
mir 10 10
*r .

Potasaurn (19) to 10
= et 100 700
*= Kr tv -., _ 7 Krypton (36)-

3 3
* Kr (compressed) 1000 1000
"Kr tw.. .uf,

$ 5
"Kr (compressed) 20 20
"Kr (uncompressed). 06 0.6
* Kr (cornpressed)

Lareanum (57) 30 30
* La

LLS Low novel sohd resoecove metenal-see _.

I 71.4(gt
Low specshc acimly matenaksee t 71.4(h)

LSA
'" Lu . _ - Lutebum (71) 300 300

tAFP
Weed fisson prod; cts to 04

" Wg Magnemum r12) 6 6

m un . Manganese (25) 5 5
20 20

"Un.
5 5

" Mn.
"Wo Mosvtx$enurn (42) 100 100

" Ne Soeum (11? 6 8
5 5

'' Na
"" Nb Neobeum (41) 1000 200

20 20
* N6

20 20
* ND
'" Nd.. NoJdymum (60) 100 100

30 30.
'* Nd,

"4 Neckes (29) 1000 900
1000 100

"M
10 10

" Nr -

"' No. Neptumum (93) 5 0 005
200 200

"No-
** Os . Osmurn 961 20 20

600 400* Os 200 200
'" On 100 too
'"Os.._.
ap. Pnosonorus (15) 30 30

" Ps , Protoacumum (91) 20 08
2 0 002

* Pa 100 100
" Pe
* PD Leed (82) 20 20

100 0.2
8"Pb 6 5
''8 PD .
* Pd Papedlum (46) 1000 700

* Pd .

100 100

"' Pm 'Promeewan (6t) 1000 60
100 100

'" Pm
* Po Potoruurn 164). 200 02

'" Pr PW (59) 10 10
300 200

* Pr
100 100

* Pt Plannutn US1 ,

200 200
* Pt

300 300
*" Pt

300 300
'" Pt
"N Plu'nruum (94) 3 0 003

2 0 002
"Pu

2 0 002
'"Pu

1000 0.1
"' Pu

3 0.003'"Pu
"Ra Racsum (86? 50 02

6 05
* Ra

10 0 05" Ra to 0 05" 8ta
"Rb Rutusum (37) 30 30

Unntnned Urernted" Ab
Unamned unemded

Re (naturell
'" Re - - Rhonsum FS) 100 100

Unkmged Unkrmted'" Re to 10* Re.
Unarmted Unkmned

Re (naturell
"" Rh Rhocsum (45) 1000 1000

200 200* Rn
" Rn-.. Redon (86) 10 2

" Ru Ruthemum (44) 80 60
30 30'" Ru-
20 20** Ru to 7* Ru ,

1000 300"S. Sidoru (16).
"" $b Anemony (SI). 30 30

5 5* Sb
40 30'" Se .

* Sc. Scaneum (21)- e e

" Sc- 200 200

|

. _ _ _ _ - _ _ _ _ . -_
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Tense c.t.-a, se vate, e, meucaaws '-cenunued

_ _ _ _ . _ _

Symbolof resonuchoe Oement and atcwnic numcer A liC.) . A2(C4

** SC.. _ _ - . . .
. - - - . . . . - . _ . . - . 5 S

'S Se,

"%
.. _ _ .. .. _ Seeeruum (34L .._ . .- _. ._ . - 40 40) . . . ._ -.. Sdicon i14) . _ . . . . 100 100

"' Am .. Samanum (62) ... ....... Urumted premned
"'Sm.......
** Srn .

- 1000 90
300 300** Sn .

f
_ Te (50) 60 60'" Sn

10 10
* Sr. Seonnum (38) 80 80* Sr

30 30* Sr
50 50" $r

100 40" Sr
10 04* Fw

- 10 10" Sr to to? (Uncompra==a intum (1) 1000 10007 (compressee
1000 10007 (acewated lummous pact
1000 1000

? (adsorbed on tohd camer) 1000 1000
? (inneied esser) 1000 1000
7 lother W! - 20 20
'a Ta - Tame w1(73). 20 20
* Tb Tertsum (t5) 20 20
*** Tc Techneeum (43) . 1000 1000
" Tc. 4 4
m Tc 1000 200
o'Tc 1000 100
*** Tc 100 100"Tc 1000 00
'm To Tedwum (S2). 1000 100
'm To 300 40
'# Te - 300 300
$*** To . 30 30
* Te .._. 100 100
'** To 10 toae'

7 7
"' Th Thonwn (90). 200 02= Th 6 0 008= Th 3 0 003
"'Th 1000 1000" Th Unamned Uremned"'Th. 10 to
Th (r atura0. Unemned Uremmed
in firreested 8

.

"* TI Theeurn t81) 20 20"' T. 200 200en ti 40 a0* Tl 300 30
"* Tm . Thunum (69) . 300 40"' Tm 1000 100
8" U . Uratuum (92) 100 01
"U 30 0 03"U 100 0.1*U 100 01"U 100 02** U 200 02"U a Unammed UrermedU (netwaft Uremned Unamned
U (enncned < 20% Uremed UremnedU (ennched 20% or yester 100 0t
U (desnotee Unerruted UeemnedU (eredeted' {
"v vene.u,n t23, . .

i

ja' W Tungsten (74) - 200 100*W. 1000 100 j
*' W j

40 40"" Io (compressee Xenon (54)_. to 10"" xe (uncompresses
'"No (uncompressem

.... 100 100
1000 1000

* Re (correressee . ,_ S S'"No (uncompressed)
70 70'" ne !ccrtgressee ,

.

. 2 2"Y . ._ VfDium (391 'O to"Y
. . . _ 30 308Y

._ . . . . . . 30 30"Y
"Y . . . .

_ . .

. . . . . . . . . . . -

... ?O t0

"Zn....._._
._ Ytterthurn (70) .

_ 10 10
"* YD

._ .

400 400
__ . Enc (30) .. . ~ . . 30 30* 2n .... _. . . . . . . . . . 40 40

" Zn _, _ . . . - _
.....

.

*

" Zr -._ _ . . - Trcorwm (401... _ . . . . _
. 300 200
. _ . . _ 1000 200

" 2r . . . ._ .. .. _ . . _ ;0 70'' Zr ... . . . . . _ . 20 20
.

'In facee C-l. '*uncomcrossed gas' meene at a pressure not onceeding amtpent atmoscriene pressure at the amo the
contawiment sesem e closed. A gas enien mas escaped kom a cacmage e conodored to to uncomcrossed.

'The vasues kir At and A2 must tie camussted e accordance we the procease specfied e Appenes C. paragraon n13).
teamg W9to accCuni lhe acInruly of the hseson products and of the uraw233 WI adoten to 'Nat of the thonum

__ _
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Tatde C-1.-A, 4M .vates & nasonucwes '-Continued (iv) The specimen shall then be stored for
at least 7 days in still air of humidity not less
than 90% at 30' C (88* F).

Element ano atome nwnter Ano) A2tc.)
Symocs W reoenucido (v) The specimen shall then be immersed in

water of the same specification as m (i)
me . ues m, as ano A2 must tie escuiaiso e accaroance am ine pocoowe soec*ed a Aooens= c. camgrion ro, above the water with specimen heated to

imung vio accow i v. acway e ine assoa pooucts and oucawnsoreces .a assaca io mai e es waw
50* 5* C (122* 29' F) and maintained at this

Tatne C-2.--neiaconshe Between A ' aM & W Beta Entrers
temperature for 4 hours.

(vi) The activity of the waier shall then be
determmed.

E9M A@ (vi ) The activity determined in paragraphs
-

*

(c)(1)(iii) and (vi) shall not exceed 0.05 Cl.
osj $ (2) For encapsulated matenal j

(i) The specimen shall be immersed in =
iooi o.<i s . water at ambient temperature.The water isoi s-< 2 o :to shallhave a pH of S-8 with a maximum -oro .

conductivity of to mho/cm.The water and dspecimen shall be h4 .ted to a temperature of
50't5* C (122* 9'I) and maintained at this e

TatNe C-3-#etaconshp Between A ' aM the Atonne Numcer of me Radonucide temperature for 4 hours.
-

'

(ii) The activity of the water shall then be e
W^' determined.

(iii) The specimen shall then be stored for j
wane was Han resocodan Mawe groeie,

een toco days no to * years eaa to * years at least 7 days in t,till air at a temperature not x
Oless than 30' C (8C F). #

3o_ os o_ 3o (iv) Repeat part graph (c)(2)(i) of this
Ii io si-. oca cL. oc2 o_ 3o appendix.s2andaoove

(v) The activity of the water shall then be
~'

determined. 'w
M

Appendix D-Requirements for Special Fonn lead, of hardness number 3.5 to 4.5 on the (vi) The activitir-s determined in -

Radioactive Material Vickers scale and not more than 25 mm (1 in.)
paragraphs (e%(i i and (v) shall not exceed

kthick, shall cover an area greater than that 0.05 pC1.

(a) Ceneral. (1) Special form radioactive Appendix E-Ouality Assurance dmaterial must either be an indispersible solid [,8',d sha be used f eachi pact e bi t * **"I'
or be contained in a sealed capsule which shall strike the specimen so as to cause This appendix describes quality assurance

-

Acan be opened only by destructive means. maximum damage. requirements applying to design purchase.(2) The solid material or capsule shall have (3) Bending test the test is applicable only fabrication, handling. shipping. storing.
=

at least one dimension not less than 5mm. to long. slender sources with both a minimum cleaning. assembly, inspection testing. d(3) The qualification tests for special form length of to cm (4 in.) and a length to operation. maintenance. repair, and T
are the impact test. the percussion test the mimmum with ratio not less than 10. The modification of components of packaging _a
bending test, and the heat test. specimen shall be ngidly clamped in a which are significant to safety. As used in

(4) Specimens (sohd radioactive material or honzontal position so that one half of its this appendix " quality assurance" cwnpnses ]
capsules) to be tested shall be prepared as length protrudes from the face of the clamp. s!! those planned and systematic act ons
normally presented for transpert. Th* The onentation of the specimen shall be such necessary to provide adequate confidence
radioactive material shall be duplicated as that the specimen will suffer maximum that a system or component will perforn

_

closely as practicable. damage when its free end is struck by the flat satisfactorily in service. Qualify assurance --

(5) A different specimen may be used for face of a steel billet.The billet shall strike the includes quality control, which comprises @
each of the tests. specimen so as to produce an impact those quality assurance actions related to _

(6) The specimen shall not break or shatter equivalent to that resulting from a free c ntrol of the physical characteristics and 7
when subjected to the impact. percussion or verticle fall of 1.4 kg (3 lb.) through 1 m. The quality of ti e material or component to 4
bending tests. flat face of the billet shall be 25 mm (l in.)in predetermined requirements.

-

(7) The specimen shall not melt or disperse diameter with the edges rounded off to a 1. Oryonization.-The licensee " shall be i

when subjected to the heat test. radius of 3 mm (0.12 in.) 10.3 mm (0.012 in.). responsible for the establishment and ;

(8) After each test, a teaching assessment (4) Neos test the specimen shall be heated execution of the quality assurance program. .g

shall be performed on the specimen by a in air to a temperature of not less than 800* C cen e ma a ot e :c

method no less sensitive than the methods (1472* F) and held at that temperature for a ,

given in paragraph (c) of this appendix. period of to minutes and shall then be of establishing and executing the quality i

(b) Test methods. (1) Impact test: the slowed to cool. assurance program, or any part thereof but -

specimen shall fall onto a flat. honzontal. (c) Leaching assessment procedures. shall retain responsibility therefor. The -

-

essentially unyielding surface from a height (1) Fct indispersible solid materfaf: authonty and duties of persons and -

(i) The specimen shall be immersed for 7 ,,,,n3,,,,,,, ,,,f,,,in, ,,,iyggi,, ,gg,c,,,,of 9 m (30 ft).
, '_(2) Petrussion test: the specimen s. hall be days in water at ambient temperature.The fu so et

placed on a sheet of lead which is supported water shall have a pH of H and a maximum 'h' ',*f*["I a e ]s _gg , d p

by a smooth solid surface and struck by the conductivity of to pmho/cm at 20* C (68* F). .

M
flat face of a steelbillet so as to produce an (ii) The water with specimen shall then be ,, me unn 1censa u md in em -

impact equivalent to that resulting from a free heated to a temperature of 50*25' C
fall of 1.4 kg (3 lb.) through 1 m (40 in.). The (122' 9* F) and maintained at this N,'i,,,N,', "[*[c','ud aNe"*' *

and testtas
--

flat face of the billet shall be 25 mm (l in.) in temperature for 4 hours- of the packase is accomplished with respect to a

diameter with the edges rounded to a radius (iii) The activity of the water shall then be pachase pnor to the time a packase approvalia in

of 3 mm (0.12 in.) 10.3 mm (0.012 in.). The determined. 6ssued. #
i

3
1

T
3

J
1

- _ _ _ _ _ _ . _ -
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-iestablished and delineated in writing.These equipment. tools and skills to attain the the following: cnticality physics, radiation

Lactivities include both the performing required quality, and the need for venfication shielding. stress, thermal. hydraulic. and ;functions of attaining quality objectives and of quality by inspection and test. accident analyses: compatib;1ity of matenals.
the quality assurance functions. The quality "The licensee shall base the requirements accessibility for insersice inspection. at

,

assurance functions are those of(a) assuring and procedures of his quality assurance maintenance and repain features to facilitate
that an appropnate quality assurance program on the following considerations decontamination; and delineation of
program is established and effectively concerning the complexity and proposed use acceptance enteria for mspections and tests. g
executed and (b) venfying such as by of the package and its components: Design changes. including field changes. 3

-
checkmg. auditmg. and inspection. that (1) The importance of malfunction or shall be subject to design control measures 5
activities affecting the safety.related failure of the item to safety; commensurate with those applied to the yfunctions have been correctly performed. The (2) The design and fabncation complexity onginal design. Changea in the conditions
persons and organizations performing quality or uniqueness of the item: specified in the package approval require ;
assurance functions shall have sufficient (3) The need for special controls and Commission approval. '

authonty and organizational freedom to surveillance over processes and equipment: 4. Procurement Document Control.- ;
identify quality problems: to initiate. (4) The degree to which functional Measures shall be established to assure that brecommend or provide solutions: and to compliance can be demonstrated by applicable requirements of this part which ~_.venfy implementation of solutions. Such inspection or test; and are necessary to assure adequate quality are 9

_

persons and organizations performing quality (5) The quality history and degree of suitably included or referenced in the 5assurance functions shan report to a standardization of the item. documents for procurement of matenal. - -i

management level such that this required The program shau provide for equipment, and services, whether purchased fauthonty and organizational freedom, indoctnnation and training of personnel by the licensee or by his contractors or
including sufficient independence from cost performing activities affecting quality as subcontractors. To the extent necessary. the
and schedule when opposed to safety necessary to assure that suitable proficiency licensee shall requite contractors or j=

considerations, are provided. Because of the is achieved and maintained. The licensee subcontractors to provide a quality assurance. 1many vanables involved. such as the number shall review the status and adequacy of the program consistent with the pertinent '

of personnel, the type of activity being quality assurance program at established provisions of this part. Mperformed. and the location or locations intervals. Management of other organizations 5. Instructions. Procedures and "

where activities are performed, the participating in the quality assurance Drawings.-Activities affecting quality shat! $organizational structure for executing the program shall regularly review the status and be presenbed by documented instructions, yquality assurance program may take various adequacy of that part of the quality procedures. or drawings of a type appropriateforms provided that the persons and assurance program which they are executing. to the circumstances and shall be
organizations assigned the quality assurance 3. Design Control.-Measures shall be acccmplished in accordance with these

_

_functions have this required authonty and established to assure that applicable instructions, procedures. or drawings. These
orgamzationa freedon trrespective of the regulatory requirements and the package shallinclude appropriate quantitative or
organi:ational structure, the individual (s) design, as specified in the license, for those qumitative acceptance criteria for
assigned the responsibility for assuring materials and components to which this determining that irnportant activities have

-

q

effective execution of any portion of the appendix applies, are correctly translated been satisfactonly accomplished. yquality assurance program at any location into specifications, drawings. procedures and 6. Document Control-Measures shall bewhere activities subject to this Appendix are instructions.These measures shallinclude established to control the issuance of j
2

being performed shall have direct access to provisions to assure that appropnate quality documents. such as instructions, procedures. Esuch levels of management as may be standards are specified and included in and drawings. including changes thereto. =necessary to perform this function. design documents and that deviations from which presenbe all activities effectmg A2. Quality Assurance Program. The such standards are controlled. Measures quality. These measures shall assure that
licenseo shall establish at the earliest shall be established for the selection and documents, including changes. are reviewed

z

practicable time, consistent with the schedule review for suitability of application of for adequacy and approved for release by
g

for accomplishing the activities, a quality materials, parts, equipment. and processes authorized personnel and are distnbuted and =Eassurance program which complies with the that are essential to the safety-rela'ed used at the location where the presenbed ""

requirements of this appendix.The quality functions of the materials. parts, and activity is performed. Changes to documents 3
assurance program shall be documented by components of the packaging. shall be reviewed and approved by the same -

wntten procedures or instructions. and shall Measures shall be et,tablished for the organizations that performed the criginal --

be carned out in accordance with those identification and control of design interfaces review and approval unless the applicant 3procedures throughout the period dunng and for coordination among participating designates another organization. Jwhich packagmg is used. The licensee shall design organizations. These measure: shall 7. Controlo/ Purchased Material 3identify the material and components to be include the establishment of written Equipment. andServices.-Measurn shall be icovered by the quality assurance program procedures among participating design established to assure that purchased gand the major organizations participating in organizations for the review, approval, materia!. equipment. and services, whetherthe program, together with the designed release, distribution, and revision of purchased directly or through contractors and Efunctions of these organizations.The quality documents involving design interfaces. *lte subcontractors. conform to the procurement dassurance program shall provide control over design control measures shall provide for documents. These measures shallincludeactivities affecting the quality of the verifying or checking the adequacy of design. provisions. as appropriate, for source J
;

identified materials and components to an such as by the performance of design evaluation and selection, objective evidence
-extent consistent with their importance to reviews. by the use of alternate or simplified of quality furnished by the contractor or Esafety, and as necessary to assure calculational methods, or by the performance subcontractor, inspection at the contractor orconformance to the approved design of each of a suitable testing program. The venfying cr subcontractor source. and examination of 4individual package used for the shipment of checking process shall be performed by products upon delivery. Documentary j-radioactive matenal. Activttles affecting individuals or groups other than those who evidence that matenal and equipmentquality shall be accomplished under suit bly performed the origmal design. but who may conform to the procurement specifications 5controlled conditions. Controlled conditions be from *he same organization. Where a test shall be available prior to installation or useinclude the use of appropriate equipment: program is 'ased to verify the adequacy of a of such material and equipment. This y
-=

suitable environmental conditions for specific design feature in lieu of other
documentary evidence shall be retained by or

'

accomplishing the activity, such as adequate venfying or checking processes. It shall
be available to the licensee and shall becleanness: and assurance that all include suitable qualification testing of a sufficient to identify the specific requirern mtsprerequisites for the given activity have been prototype or sample unit under the most met by the purchased material and

satisfied. The program shall take into account adverse design conditions. Design control equipment. The effectiveness of the control of -the need for specid controls. processes, test measures shall be applied to items such as quality by contractors and subcontractors }
,

'i
M

_.
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| controlled, calibrated. and adjusted at concerning record retention such as duration.
location. and assigned responsibility.| shill be assessed by the licensee or designee

specified times to maintain accuracy within 18. Audits.-A comprehensive system ofI at intervals consistent with the importance,
c mplexity and quantity of the product or

necessary limits. planned and periodic audits shall be carried13. Handling. Storage and Shipping -
s:rvices. Measures shall be established to control the

out to venfy compliance with all aspects of

Ports and Components.-Measures shall be handling storage, shipping. cleaning and the quality assurance program and to8. Identification and Control of Materials.
determme the effectiveness of the program.

est:blished for the identification and control
preservation of materials and equipment to The audits shall be performed in accordance

of matenals. parts, and components. These
be used in packagmg in accordance with with the written procedures or check lists by

m2 sures shall assure that identification of
instructions to prevent damage or appropriately trained personnel not havmgdeterioration. When necessary for particular direct responsibilities in the areas beingth2 item is maintained by heat number, part
products, special protective environments, audited. Audited results shallbe documentednumber. or other appropriate means, either such as inert gas atmosphere, specific and reviewed by management havingon the item or on records traceable to the moisture content levels and temperature responsibility in the area audited. Followupitam, as required throughout fabrication. levels shall be specified and provided. action. includmg re-audit of deficient areas.installation, and use of the item. These 14. Inspection. Test and Operating shall be taken where indicated.id:ntification and control measures shall be Status.-Measures shall be established to Dated at Washington. D.C. this 7th day ofd: signed to prevent the use ofincorrect or indicate. by the use of markings such asd fective materials, parts and components.
stamps, tags. labels, routing cards, or other August.1979

9. Control of Specia/ Processes.-Measures suitable means the status of inspections and For the Nuclear Regulatory Commission.
shall be established to assure that special

tests performed upon individualitems of the g gpg
processes, including welding, heat treating, packaging. These measures shall provide for Secretary of the Commission.and nondestrucuve testing. are controlled s

the identification of items which haveand accomplished by qualified personnel lFR Dott N5 des Nee e-it ?t aos ami
using qualified procedures in accordance

satisfactonly passed required inspections
and tests, where necessary to preclude seaseo com rsoo et-as

with applicable codes, standards, inadvertent by-passing of such inspections
specifications. cnteria, and other special

and tests.requirements. Measures shall also be established for10. Inspectior. -A program for inspection
of activities affecting quality shall be indicating the operating status of components

established and executed by or for the of the packaging. such as taggmg valves and

organization performing the activity to verify switches, to prevent inadvertent operation.
13 Nonconforming blaterials. Ports. or

conformance with the documented Components.-Measures shall be establishedinstructions procedures, and drawings for to c >ntrol materials. parts. or components
accomplishing 'he activity. Such inspection which do not conform to requirements in
shall be performed by individuals other than
these who perforrt. 'S activity being order to prevent their inadvertent use or

installation.These measures shallinclude, as
inspected. Exammat;e 9 asurements, or
t:sts of matenal or products processed shall appropriate. procedures for identification,

be performed for each work operation where
documentation, segregation, disposition, and

necessary to assure quality. If inspection of notification to affected orgaruzations.

processed material or products is impossible
Nonconforming items shall be reviewed and

or disadvantageous indirect control by accepted rejected, repair-d or reworked in

monitonng processing methods equipment,
accordance with documeated procedures.

to. Corrective Action.-Measures shall beand personnel shall be provided. Both
established to assure that conditions adverseinspection and process monitonna shall be

provided when quality controlis inadequate to qualit". such as deficiencies. deviations.

without both. If mandatory inspection hold defectiv ;natenal and equipment. and
noncon. 3rmances, are promptly identified

points, which require witnessing or inspecting and corrected. In the case of a significant
by the licensee's designated representative condition adverse to quality, the measuresand beyond which work shall not proceed
without the consent ofits designated shall assure that the cause of the condition is
representative, are required. the specific hold determined and corrective action taken to
points shall be indicated in appropnate preclude repetition. The identification of the

sigmficant condition adverse to quality, the
documents.

11. Test Control.-A test program shall be cause of the condition, and the corrective

established to assure that all testing required action taken shall be documented and
to demonstrate that the packaging reported to appropriate levels of

components will perform satisfactonly in management.
service is identified and performed in 17. Quality Assurance Records.-Sufficient
accordance with wntten test procedures written records shall be maintained to furnish
which incorporate the requirements of this evidence of ativities affecting quality.The

part and the requirements and acceptance
records shall include the followtng: design

kmats contained in the psckage approval. The records, records of use and the results of
procedures shall include provisions for miews. inspections, tests audits, momforing

of work performance. and materials analyses.assunng that all prerequisites for the given The records shall also include uosely.relatedtest have been met. that adequate test
instrumentation is available and used, and data such es qualifications of personnel,

that the test is performed under suitable procedures. .nd equipment. Inspection and

environmental conditions. Test resuits shall
test records shall. as a mmimum. Identify the

be documented and evaluated to assure that inspector or data recorder, the type of

test requ rements have been saDfwd. observation, the results, the acceptability.

12. ContrW of Mosuring omf Tint and the action taken in connection with at,y

Equ pment.-Measures shall be established deficiencies noted. Records shall be
to assure thst tools, sagss. :nstr uunts. and identifiable and retrievable. Consistent with
other mouring and teving devices used in applicable regulatory requirements, the
activitt , affecting quality are properly licensee shall establish requkements

-
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UNITED STATES NUCLEAR REGULATORY COMMISSION.

L RULES and REGULATIONS
\

! ma se. cuanin 1. caos or runen44. nsaui.Arions-smanay

i

PART FHS FOR FAC1UTIES AND MATERIALS UCENSES
gg AND OTHER REGULATORY SERVICES

UNDER THE ATOMIC ENERGY ACT OF 1954, AS AMENDED *
.

GEN M D } and devices containing byproduct ma. nuclear reactor licensed by b Commis..,g terial, source matertal. or special nu.
Pasi clear material, or a production or utiu. sion under the authority of section 103

w 106 of the Atomic hergy Act of.

lMI P8 8'" sation facility construction permat and ti

.t'tL2 ssnee. operating Ucense tasued pursuant to 1954. as amended (the Act), and pur.
3 Part 50 of this chapter, to routine 'suant to the provisions of Part 50 of this

f"nj [0*"*"'""'-[***,* ,, safety stad safesuards inspections of a (chapter.
-

g person. to a person who ap.
3) lies for approval of a reference stan. (f) " Power reactor" means a nuclear!!*tLil Esempuses, i .

g;p reactor designed to produce electrical orim : enymem ed ress. dardised dealsn of a nuclear steam
faupply systeta or balance of plant, for g heat energy licensed by the CommissionSotEDut.soFF11s under the authority of section 103 or
greview of a facility site prior to the g! subsections if5tb of the Act and pursuantsubmission of an application for a con. .-sm : useale or fees roe podesues and esistang

non reshuse. struction permit, for revtew of a stan. E to the provisions of ll 50.21(b)or 50.22
,

im 11 %.hedule or fees fee'maseriets lessesse, dardised spent fuel facility design, and a of this chapter,
for a special project rettew which the M (I) "PWuctN" faciH'I" ***"8--

sNroactMENT Ca= = ta= ton contaletes or makes (I) Any nuclear reactor designed orwhether or not in conjunction with a .

s;u 4 Fasere ey inesesse is per seames see. Ucense application on fue or which tsed primarily for the formation of
AUTHORITY: The prouts.ons or this Pste 17$ sigtay be filed. , plutonium or uranium 333;or

-(2) An_,y,, facility designator used for- ~~ ' '

immed ender iss. soi. as sm. :so; si use. 4s)ar T. N M 8 M **8- the seperation oMe isotopes'of uraniumiss. s ei. es sm. 944; 42 Ulc. 2:01. $ss. :ottn. .

or the isotopes of plutonium. escaptem. L. 91-43s. Se seas. 1241 42 U l c.ss w As used in this part: taboratcry scale factilties designed or;
(a) "Syproduct material" means any. used for esperimental or analytical pur.

,GitNER At.h0 VISIONS ' radioactive material (etcept, special poses onlyt or
,

R' nuclear material) yielded in or made =
I 1 179.1 Purpose. krsdioactive by exposure to the radiation (3) Any facility designed or used foi

? Eincident to the process of producing ori the processing of irradiated materiali

cparted for licensing services readsret. { utilizing special nuclear materialLThe regulations in this part set out fees containing special nuclear matettal, es
4

(b) " Government agency * means any cept:'

b executive department, commission. In , m Iaberatory scale facilitie
! y the Nuclear Regulatory Commission.; '

designed or used for esperimental oe- dependent establishment, corporation

,as authorized under Title V of the is(M{
e

' pendent Offices Appropriation Act wholly or partly owned by the United ansluical purposes;
:19$2 (65 Stat. 290; 31 U.S.C. 443 sot 5tates of Ameries which is an instrumen4 (li facilities in wbich the only

me their osv=9., tality of the United States, or any boardj special nuclear materials contained in
',plalonadagar bureau, division, service, office, otticerj the irradiated material to be processedi[

'

,

i170.2 Seepe. authority, administration. or other] , are uranium enriched in the isotope U 38
Escept for persons who apply for or , establishment in the executive branch or, g and plutonium produced by the irradia.,

hold the permits.11eenses. or appro- the Government. * tion, if the matertal processed contains|
.

vais esempted in 1 170.11. the regula- (c) " Materials license" means as f,not more than 10-* grams of plutonium,
tions in this part apply to a person byproduct material license issued pur. 3 per gram of Utss and has fission producti

suant to Part 30 of this chapter, or a activity nu in excess of 0.25 millicuris'' ' **'
3 ,"*byp m'a i

N;tssued pursuant to Parts 30 and 32-34soune matedal Hanse issued punum oMssen products per grans M234 an#

f oi this chapter, a specif!c souree mate, .to Part 40 of this chapter, or a special, (iii) facilities in which processing is|
. i

m rtal ueense tasued pursuant to Part 40 nuclear material license issued pursuant conducted pursuant to a 1; cense issue '
' of this chapter, a specifle special nu. to Part 70 of this chapter, under Parts 30 and 70 of this chapter, o ,

c!est matertal t! cense tasued pursuant (d) " Nuclear reactor" means an ap. equivalent regulations of an Agreemecs
to Part 70 of this chapter, a spectfle paratus, other than an atomic weapoe| State. for the receipt. possession, ussJ

"8,8,'' ,hQ', designed or used to sustaan nuclear fis3
material, which authoriass the process)

cas and sht and transfer ofirradiated special aucleard

g g
sion in a self supporting chain nactica.,Pstt 71 of this chapter. a spect!!c r,.

(el "Other production oc utilizaaie ing of the irradiated maistial on a baters
facility" means a factl,,ity oGy,'M,esbasis (or,the separajon,M selected fisd

quest for approvst of aesled sources
.

*Amendes 43 FR ?2to.

[704 Augurt 1,1980

_ _ ._ _____ _ -..._ _ _ _ _ _ _ _ . _ _ _ . . - -_



_ _ _ _ _ _ _ _ _ _ _ _ - _ _

PART 170 o FEES FOR FACILITIES AND MATERIALS LICENSES"-

means the internal DC N'A "ca8W'-I 4 sion products and limits the process f (p) "Hu=an use Fa

A batch to not more than 100 grams of I or external administratien of byproduct.
All communications conceming the

S uranium enriched in the isotope 235 and g source. or special nuclear material, orhuman , regulations in this part should be ad-I nto more than 15 grams of any other I R dressed to the Execuuve Director for
the radiation therefrom, to

S specal nuclear matenal. beings.
h * Operation, U.S. Nuclear Regulatcryi._

"~ ' < h) "Rescan:h reactor means a nu- (q) " Nuclear Steam supply system" * Commission, Washington, D.C. 20555.
cicar reactor neensed by the Cnmmtwon consists of the reactor core, reactor S Communications may be deliveredin
under the authonty, of subsecuca 104o coolant system. and related auxiliary person at the Commission's offices at
of the Act a:.d pursuant to the provisions systems including the emergency core 1717 H Street N.W , Washington, DC onof I 50.21(c) of this chapter for opera- cooling system: decay heat removal or at 79:0.yortoIk Ave., Bethesda .hlD
tion at a thermal power level of 10 mega- system; and chemical volume and con.
wat*s or less, and which !s not a testing trol system. T:
facility as defned by paragraph (m) of (r)" Balance of plant" consists of the 3

2this section. remaining systems, components, and a $ 170.11 Exemptions.(1) " Sealed source" =eans any by- structures that comprise a complete
product material that la encased in a nuclear power plant and are not in. E
capsule designed to prevent !esicage or cluded in the nuclest steam supply n
escape of the byproduct =sterial. system. "m

(j) "Sourcs material" means: (s) "Special projects" means those -
(1) Uranium or thorium, or any com- projects submatted to the CommMion 2 (a) No application fees. Ucense fees."

8 bination thereof. !n any ;hys; cal or for review and for which specific fees R amendment fees, renewal fees, approv.
~ chemical form: or are not prescribed in this chapter. Ex. * al fees. or inspection fees shall be re-=

f (2) Cres which centain by e eMht amples of special projects include, but
one-twenti:th of one percent (0.03% cr are not umited to, topical reports. O 4uired for-'

e
more of t!) uranium. (11) thorium, or early site reviews, waste sondification 5--"

-t111) any combtnauen thereof. Source facilities, fuel reprocesstag facilities. (1) A license authorizing the export
matertst does not include spectal nuclear and amendment or renewal of stan, only of a production or utilization
material. dardi:ed reference destgu approvals.

(k) "Speelal nuc!aar materta '" = cans: (t) " Routine inspection" means an f2G81itY-

(1) Plutonium. ursnium-::3. uranium Inspection performed at frequencies or L:) A license authorizing the esport
enriched in the isotope 233 or la twe during a certain perted of time pre, only or import on!" of byproduct

,

isot:po :'23. and any othe material e scribed by the Commission for pur. material source material or special
which the Ccemissien, purcuant to the g poses of reviewing a licensee's autho* nuclear material.
provisicas of s:cticn 31 of the Act, dater. * rtzed activttles to assure that they are (3) A license authonzing the receipt,
mines to be spec:11 nu !aar material but & being conducted in accordance with ownership. possession. use or production
dacs not include sourcs material: or m regulatory or statutory requirements

(2) any matart.1 arti".ciauy enriched v and that assectated facilities and of byproduct material, source material,

by any of tha fere:'o:n;. but does not equipment are being operated in a safe or spec:al nuclear material inc; dental to

includa so arca mattrial. mannu. the operation of a production or utiliza.
,". (u) " Dup!!cate unit" means one of a tion facility licensed under Part 50 of

(1) " Manufacturing ucense* means a !!mited number of the same Itind of this chapte'r. including a license under-

N Ucense pursuant to Appendis M of Part units which are to be constructed a P*" 70 of th #h* * "" h "Ilil 50 of this chapter to munfacture a nu* within a umited time span and subject 3
z clear power reactor (s) to be operated at to review at the same time by the ,~ possession and storage only of special

nuclear material st the site of a nuclear* sites not identified in the ucerJe app 1h staff. g

{ cation. (T) " Replicate unit" means a unit m reactor for use as fuelin operation of the
based on the reuse of a plant desigTI. E nuclear reactor or at the site of a spent

r-.
g (m) " resting facf.ity" =esns a cu* previously revtewed and approved for fuel processing plant for processing at

e!ast reactor ucensed by the ComWwon construction by the same uttuty or byo

'3' Igan,' construction permit or license" under the authority of subsectics 104c of another utility 2.s part of another con. W An .r.he Act and pursuant to the provtsions of struction permit application.
*; I 50.21(c) of this chapter for cperation (w) " Reference systems concept applied for hy. or issued to, a norprofit
.

" att means a concept that involves the educational institution for a production
'," rev'.ew of an entire facility design or facility or utilization facility, cther than
_

(1) A thermal powerlevelin excess of major fraction of a facility design out. a power reactor, to be used for teaching.
10 megawatts; or side of the context of slicense applics* training or medical purposes, or for

(2) A thermal power level in excess of tiori. The standard design would be re. b Product material, source material, orI1 megawatt. if the reactor la to containt ferenced in subsequent Ifeense applics. special nuclear material to be used for3D A circulating loop through the core tions,

in which the appucant proposes to con. (2) " Advanced reactor" means any teaching, training, or medical purposes,
duct fuel expertments or cuclear reactor concept other than or in connection with a facility. other

(11) A Uquid fuel hatng; or light water reactors and high tempera * than a power reactor, used for teaching.
(U1) An experimental facility in the jure gas cool,ed reactors. training, or medical purposes,

-
core in excess of 16 square inchas in

170.4 Interpretations. [" ($) A construction permit or license
.

cross-section. )
(n) "Ut111:stien faciuty" mans an7 * applied for by, or issued to, a Govern.

nuclear reactor other than one designed, E.scept as spectf1cally authorized by 3 ment agency. except for a utilization
or used prtmarily for the formation ef 3 the Commission in writing, no in. facility designed to produce electrical or

a

plutonium or U" and any other equip.::terpretation nf the meaning of the * heat energy pursuant to section 103 or
ment or dettes deter =ined by rule ofs regulations in this part by an officer or A 104h of the Atomic Ener8 Act of 1954
the Commission to be a utui:stion fac13t7|| employee of the Commission other than | ded'
within the purview of subsection licc"a written interpretation by the General- L
'' th' A88- Counsel will be recognized to be binding (6) [Deisted 33 FR 13a431

to) (Deleted 43 FR 7210.1
upon the Commission. (7) (Deleted 38 FR 134431

August 1,1980 170 2
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I PART 170 o FEES FOR FACILITIES AND MATERIALS LICENSES-
are referenced in an application (s)(3) A license authorizing the use of- proposed determination of the amend, fUed by a utility or utilittes.

~

source material as shteiding only in ment class and state the basts therefor
$ devices and containers, provided- as part of the amendment request and (f) Special P ofeet fees Fees for spe-

| ~ however, that all other licensedi shall remit the fee corresponding to cial projects are payable upon nottf!ca-,

| 2 byproduct materist. source matenal. or this deter =unation with the applica. tion by the commation when the

tion for amendment. The Comnussion review of the project !s completed.
) X rpectal nuclear mate:ialin the device or will examine the antendment fee and (8) fnspection fees. Inspection tees
| containet wdl be subject to the fees
'

_presenbedin @ 170 31. $ ,",,,C[gjj,,",f""d *"Y e are le upon notification by the* D
g g ,

the additional amendment fee. *
(9) A Ucense for possession and use * (h) .Wethod of Payment Fee pay.=

of byproduct material. source matert. (d) Renetsc1 fees. The appropriate * ments shall be by check, draft, or
al. or special nuclear material appued renewal fee shall accompany the re- Q money order made payable to the U.S.
fcr by, or issued to. an agency of a newal application when filed mth the Nuclear Regulatory Commimon.

o State or any political subdivision Com m mton. | 170.21 Schedule of fees for production
E thereof. except for ucenses which au. (e) Appmal fees. Fus for spent and utilization facilities, review of ref.
' thcrtze distribution of byproduct ma. fuel cast and shipping container ap* erence standardized designs, and spe-
f t:rtal. source material, or spectal nu. prevals standardized spent fuel fact 11* cial projects.
" clear material. or products containing ty design approvals. and construction
' byproduct matertal. source material. approvals are payable upon notifica. (a) Applicants for construction per,

or special nuclear material, or ucenses tion by the Commlufon when the mits manufacturing licenses. operst-
authort:ing services to any person reytew of the project is completed. ing !! censes. and approvals of refer-
other than an agency or poutiegg sub. Fees for facility reference standard- ence standardized factlities designs.

pston of the State. 12ed design approvals will be paid in shall pay the fees set forth in the
five (S) inst 2nments based on payment tacle below.

{
a kl0) Activities of the Commission

of 20 percent of the approval fee (se' (b) Appucants for special project re-
footnoted i Nm as each of the W views shall pay fees as separately de-

2= under*aken, Eursuant to Part 75 cf this five L3) units of the approved design termit.ed by the Commiuton.
* ch:pter solely for the purpose of smom or hwry ms
f implementation of the US/IAEA
* Safeguards Agreement, p.eute, can,s= Typs et rm r.

L ,e.e -
t. Custans' A00Hemuen-Coratmetton persst s 12s.ooo

0,, CJnstriaeton pentt-erst mt s4.00o
ConstJ%euen poms-coneumns umt' tie.ooo

"
. .

. . ,. es

1b) (1) The t.ommission may, upon a comuns aeme-em umt t.otuoo

'8 C"mtins ueme-caneumm usw ros.aoo
application by an interested person. oc * 2. staneareinee usish A00dCauen-CJnstrueuen post ,tas oooa u.oco

j upon its own initiative, grant.such et;; su e.te mt. entmeuenamt-em mt
catacuan umt-canamat aw tioco

emptions from the requirements of tatt. cwtmenen umt-rm .eenueu umt soeuanu men tstaoon
part as it determines are authorized b3 o, mime :icem-em umt t.onsoo~

-
Comune ticew-caneumm umi'. oo.noC law and are otherwise in the public in. opmuns ue w-nm 4enuce uma soeuenu nieu tt:.soo

e terest, t U Applications for etemptsom 3. staneareues anien- AMHeauen-Canstmeden pemt tu o00
at t.soo,

reoneau mit constmeten nena-em umtg under this paragr.tph may include ac. catrueuen umt-caneumns urw in m
tivities such as,but not limited to,the use esnatructan oemi-rrst .eenu:aa urut amuenu aten_ *n soo

of licensed materials for educational or comuns ueenn-em umt siuoo

-
comuns ue,w-caneumnt urw :stmo

noncommercial public displays or scien* coerstes neew-ntst mem.cu utus soeuenu msc o est.soo

itfic cellecuens. (3) (Deleted 41 FR 7MO.] 4. staneamtue smen-
Reference systems

, tenet 9C '
s. ctility referenetns a A 9uesuon-Csnstrueuen permt Its.ooo

Construction pr'mt-Mrst una tsJ 400.

) 170.12 Paymens of fees stanearsee ,nuttest canstruenen aereut-.caneumnt arm tes.sooste.ni suosi system
et catmenon umt-nist unenues as wiuenu mess _ 7:s m

(a) Appitestto s Tees. Each applica. *ad matm 5**a"ane Coertung acense-Prit amt 834 toopians for tetti cP
ti n for which a fee is prescribed shall o r. stases. c :sttoo

o,omt.ns aeme-caneumat umt'erstme ae,ase-nrst ieentics urus seeuenn uten see :cebe accompanied by a remittance in the
!! full amount of the fee. No application a etuity retmnems a Aeonesuon-constmenen o.mt. its.oco

stanearmaet nustm canstructen peruut~ erst unst itt.soo
P"' will be accepted for filing or processed Construeuen perraat-caneumnt umt' 162.soo

f3 prior to payment of the full amount ste,sa,n suo. par systensconstmetien sernut-erst isenucan unit seestions siteisu t:s soogn inn ,stsee

* specif!ed. Applications for which no naiance et want fee comtes neenne-em at usaoo
**ta the c7 and ot. Comtes neew-ceneumns urutt teatoo

O remittance la recetved may be returned see m
Q,,,,,, g, ownuns ueme-nm isenucas et noeuenas saento the applicant. All application fees ,,

wt11 be charged irrespective of the ann,c..
Commission's disposition of the app!!. a. venaar-com er a coneauen _.- Its ooo

8* aunary semen. Manurseturms nun = t. ort soo
cation or a withdrawal of the apolica- a vm'eer-r,== es nas ase.en unenenen. 4.saoo

tiott nau enian,

Ib) Lice ue feet Fees for construc. s. causi, mmneme a ASWheauen-Cmtmeuen per nd its M

manuf acturms acense. construeuen smut-em urus se ooo
tion permits, operating licenses, manu. C*tNe'*n 8**t-C*umat ** '- 84 888
facturing 11 censes, and materials 11 owesuns neme-Pm urnt 1.00 n.2co

censes, are payable upon notification cwnuns ueenne-conemnt urw rst.ooo
i:s ooo

by the Commtaston when the revtew of e. Aenneve **ctors' ~ Apuciuen-catmetten omus
cmamuen umt tJeuce

the project ts completed. Coenuns acense use too-

3. staneare refmm amienec) Ame tdfrie't! Tees. The accroprt.
ate amendment fee shall accornpany g,'v$h Staneateuse
the appl! cation for amendment * Men nueine sanas sunir
fued wtta the Cornmission. Where ap. mim

icenunueenp!! cable. the applicant shall provide a

August ,1980
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PART170 o FEES FOR FACILITIES AND MATERIALS UCENSES-

ICeenamesel Sexanets or Facts.tTT Fuss

Pneuttr enseeense Trossof fees Pee'

a. Itenew of prettsuaarr Appuemuos 50.000
referenco dem Apprev'' 41110e .

E Itenew of final Appucause 30.000
reference essasIL Approva' te3.a00 |

1 Anflatset enetneer= J
Staesaretsse benease ei

a. Itertow og grenaumaar Agedemuse 50,000

nieresse essaan. As- . 482.100
50.000n. ltertow of ftnat Accuem,usen $01.200AD0renference centen.

C. Test factuty:' ?_ T- ~ haucuest permat 3.00
Construeuse perengt e7.000
Operaune u--a- 100.300

D. Itanearea reactos=* Apotaanues-Construeu6. permat 5.300
Construstace peraatt 14.p00
Ogersune Ue,a-. 54.000

F. Ursalum entteruneet Acouest.on-Canstrueu.a percut 123.000
pianup Construct 20e permat 3ee.400

C 447.300
P. Sosetas preseets and rewtews.aersune laev==

.

carhm a perus in for a power rewter opmune ucense nas been paea pner Le Lae effecuve ease of
tais amenement. tne amount saae sanaa ne eeeuetee tre e uw fee amerimee er taas amenement ane tae
etifmnee viu ne sue snea tae eoersune ueense fee 100 pet power is mause.

'Caseur ved natt. A concurrent unat a eef'. nee sa a power resetor of tas name easten at a snasie 90Tef
stauen tant was sunnect to concurrent ueensme rewtew.

*nen renew of tae passt. ueense, aeorwaa, or immanent is enestem tse esoseetune tee arefee.
monna sanasewer and scor-ortau suseert serness wua be seurmance and sne resu; tant tu massemee. eut in
ne event vt3 tae fee escoes taas shews un tae acaseule of facult, fee 1rhee see acahh f.f a preuma.
nary aessen soortesa w nana semen aeorveu conta.as em taan ene dessen, tae aesauenaa seerves.a are
suoi et to a maassiusa fn eruen in tae suas et tae amouemuee fw noe acorevia toe.

Caarse wus ne neonastets enermanse er tne Commasses taa:ne inte account tae profess 6snaa man.
peser ngvarse to ennaaet tae neew mutuouee my the neeuennae cast our man.reer. otus nar aeorversase
sueowt serneve costa incur se. mm a fee nu been paae fu a facuity earty ate review. tne enare, wua ne
eseurtee freen tne fee for a construetlos peruut issuee for tant site. A asentate enarte sul est be sanssere
fee a nate renew wam tae omne revusssane Lae renew has na neoucas.en for a construeues permit en
fue tw tae same site. newet vem tae aeoncause is ettnerswo er tae anomana er eensee er tae Casamas. ,

snee The masamum fee tw renew et a tosiana neers sand not esas e :0.00s.
* I
j j 170.*: Schedule of fees for facility license arneadawnts.
G A,runtrt.a or Amuneserx rt Pras rea RaaCToe Facts.rry Punwrrs. Lacairsas. ass Orsas
$ AtraceaLS RaetftRED ST TXI LtcENSE Ca Consac. seton Raovt.4Tross
s

.

Pse*

Case of a-* Peoer remetere Test ame rensarea
ressue.

CLASS I; A_- ^ - ^ tant are a ductitate of am.

asmenement for a sesome essent1aur tescuena urut at

tae same ste. wrtere esta presasse amenesee.ts arerwane, proces ee, ane tesu e u uw same um _ sees
CIA 8812; Aasenesseets that are pro fertaa. **mana.

Litt1To is n.adaare. Of Bare 30 safety et 08Tirvamentase rtenne Laos sees
C:.4.ss m: Amamementa. nempuona. W regurve a0=
- tan invem a smee enetrennentaa. anf ar,
w etnee usue, aan seee,tasunty Iw tae smue eiear.
te weauftee er as mtC p.muen. er are enmee em
te investe a meruftenet hasares censusertueo 4.000 toes

Cr t.sa V: Amendeesta, nousuena w reguane me.
- tan avem a mones u a oc == tasa
see eBTtreessetak safetr. et Other issue. Of seversa
enan et tae saa m troe ine.comtee inte tae
pn e assemenees, w imem,e a sentnemas nas,
we : - --m n newe an enunsm ennne.
manus eneant mems.a. w fonut from es-amune
se umsna smunauen wers ttaes s.0ee

CIASS V: Amendmenta. esempuene, or requirse as.
orma tan mere missume er amru e mones
tamaa- of infette review or the ACRS. er reguare na

_. - tua insent naumont is.aos ts.aee
Ct. ASS R ?_- - - ~ meespas, w regene me. ,

prma tan mere mineuse et a new safn, Anna.
runs inoport ame rewnte et tae fasular usense ste.

amens woman =a seeer.anusen seca se mar se re.
gerne for a us== =e ts.see so.Ose

* At the usse the musmuse is(Ued the unsaam w musant anad pando a oregame eeurwn.n.se of

aansnament case and mase the esses therefer as part of the amenement et modifienuse roguess sad saad.re=t tae fw emmenename w e eeuranauen. Tse C- wu nuunu Lae ere ee -am-.e
mass seiermanause ene sarern ua . esse w muenas if rom.-fimuen a mwree, n.eetumficauen tantenansen tae saas se amen .ent wiu remus in tae nfune et meeareas u tae n- w moennt a
haluas tae Usensee et accusant fet nedauenas fees.

* tas e e r- w mewma resmune free commuassen orewi mase pummat te is Cm tat.

noe amendmeaueu fosa nee,n uuuma inerme ta seww u too ement es tae matas esses poww tens mnemuse to a
nei naiwite u t u wonese in f tneu a w e tieit. cass s. :2. = m amenemente enaen
rums fam a entiae C4=enamen man fw tae wu ause mar ne nemet from fue enen Lae amese.
men a w ameuft w nartfr uemen w wean ==4 seectfusaans tae amenenes ama eau sunse miett me.
san n- ene w ===e fee uw womsena 0: taee--
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PART 170 o FEES FOR FAC1UTIES AND MATERIALS UCENSES-

| 170.23 Sehedule of fees for roeune health, selety and enviromanental inapsettene of
faddities.

Scuusota or FAC:!.ZTT RocTurs Hau.ru. SArvrr aus ENetsoNBEDrrah INorBCTtog Pggg a

casseerr Pese ummuun trenesarr*

(13 Power nesser
7tes aime STS tet per rent Cons.tmusus.
Aemmaman unas as mee stea see.40s pse rear on.

as: Tam amaner suoe per tamoseuse 3 per rene.

(33 Rammann reester 84.20e per tasoscues I everr 3 ream.
sta osaar & or uunnames rammer * ses.aos pee rent comuausua.
ass rveemsume er utamasses tanuts usensed ter pas. sees per rene a per roer.

esusaem tem aos eseraates.
_

e neumas tussesuene are estar, environmentaa, nad hesita sareas inseeruana pertermsd as aseemed
fr=f====== for purpeans of revtewtos a Me=anad progresa te mesure taas tae nataarised scuvittee are metas
emmeatted 13 - f -- wita Las Atanas 32bergr Act ei 1944. ne amenaed. N==i==sas regulataans. and
tas isreme ned anoeuene et sne ueseen.

*The trenuseer anews ta tae saaedige is tae massmuni nummer et rouume inesecueno tw wiusa a tee
was to asemasse.

* A resuand fee wut be caarved when tae tasperuse of as adetuoma! unas a4 the seene ate is eseducted
sammerrently wtta tae f: rut unat.

* Pee e noenmanae roe a cues ..., : tasoity and tw a urneaum n - raantr.

I tit.24 Schedule of fees for routine safeguards inspections of facinties

Sczuset.a or FACD.frT RocTcra SaresvAnas Izarscrtos Fuss

casesary Fw idasunum frequenera

a13 Power rumster
Ftres us&& $11.40e per rear I get year.
Amesua nal maat sa name use' 8e.See perreer Dew

(2) Ten rearterifust of assa stratesw tr'teertances 34.50s per taspect.as 1 per roer.
tal Remmarea reestet (fust et anodersse strateste umper* 81.30e per taseeruse 1 every 3 rente.

tease n.
(4) Otner prodwuee se usmanases fact 11tre 334.70s per rear 3 per reet.

$
g me tro weer answa La ine maeeae is cae -*=um numme, es matevuares caseru.no tw wiuen .

tee vus te eas===4. Power tvectore and otaer preeucuen and utmanuen factuuse sus ne senses e tasg
rearty insseruee tee taeve in Lae na i.anse.

u,, * A rwused tee wua se caarsed unen tae inneecusa et amettensa ensuu as tae emme ate a seneucted,
T egesWrestir vita the ftret unit

a rw a soeuenew roe e tut repreemanns facustr nad toe a urneaum earmam at reemtr.

|179J1 Sebedule of fees fee rnaaeriale licenses and other regulasery eer tces.
Applicant.s for Insterials Ucenses and other regulatory servtees and holders

of marertals Ucenses shall pay the following fees.

Scussets or Fans rea Mares 2ALS !.!CENess AND Ornsa RasvLaros? $savtess

f
Ceaseser of enasertaaelasensso Trpeesf*** Poe

t. seestal ausasar matertaa.
A.tassassa for pememmes and use of $ Asaw=sta= $14.000

tr180sas er emere et eestansed urnasuas New uce= fe. sosare la urnasuna eartened to to pet se Aseews:
snare, et 3 ta er seen of urtnauen Antonemneou*
338, for fismi presammag and raerten. SeaJerwety and envtrensnental 34.400

use .* taaser astesuares aJoe
teamee andets and enetreamentaa Lees
844mer=.Sadeguares _ Lace

180Aenemastrouva
liees3,1,neummes fet pensammes sad use of 8 Ase&nsa"- tilage

as er more et asetaaned urneaum New usease it.Jed
334 La urnetusa entlened lie tems Reesent
nama 3e est fee fust presassaae and Aasenemmente 348e8IdaJer.=aatetr and emettenamentaltaartmaanen.* 6.900un m.8atequarea

1.8883damer antets and sevtreeeneataa 3.seeneamet Sales *aares 138Aduneustreaste

C. tasumane fee presammee and use of 3 Assumacen fee constrwuse acerv.t!
te er usere of stutesuuss fet fuel Caesariseues asereena I , , , ,

preemmans and fanticause.* Lassene fee I ,,,
Aseewei
Amenerseeue NMaaer-datetr and enyttenmentaa 88***waa.e-seservares

meer anent and envvenmentaa g
wmer-masevuares ,,,
Ammissegggva

see renamesse as sad et taase.
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PART170 o FEES FOR FACILITIES AND MATERIALS LICENSES-

Scumsvta or Funt rom MA3ERIALS LICERSES aJr3 OTEun Racet.aronY Smartets-Continued

Casseery of masavuus Uesenes Type of fee * Poe

CL !Janasse for poementee and use of S Aes" "- 3.000
te er more of esatuned urasuum New t - 31.400
23e la unsealed forts er 3 as or Renewal 13.00s
more of uttanum W La unsen&ed Amendmenc

1.e00form for asuvices etter taan tuat Safety and a -"

3,300preemanas and raartent on.* S.aleeuere,s-- g

I|. f 1=====* for - and use of A-=""- 4.000
evaauuss of piutensum ei 31s er New '! - 54.300

-

34.104
more la unosance form ser asuttues Renewt&- - ^ - --

etaer taan fuet presammas and faa. ^-

rinacom.' safety and envtroommen*a 1.400
Satosuanes 6J00
*^ ^ utv- 130_

P. tJesoses for sammsemns and une of Apph-"a- 3.000
See a tut less thaa 314 et pausena. New usea-a 41100
um ta unsensed ferra.* Renewa& 39.800

Amendmenc
Safety and on. Lt00- ^ ^ "

Satosuares 4J00
Admanautrouva ISO

O. Lasemes for -= and use of App"-"- 1000
See g tus less Lana a Es of contadsed New ute=== 18 Joe
ursnaum 333 La unseeLed fors, or RenewaA 11.100
300 g out taas taan 3 ta of uran &uan Amendumenc .

* 333 la unseemed forms Salety and enstr-" L400
Safeguares 1300
Adunanastrouva 150

E. IJeansas for reestet and stormee of
spans fust* (1) taarnas sooneaa ..

for a martee famuty ed custee
dessen recuartas a fuel deelen
review *
ts) Sternee facitty te be leansed App 8""- 835.000

as a new sta. New"- - 390.000
Renewa4 31000 .

Asnendment *
Maser-delett and enetreassental 44.300cp
asa ww-Safeguar='a 6J00=

N,
Mlaer-4stety and enstreamentaa 3.300
Miner .saregua,em 3.300
A4manastrtuve ISOu.

re (t) Startes facCitF to be toested Apoda="-
30 000

23
W as the ate of an salating auctear New usense 300

faculty.* Renews 4 31000
Asneedmasoco

Ma;er-datety and enetrooseestal 44.300
M&Aer--Satequares 4.300
?dlace--SaletF aM envtronmenta4 3.300
Miner-4aleraram 3.300
Adumpustrasave 134

(23 tJeanse seg1&eause (Je a Stara e

feelMt7.i. - - -efue8 references sa se=y gy
ta) Sternet fastuty te be leensed Aw a="a- 23.004 ..a

as a new sta, New usense 334.800
Renewed

.

33.000
Amendumeau * .

Maier-SalMF and environsneetal M.300
Maser-4ateguara= 0 Joe
Maase-aatety and enttrenneataa 3.300
Miner-dagoguards 3.300
Aemuustrauva !$4

tts Starmee faantp te be lerated Asyn-"- 13.000
a4 Lae esse of an eassung suelear New usenas 130.000
faaktp.* Rearent 31000

Amendment *
M&Jer-4alsty and enttronmental 84 300
Maser-Sadeguaren 6J04
Miner-4atety and envtresumentaa 3.304

-

Mlaer-4ateguares 3.300*

Amunuustrasare 134
133 tassess aeoneauen for a starsee

fanust of duencmaa haamaa
etuen e idenuena te a provieunir u.

esamed scais deses
tas Stersee fanitty to be lassaed Apowtaa 13.000

e4 a new asad. New!- 130.300
Menewed 33.000
Amendument *

Maser-eatet? and entirenamental M.300
Masse-aate uares u00
Miner-sasar med . ..; saa 3 20e ...

Mmee-saieguare. 3.30e
Ammausirsute tso

10.000
its siermee o(neut.t ta te leensed Assuesueeas tae et f an 31sume nument New Leense tt300

famutr.* Renews 31aos

see festa see as end of tema,

'
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| PART 170 o FEES FOR FACILITIES AND MATERIALS LICENSES-
e

ScausvLa or Fuss rom Wrmus Lacx:rsas uro Cruza Rasin.aromt Samvicza-Continued

Casesory of maaerta&s Ucenans Type of fee * Pee

Anneedmenu *
MWer-dataty and enftrenamentaa 84.300
Maler-4afequaraa e.200
M&oor-SafetF and enytterunessaa 3.300
Muser-datesuards 3J40
ad=umaanaauva 130

1. Insanoes for poossemee and use of Appuctues-New n- 11 0
110spenna aussear masertak .a senaed Renewei--
40seureus a==maad un devices used na *

ledhamEM&4 3eaegetDg gy3 tem & B
J. All oaser specia& nuclear masertaa Acane Haa- New N - 44 0

Unmesma. except barnese authensaas Renews 4 4C
assetal sustear ma&ertal ta masse &ed Amendimen* 110
forma la ca=*=="aat that wouut
ensuutuse a enucal quaauty me so.

fined la i150.11 el Part 150 eruen
ahed par tae same rate as Casesory
LO and seestaa nuclear materia & for
use la power generauen stuca saad
Sep (Be fee ta Cateter? 10.4

3. Source material
A. IJeanoes for ; - and use of A091tcauee !!.300
neures matettaa un ad &ng eger. New utenae* 98.700
acons. esswet ut la stu '.eeetur.g Reneve&* 100J00
and heng.4eas.' land 09erts. ens. Almendmesu *

Maaer-dafMy and environmenta&* 30.900
*- h'ety and enetrenseenta&* 3.300
m aaminian egggve tag

5. IJeoness for proremouts and recos. Presuettee sen&e neuvity-
ery of asures sisterta& a in sats Aposteauen f.000
tensfung egeftuefts er Benedeas3 New tidenae* St.300
las eserstaans. Reneeren and devotesment ass'e activity-

Acoucause 1000
New usenes* 31.300
Renewee* *1f 300

Amendemeau *
Maaer-Safety and environmenta&* *4.200
Miner-Safety and environmental sted.

=ninseggve eg3g
C. !Jeonese for refinists urtnaum 'ad! Accucatten 11.300

consentrates to urtnaman hesattuer. New ticonse*. 94.?00
$ tee. Renews & * 40J00
re Amenemenu*
P' MaJer-Sa.fety and entitor.menta&* 20.400
E Minor dalety and enviterunenta&* 3J00
W" a n-ini.e asure 130

$ D. All etner neuree matertallareness Aegdemuen-New tieec== 144

R. en.wu _.
te

_ - _ - - 9
3. 3rseeduct matena&:

A.1.senase for =a--ma and use of Accelesuon-New ueve** 440
DY9rweurt matertaa .souet pursuant Renewse 440
to Parta 30 and 33 et trus eftseter Amendraen* LLS

* for segressine er manufacturtris of
itema eentaarurts typreeuct masertaa
fee comunercial distrtDutterL eteegt

tyyresuet matertaa for use ut power
genert14en unica anad per the fee
un eategory 10.

3.1.conses eeued pursuant te f 3173 Accuesues New !! cense 130
the prs. Renewa tse

of tasa enasser autnertaat,id distet. A,nerid,.&ea--as er manufacture a ors * 40
tuuen of radloonarmaroquenas een.
taarung 979recurt fastef"Ja&.

C. L.eenase for tysreeuct mater'ai Assuemuen-New tacenas 194
naeuse purvuant te Part 34 et tius Renews 4 La4
estaster for undustrtaa redlegrsenF Amendine==> 44
esertueno performed ut trueldee re.
eeertent tnetaalatsernas or perma.

nenur dessenated arvedes at t5e
address ett iteted (A the lleeftee.

D.14eenees for typresuet eastertai Assucatlen-New Uter-a 440
440tenued pursuaat to Part 34 et this Renews 4 -
110enaster for tndustria& radtegreent Asar ^. a. -

opertueno performed ut a asuelded
reesertens litetadauentsp and at
mutuele temporary lesa4Lene as the
ade'eaussel snew15 in the Ucensee er
to temporary Jeesttes of the ucensee
la the fle64

E. fJeunese fee ; _ : nad use of Asemana9 New L. 190
Dryreeust assertai ta teased RenewaA ISO
seereas for nrrteause of faster 9ma Amenr. :- 40
enere the seusee is aos rerseved
free sta albeid daenf arutided usataa.

F. tJesesse for p----iai and use of Asmusauen-New r_ 440
typromust statettaa a seseed Renews 4 444
seurees for irr.e:ason of muer'hs Amenemena Lie
enervtaessuree s tsereedforirr
mance purpassen

see femeno e as end et taste.

170 7 August 1.1230



,
.. . .. .

-

PART170 o FEES FOJ FACILITIEJ AND MATERIALS LICEN:ES-
t

assimusLa og Fees rest Marussas.a Lacumens use Ormum Maevt.atoer Samvicm>-continued

caeseary et masenmas usmenes Type et tw Poe

o. tassesse imense puremmet u sua. a--a-- -- .a - r we
part 3 et Part at of taas chaseer te Rassena STe
esoteese nemens aussaamass Drpree. ^- 330
tast massnel er genasataas of ty-
preenst maasnad to pereses esseren. I
ty usamme inneer Perts 31 er 38 et

this EAeStar. esseet ====afl* Ussenes
assaerung nelemntusine of items
wtama hose tese -- J er
imeurtse ummer a spenfle uemens
and Uemesse by the P- for

_ to pereses genere&LF U.
emesse under Pteta 31 er Se of t&as

e
E. IJaumans temand puromaat to But, am aa n- p , ,- ggg
part A et Part 31 et taas *- te Ramewei STe
ensaattute seems eestaamaag typree. . __ --

33e
est ansonna se quassaties ed ty.
presust maaerial to pereses essenet
from the Desement - _ts of
Pvt 3e et EAas taaster. eneset; (1)
N3111 and 3&te of tIus enester. .

(33 seestfle ussenen authennes re.
desarttuues of iteses ame eumatatnes
Thess have base * _ __ J er e

ineetled GAder a seselfle umseet
and ?W tf the Comsatassen for
esmantuassa to peresas esenet freen
une '6======= reguaronoots of Part
30 af taas enseese, and (3) seestfle
Ussenes efueh authenne ensartte.

*taas of tinsessess. annen. ans enas.

L Lesemes tuned pussuant te f 3114 AeNNew'' 19e
et tAls etaster to esarttute egasta. Ramsged 13e .

Was of typroduct masertal to par. "- - es
asas e?asmet frees the Ussemens to.
eueressets et Part 3e et tats saas.
ter.

J. tJeansas tanned pureunet te i stle Assuenesse-New ''- tse
W uus eamoser to 4.etntues tune. Removea

13,e?. Seemak headh and etaas contanaans a e
to hydressa 3 et presseuuum 14T to
P' porosas enounes frees the usenaans

2 - te of Part 3e et taas
chasser

.O E. tJeansas for ; -_ and use ed Aswa==H - New ": 19e
Systeenast masenaa for researts and Renewas 13e
emessesseset, essees these Desesse ^ te
esseroe er casesortes 3A er 33, and
ussesse escorse ty categenes TB er
TC sutaertens raseena resserett.

1. AG eaner semens tygramass enasert. ammannan- yeg t' gtg.

al usensen. esseet these la ensesonas Aeneses - - ^ 1to e
SA tArenset tSA.* ^ to

4. Wesse etsemaaL
A. Liensus essenflandt eastaartmas Acou- - Steet
IAe reemet of vesse typreeses me. Nog uesesse 3 1.500
tenaL seusgo masenak er sesmal Renewee* se,30s
aussent assenea. from etaer pet. Amssemees *
ames for the surgeme ei emesserotal 34aser4afety and .. tale LPr.?se
elsessna tf land er ass tartal by the immer-datesy and sootgassental est
Jonasse - ; -- 13e

3, t ssemos assettlanut saathenmas a*=="- New" 1.10e
the resseet ed esses typroeust mm. Assevai STe
tensa, soures reasonak er scenal ^-- --
auseent maaertal frees other persons _Sadety and . .. Sie---'

for tae puresso of pannamas the - - _ree * tSe
samaar'aa. Die ussesse vill espeso

et the maaeriaa et transser to am.
ether persest esathermed to reestoe

er disemme of the seasennL
C. tJesene seselftsaur autmartense Asemaa+Newllesnee its

the rommet W progestaged weste Aseswee las
w semana aussen,.. seres m unaa. - - atverosust mansnaa

einer penses rme usa,sse e from
manen

en es.
same w ime manensaD ireesse w
.amenaer perese -" _ _ to fe.mee er empen er ime mase

& Wees iseene ese een ear.nak ad ame -New rove ese
irene musee 4. t masse tw sense. nese e ese
ese nas use es seemas munion, maaen. f -- tse
et ame/ar Degreenst maasnee for we*4
iesens. van onwye. ned iresse seud.
tak

6 Nussear laundries A. tJessem for,um, a-
. w,, t_;- ese

mesmas seuseuse ene imuner et nees.e4 ese
insam seen suanaed men bareemt_ lie
maasnat asuese assene er seseat
summer meanna,

a resumeans as and d tamie.
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! PART170 o FEES FOR FAC1UT!ES AND MATERIALS UCEN''ES-

. Scumpsta our Pums rom Matussats I acuerseB Aare Otuun Rastrt.ArosT Samvican-Continued

Casseary ed masennes Usmassa Type of fee * Poe

7. um-mm use of tysreenst masertak
smuses matensk er seema! Suelent
amasarent
A. IJammmes tamand pureumat to Perta an m = me- 3gg

38, tew and TS ei taas ceasear for Ramesel 379
bumme uns et tygreeust maaertal. "- 4e
ammess unamenaL or seseni nuclear
M M sensed touregg h
M teistassegy devtsm.

3. (Jamage imeng pergumat te Perse ammaam.se- ma--. e - ggg
at. te and to et taas caseser te penewea 13e
meenal or two or more r

- es
papemam es t Itsele lleense, fer
besmas une of bygraduct masenak
eeures masenaL er nosetal austear
masartak emmest tisseems La casesery
TA.

C f- Lausd pureumat to Parts Aaaha- *rew '' . - 190
IM30. te. and it of uus casseer to na RenewaA - esladivisua& payeemaa ter flumas use a -

of tyspuenst assenaL seurue maae.
reak er sesmal aussent masenak
ensues Lasemmes in ennesery TA.

G. QTE defenset A, IJamasse for : - Assummues--New 1; .. 190
-

144and use es bfpreetast maaer'.ab seurte Renevel- - - -
tomaaertak er somma4 ausseer aseenal AaB

far evt estense asuvttles.
9. h predtaa. or seemed seures taletF

evaiseastam
A. Safety evadtaanen et deTlems er Appuma4&am-Eves"*- STS

preamstB sealaemists bygrocust me.
ter aL esures maaertnk or assaal
Samant masenaL esenet reester
fient esstems.and devises er prseusta
m .e general R*==="*" or
Deremme esenet freue the recuare..
memes for a timmese puremaat to
Parte M. te. and it ed trus enaster.

3. antasy . -- et ase.ed seuroes se 110
emmeasaans typeoeust assenah
saures maaer*eb or scena& auclear

I menartaL ressec (t) Reester fuel
M (13 manad stufens destrttuted to tea.

eral laseneses er gereens esempt

,f, from tas . .._--- nse for a.ute.nse,.uremmat t. Parts . na : e
g tahl enester. and 433 power neureus

severed tfenseeery te.

14. Pyour suures A tJeonses for tas Asem* Ham-=New L- 1.300
manutaseure and distriteuse of en. Renewea 448
a t=8-a-a typredtest masenaa er see. ? - _ - - - *e8
eat numiser anaertaa enereta the
emmat emarTF et send essensa is uase
es a asures ei power. esseet reester
finsk

11. Treasserta44mm et redheastav, maaert.
an
A. Evehamuen et sesnt feel esas for Ase"-~ 1.000

passer taan 30 stF esent hees. Approvel'_ fS.100
,

Maser * 4.908
asamer* 3.308
- - _:4ve las

Renewea 134
3. Spahamales of asses fisef anos for Aseuauen f.380
les tama as tw doen,e means ear Approve!' 03.J00
enapumas poemase for stoneasusa; Ameem===** *
hasa4evet weses ensas and pastasse MaJer* 1.886

emoemensas ressessave assensa Muler * 3.400
penser taan 3.000 usses the type A Aesnamastreaave 194
geneesty.' Renewal 194

C Evepamuna et ftmale paeamens son. Aage - L.000
enasmas spenser taas type A genau. Aeoreves' L1800
tems of rammesuTo essertak pass. Asmomshmeans *
aems esanaimans reemasure masenal Maher * 8.300
les tems test same the type A Mamer 990
quamutt' ^ - - ' l :.; 134

Reneeni 148
EL Seesenesse of timate gamnages een. A-_ .se-- .

==ame less them tree A quemuuss Asereve4' e.2ee
et '' - ; maasnat pasaaees Amenements 3
sentasmans remeasure matettaa tems MaJer * Lee 6
unas 388 usame the type A tuaau- Minor 334
tr. ' Adunuustreaave 13e

Renewal 194
r. recuanas es easeasse senta.narie 4een uen

t.3a.o
3a

recisa ute assen 4 was tana 3e Aserevaae
ums tne tr ,e a esasu:F.' Amenessents '

M aier 33e
MWter 134

Removes .se

see footnotes as and of tante.
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PART170 o FEES FOR FACluTIES AND MATERIALS UCENSES~

3assstros of Puss yea WrzazaLa Lscussse Aaro Oysas Rastrf.Azoav 5savtcas--Continued

Casseery of masennas usemeen Treeof tw Poe

12. Review of stammereteed somat fiaet fa. C
-- 12.000

19fJ00
eulty deman a. Apereen& *

.

13. Sosema pressets *

*Thses of faen Seentose charges na shown ta the schedule wul be assommed for accHeanaan for new tl.
esseen and assetemas. .anuance of new H- nad Aprovaes and ~ -- sad renewees se ex2stang u.

ceases and asprove&a.The fouoving smanuaan aesty se these enareas
(M Appucease /sen Apeucauena for masertada uesness and taprovals sand be

a--** by the pre.

serthee acanaarma fee for enen casesery, esseet that secuessases for ucenses coverms more than one fee
casseery of sesmal nuclear muertal tesclud.as casesory LR) to be used as the same locanoa sand be as.
-r="iad by the crumsrited acoucauen fee for the hitaa== fee casesory. Where a usense or scorsvt& Bas
eagereqL the full aspucause fee for enca casesory shed be due, eseegt tot usenses covertas more thea onewaa La stuca camefee casesory of special stietent maseriaa (excluetas casesory LX) for use as the same
the noodensasa fee for the rusheet casevery would ses&y.

(bl f.naemae/sppvowed /een New ucenses and approvsLs tesued ta fee categories LA throuan 15. 3A. 23.
M*. 4A.11A througa llE, and category 12. thed pay the Lleense er approwt& fee for each cMegory. as defar.
manse by the Comeaumon snea the revtew of the moonaariaa or prelect ts completed (see footnote 43.
tasept thas a lleenes cover *.A4 more than fine fee casesary of apostal nuclear masertal La cMesortes LA
taugusa 10 shall pay a Ucense fee for the highest f ee category asenened to the ucense, *

te) Aenewal/een App"miaam far renewal of ma&ettaAa ilmaamm and scorettis shad be escompensed by
the preserthed fee for essa cassGery. except that a09d"Haa4 for reSeTRA CoTer*ag teore than one fee ense-
gory of spettal nuclear ma&ertas t e1cludlag casescry 1H) te he used && tae ansee locauca, shad be accomon, -

aged by the prueersted renewt& fee for the tugness fee casevery. When the rettew of aa sepucauen for re.
neval La esselete for useness a fee categottee LA tarousa 15. 2A,13. :C. and aA. Lhe Coa ==^a st11 es.

assine the renewal fee la acontenace with footnote 4. and vul refund any evercharges of the renewal fee. Lf
spouentle.

(d) Amendme=nf /sen Anonra21ans for amendments ahed be --tad by the presertbed aanendonest
feeisa. At the uane na accucyttoo for amendment ta fued for Ueensee and aeorova4a in fee casesartes LA
throuda 13.1A. 25,2C. 4A. L 1 A.113.11C.11D. and 112. the ueenese er acoucent sand provide sa uutta4
deter ==saariaa of the manenessent class and staae the tasas therefor as part of the amendment er soorovst
roguest, and shaAl rouut the fee correngendtas to taa4 deternasaartam however. When revtew of the amend.
asent or seersett Le cosaplete. the '"==~ tta azaame the manendment fee tta accordamse with foot.
note 4. Lf spoucaaie, and will reftad any evercharges to the usensee er accuenat. er Dct the ucensee or so.
pusant far the additaena4 amendement fee. Assenemense stuma result from written NRC regeesta may to
esemated from these fees as the eLacrettee of the Comalmenes when the - T.:La taeued for the een.

Tsaaense of the.VRC.
An aseuenslen for asaendment to a Ucense er secrevel Hammar!ed ta more than ese fee casegory shad be

assemesmed by the proerrteed amendment fee for the category affected by the amendment, urtless the
assement le sop 41caane to two or more fee categories, ta whaca came the amendesent fee for the hasheet
fee casesory wouAd seely. Aa secucauen for amendeneet to a maserials Ucense er appreetl that wouJd e
ptase the tironse er aeorowt& la a hasher fee catagery or add a new category sna13 5e secoespanJed by the

C3 presertbed asene=riaa fee for the new category, eseeos for asodenuona for amendmenta increastne thea

N enece of a usensed program fro.m fee enzeeertes IF to LE,10 to LD. 3C to 3D. and TC te fB. La stuch casesa tae ==ead= eat !ee tw the hi her fee cuegory weWd acMr. As appucaues for amendment re@ctag the
e, see9e of e licensee'l proerten shad par the amendiment fee of the fee ca&etery mastgned te the beefice 64 the

tinto the apodention le fUed. Assucauens to tafmanate lleenaan afled not be suelect to feen
'fJe90 eses paruts fees under cateverten IA through LE are not sutjeet to fece under catevertes !! andet

'e
lJ for sealed sourees authertmed is the saane ucense. Appucanta for new usenses or renewe& et exisung u.
cemens thal esver both typroduct mateftal and seet:aa Guelegt fasterta! La seated sources for use in gaugtne
devices wiu pay the segre9ftMe a0041catten er renewal fee for fee category Il enly.

' A maaer amenemment a def!ned as one reewartne evaluause of near asometa of Ueensed met 17ttles where
the qvgemed set 3ee seuld present a poteottaa rtaa to the putate's Res&th and safety. A cuner amendment 13
defined as one where talety, enetroneneetaa. w anleguares . - - ~ may os esauf remedad. An samman.
Letrouve amendaient |8 deftraed as na manenement tha4 to profortn2Jeutane la nature. er has ne safety, ene
rtronssentak er safeguares sign &ficanee.

*erhen the reftew of as seputation is complete. the essenditurse for preteentenal maapower and so.
prope ste giappeft services utl4 De detafsaned and the resultant fee sessemed. But La ne event etU the fee
eseeed that anewn La the seriedule of fees for fassertala utenses and ether regulatory services Ad adraisua.
trtE8ve samendsneeta are Beasd en ftted eftarten

ePeas seuld be seenen84e only ta these tristanese where a site safety and enetronsmental revtew has
best perfetteed and desussented Dy the f*mma=aan for tae sate at stuca the eternes f as111ty le to te locas.
ed.

' Pee te seguceale to a Meseos authertsing etther produstaea sense neuttty er research nad development
senie settytty.

' A type A eumataty le defined la l T1.4 des of te CFR Part it.
'Charse sta te moartiety seterisiaed by the < -- tamane late aseeunt the profeenana4 man.

power resuited te senduet tne review mutuoued Dr the neoussaie east per maoryear. paus any aeoroprinse
sueoart services emess incurrn

i170J2 Schedule of fees for health and selefy, and safeguards Laepettions for materials
lleenees.

Sesamet.a of MAyuarum Lacauss !asyscylow Pass

Caaneery of matertaAs uesesse Trpe of fee. Poe* Idaauseen frequenry'

.

1. Seonal nueteer matering
A. Leseems for passessess and use of Wealth and safety 88.3c4 3 per year.

five ti as er more of eertaaned urt. safeguares 18J40 De. ,

anuan $34 la arttuum enttehet te 20
put er more. er two (3) ad er mere
of interman 133. for fuet processind
sad fearicauen,

s. usense tw passmewa and un of neaath and safety uos Da
on is ad w swee of eentaaned urs. safevuares to.noe perynt.

alum 134 is uttasum eastened 14

see restasse as end of tama

.
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PART170 o FEES FOR FACluTIES AND MATERIALS UCENCES--
! Scumssts or truar.aa.s Lacanes broremon Puma.-Continued

ceasesry et manorms unnames Type et fee * Pee * ua-- fr=v===<ya

less tana to pet. for fusa presumme
and fearianusa.

C Imammes for ; - and use of Healta and safety 4.ses, 4 per year
two its as or more et pauteruum for Satese it.?se 3peryear.
fust preumanas ame feanennen.

.
O IJammen for ; and use of Healta and antMy 4.900 L per tone.

,flee t83 kg er more et cessaanse ure. Safeguaren 7.000 3 per year. I

it R.30s ta um,senese forms, or two Iasue
er more e unaeum 333 m us.

semise form for asuuttaes etaar them
feet annemanas and faartenues.

E. IJsmuses ter pommenenen aae use ei RenAth and safety ?te 1 per year.
genasattes of pausensuaa of two (3) Safeguares 3.40s 3 por year,
kg er snare a umson&se forms for es.
tiettaas eener taan fuel onessunas
and fearMassee.

F. Lemmass ist summammesa and use of Realth and safety fee 1 per year.
We e test less taas two (II kg of pte. Safeguares 130s De.
tamsues la unasaaed form.

G. Usenses for : 1_ and use of Monata and safety 180 tevery 3yeart
300 g test less than five tan 'as of Safeguar== 4.ees 1 per year.
esosaamed uttasuun MS ut unesaise
form. or See e tut tems than tso e 23
te of uramum 333 La unseeded form.

E. Leansas for reesist and sserage et |'
seset fust:

41) 1.sursue assuensaen for a starase
famuty of eussana essem reeuanas a
fant denness revtew-

ts. Juermee fasauty to to teensed Hamata and safety fas De. *

as a ese sea. Safeguards 1980 $peryeet.
-

(tf Screes faeMty te be leensed Renat2n and safety Tee I per year.
as the ese of an esasung aucent Safeguar*= IJet 3 per year.
famiuty.

(3) IJssage ==ena=**== for a sesense
femisty oneca refereness na as.
proved ~ _ densa:.

tal Screes feelity te De leansed Etelta and safety '90 1 per year.
as a new site. Safeguares 1900 3 per year *

(48 Sierase festasy te be teensed Metath and safety T3e 1 per year.
as the site of an esasuas nutteer Sateguards 1300 3 per year,
feeutty.

$ (33 Ideense negammane's for a stormee
ce

fas:As.ty of aue.tnesse eemsn-d.esiert
|

-
ease . ment i. a pre , u.

g es. sed .-ad 4. esse

Q taa Saarece fasthty to to :eensed BeeAth and safety fee t per yest.
as a are mee. Safeguares 13ee 3peryeet.

Its Sternes feelity to to 'iaented Realth and safety fee a per year,
as the este of an enastALe ausseer Safeguarma 1880 $ per year,
fenilty.

L lanumsms fet ; _ and use of Realta and andety 334 %overy 3 years.
spessna nee 6 eat assertal a sen&ed
asureus esetassed La devtees unse a
lacusertal measur.as systems.

J. Ad ester seenal austeet saaerted h T8e 1 por year.
Basessa, esseet useemre eastAerseas
seestal musteet assertal la unesaase
forma la esmeemaasen taas seuad
comssataste a erttaend ousauty as 40
fleet la i154.11 et part LS4 wasert
shed par tBe same esas as ceaseery
10 ame seestal austeer reaseens fee
use la power Genere4aen efuen saad
pay the fee in eesseery 14.

t Seures sessenai
A. IJssemos for ; and use of h Laee Dew

soune essertaa na suillas eser.
esases, easset la um.eetu teocruas
and bene.neemanas opereuena.

R. IJseamme for preresans and roses. ~ 1.800 De.
ery et esuno smasened in tsessu
seesmane eserausne er no 4eese.
ine esseeneen. *

C Lessoas ter refining urnasuas adt ** 1.300 Dew
- n : ta urnasua mesattuer.

nes.
a An unse asuree essenna usen h ese t every 3 years

& Sygresues reasonaa.
A. unenes for sumsmmena and use et scena a sateira

treremust maaerm teamed ouauant tasse eregram 1.see a see year.
im seru 3e and la a ta:s enneser asand progreen tse oss
for pressmane er manufassurtne er
items gestaanang Dyproewet maser'e&
for --- = eistrieut:en, eseest
traroemet masecas for use a sewer
genertaaen ensea amad pay the fee

* a Ceaseery Le'.
3. (Jeonses issued persuant to 13t?1 Renata a safety ese t every 3 yeen.

et uus enseier autaensane ine ere.
essene er aneurasture and ensn.

see festame as and . taase.

.

.
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PART170 o FEES FOR FAC!UTIES AND MATERIALS LICENSES-
'

Scusserts or Matsm:ALs LECIpos INSFECTION FIES- Conlinued

Casevery of maaertais lassesse Type of fee * Pee * Masaasum frequeary*

- - -tunes of rame=er
-anae Bypresues maseria&. T20 1 per year.hC. Lamasas for tysredust masertal
Imued pursuant to part 34 et uus

,eneener for sadustria& rameersear
secreuses pertenmed La a anseteed
reesereeay ia8'ada88a'"s2 er per*

enmaseur da==amaae areesas at Lae
andrummest ussed un the useensa. .

D. f sensus for avgredust masertaa __ _ ** 900 De.
lasised pursuant to part 34 et taae
enaoner for Lndustrial rameermear
overtuena performed na a saseided*''

reeeertoa tasca&lausass nad at
muAuste tasseerary teenuens at the
addressess saewis in the ueettse er
at temperary jetantes of the licenase
r)thet'ehr. 384 1every S Feartd^E e 1- for aaa====aaa sad use of
typroeurs masemaa La seeied
neurves for trradtauen of masenals
enere the source is not remeced
frees ita annetd (Self-anseided usataa

P. (seename for -iaa and use of Menata ar.B natesy 3M l every 3 rente.

typroduct rassenal La sealed
tources for trradiasace 6f maseria;s
where the seures is espesse for trrt=
dancea purpense.

'^ 3M De.Q. Ucenoms issued pursuant to Sub-
part B of tart 33 et taas caneter to
estrthuse stems ConsaMung typrod=
urt anserta& Or quanuuts of 47
product masertal to persons genert&=
ty usmened under parta 31 or 33 of
taas taaster, ascent specifte lleenses
autnerunas reestrttuuan ef Lteens
efuen have been manufactured er
LBeerted under & seselfte utense
and useemed my the C-a-i for
distribuues te persees geneft&ly Lb
consed under parts 31 or 38 et this

O eftaeter
eenass lasued pursuant to Sube _ _ _ ' ' 3M DG.

"po
E. L,t A es part 33 er uu. cammer ter- pa

(3 daattttute items eenuan1Ag typreda
um - urt Salenal er quanuuse ei tra
et product material to persons esseet
V from tae heerunas reeusteteenta of

part 3e et tana enacter, eseegt t13
96 3111 nad 33.18 of uus caneter.
433 spentle 'Jeunene tutnerusas rs=
escritutaen of 6teena and quanuuse
ofusa have been maaulactured er
umperted under a seselle license
and Licensed ty the Comanasaan for
easittuues te persons eseest frees
une utenantse requarveensa of part
30 of trus enneser. arut t33 seeetfle
usenses stuen suutoctae eastettu.
Lisa of tJameStates. heads and damit 3M Dewt. Lcenses issued pursuant te (33.13 d'

of uua caseter te enstrttute gumau.
taas et typroduct fastertal te per.
sans esempt froan the Lleenenets ro*
euatementa et part 30 of uus taan-
ter. 390 De.J. uccesse Lagued pursuant te (3114 de
of Law thaeter to etstribute tune-
peesen, benea, and esia, sentaaAnad
byerseen 3 er premeuuuss 14T Le
pertens esempt frees tae usensing
roeuarementa et part 34 et taas
saaster.

E. Usenene for pommaaseen and use of ___ _ ^^ 3M Da.
tysrommet assenaa for rensetta and
devensoment, eteest taene ueenese
essered by esseeertee 3A er 33. and
useness eeverse ty ategenes 13 or
TC autaerunas momens researen.

I. All etaer sweetle systoeust materk _._ '^ 300 1 every 8 Fears.

ea tassnesa, escess taene la ensege-
rtes SA tateusa 10A.

4. Wasse essemaa. ese i per year.aA usensen sesettianaly autaenstas
Las rousist of etase typroduct me.
tenna, asuree etasertaa, se sesena
numiser essensa. frees esaer per.
eens for tae purpene et assumeretna
essenaa ny land er een aunas ey the
usensee,

& Deenase voertfies417 authertsute fiendtn e $atety - God 1 roerf 3 Fears.
Ute receios ed weste eyprocurt ma=

See footnopse at tad of taWe.
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, PART170 o FEES FOR FACluT1ES AND MATERIALS LICENCES-
Samusets or mzur.as,s L.csses Drsraerzos Fums-Continued

cassesry et maamreais ummans Tyer og fee. Poe. Waaneum freousser.

L.na - maa.na er so a.
amatent inasenas, fresa etaer per*
sees for the pureces el passames
the essenak The l'ennese wun dem.
pese et the mananna by tramater te
masther pereen ' 'T Le re=
curve er elspace of the essenaL

C Edemmens seemaendy an thenans 600 Dewa

the rosenet ei procesansee weene
byereeust masartak seures masenak
er sesensa ausient masertak fresa
etter pareena. The 'Jeansee will dia.

Some of the assertal by treaster te
asether pernes autaenase te re.
estve er dissene Cf the BaserteL

L 1 Fell lesetas ar.d ved surgere and
trammt ar41es
A. Lessness for : -_ sad use of '= 830 De.
scenal aucteer matertal and/or by=
produas masenal for seu tossuss,
ved surveys, and traser asuelas.

a. Ntas!aar tasandries
A IJssenes ice sammerotal enderuea $80 Den==

sad !aandry of items can'a===**d
with bygresuet manettab sourse an.

tensk er sensel Busasar maseftak
T. Busmas use et systeemet assenal. .

*seuree Basensk er speans austeer
menartak
A. I esumes tanned pursuant te par *J . 440 1 every 3 yearsh

30. A ame ft of taas casesor for
human use of eterneust ansertek
smeros masensk er seestal ausient
masertal ta seeied seurves costanced
la taistbarepy dement *

& IJssenes lasues purmanat to parta '= 440 L every 3 years
at 4 and te ei taas casesor te
aggag tameteinetana og ggg og gg,g
StFestaas ce e snegle theenas, for

tuumaa use of typroeus.t matetank
asurse assartak or spoe.at aueleet

g manertak eneset useases is casseery
r, TA
> C !Jeannes taased pursuant te parta __a Sac De6

'

3 30. 4 and 70 of tJus chasser to as
te. ladtviduas pays 6 stas for numaa use
M et typroeuet assertak seuree mass.'* rtab er speaal ausseer essenak

elleset Desnom la enseeery TA
& Ctvu esfessac

A. tJameses for ; ^ and use et *=
_ *00 8 every 10 yeart

typroeust masenaL seurte matertaL
er sesenal pueteer masenal for ctvu
estemme accettasm.

8. Denue, prediast er sua&ed seurte safety
evaianassen.
A Safety eveaustlen of denees er Net ==am==A' No utmosecens

preensas emetauband typroduct ma. eendueled.
tartak seures matertak er essmal
aussent masertak esseet reester
feet donees and devtsee er produsse
ensarttesse ta generes 11eensees se
peresas esemot from the reeuste.
memes for a Lleense pursuant le

sorte 30. E and 70 of taas saaeter.
3. anfety eveaunsten of senaed seuruus was acenaresee .. ..- ..... ...- _. . ?se inseect morts
emmanented typrotust maseftab reneurtre
seeses manertak er esseted austeer
assenek egeset i13 remeter fuel t23
ase6ed seuroes distettuted te remeral
linemasas or persons esesses frees
the reeuareeteste for a lasense pur.
sweet te parte M. 44, sad 10 of taas
senseer, and 43: power suureme ese.
ered by enassery 10.

te. Power suures:
A. IJannaan for the manufacture and Needth and safety ?te i per year,

dementetase of seeneauassed typree.
uma masenas er sammal sueleet me.
terial enereta the essay emeevy et

med masenna to unse as a osuree et
soeur. eneses reester fuel

ll. Treasserseassa et ressenstave mese.
riac

A. evenansaan et f ent tu,as ease ter set a eana i. ;we tnse=uene
arenser taan 30 tw esen nees. annuetee,

s. emuause et nont fuse smaa ter de Do.
tem tana 30 tW essap Mens ser
iniemas pensas. ror piutavuuss
taen tevel oeste taasa had passades

contaasens resteneuve sawia&

ese Gesensen. et and at tamaa.
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PART170 o FEES FOR FACILITIES AND MATERIALS LICENSES-
)
I ScussMn.a or MAywarar.s !acapas bsyncTson Psmo-Conunued

Casseery of maserenas usammes Typeof fee * Poe. Masamum frequency *

erensar thaas 1906 tasmas the type A
gumasaty. De6*C. Eve &uasaan of flasue passages eaa.
Jammans grossar taae Lyse A quanG. *

taan of rameasure anurtaa. past.
ague austeams reemasuve masarta4
less thes 10e9 umas tBe type A
quaestty. De."D6 Eeeaunces of rm gestases com.
tamans less than type A quaaunes
of reseesteve muerial. = ====

enstadung ressecuve taa.arta& less
than 300 tunes the type A quanuty.

DewhE. Eve &uaues of paesages oestamaat
thive mueria& tems than 20
tunes the type A tunataty.

11 Raeww of standardiasd spent fael fan _h Dew

a culty dessen.

E
. ry.m er re caere u anews in uu. -a won no ime.ed for una reuume ins orce.r-

fl vtuen is perferened. t

*Zasescuce fees are due uses reestot of mouse from the Co---
-_ The taspecties fee for bacmaa

8'

$ covenas more than one fee category out te enateed.on&y for the hissess fee caseeery nautsnod the ueenas,tf ine u seus of i e eeure usense a done a me me um were a u.ensee was me,e mm ene mai
ris.s usenas as a smate leanuen. a fee eena& to the hasaast fee catreery covered by the Usenses wu! ee es.
sumsuL tf the taspecuene are conducted as Lae name Ume.

*The frequenc7 anews la the scaedtale 18 the maemus= aussber of esca type of tascoettee for stuca a
fee sul ne samammed.

* Where a tiaanas ausnesians saleided redeersetus taasaltanmaa er unanulestanas inaeanana.is at ansre
than ese addreen, a aesarete fee stil se sammened for tnsescues of essa locause, provtdsd. Bewe% that if
tae musupa -an=a-is are maserted eartas a stasa vut a masa insoccuse fa vos to aa emmed.

'Per tasseques purgeman, tasse and maait programa la Catesery 3A are deftnad as fouews A,large Po.
arsaw-nose usensees amannas or pressmens teese er uneenaea masensa for tne manuf acture of tassed
emmeeuses er proeveta maan a mead seurves and assir.nuuss of name w maers, sul escenw-Tname
uneenses one are seweemore of -nnlaned erneueta, suca u presteusty tassee comeeunes nas sensesseuruse for increaucuen inta presucts er r-a= a for saa te maere. .

e
$170.41 Fauure by applicant oc licensee to per prescribed fees,

- M
In any case where the Communion finds that an appucant or a Ucensee has %

failed to pay a prescribed fee required in this part the Commluton wiu not
process any application and fnay suspend or revoke any !! cense or approval
involved or fnay issue an order with respect to licensed activttles as the Cocimis,
sion deter: nines to be appropriate or necessary in order to carry out the provt.

,si:ns of this part. Parts 30, 40,50,70, and 71 of this chapter, and of the Act.

.

.

.

.
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. ER-8RP-0-::Rev. 8178 DEPARTMENT OF' ENVIRONMENTAL RESOURCES
,

$ M8TICE TO ENLOVEES
b:

Standards for Protection Against Radiation
4 '0 In Title 25 of its Rules and Regulations, The Pennsylvania Department of Environmental 1

'
Resources has established standards for your protection against radiation hazards.

|

YOUR EMPLOYER'S RESPONSIBILITY REPORTS OH YOUR RADIATION EXPOSURE HISTORY
Your employer is required to -

1. The Department of Environmental Resources regulations require that your
1. Apply these Department of Environmental Resources regulations and any employer give you a wntren report it you recetve an exposure in excess

conditions of his radioactive materials license to all work involving of any applicable limit as set forth in the regulations or the license. The
radiation sources. basic limits for exposure to employees are set forth in Ch;pter 227 of

the regulations. This chapter specifies limits on exposure to radiation and
2. Post or otherwise make available to you a copy of the regulations, exposure to concentrations of radioactive material in air.

licenses, and operating procedures which apply to work you are engaged
in, and explain their provisions to you. 2. If you work where personnel monitoring is required pursuant to Chapter

227:
YOUR RESPONSIBILITY AS A WORKER

hu hould familiarire yourself with these prosisions of the reg:!ations (a) Your employer must give you a written report of your radiation
and operating procedures which apply to the work you are engaged in. hu exposure upon the termination of your employment if you request

1,hould al e.crve their provisions for your own protection and protection of it, and

Sour co-workers.
~ (b) Your employer must advise you annually of your exposure if you

''9"'5' II-
WHAT IS COVERED BY THESE REGULATIONS

1.1.imits on esposure to radiation and radioactive materials in restricted
and unrestricted areas: All activities involving radiation are subject to inspection by representives of

the Pennsylvania Department of Environmental Resources.
2. \leasures to be taken after accidental exposure:

. Personnel monitoring, surveys and equipmer.t; INQUIRIES

1. Caution sig,s, labels, and safety interlock equipment: Inquiries dealing with matters outlined above can be sent to the Bureau of
Radiation Protection, Pennsylvania Department of Environmental Resources,

5. Esposure records and reports; and P. O. Box 2063,liarrisburg, Pennsylvania 17120. Telephone 717 787 3720.
6. Related matters.

POSTING REQUIREMENT

Copics of this notice must be posted in a sufficient number of places in every establishment where
activities cosered by the regulations are conducted to permit employees working in or frequenting
any portios of a restricted area to observe a copy on the way to or from their place of employment.
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IN-HOUSE TRAINING SEMINAR
NUCLEAR SURFACE MOISTURE-DENSITY GAUGE

SEMINAR QUIZ

Name: Date:

1. At what temperature should you turn on the display heater? (3400 series)
a. 32*C
b. 32*F
c. Whenever the numbers are displayed in the reverse order
d. Whenever the display reads heat
e. None of the above

2. Moisture measurements with the 3400 are made only with the source rod in the
backscatter position?

True False

3. From the time BAT is first shown on the gauge display panel; the gauge may 6

be used for about 8 hours until the gauge shuts down aatomatically. What is
the minimum amount of time required to bring the power pack to full
capacity? (3400 series)

a. 6
b. 12
c. 8 ,{.
d. 14
e. Batteries are totally ruined and cannot be charged.

4. If the gauge is stolen or damaged with the source rod exposed the following
agencies should be notified?

a. County Sheriff
b. Department of Environmental Resources Bureau of Radiation Protection
c. U.S. Nuclear Regulatory Commission
d. State Folice
e. Civil Defense
f. Company Safety Officer

5. Cauge shielding is provided by encasing the sources in:
'

a. Copper-zine alloy
b. Tungsten
c. Stainless steel
d. Americium-241 and beryllium
e. Other

6. The Troxler gauges must be at least 300 feet f rom another gauge in order for
them to function properly?

True False

7. A density test cannot be accurately conducted in any other mode except for
the direct transmission mode?

True False
_,

--
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8. Whenever the source rod is removed it must be kept in the vertical position
with a " Yellow II" lable displayed on a nearby sall?

True False

9. An error code of 76 is displayed on the Troxler 3411-B gauge; this means
that the sources within the gauge is about to reach critical mass?

True False

10. What time mode should the gauge be switched to whenever the material being
tested is frozen soil?

a. 4 minutes
b. I minute
c. 15 seconds
d. Cannot be tested

11. The properties of one of the sub-atomic particles allows it's use in the
determination of density:

a. Neutron
b. Alpha Particle
c. Beta Particle
d. Photon (Gamma Ray)

12. Radiation intensity decreases with distance f rom the source. This decrease
2is a function of the source of the distance (D ). Moving five times further

away from the square decreases intensity by a factor of:

a. 25
b. 2
c. 50
d. 100

13. Briefly define the units Curie & Rem.

,

Which of these two units applies to the " impact" on the human body?

|

!
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- 17. Name four types of material where ' a density correction. factor will be

Possibly needed?
I

-a.
b.
c.
d.

18. Referring to 3411-B model when should a statistical stability and drif t test -

be run?

.

,'

.

19.' Name ' two times on a project where you would be required to bring soil
- samples to'the lab for oven drying?

a.

'

b.

9

20. When using the 2400 model, in a trench, what is the minimum width where no .

moisture correction is needed?

4

-

n

4

ir | iii
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21. Referring to question 20, shat is the minimum width for the 3411-B model?

l

22. If the material is too coarse to drive a rod through, can a test be taken?
If yes hos?

23. What is a control strip?

24. If a moisture correction factor is needed for the 2400 model, how many
sampics must be oven dried?

I
,

t

i

25. Referring to question 24, hos many sampics are required for the 3411-B
model?

|
'

!.

1

1-

.
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