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S IMULATED

Upon completion of the classroom instruction, participants of

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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selected employees and clie
operation and handling of th
testing equipment.

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

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

this objective we recognize our responsibility to maintain the
necessary technical inec lud » se of latest st
the-art engineering i ues and equipment.
L. Robert Kimball and Associates would like to thank Troxl
Electronic Laboratories for their permission to reproduce the
and 3400-B series manuals (See Appendix A) for use in thi

training manual.




Nuclear moisture-density test equipment has in recent years become

more prevalent for use in performing density tests on compacted earth
and gravel fills and asphalt paving. While the method of obtaining
engineering properties of compacted fills has become somewhat more
sophisticated than traditional methods the capabilities of nuclear
techinques have become a formitable alternative. Every en;
test method utilized to assist in the design and analysis of
s advantages and disadvantages of course. Nuclear

ure~density gauges utilize gamma and alpha rays, and t
the principal element of most concern to be considered when
templating use as an engineering testing aide Testing equipment

lizing nuclear methods has progressed to t poin relevant

I )
federal and state regulatory agencies have all ] their use
properly supervised conditions and where safeguards have been met ¢
ensure the well being of persons who operate the equipment or are
ytherwise exposed to the effects of the equipment.

his education and training program is to provide
nuclear gauge operators with a basic understanding
its use, and the potential hazards assoclated with
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HANDLING PROCEDURI
at all

At no time shall an operator leave nulcear gauge

except whenever the gauge 1is returned to the desi;
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INTRODUCTION

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

The instruments incorporate the latest state-of-the-art in solid state
semiconductor design to provide a high degree of accuracy and reliabil-
ity. The nuclear geometry and radioactive source design are the culmina-
tion of some twenty years of research and experience in developing
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.

This manual covers the operation and maintenance of two basic instru-
ments, the 3401-8 and the 3411-B. Both instruments provide the same end
results. The 3401-8 is a lower cost instrument which provides measure-
ment results through the use of computer derived tables, requiring
calculations on the part of the operator. The 3411-B contains a
microprocessor which contains all calibration information and algorithms
to compute and display all end results, thus eliminating one source of
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 1is 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. [t may also be used for additional operator training, and
the manufacturer encourages owners to require the study of this manual
before allowing any prospective operator to use the instrument.

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-
logical Safety. I[f these are not completely understood, they should seek
assistance fromn the factory or others designated within the user
arganization.

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

TROXLER
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[-B. DEFINITION OF TERMS

PRECISION - Defines the statistical limits of the instrument based on
changing rates of radicactive decay. The value stated is the standard
deviation limit. It may be determined by statistical amalysis of
repetitive measurements (20 or more) or may be computed by the square
root of the actual counts accumulated divided by the slope (first
differential) of tiha ca ibration 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 gquoted 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
boundaries. It does not take into account possible operator caused
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
th:)measured layer, but between the limits of 1100-2700 kg/m® (70-170
PCF).

s s "

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- |
jence. 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.

1Ci = 3.7 x 1010 3a (37 gigabequerels)

1 Rem = 3.876 x 10° C/kg (3.876 kilocoulomb/kilogram)

1-2



[-C-1. MEASUREMENT SPECIFICATIONS (SI UNITS)

BACKSCATTER DENSITY FAST

Precision at 2000 kg/m3 16.6
Composition Error at 2000 kg/m3 40.0
Surface Error (1.25mm, 100% void) 64.0
Expected Total Error 62.4
Depth of Measurement (95%) 75

DIRECT TRANSMISSION DENSITY, 150 mm

Precision at 2000 kg/m3 7.68
Composition Error at 2000 kg/m3 22.4
Surface Error (1.25 mm, 100% void) 14.4

Expected Total Error 28.8
Depth of Measurement 50-200
MOISTURE CONTENT

Precision at 250 kg/m3 10.2
Surface Error (1.25mm, 100% void) 17.6
Expected Total Error 24.0

Depth of Measurement at 250 kg/m® 125

MEASUREMENT SPECIFICATIONS (U.S. CUSTOMARY UNITS)

BACKSCATTER DENSITY FAST

Precision at 120 PCF 1.04
Composition Error at 120 PCF 2.50
Surface Error (.05 inch, 100% void) 4.00
Expected Total Error 3.90
Depth of Measurement (95%) 3.00

DIRECT TRANSMISSION DENSITY (6")

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

MOISTURE CONTENT

Precision at 15 PCF 0.64
Surface Error (.05 inch, 100% void) 1.10
Expected Total Error 1.50
Depth of Measurement at 15 PCF 6.00

NORMAL  SL
8.30  4.15
40.0  40.0
64.0  64.0
54.4 52,8

75 75
.84 1.9
2.4 22.4
14.4 14,4
25.6  24.0

50-200  50-200
5.10  2.55
17.6  17.6
14.4  11.2
125 125

NORMAL  SLUW
0.52  0.26
2.50  2.50
4,00  4.00
3.40  3.30
3.00  3.00
0.2  0.12
1.40  1.40
0.90  0.90
1.60  1.50
2-8 2-8
0.32  0.16
1.10  1.10
0.90  0.70
6.00  6.00

+PCF
+PCF
-PCF
+PCF
inches

+PCF
+PCF
-PCF
+PCF
inches

+PCF
-PCF
+PCF
inches



[-C-2. MECHANICAL SPECIFICATIONS

Case Epoxy finish aluminum casting
Vibration test 2.5 mm (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 ?:xcludmg handles) 368 x 229 x 183 mm
(14.5 x 9 x 7.2 inches)
Height (including handles) 495 mm (19.5 inches)

Weight 16 kg (36 pounds)
Shipping weight 32 kg (75 pounds; w/0 ABS Case
39 kg (87 pounds) with ABS Case

1-C-3, CALIBRATION SPECIFICATIONS

Number of Standards 6
Accuracy of Density Standards +0.1%
Accuracy of Moisture Standards +4.0%

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.

3411-8 - Contains uP (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.

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.

TROXLE
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RADIOLOGICAL SPECIFICATIONS

Gamma source
Neutron source

Source form

Shielding

Surface dose rates
Source rod containment
Shipping case

Source seal approval for

domestic and international
shipment

ELECTRICAL SPECIFICATIONS

Time accuracy and stability

8 1 mCi cesium=137, TEL A-102112

40 +10% mCi americium-241:beryllium
with 70,000 N/sec. yield, TEL A-102451
Stainless steel doubly encapsulated
Tungsten and lead

15 mrem/hour max., neutron and gamma
Stainless steel, 55 C Rockwell
hardness

DOT 7A, TYPE A, Yellow II Label

0.1 Transport Index

Cs=137, SPECIAL FORM Certificate
GB:SFC 140

Am-241, SPECIAL FORM Certificate
GB:SFC 7

£0.005% +0.0002%/°C

Power supply stability +0.01%/°C
Stored power 40 watt-hours
Battery recharge time 14 hours
Charge source 110/220V, 50-60Hz
or 12-14 VDC
3401-8 3411-8
Readout (LCD)} LIQUID CRYSTAL DISPLAY 4 digits 4 1/2 digits
Largest number displayable 9999 19999
Count regist«rs (moisture, density) 2 2
Standard reg.sters (moisture, density) 0 2
Power consumption (watts) 0.09 0.15
Power consumption after automatic 0.001 0.001

battery cutoff (watts)

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.
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MobeL 3400-B
SERIES GAUGE

REFERENCE STANDARD

SCRAPER PLATE/DRILL ROD GUIDE
\

\\ |

DRILL ROD

DC CHARGER

ADAPTER 110/220 vac
50-60HZ CHARGER

3400-B Series Gauge and Accessories
Figure 2-1



[T. OPERATING INSTRUCTIONS
[1-A. GETTING ACQUAINTED

TROXLER

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 referiing 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 hammer to punch the hoie 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
discussed above. The americium source is used for moisture measure-
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 from
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
source is located under this label.
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[I-A-1. USE OF REFERENCE STANDARD

TROXLER

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 instrument can
be no more accurate than the accuracy of the standard zounts. 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 imstrument 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 structure
and at least ten meters (thirty feet) from any other radiocactive
source. The surface can be asphalt or concrete paving, compacted
aggregate or similar surface with not more than 240 kg/n;3 (15 PCF)
moisture. Sites not to be used are truck beds or tailgates, table tops
or similar structures.

Locate the instrument 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 De 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.
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3401-B CONTROL FUNCTIONS AND OPERATIONS

The front panel module is the only difference between the 3401-8 and
3411-B. The 3401-B Scaler Module does not have electronics that store
the reference standard counts for later use. It also requires some
calculations by the operator. A step-by-step procedure for use of the
3401-8 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 froam
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.

Refer to figure 2-3 or the front panel of the instrument and note
that there are two rotary switches and one pushbutton swicch. 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 PWR/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 pane! item is the connector for the charger
cables. Access to this connector is made by lifting the cover.

Allow at least 10 minutes to elapse after powering the instrument
before taking the standard counts.

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

Assuming that the ERR notation still appears, one can watch the
accunulation 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.

When ERR disappears, set the DISPLAY switch on DENSITY. The number
which appears is the density standard count (DS) and should be within
% 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.




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

h.

Set the DISPLAY switch on MOISTURE. 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).

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.

Set the PWR/TIME switch on NORM and depress START. Note that ERR
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,

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
hole using the drill rod, guide, and a hammer. The source rod is
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 ROD 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.
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[1-A-2. 3401-8 CONTROL FUNCTIONS AND OPERATIONS (cont'd)

TROXLER

Je

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

(0.25 PCF). 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.

Note that the value obtained for moisture is uncorrected for chem-

ically bound hydrogen and may be in error. Section IIl will discuss
the methods of correcting this value.
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3411-B CONTROL FUNCTIONS AND OPERATION

The Data Processor Module used in the model 3411-8B gauge contains a uP
\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.

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

<§> Connector cover for battery charger cables. [f the batteries need
recharging the BAT symbol on the left side of the display will
appear. Refer to section VII for battery charging instructions.

The instrument display is a type of liquid crystal. In addition
to displaying accumulated counts and computed results, it also has
status indicators as shown below:

- Accumulation in progress or a computational error has
occured.

Low battery warning. Instrument batteries are in need of
a recharge. The gauge will still function normally for
several hours before it automatically shuts off.

Displayed number is negative in value.

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
for an accumulation. The SLOW, NORM, or FAST position correspond
to accumulate periods of 4, 1, or 0.25 minutes, respectively.

The keyboard is color coded for ease of use. Five keys are "dual
function”. The large yellow SHIFT key determines which mode the
dual function keys are in. The functions labeled in yellow
(STANDARD, %MA, %PR, SET, and TST) are valid only when the SHIFT
key is depressed. The functions labeled in white are operational
when the SHIFT key is not depressed.

The STANDARD/MEASURE key 1is used to start an accumulation of
e1ther a standard or a measure count period.

The second row of k L0 determine which

be displayed. T M yre  Standard) and
Standard) keys are used play the standard counts.
(Moisture Count) and DC (Density Count) keys are used
the measure counts.




[1-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, DO, 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
[1-D describes these routines.

This group of slide switches are located on the printed circuit
board behind the front panel. To gain access to these switches you
must loosen the four thumbscrews in each corner of the front panel
and 1ift 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 MEAS
position the gauge functions normally. See section I[-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 tne 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

errcrs 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.

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.
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[=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 [I-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
obtain the standard counts, i.e. MS (Moisture Standard) and DS
(Density Standard).

Turn the PWR/TIME switch to SLOW. The standard counts will always
be 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
instrument Datteries are in need of a recharge.

Allow at least 10 minutes to elapse after powering the instrument
before taking the standard counts.

A set of standard counts can be accumulated as follows:
depress and hold the key labeled SHIFT,
depress the STANDARD key and release it,
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.

Oepress 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 instrument is turned off.

when ERR disappears, depress 0S. 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
factory calibration data sheet. Since the half-life of americium-241
is very long, this count should not normally decrease with time.




[1-A-3. 3411-8 CONTROL FUNCTIONS AND OPERATION (cont'd)

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

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.

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 OFF or until another set of standard counts s
accumulated.

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

* * * CAUTION * * *
WHEN ORIVING THE ROD INTO SOIL, BASE MATERIAL OR HOT
ASPHALT, REMEMBER THAT YOU ARE ODRIVING 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.
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[I-A-3. 3411-B CONTROL FUNCTIONS AND OPERATION (coft'd)

TROXLER

K.

The 3411-8 can display computed results in either PCF or SI(kg/md3).
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 8BS and MOISTURE CORRECTION on +00.
Depress WD and the value of the wet density will appear in
the display. Oepress DD and the value of dry density will
appear. Repeat for M (moisture content) and %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: [f 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 [-C.

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.

In the event an accumulation or processing error occurs, the ENR 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 [I-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.
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[[-B. USE OF %MA AND %PR FUNCTIONS

The % 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.

xnw% X 100

zPR-Q% 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
moment;51ly epress the SET key. The display will now show the value of z
in kg/m? 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:

% Solids = —2— 100

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

[1-D.

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 1ift 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 density 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.

3411-B TEST FUNCTIONS

The 3411-B contains a uP (Microprocessor) which controls the majority of
the instrument's functions. The wP, 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.



Il‘D-lo

SELF-TEST ROUTINES

[f the uP is working, there are three self-test routines that can be
usea 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.

[I-D-1-a. DISPLAY TEST

This routine produces a
cyclic number sequence

I
that ripples across the _'Li \
display. The exact i
sequence 1is shown in "o
figure 2-5. By watching J .E
each digit "count up" you - ,E 3
%an verify thqf J?e]LC? (R |

Liquid Crysta splay I
and its associated _"E 4
electronics are operating
properly. % 3 L’ S
34556
-,
456 1 REPEAT
5578
£189
184
!
I
ERR |
|
-] g -

Display Test Sequence
Figure 2-5
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[1-D-1, SELF-TEST ROUTINES (cont'd)
[1-D-1-b. ROTARY SWITCH TEST

Assuming that the display test above is correct, this routine can be
used to verify that the uP is reading the rotary switches correctly.
The wP 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 a L’ B 3
+/= SwitCh emm—T1 "=
¥ TNJL "_‘J

Position of _  Position of MOISTURE
DEPTH Switch CORRECTION Switches
Rotary Switch Test Format
Figure 2-6
[I-D-1-c. KEYBOARD TEST
This routine will display "----" until a key is depressed. As long

as the key is depressed a two digit 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. I[f 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

KEY CODES FOR KEYBOARD TEST ROUTINE
Figure 2-7
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11-D-2. ERROR CODES

[f the uP 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 end off. The table below shows the
error codes and probable causes. If a hardware failure is indicated by
the error code, refer to section II-D-1 and use the self-test routines
for help in isolating the fault condition.

ERROR
CODE INDICATED FAILURE MODE PROBABLE CAUSE
01 System failed internal test Hardware failure
condition on yP Memory board
02 Accumulated nunmber exceeds Position of PWR/TIME switch was
display size changed during accumulation
Hardware failure on I/0 board
10,11, Bad keyboard input Two keys depressed, defective
or 12 keyboard or hardware failure
on [/0 board
20 uP tried to evaluate the Uncalibrated depth
log of a negative number selected by DEPTH switch
30 uP 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 MOISTURE Switch failure, hardware
CORRECTION switches failure on 1/0 board, or
operator induced error
during chain calculations
41 Invalid input from DEPTH Same as above
switch
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II*D-3.
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TROXLER

OSCILLATOR AND PRESCALERS

As mentioned in the first paragraph of Section 1I-D., the uwP and its
crystal oscilator provide the time standard for the instrument. To
check the oscillator and the moisture 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. At the end of 0.25 minutes, a 14646 +2 count should be in the MS,
0S, MC and D" 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.

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
3411-8 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
= 1000

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 0S = DOC 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.

[f the proper results are obtained, the processor operation is correct.
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I1-E. USE OF DISPLAY HEATER

Early production units of the 3401-B and 3411-B used a Liquid Crystal
Display (LCD) that had definite temperature limitations.

The current production units (and any replacement displays obtained from
the factory) 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 following comments 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 3411-8.

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
gse 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.
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IIl. 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
[I-A-1 if you are not familiar with this procedure.

[1I-A. DAILY STANDARD COUNT

Turn the PUR/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 must 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.

[f 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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[11-B. SITE PREPARATION

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.

[11-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
[f the scraping action dislodges surface stones, remove them, fill the
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.

* * * CAUTION * * *
WHEN DRIVING THE ROD INTQ 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.

TROXLE



I11-8-2.

[11-8-3.

TROXLER

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 care-
ful not to bypass the detent and force the source rod tip on or into the
material.

ASPHALT PAVING

When using a nuclear instrument for compaction control of asphalt
paving, the Control Strip Method outlined under section V is recommend-
ed; however, there may be a time when direct density measurements are
desired. If the compacted 1ift is is at least 50 mm (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 requir-
ed 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 om 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 to drill the hole or use backscatter
methods.
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[I1-C.

[11-D.

DATA ACCUMULATION

With 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.

[f the measirement 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.

DATA CONVERSION

Using a hand calculator or slide rule, divide the recorded value of OC 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.

Jsing 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 I[II-E.
Using the values of WD and M, obtain the dry density (0OD) by subtraction:

DD = WD - M

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

m-_'g.o_xloo

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

[t 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.

[I1-E-1. DENSITY CORRECTION

TROXLER

Only on a very few occasions will it be necessary to correct the wet
censity 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 (13 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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[11-E-2. MOISTURE 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= %M x WD
+
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 real‘ty, 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.
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[V. 3411-8 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 standard counts. Review section
[1-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.

Tne 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 0S
respectively. These counts should be recorded in the gauge standard
count log, but they will remain in the memory unless the power is
switched OFF.

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 bSe run in the
field. [If the highest ana 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
XIII-E.
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[V-B. SITE PREPARATION

In order to obtain optimum accuracy from the gauge, site preparation
normally requi~ed. The method for site preparation varies, depending
the surface an! the type test to be performed.

[V-B-1., EMBANKMENT O SUBGRADE

Using the s’ .par plate supplied with the instrument, carefully scrape
the surface t: a smooth condition, removing all dried and loose materi-
al., If the s raping action dislodges surface stoncs, remove them, fill
the voids wit  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.

e, SR CAUTION * " -
WHEN ORIVING THE ROD INTO SOIL, BASE MATERIAL OR HOT
ASPHALT, REMEMBER THAT YOU ARE DORIVING 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.

[n 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.




r

|
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BASE OR SUBBASE

[n 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 Dypass the detent and “H>rce the source rod tip on or into the
material.

ASPHALT PAVING

When using a nuclear instrument for compaction control of asphalt pav-
ing, the Control Strip Method outlined under section V is recomnended;
however, there may be a time when direct density measurements are desir-
ed., If the compacted lift is is at least 50 mm (2 inches) thick, the
direct transmission geometry is recommended. [f 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.
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IV-C. DATA ACCUMULATION

With the gauge properly seated on the prepared site, turn PWR/TIME to
NORM and depress MEASURE. The ERR symbol will appear for one minute.
When the timing period expires, depress MC and DC to display the
moisture count and density count respectively. Depressing MS or DS will
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.

[V-D. DATA CONVERSION

Set the DEPTH switch to the same depth which was used to take the
measurement, 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
set up to display SI Units (kg/m3). 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
slide switch labeled SI and PCF., Place the switch in the desired mode.
Replace the electronic assembly.

Wet Density (WD), Dry Density (DD), Moisture Content (M) and Percent
Moisture (%M) can now be computed and displayed by depressing the desired
key. Since the moisture content has not been corrected for soil hydrogen,
DD, M and %M may be in error. Section IV-E explains the procedure for
correction.

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

Since the ZMA and %PR functions are dependent on the preset "optimum
density", it is advisable to check this value before using these func-
tions. Refer to section I[1-8 if you are not familiar with this procedure.

[f 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.
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CORRECTIONS

[t may De 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 tq the user.

[V-E-1. DENSITY CORRECTION

Une of the possible density errors which normally requires correction is
automatically taken care of by the data processor in the 3411-8. 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.

[f 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

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.

[f 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.




[V-E-2. MOISTURE CORRECTION

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,
regar.less 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 MOISTURE 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 MOISTURE 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 %M measurements will have to be made with the MOISTURE CORRECTION
switches set to "+" 00. Samples from each site should be taken to the
laboratory for the oven dry. The minimum recommended sample size is
500 g (1 pound). Care should be taken to keep the samples from drying
out.

For each sample the K factor can be computed by:

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

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.
K yrlve wi\ vov e\l | be (=),

This value is then set into the gauge MOISTURE CORRECTION switches and
used for all measurements on the particular Soil.
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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
at this site with the gauge at the same distance from the wall.
Record this number on the work sheet.

V-A-1. 3401-B TRENCH PROCEDURES (cont'd)
4) To use the moisture offset value it is necessary to subtract this
number 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 MOISTURE CORRECTION switches. 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
MOISTURE CORRECTION switches to "00" and entering this value.

BE SURE TO RETURN THE MOISTURE CORRECTION SWITCHES TO “00" OR
THE PROPER CORRECTION FACTOR AFTER ENTERING THE MOISTURE OFFSET
VALUE .
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Jsing the nuclear density gauge for compaction control of asphalt paving
sreates some problems due to the normal specification requiring 93% of
Marshall density. This is particularly true when _the backscatter
geonetry is used. With a Marshall d en>1t_ of 2230 kg/m°> (140 PCF), the
passing limit would be 2195 kg/m® (137.2 PCF); bDut assuming a true
1e”<;i§ of 2240 kg m> (140 PCF), the gauge could indicate 2175-219Q
kg/m® (136-137 PCF) based on the total expectad error of 50-65 kg/m¥

3 )
3-4 PCF). This can be overcome by correcting the calibration to account
)

or the composition error and by good site preparation to reduce the
surface roughness error. By doing this, the expected error can oe
e 3 . 1E.9¢C S 1 1 r ~ C 11 b P ' -1 -
reduced t 19-25 kg/m* (l-l.5 PCF) and allow the wuse of nucliear

earch Council develored an alternate metn>d which

S
r many years and has proven to take advantage of
i ]

- 1 R od .

The normal procedure involves the selection of a test site 100 meters

(300 feet) long and the width of the paver. .ompaction is accomplished
with rollers and nuclear density gauge is used to measure density between A
passes of the roller. Compaction is continued until there is no further )
increase in density. At this point, the maximum density is determined Dy

aking 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
square yard) sections and the average of five st

establish passing conditions ‘)r each section. Each test must De 95% or
ver, and the average must de 98% or over.

ction must he established when a change in the source of

sections have been approved.

A new control se
the material has occurred or afte
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V-C. ROOF MOISTURE MEASUREMENTS

Until recently, no satisfactory method has been available to determine
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
1eak‘has occurred, it is sometimes difficult to determine the failed
section.

While the 3400-8 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 i¢ a moisture
only jauge designed specifically for roof moisture measurements. It is
much lighter than the 3400-8 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 Command.

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 birrdal
histogram is shown in figure 5-1.

With this type of distribution, the 95% confidence limits can de estab-
lished for a normal distribution.

The nuclear gauge, in addition to its radiation statistics, measures the
hydrogen in the asphalt, organic felts and any wood structure. This
#111 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 involvad.

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.
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V-D. THIN LIFT OVERLAYS

Thin 1ift 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 De overcome in order to obtain correct densities. The problem
arises due to the depth of penetration of gamma 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.

[f 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-B 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.




y-D-1. OVERLAY EXAMPLE - SI UNITS

In this example the bottom layer density (left scale) is 2080 kg/m3
with a mat 30 mm thick overlaying it. A backscatter density test on
the top of the mat (right scale) yielded a result of 2220 kg/m?, A
line is then drawn from 2080 kg/m° on left scale through the inter-
section of 30 mm (bottom) and 2220 kg/m® (right) and extended to the
right. The correct ':gnsity for the top layer is then read from the
nomograph as 2321 kg/m” on the right scale.
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Nomograph for Thin Lift Overlays
SI Units

Figure 5-1
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OVERLAY EXAMPLE - U.S. Customary Units

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

The correct density for the top layer is then read from the nomograph
as 144.5 on the right scale.

r.
75 100 =
THICKNESS OF TOP LAYER (INCHES)

THIN IIFT OVERLAY NOMOGRAPH

US CUSTOMARY UNITS)

Nomograph for Thin Lift Overlays
U.S. Customary Units

Figure 5-2
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VI.

3400-8 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
wender 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.

szth A Density (kg/m3)

mm 1200 1500 1800 2100 2400 2700
Egl‘ 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)

TROXLER

(inches) 70 90 110 130 150 170
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
1 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
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V1. 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
for l-sigma deviations with a confidence limit of 68%. By doubling the
va!g:séd a 2-sigma deviation with a confidence limit of 95% would be
realized.

Depth Density (kg/m3)
ALE%) 1200 1500 1800 2100 2400 2700
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

Standard Deviation in kg/m3

Depth Density (PCF)
(inches) 70 90 110 130 150 170
“BS 0297 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

STope (kg/ms/count) § P . >
Standard Deviation 1.424 13,398 4.590 5.530 6.332 7.044 7.690

0 5 10 15 20 25 30
§|ope lpﬁrzcount) (evcccssscssssnananaas D0.005ccmesacnansanccans >
Standard Deviation 0.089 0.194 0.259 0.312 0.3%6 0.396 0.431
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VII. PERIODIC MAINTENANCE

VII-A. BATTERY CHARGING

TROXLER

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 requirad
to bring the battery up to full charge.

The 3401-B instrument has a power consumption of 90 milliwatts. The
3411-8 has an average power consumption of 150 miliiwatts assuming an
average of four site measurements per hour of use.

Since the battery stores approximately 40 watts, the 3401-8 will operate
for 400 hours and the 3411-B for 250 hours before requiring a full
recharge. If the battery has Deen 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 occur if it is connected to a 230 volt supply with the switch set
for IfS volt operaticn.

The DC charger cable supplied will operate while plugged into a

cigarette lighter receptacle in a 12 volt 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 0T charger is intended for emergency use when required. A thirty
minut = ~echarge will allow use of the gauge for many hours.
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. 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
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.




TROXLER

CLEANING AND LUBRICATION (cont'd)

Depress the trigger and 1ift the handle clear of the index rod. Bzfore
releasing the trigger, note the position of the indexer pin and trigger
to facilitate replacement. With the trigger released, the indexer can be
s1id 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
replaced. Lubricate these parts and reassemble.

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
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
the indexer from latching in the SAFE position.

Using a mineral solvent, clean all of the outer surfaces of the instru-
ment. .

FRONT PANEL MODULE ReMOVAL

Unscrew the thumbscrews located at the front panel corners and 1ift the
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.

when replacing this connector, it must be done carefully and in the
proper orientation. The pins are small and can be easily bent if not
aligned properly.

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
pressure sealed. This will result in the formation of water inside the
case due to condensation. This water must be removed or erratic opera-
tion and possibly failure may occur. The gauge cavity will dry if it is
stored in a warm, dry room with the front panel electronic module remov-
ed.




VII-E. LEAK TEST PROCEDURE

State and Federal laws require that the radioactive sources be leak test-
ed every six months and records maintained of the results. Personnel
safety must be considered and leak tests performed to eliminate possible
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 a
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
piece of filter paper.

Remove the electronic module as noted in section D 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
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.

Safety regulations require that the factory leak test all sealed sources
prior to entering our plant; therefore, this service will be performed on
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 ROD 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-B, 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 3400-8 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,

vxlx'A"z.

HAND TOOLS

Screwdriver, 1/8" flat blade The hand tools listed are contained
Screwdriver, 1/16" flat blade in the 3400 Series Tool Kit (Troxler
Screwdriver, 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"

Hammer, Machinist, 8 oz.
Wrench, 1/4", combination

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:
3 1/2 digit display 0-20 volt DC ranges, 0-500 mA DC range
1) John Fluke model 8010A
2) Hewlett-Packard model 3476A

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



VI11-B. GAUGE BASE ELECTRONICS

A block diagram of the gauge base electronics is shown in figure 8-l.
This assembly consists of four sealed modules which are field replace-
ablei It is not anticipated that field repairs will be made to the
moduies.

This unit contains HIGH VOLTAGE which can cause severe shock to a
technician. In addition to turning off the unit before working on it,
the high voltage should be discharged Dby 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 #0.1 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 0.1% 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
voltage drops below 8.4 volts.

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 220 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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VIII-B.

viili-C.

GAUGE BASE ELECTRONICS (cont'd)

The 100900 Density Module and 100903 Moisture Module contain protection
circuits, amplifiers, threshold detectors, and logic conversion to accept
pulses from tne 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
under 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 eleciron-
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 3411-3 may be operated with a “non-8"
base by use of an adapter cable (part number 102885).

3401-8 SCALER MODULE ELECTRONICS

The 3401-8 Scaler Module contains the oscillator and time base circuits,
prescale circuits, dual accumulators, multiplexing, decoding, and display
circuits. A self test feature is built in to allow checkout by the user.

On the lower right corner of the 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.

Due to the degree of large scale integration, it is recommended 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.
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VIiiI-D.

TROXLER

3411-8 PROCESSOR MODULE ELECTRONICS

The 3411-B Processor Module contains a Microprocesser (uP) which acts as
the control processing element. The uP has a fixed set of instruciions
that it can execute. The sequence in which the instructiors 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-D.

Two (or three) slide switches are located on the lower right corner of
the front circuit board. The use of tho MEAS/TST switch is covered in
Section [1-D. 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 1{s recommended that no field repairs be
considered other than the replacement of socketed components. These
components 1include the 1liquid crystal display and four integrated
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 the
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 3400-8 gauge
base.

4) If a 3411-B processor is used in a “non-B8" 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.
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VI11-E. STATISTICAL STABLILITY AND ORIFT

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:

T
g = -nn—f(n-n)

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

Ratio = 7-‘_’-—
n

A test of this type should yield a ratio of actual to predicted standard
deviation of 1; however, since per-minute-count-rates in the 3400 are
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 € 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 Dbecause of the statistical
limit in obtaining each set of numbers.




STATISTICAL STABILITY TEST

Test Moisture Density
Number Standard  ERROR 2 Standard  ERROR 2
N Counts  _E=(n-fi) E Counts E=(n-i) 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
) 523 o3 .09 2410 16.9 285.61
5 516 -6.7 44.89 2412 18.9 357.21
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 -.l 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
N = 522.7 L= 690.18 fi = 2393.1 L =2977.80
/7 = 22.86 o =/3r * 6.03 7= 48.92 o = /iy = 12.52
Ratio = 53203 = 0.26 Ratio = &35 = 0.26
INSTRUMENT DRIFT TEST
Moisture Density
Test Standard Standard
Number Counts Counts
- 520
% ggg Total 2390 Total
Avera 2397 Average
) 520 -l!i?.;+520.4)/2 2384 -125§§.1+2391.2)/2
5 518 =521.6 2393 =2392.2
Avg = 520.4 2391.2
Difference = 522.7 - 520.4 = 2.3 = 2393.1 - 2391.2 = 1.9
Drift = z2i= x 100 = .44% = 523 x 100 = .08%
521.6 ; 2392.2 '

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

The 3400-8 instruments, while complex, can gererally be repaired in the
field by isolating problems to one or two modules by the process of elim-

ination.

1.

2.

3.

4.

5.

6.

7.

Instrument fails to display when power is turned on.

(a) Batteries are discharged below cut-off voltage. Plugging
in the charger will turn on the instrument.

(b) If the charge light on the charger did not 1ight-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.

Charger lamps come on, but unit still does not indicate a turned on
condition.

(a) Replace Battery Monitor Module.

(b) Replace Front Panel Module.

Instrument turns on but will not indicate counting condition when
MEASURE is attempted.

(a; Replace H.V. Module.

(b) Replace Front Panel Module.*

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

(b) Replace Front Panel Module.*

(¢c) Replace GM tubes.

Instrument counts density but not woisture.
(a) Replace Moisture Module.

(b) Replace Front Panel Module.*

(c) Replace He-3 tube.

Instrument counts moisture and density, but is erratic and will not
meet stability test.

ﬁa; Replace Density or Moisture Module as required.

b) Replace detectors as required.

Instrument 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.
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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.

VIII-G-2.

VIII-G-3.

VIII-G-4,

TROXLER

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 OC supplies
are needed if the "non-B" 3411 module is to be checked.

PROM PROGRAMMER - MODEL 3954

This is a microprocessor based PROM programmer 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
operations. The user need not concern himself with base conversions.

MICROPROCESSOR 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
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,

CALIBRATION STANDARDS - MODEL 3875

A set of six rectangular blocks used to calibrate the 3400 series
gauges. Th2 set of standards consist of:

1) Migr-.sium Block 4) Granite Block
2) Laminated Block of Magnesium 5) Aluminum Block

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
magnesium and the laminated magnesium/polyethylene blocks are used for
the moisture calibration.

8-9
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VI1I-G-4. CALIBRATION STANDARDS - MODEL 3875 (cont I

The density standards have an accurac, »f #0.1% and maanesium/

polyethylene has an accuracy of +4%.

A1l blocks have predrilled holes to accept the source rod in the direct
transmission mode.

A listing of the computer program, necessary 1o perform the data
reduction, is also supplied with the standards.

8-10 TROXLER



[X- PARTS LIST
[X-A. REPLACEMENT PARTS

12177
12750
12751
12752
12753
12754
16245
100158
100528-1000
100894
100900
100903
100989
100990
100993
100996
101604-1610
102054
102057
102059
102067
102069
102076
102077
102088-2000
102096
102103
102116
102117
102140
102383
102399
102847
102850
102888
102891

102900
103013
103023

Handle Lock

Source Rod Bearing (2 required)
Source Rod Bearing Sea! ?2 required)
Source Rod Wiper Seal (2 required)
Retaining Ring

Scraper Ring (2 required)

Fuse, 2 Amp, Type GMW (2 required)
G.M. Detector (2 required)

Captive Screw for Front Panel Module (4 required)

H.V. Power Supply Module

Density Amplifier Module

Moisture Amplifier Module

Post Gasket

Gauge Gasket

Ground Spring for G.M. Detector (2 required)
Sliding Shield

Roll Pin, Trigger

Gasket for Front Panel Module

Battery Pack Assembly (2 required)

He-3 Detector

Bottom Plate Assembly

Wiper Cap

G.M. Detector Mounting Block

G.M. Detector Connector Assembly

Top Shell Assembly

Cap Screw for Index Rod

Cap Screw Bumper

Indexer Assembly

Trigger

Seal Retainer

Trigger Spring

Sliding Shield Spring

3411-B Data Procesor Module

Battery Monitor Module

Cable, Front Panel Module to Gauge Base
Preamplifier Board (printed circuit board onl..
no modules or mounting plate)

3401-8 Scaler Module

G.M. Detector Center Contact Spring (2 requir:
Liquid Crystal Display
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[X-B. ACCESSORIES

12767
12767-1000
12767-2000
21140
100421
102106
102107
102110
102111
102118
102187
102391
102426
102713
102868
102876-0005
102885

Model 492 Survey Meter

Mode! 2000A Dosimeter Charger

Model 54i/R Dosimeter

Radiation Sign Kit

Drill Rod

Molded ABS Trasnport Case

Foam Inserts For Shipping Case

Reference Standard

Scraper Plate/Drill Rod Guide

115/230 Volt 50-60 Hz Battery Charger

Molded ABS Transport Case With Foam Inserts
12 Volt D.C. Charger Cord

3400 Tool Kit

Drill Rod Jack

Leak Test Kit, Model 3880

Replacement Packets For Leak Test Kit (5 Units)
Adapter Cable (allows use of 3401-B Scaler or
3411-B Processor in a "non-B" gauge base)

IX-C. MAINTENANCE SUPPLIES

12774
12776
100761

Molykote Type G Paste Lubricant
Molykote Type 321 Spray Lubricant
Source Rod Pig

9-2
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X. THEORY OF MEASUREMENT

X-A. GAMMA RADIATION AND MATTER

TROXLER

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
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 effectively 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 path Tength
that a photon will interact with the medium. As a typical situation, a
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:

[ = [, e7¥X

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 ex ands to:

I = Io e -[(U/D)XDJ
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X-A. GAMMA RADIATION AND MATTER (cont'd)

For situations more complicated than the narrow beam consideration, the
attenuation is still basically exponential but is modified by other
factors. The first of these is sometimes called the "geometry factor"
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, which 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
higher 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 *he energy
ranges of .662 MeV and below involve the transfer of energy ¢ «nd 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 erergy loss is determined from conservation of
nomentum and energy between the photon and the recoiling electron [Compton
(1923), Klein and Nishina (1929)]. The scattering cross section of the
interaction is directly proportional to the number of electrons involved
(Z of the particular atom).
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X-B. DIRECT TRANSMISSION DENSITY GEOMETRY

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 30

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
u/p and x, while A and C are related to the source size and detector
efficiency. The relationship between A and C determine the degree of
deviation from the theoretical exponential function. A plot of this
equation is shown in figure 10-3.

Since B contains w/p, it is obvious that there is a family of equations
representing each of the chemical elements containea in the measured
materials. As will be shown later, an average can de used and the error
associated with this average evaluated.
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X-B. DIRECT TRANSMISSION DENSITY GEOMETRY (cont'd)
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Figure 10-2
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X-C. BACKSCATTER DENSITY GEOMETRY

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

[t is worthwhile to note that, while the terminology has been accepted by
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.

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
nunber of scattered photons reaching the detectors increases until an
equilibriun is reached where the rate of initial scatter photons reaching
the detectors is equal to the mass attenuation rate. At densities above
this point, the count rate at the detectors 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 though it does not follow the response over the Tow
density area.

While the direct transmission geometry measures the average density from
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
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/m3, the gauge measurement will indicate a density
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.




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

TROXLER

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.

[sotopic 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 tardet material. The reaction may be expressed
as:

3e? (a,n) cl2

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 O 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
and diffusion theories for the calculation of neutron fluxes. But for
engineering measurement applications, the problems can be greatly
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
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.
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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

:ucleus of mass number A, the maximum energy transfer can be calculated
rom:

aA where: Ey = Initial Energy
T o b E1 Ep = Final Energy
-

£y -E2 =

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 thermal 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)

) i
1e (12, A

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

N =

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.

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)
process. Another example is helium-3, which is transformed into hydro-
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.
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NEUTRON RADIATION AND MATTER (cont'd)

The pro;gbili;y of absorption is given in terms of barns which have units
of 10°¢% cme, [t 1is related to the probability that a thermal
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, “ut some isotopes 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 o 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
of gamma.

[t 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
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 v 343.3 33.00
Potassium 0.026 378.0 2.10
Calcium 0.036 387.3 .43
Titanium 0.004 461.6 6.10
Manganese 0.001 528.5 13.30
Iron 0.050 537.2 2.53
Cadmium * 1074.6 2390.00
Lead » 1975.5 .17
Uranium » 2268.6 4,20

* Note: Weight fraction is less than 0.1%.

Neutron Interaction Data
Figure 10-7
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X-E. MOISTURE GEOMETRY

The moderation of fast neutrons to thermal energy levels and detection of
the thermal neutrons can be a useful means of measurement of moisture
content if certain assumptions can be made. The ideal situation would
reequire that all 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, Tithium, 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-
jcant 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 [II-E and IV-E on field use of the equipment. The use of He-3
detectors provides some improvement over 8F-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
unit water density), the source and detector should occupy the same
space. This, however, produces a response which is very good (linear) at
high water contents but has a poor response at Jow moisture contents
since the average neutron becomes thermalized at a large distance from
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-
jzed at a point close to the source but at an increasing distance from
the detector and the response begins to flatten and ultimq}ely decrease.
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X-E. MOISTURE GEOMETRY (cont'd)

By carefully choosing the source to detector spacing, an "S"_ shaped
response can be obtained which is linear over the 0-650 kg/m3 (0-40
PCF) range to within = 20 kg/m® (% 1.25 PCF).

In a mannes 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.

1.0 Omm

1///, L Mo 7

NORMALIZED COUNT RATE

' P

0 2 4 6 8 1.0
MOISTURE CONTENT (VOL %)

Effect of Neutron Source-Detector Distance
. Figure 10-8
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X-E. MOISTURE GEOMETRY (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
measurement.

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 (mm) = 280 - 0.27 M (kg/m3)
or
Depth (inches) = 11 - 0.17 M (PCF)

This equation covers 98% of the measured volume and is valid over the
moisture content range of 0-640 kg/m® (0-40 PCF).
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Effect of Moisture on Depth of Measurment
Figure 10-9
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X-F.

TROXLER

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 equal to the mean rate of decay. Therefore, the standard
deviation (o) 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:
R

for N number of samples n. The standard deviation of a given sample n
within a population can be expressed as:

+

o(n) = (n)

Further, it is possible to define the precision of a single n as:

n=nz (n)

The deviation of N samples thus becomes:
+
=\ o [ tﬁ ] . [N *'_ a(n
o(n) --;;1;-' fjr-] -i-%r

and the precision of n is:
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X-F. RADIATION STATISTICS (cont'd)

The foregoing demonstrates chat tre 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 ¢ x100=ns -l%Q;

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:

ss-2L or -%%—
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X=F.

TROXLER

RADIATION STATISTICS (cont'd)

therefore:

a(n)
S (Density)

o(M) = oSn (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

Probability

From this table, one can see that 94.4% of the measurements will be with-

in 20 and the probability of obtaining a measurement outside of 3o
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 st.oility. In order to
accomplish this test, it is necessary to accumulate a number (20 or more)
of sampie counts. Normally the moisture and density standard counts are
used.




X-F. RADIATION STATISTICS (cont'd)
The standard deviation may be determined by:

or:

¥

e

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
QORM mode) from the 3400 Series is used, these limits must be divided by

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
st?ndgrd count. An example of these calculations is given in section
VI I-o

It is difficult to set a maximum for the long term drift of the standard
count since it is dependent on the source of the drift. Detectors
display an aging which is temperature dependent and this type of drift is
compensated 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.
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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
accupulated on each block to insure a standard deviation of :+ 2.4
kg/m (¢ 0.15 PCF) or better for all data points. In order to
eliminate Tong 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.¢

= Count Ratio
= Density

= Constants Dependent on Gauge Geometry

= 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.

FIM  TROXLER
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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-
jent. Making this assumption and using count ratios from the three
standards, one cin compute the unknown values of the A, 8, 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.

METALLIC CURVE

MAG-ALUM

LN COUNT RATE

DENSITY

Graphic Solution to Density Calibration
Figure 11-2
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TROXLER

DENSITY CALIBRATION (cont'd)

Using data from the granite and limestone standards, the values for B can
be computed for these t!? materials. The spread in deasity be;seen these
two Tines at 2000 kg/m® (125 PCF) will typt;flty be 50 kg/ (3 PCF)
for direct transmission geometries and 65 kg/m’ (4 PCF) for backscatter.
[f one can assume that most soils fall between these two limits (1imestone
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 (& 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.
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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 1is in order.

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
calibration and printing along with an indication of which set of factory
standards were used to accumulate the data.

The second section lists the density standards, the densities of these
standards, and the density measurement counts made on these standards.

The third section headed "Density Performance Parameters” includes all of
the computed values used to evaluate the gauge operation and obtein the
density conversion tables.

1. The first three items (headed A, B and C) are the constants derived
from the equation given in section X-A for each of the depths. Depth
"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
magnesium and the modified equation using the data from the laminated
mag/alum standard. The value serves no useful purpose for the opera-
tor 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 mar alum standard
density and represents a check on the simultaneous solution of the
equation set.

“MP-D" is the computed density of the mag/poly standard and is a
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 this
standard within ¢ 16 kg/m3 (¢ 1 PCF) for all direct transmission
modes and -16, -40 kg/m* (-1.0, -2.5 PCF) for the backscatter mode.
“AT" is the ratio of the count rate at 1762 kg/m3 (110 PCF) to the
count rate at 2243 kg/m3 (140 PCF). This value is utilized by some
users as a measure of the gauge sensitivity and is computed for their
information. The larger the numerical value of this number, the
larger the slope of the calibration curve when plotted on semi-l10g
graph paper. The value is relatable to the value of "B".




KI-B. DENSITY PERFORMANCE PARAMETERS (cont'd)

TROXLER ELECTRONIC LABORATORIES, INC.

GAUGE MODEL =-34113 STANDARD COUNT, DENSITY -
SERIAL- 4100 MOISTURF- 5
SOURCE TYPE=- CS=-137 AM/BE CALIBRATION DATE 07-20-79 8
SERIAL~- CC=-2000 CAA-2000 PRINTING DATE 07-20-79
DENSITY CALIBRATION COUNTS
DEPTH MAG MAG-ALUM LIME GRAN ALUM MAG-POLY
(L772.) (2227.) (2291.) (2633.) (2701.) (1402,)
0.0 1271. 846, 707. 573. 573. 1865.
5.0 4232, 2736, 2273. 1700. 1723. 5031.
10.0 4353, 2635, 2142. 1512. 1535, 5484,
15.0 3549, 1985. 1571. 1048, 1069. 56135,
20.0 2466, 1258. 968. 613. 626, 4239,
25.0 1632. 756. 587. 343, 346, 3053.
30.0 961. 406. 310, 180. 180. 1974.
DENSITY PERFORMANCE PARAMETERS
DEP A ] c BEND Y MP=-D RAT PREC CE
5.0 9.19389 N.10157E-02 0.0332¢ 3. 2227« 1397. 1.65 6.1 29.5
10.0 12.05120 0.11466E-02 0.05687 6. 2227. 1402. 1.78 3.5 26.9
15.0 13.89638 0.13561E-02 0.02334 4, 2227. 14064, 1,95 3.4 24.9
2540 15.46286 0.18700E~02 =0,00902 =6. 2227. 1413, 2.40 4,0 17.0
30.0 15.55059 0.21935€E-02 =0.01493 =22, 2227. 1415. 2.66 &.7 18,2
MOISTURE CALIBRATION COUNTS
MAG MAG-POLY S=R
(0.0) { 586.)
14. 399, 388.
MOISTURE PERFURMANCE PARAMETERS
F RAT PREC SR EX ER
0.02559 0.12n05€-02 3.37 leé -16.8 9.0
3400-8 Series Calibration Data
Figure 11-3
TROXLER 11-5

2751.

47.
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747,
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-15.6
-12.8
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34.3
29.7
27.2
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lg.g
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X1-B. DENSITY PERFORMANCE PARAMETERS (cont'd)

6.

"pREC" is the statistical precision of the gauge computed at the 68.3%
confidence level. [t states simpl nat the repeatability of the
gauge is such that 68.3% of repeated neasurements on the same site
will fall within the average ¢ 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:

1/9
PREC = (actual accumulated counts at 1922 kg/m3) /¢
slope of the calibration curve at 1922 kg/m°

1922 kg/mS = 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:

PREC = (displayed counts X 16)1/2 = (displayed c:c)unts)l"2

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.

|
|
|
|
|
Y

+P

Graphic Solution of Precision
Figure 11-4

11-6




XI-B. DENSITY PERFORMANCE PARAMETERS (cont'd)

TROXLER

7.

8.

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/m® (120 PCF).

"SR" is a measurement of the surface roughness or surface void error.
The ganma 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 mm (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.
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XI-B. DENSITY PERFORMANCE PARAMEATERS (cont'd)

9.

The final density performance parameter is a root-mean-square (RMS)
sum of the other errors in addition to a statistical calibratior

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

(CE)2

(srR/2]2

(PREC)2

is included to ailow for the 95%
confidence limit for field
measurement statistics.

assumes that 95% of all soils
will be within the limestone-
granite spread of composition.

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.

allows for statistical error of the
instrument during the calibration and
assumes a 4-minute measurement and
95% confidence limit.




XI-C.

TROXLER

MOISTURE 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 inaccurate and some are very unstable
unless particuiar attention is made to maintaining water levels and
preventing evaporation.

During the development of the 3400-8 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
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 to
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 fina
eometry design yielded a response which was linear within 16 kg/
?z 1 PCF) over the desired range, two standards, zero and 641 kg/m3

(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.,
3 count made with no material other than air within a 3 meters (10 feet)
¢ircumference 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
ev$n 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
normalized 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+ (FxM)

where: CR = Count ratio
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.

11-9



XI-D. MOISTURE PERFORMANCE PARAMETERS

The fifth section of figure 11-3 1lists 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 equatio;g are used however, the count
rate and slope are taken at 240 kg/ (15 PCF) moisture content.
The moisture calibration and precision are illustrated is figure
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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 be much lower
on materials with a moisture content less than 641 kg/m (40 PCF);
in fact, it will be directly proportional to the moisture content.

§. "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.

XI1-A. RADIATION CHARACTERISTICS
XII-A-1. TYPES OF RACIATION

The radioactive materials in Troxler gauges emit four types of radia-
tion which the operator should know about: alpha and beta particles,
photons, and neutrons. Of these four, the alpha and beta particies 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.

Paotons (sometimes called ganma rays) are a form of electromagnetic
radiation, somewhat similar to radio waves and rays of light, and are
electrically neutral. However, unlike 1light 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.

When a photon (gamma ray) enters a slab of material, any of three
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 and
Tower 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.
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XI X°A-1.

XI1-A-2.

TYPES OF RADIATION (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% because 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,
neutron? are used to measure the moisture content of soils or other
materials.

TYPES OF SOURCES

The 3400-8 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, DOT, 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.




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 1is 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
half-life of 2.5 minutes. The beta emission is absorbed by the
stainless steel capsule, and the result is effectively a .662 MeV gamma
source with a yield of 2.5 x 10¥ photons per second.

The americium-24]1 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 prodg&ts are present but are not significant.
The gamma yield of 5.6 x 10 photons per sqgond is mainly absorbed by
the capsule along with all of the 1.5 x 10 alphas per second. Some
of twg a]ph% are absorbed by the beryllium target material, producing
a Be’(a,n)C reaction. Other alpha particles are self-absorbed
by the americium-241. The carbon-12 has excess energy and produces a
small quantity of 1-9 MeV photons. 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 (Ci) and the Roentgen Equivalent Man (rem). The
Curii 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 (mCi).

The effect of the various types of radiation on the human body 1is
defined as the quantity of radiation of any type that produces the same
effects in man as those resulting from the absorption of one roentgen of
X or gamma radiation. The unit is “roentgen equivalent man" (rem).
Since the absorbed dose is generally small, the millirem (mrem) is
generally used.

TROXLER




XI11-A-3. RADIATION UNITS (cont'd)
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The gamma dose rate (mrem/hour) at any point from the unshielded
cesium=137 source in this gauge can be calcylated 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 ca1§ulated for any distance (D)
in millimeters and is equal to 62,500/D°. This dose rate is also
given in the table below.

“Distance “Gamma Dose “Neutron Dose
(mm) Rate (mrem/hr) Rate (mrem/hr)
> 10 25,000.0 625.0
;f 50 1,000.0 25.0
100 250.0 6.3
500 10.0 0.25
1000 2.5 0.06

Dose Rates For Unshielded Gauge Sources
Figure 12-1

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 l-week rate

Sensitive Regions
(whole body, eyes,

gonads, skull) 1,250 96
Kidneys, spleen, lungs, lTiver 5,000 385
Skin of whole body 7,500 577
Hands, arms, feet, ankles 18,750 1,442

12-4
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XII‘A-SO

TROXLER

EXPOSURE LIMITATIONS (cont'd)

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 111 or suffering radiation damage. However, it is advisable
to remain under the limits whenever possible. This can be done quite
easily with Troxler gauges, by following established handling pre-
cautions.

SHIELDING

Ther2 are two basic ways in which a person can protect himself from a
radioactive source: distance and the interposition of shielding
material.

As a person moves away from a source, the amount of radiation which he
s receiving from the source falls off sharply. In fact, the radiation
obeys the "inverse square" law which states that the radiation intensi-
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-
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
difference where the shielding material is placed between the source
and the target, as long as the thickness of the material remains the
same,

As was mentioned earlier, dense material provides the best shieldin
against gamma radiation; while hydrogeneous (hydrogen containing?
material affords good protection against neutrons.

The 3400-8 Series gauge uses tungsten as the biological shield for
gamma radiation. Tungsten offers many advantages over lead, such as:
higher melting point, greater density, hi?her scattering and absorption
coefficients, and much greater dimensiona 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.

12-5



X11-A-5.

XI1-A-6.

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 cof thermal neutron
absorbers are included to eliminate neutrons thermal ized by components
of the instrument. The neutron dose rate fis kept within reasonable
levels by simply limiting the neutron yield of the source. Dose rates
for the 3400-8 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 Gamma 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 0.7 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

OPERATOR EXPOSURE

Using the dose rate data for the 3400-8 and exposure limits as prescrib-
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 max imum
recommended 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
recommended 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 recommended level for radiation

workers.
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X11-8.

XII-C.

TROXLER

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
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 f;hould 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.

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. [f the instrument is damaged
beyond repair, the source may be transferred to an approved burial
facility as provided by Federal Regulations.

12-7



XI11-D.

XI1-E.

XII-F.

XI1-G.

SECURITY

Regulations require that locks be maintained on radiographic equipment to
prevent accidental exposure of a sealed source when not under the direct
supervision of approved personnel. In addition, storage conta rs shall
be physically secured to prevent tampering or removal by unauthorized
personnel.

PERSONNEL MONITORING

The licensee shall not permit any person to use *this equipment unless at
all times the user is in the possession of 2 film badge dosimeter or
pocket chamber. Chambers shall be read da‘iy and records maintained.
Film badge reports shall be maintained for ‘nspection.

The film badge requirement may be waived upon application by the licensee
if it can be demonstrated that the wai.er is authorized Dy law and will
not result in undue hazard to life or property.

RECORDS AND REPORTS

1. Each licensee shall conduct a quarterly physical inventory to account
for all sealed sources received and possessed under his license. The
record shall be maintained for inspection.

2. Each licensee shall have all sealed sources leak tested at intervals
not to exceed six months. In the absence of a certificate, the
source shall not be put into use until tested.

3. Reports from film badge service shall be maintained for inspection.

4. When an individual terminates employment with a licensee, a record
of his total received dose must be made available to the employee.

INCIDENTS

1. The licensee must report any theft or loss of licensed material by
telephone or telegram to the appropriate agency. A listing of NRC
regional offices are noted in figure 12-3., If operating under state
license, the appropriate state agency must De notified.

Within 30 days after the loss, a written report must De filed giving
detailed description of the source, circumstances of the loss, state-
ment of disposition, possible radiation exposures or hazard, actions
taken to recover the source and procedures which will be implemented
to prevent a recurrence of the loss or theft.

2. The licensee must report any overexposure of operators which exceeds
the 1imits given in section XI-B-4, detailing circumstances of the
exposure and possible injury.




KII-H. NRC AND AGREEMENT STATE REGULATIONS

TROXLER

Many sections of State and/or Federal Regulations are referred to in this
manual. Troxlier Electronic Laboratories, Inc. cennot 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 appiy to his situation and comply with them.

Teiephone
Region Aaadress
Nights ana
Daytime Holidays
Ot ' Co g'owon l/ 'USNRC "
Con . Delaware trict o . ce of Inspection an 3
mm'.‘ﬁom wy‘lnm Massachu- Enforcement {215)337-5000 | (215) 3375000
setts, New Hampshire, New Jersey, 631 Parx Avenue
New York, Pennsyivania, Rhode is- King of Prussia, Pa. 19408
lana, and Vermont
t Smnon u't, USNRC o
Geo ce of inspection an
g 'mr::én Carohie, Tonems: Enforcement (404) 2214503 | (404)22) 4503
Canal Zone, Puerto Rico, South 108 Niaribeig Street
Tennessee, Virginia, in Suite 3100
'sz.:.'lnd West Virg ‘gl Atlanta, Georgla 10303
"
Region I'H. USNRC
Oftfice of Inspection anad
inois, Indiana, lowa, Michigan, Minne- Enforcement (312)858-2660 | (312)858-2660
sota, Missouri, Onio, and Wisconsin 799 Aocosevelt Road
Glen Eltyn, 1. §0137
i Repion v, USNRC
Office of Inspection an
M:::tu Conr:a. Idaho, mu&w ERtaroement
M..‘."‘:"'ﬁ,m. .‘,‘."o.' lahoma 611 Ryan Piaza Orive (17). 3542041 (817) 3342840
1 . Suite 1000
”':"mb..ou‘ i A‘::mq!mv. Texas '60412
o Region V, USNRC
Office of 1nspection and
Alaska, Arizona, Q‘o'"oﬂ\':i ’“:l: u.s Enlo'r,.cmq'n! St
Nevada, Oragan, Washington, - 1990 N Cantornia Biva. 415)932.8300 | (415)9324300
aries and possessions in the Suite 202 “is) “18) 932
mc Walnut Creek, Canf.

United States Nuclear Regulatory Commission
Inspection and Enforcement Regional Offices
Figure 12-3
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XIIT. LICENSING

The possission and use of by-product radioactive materials requires a
special license issued by the Nuclear Regulatory Commission 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.

l. Initial training.

2. Periodic training.
On-the-job taining.
A means of determining the operator's knowledge and
understanding of the regulations and emergency procedures.
Applicant's written operating and emergency procedures.
Specified delegation of authority or supervision,
Leak test procedures and agency who will certify test., If
performed by the licensee, equipment methods and personnel
experience.
Types, sizes, chemical and physical form of the sources,
maximum quantity to be possessed, and manufacturer.

NON-UNITED STATES REQUIREMENTS

[mport 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.
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XIV. TRANSPORT AND SHIPPING

XIV-AQ

TROXLER

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 sectior ; 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 (water transportation)

Title 49 CFR, Parts 170-199 (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 Internatifonal 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 internatifonal shipment but Competent Authority
Certification of the encapsulation design must be obtained and copies
supplied to the carrier.
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XIV-8., TESTS AND CERTIFICATIONS

l.

2.

3.

4.

- -

The sealed sources in this instrument (Troxler A-102112, € mCi

cesium=137 and A-102451, 40 mCi amerizium-241) have been tested

to an ANSI rating of (54444 and meet or exceed the requirements

of : 5

a. Part 15 of the Official Air Transport Restriced Articles
Tlﬂ ff NO. 5‘0.

b. IATA regulations relating to carriage of Restricted
Articles by air.

c. [AEA 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.

The 3400-8 Series meets all requirements and is labeled as required
by 10 CFR Parts 20 and 34.

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.

¢. IAEA Safety Series No. 6.

d. US 49 CFR 172-178.

e. US 14 CFR 103.11.

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 DOT 7A Special Form Radioactive Material"

b. Two "YELLOW I1" labels indicating the contents as: 8 mCi CS-137/
40 mCi Am-241.

¢. Troxler labe! indicating the gauge type and serial number.




XIV-C. TRANSPORT

XIV-C-1.

XIv-C-2.

TROXLER

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.

TRANSPORT BY COMMON 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-ONLY" 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 accompanies the shipment.

The Airbill (or waybill if other than air shipment) must include
the following description:

RADIOACT R
SPRETRC FORW, TH0:5.)

Cesfum=137, 8 mCi, Group III
Americium-241, 40 mCi, Group !

Type A Packaging, Transport Index 0.1
Radioactive "Yellow [I" Label Required
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SHIPPER'S CERTIFICATION FOR RADIOACTIVE MATERIALS
Two completed and signed copies of this certification shall be handed to the carrier.
(Use block letters)
WARNING: Failure to comply in all respects with the applicable regulations of the Department of Trans-
portation, 49-CFR, CAB 82 and, for international shipments, the IATA Restricted Articles Regulations
may be a breach of the applicable law, subject 1o legal penalties. This certification shall in no Circum-
stance be signed by an |IATA Cargo Agent or a consolidator for intermational shipments,

This shipment is within the limitations prescribed for. (mark one)
passenger aircraft and contains radioactive material intended for X cargo-only

yse in, of incident to, research, or medical diagnosis of treatment aircraft
NATURE AND QUANTITY OF CONTENT PACKAGE

PROPER T
SHIPPING NAME RADIONUCLIDE [A(Y'VH’V

{ | CHEMICAL FORM

FOR U.§ | MAMEOR | | AND PHYSICAL | wuMBER [[Momber| 1-wHITE FOR INDUS T
SHIPMENTS | SYMBOL GROUP STATE (GAS oF ® | YELLOW | RIAL
SEE SECTION 2, | OF PRINCIPAL NUMBER OF| LIQUID/SOLID). | cumigs e || o HovELLOW| LABEL | o
CAD M2 | RADIOACTIVE | GROUPS (o SPECIAL FORM.| wiLL! o CATE. [TYPE A
TARIFF 4.0 w‘ CONTENT | TOWH o SPECIAL | cumies Pack: | IH-YELLOW GORIES

| >
1(ICA'iULAT'°~ | ages LABEL oNLY TYPE B
o il B s
!

Radigactive iCesmm | Spec. Form | .008
Materials | 137 | Type "A" {Curies
Special Form | ' }

(N.0.5.) hmr‘.cmn | Spec. Form | .040
IATA Article | 241: | Type "A" Curies
#2129 |Beryllium 1

motx | TYPE

(1) |11-Yellow 0.1

| |
|
|
| |
" ' L A

ADDI TIONAL INFORMATION REQUIRED FOR FISSILE MATERIALS ONLY

EXEMPTED FROM THE ADDITIONAL REQUIREMENTS FOR FISSILE MATERIALS
SPECIFIED IN 8. 1 OF PART 20F THE IATA RESTRICTED ARTICLES REGULATIONS

NAME PLUS QUANTITY IN GRAMS, OR CONCENTRATION, OR ENRICHMENT IN U238
MOT EXEMPTED:  FISSILE CLASS 1 [ FISSILE CLASS Il FISSILE CLASS 111
Additional cortilicates obtained by the Shipper when necessary
Special Farm Encepsvlation Cervificarels) Cortificatels) tar Large Radisactive Source
Type ‘B Pachaging Cortificarels Gevernment Approvals/ Permits
Cartihicarels
Special Handliing Infarmation
Thareby certily thal the contents of this consignment are Tully and accuraiely described above by
Proper Shioping Name and are classified, packed, marked, 'abelied and \n proper condition for carriage by
air according to applicadble national governmental reguiations and for International Shipments the current
IATA Restricted Articies Regulations
- B A e e —————————————

Mame and Iull addioss of Shipper Name and title ol persen signing Lertilication

flactranic labhs.  Inc. o _;m.’summ:uumA E— —
|
L

A ¢h Iriangle Park. M. C. 27709 et

Dare Signasyre of the Shipper (see WARNING sbove)

Aie Wayhill Ne * Arpart of Deparrure’ timat bt

dune 20,0979 (4Q-2281) | M rAif_g.z.{_f::-;;//_,_ S

"

SThis box s aptionel ler complation by (faving tarrier Porm S0G8T  Pwasd and Sont by e & G O o Sood Pty G W Rt Ave
ey Cay M OTES ~ 200 "85 S400% Y (1VE a0

T IITID y &

Sample of
Shipper's Certifications
Figure 14-1




APPEND [ X




HAdVH90WON AV IY3A0 14111 NIHL

ozl (AWW) ¥3AV1 dJOL 40 SS3NADIHL
<

ogl oeosoL 09 : 0% 2
009l

> = = =
|
1
|
\
\

-
|

+
|
V4 »f R R e S

008!

5

p——

|
|
I

4 44—+
| !
ettt +

006l

T

et
y -

s

0002

}4.4. +
T

~

-
+—+

|
|
|

0012

-
|

0022

|

0052

S
X
=
-
2
z
w
(-
w
o
-
s !
o
o
=
<
[ 4
w
>
<
-l
a
O
[
W
O
>
-
172
=

S EREEEEs
| |

DE

T

1

+
|

» ¢

0092




An.r._
i

ENSITY (PCF

- ) - O

{) 1 N
! & T R o S S .tl*wHﬂtlﬂ»?i
b ! II‘IQ‘TIJ,IQI?&W S o R R AR
7+|_Yf ) S T 4 YAVY,vIolo g IEEmEE. . RS S S ?+ t.,ﬁ‘,tlfL

| | | | |
| | | | | |

! | | | | | {1111

('.#loIOIY‘AIfLYIYj .w.»Y.Q..TAﬁ.Q 4+ Yr‘&vﬁyfiiwlblri —— 44

LR T

| | |
41— ﬂu‘ B S e e S S 7,’ -

!
| |
| {11}
e S B e e 3
p- o - ! - I_tlﬂ -
| i |

| |
- , - ?J#}TII‘J
| | | | |

1

|

4
.
—

: —

—

e
—

- —
USSR SIS S——

—

-4
S

——

e £ e

et co————

S S—

(INCHES)

THIN LIFT OVERLAY NOMOGRAPH

——————— e

N S—
W S————

TOMARY UNITS)

F TOP LAYER

O
cus

(Us

THICKNESS

+ +.Y.Y.0.o# . —t o - . e

1

DENSITY OF BOTTOM LAYER (PCF




in Part 20 of ity Rules and Regulations the Nuctear Regutatory C
trom redicac tive matenal unde: license wsued by the

C

nas

UNITED STATES OF AMERICA NUCLEAR REGULATORY COMMISSION
Washington, D.C. 20555

NOTICE TO EMPLOYEES
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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
conditions. For this reason, the error due to chemice® cumposition
is significantly larger.

Figure 3-5 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 the detectors i{s equal to the mass attenuation
rate. At densities above this point, the count rate at the detectors
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
{nvolved, it is usable even thougn it does not follow the respouse
over the low density area.







2400 Series
COMPAC

Surface Moisture-Density Gauge

TROXLER ELECTRONIC LABORATORIES, INC.
Bwy. 70W, P.0. Box 5997
Raleigh, North Carolina 27607 USA

(© TROXLER ELECTRONIC LABORATORIES, INC.
March 1972




I.

II1.

I1I.

VI.

VII.

TABLE OF CONTENTS

Page

INTRODUCTION- . . . . . i . . . . . . . . . . . . . . . . . . . . . 1

-

DES CRI"ION . - . . . . . . . - . . . . . . . . . . . . . . . . . .

A. MEASURDMENT SPECIFICATIONS. + ¢ « ¢ s o ¢ o ¢ o o o o o o o« & »
Bl mNTROL Flm CTIOKS - . . . . . - . . . - . . . Ll . . . . - - - .

DENSII‘Y HEASURD{ENTS. . . . . . . . . . . . T @ . . . . . . . . . .

A. “CKSCATTER DENSI’IY - . . - . - - - . - . - . . . .- . . - - . .
B MCESCRITER/AIR GAP DEMBITY : o o s ¢ 5 » » 8 s 5 s o 6 » » 5
B . DIRNEY TRANSMISEION DEMBITY . « « o v s v o'0 6 4 % a5 4 & & s

0 o Wnn wn N -

MOI STURE MEASURmH\'TS . . . . . . . . . . . . . . . . . . . . . .
FACTORY CALIBRATION . . &« ¢ o ¢ ¢ o o o o ¢ s o s s 8 s s s o o 0 @ 9

Al DWSITY CALIBRATION . . . . . . . . - . . . . . . . . L 10
Bn HOISTURE CALIBRA'I ION. . . . . . . . . . . . . . . . . . . . ® . 12

FIEIJD MEASURm. - . . . . . . . . . . . . . . . . . . . . . . 12

A' DAILY STA‘\'DAM ColmTl . . . - . . L4 . LI . . . - Ll - - - . - . 12
B. SITE PREPARATION. : « « ¢ s « & o o 14

C. MOISTURE MEASUREMENTS « o ¢« ¢« ¢ ¢ ¢ o ¢ o ¢ s ¢ o o o o o o« o o 15
D. BACKSCATTER DENSITY MEASUREMENTS. « ¢« ¢ ¢« ¢ ¢« ¢ ¢ o o s s o o« « 15
E. AIR GAP DENSITY MEASUREMENTS. ¢ « ¢ ¢ ¢ ¢ ¢ o ¢ o ¢ s ¢« o o« « o 15
F. DIRECT TRANSMISSION DENSITY MEASUREMENTS. . . . « .« . « v+ s 16
C. DRY DENSITY AND PERCENT MOISTURE DETERMINATION. . . . « . . « . 16

H. ALTERNATE PROCEDURES. ¢« 4 & ¢ ¢ ¢ ¢ o ¢ ¢ o o s s o o ¢ s o & 16
1. mT ASP]!ALT DENSITY . . . . . - . . . - - - - . . - - . - . . . 17

FIELD CALIBRATION (ALTERATION TO FACTORY DATA). . + « « « « « o & « 17

« » 17
18
. « 18
s » A9

A. MOISTURE ALTERATIONS. ¢ o« ¢ o s o o s o o 5 s 5 s « s o o
B. BACKSCATTER AND AIR GAP DENSITY ALTERATIONS . . . . . . .
C. DIRECT TRANSMISSION DENSITY ALTERATIONS . . . « &« ¢ ¢ o &
D. FACTORY CORRECTIONS FOR FIELD DATA. . « + + ¢ ¢ « & o o &

PWER PA“ P\ECHARGE . . . . . . . . . ~ . . . . . . . . . . . . . . 19
PEREDEE DRENEIAIRE. o o v % v W e ke i e e e
SBRVICE - - . . . . . . . - - . . . . . . . . . . . . . . . . . . . 21

A RECOMMENDED BQUIPMENT . . « o + ¢« s o 6 5.8 5 s o v 9 o o s o o« 43
B CHRCKDUT PROCEDRRE. . + o » o i o s . 6 00 s/ 0 w0 o6 60 o0 v o8



CTME N T
4 AN G
ANTTY

CENERAI
\L,

LN

A {
AVViLD

ATTTNT

S

A SR F .

~ TR T AT
FMF

LAVLIILGL




FIGURE
FIGURE
FIGURL
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE
FIGURE

FIGURE

54

5B

10
11
12
13
14

15

ILLUSTRATION LIST

INDEX ROD POSITIONS: « o & o0 o « o o o o o o o
BACKSCATTER DENSITY RESPONSE « + « & « o o o &

DIRECT TRANSMISSION DENSITY RESPONSE . . . + « .
BACKSCATTER SURFACE DENSITY EFFECTS. . « « + +
CALIBRATION CONSTANTS: « « « o ¢ o o o o o o o
SAMPLE DENSITY CALIBRATION TABULATION. . . . . .
MOISTURE CALIBRATION DATA SHEET. . « « « « « o+ &
GAUGE ASSEMBLY ¢ « ¢ « s « o o o o « ¢ o s o o »
SCALER ASSEMBLY: « ¢ « o o ¢ o o o o o o o o o o
TERMINATION BOARD: + + « s o s s s o s o o o o &
MOISTURE PULSE SHAPE « « « « &+ o o o o & o & & o
SYSTEM BLOCK DIAGRAM « « &« « o ¢ ¢ o o o o o« o o
RESTRICTED ARTICLE STATEMENT FOR RADIUM SOURCES.
SAMPLE WAYBILL FOR RADIUM SOURCES. . . « « « « &
RESTRICTED ARTICLE STATEMENT FOR CESIUM SOURCES.

SAMPLE WAYBILL FOR CESIUM SOURCES. . . + « « . &

11
11
13
27

. 28

31
31
33
44
45
46
47

723



I.

II1.

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 mecasure the density of hot asphalt while the mix is being compacted.

All clectronic 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. ¢ 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.

DESCRIPTION

A. MEASUREMENT SPECIFICATIONS RA: BE Cs/AM: BE
BACKSCATTER DENSITY
Precision at 120 PCF #0.65 PCF +0.60 PCF
Composition error at 120 PC: +2.00 PCF +1.50 PCF



Calibration error

Surface error (.050" 100% void)
Depth of measurement

Range of calibration

AIR GAP/BACKSCATTER DENSITY
Precision at 120 PCF
Composition error at 120 PCF
Calibration error

Surface error (.050" 1007% void)
Depth of measurement

Range of calibration

DIRECT TRANSMISSION DENSITY (6" DEPTH)
Precision at 120 PCF

Composition error at 120 PCF
Calibration error

Surface error (.050" 100% void)

Depth of measurement

Range of calibration

MOISTURE CONTENT

Precision at 15 PCF

Surface error (.050" 100% void)
Depth of measurement at 15 PCF
Range of calibration

CONTROL FUNCTIONS

20.50 PCF
-8.00 PCF
2-3 inches
70-170 PCF

*0.75 PCF
*0.75 PCF
$0.50 PCF
-8.00 PCF
2-3 inches
70-170 PCF

2.8 inches
70-170 PCF

+0.35 PCF
-0.50 PCF
5 inches
0-40 PCF

+0.50 PCF

-8.00 PCF
2-3 inches
70-170 PCF

*0.70 PCF
+0.60 PCF
+0.50 PCF
-8.00 PCF
2-3 inches
70-170 PCF

2-8 inches
70-170 PCF

40.25 PCF
-0.50 PCF
5 inches
0.40 PCF

POWER - This is a three position switch with OFF, STDBY and ON posi-

tions.

thirty minutes before use and between measurements.
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,

The switch is normally placed in the STDBY position twenty to
In the STDBY

5,

1 or 2 minute positions may be used for field measurements; however,

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 time dependent on the TIME switch setting.




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 ' re-
viously stored in the accumulator.

READ - Under normal conditions the digital indicators are not
illuminated in order to conserve power. This pushbutton applies volt-
age to the indicators and may be pressed at any time rithout affecting
the accumulator operation or data storage. The power consumption is
very high sc use should be limited to short read periods.

GATE INDICATOR - The flag to the lower left of the display area is an
indicator which tur ~ red during the counting period and white when

the 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 minutcs of operation remains.
1f 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 lifting 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 is 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 cn the index rod. The
standard model of the 2401 and 2451 have detents in two inch increments,
from 2 to 8 inches. The 2402 and 2452 have no direct transmission posi-

tions.

CHARGER 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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AND STANDARD COUNTS

BACKSCATTER, AIR GAP,
AND MOISTURE POSITION

2 INCH POSITION

DIRECT TRANSMISSION
POSITIONS

8 INCH POSITION

FIGURE 1

INDEX ROD POSITIONS

SAFE POSITION FOR STORAGE



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.

B.

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 absorptis .
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 times greater than that of other modes
of 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.
BACKSCATTER/AIR GAP DENSITY

This method provides a means of improving the composition errvor with
a slight decrease in statistical precision.

A peculiarity of the backscatter response is used to provide a
measurcment which is generally indepencdent of density but contains a
variation which is partially dependent on the photoelectric absorp-
tion.

As noted in the previous section, there is a density at which the

count rate response peaks in terms of demsity. 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 demsity. 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 ianstrument,

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,

The choice of utilizing the backscatter/air gap methoed is left 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 measurcment is seldom worthwhile.

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. 1In 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 cnergy is much higher yielding lower
degrees of photoelectric absorption.

The statistical precision is better by a factor of two to ome over
backscatter due to initially higher photon yield and higher scatter-
ing losses per unit density.



Iv.

V.

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.

MOISTURE MEASUREMENTS

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 Ly 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 themmal
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.

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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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 deprew
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 expeccted
for materials with a mean atomic number ranging between that for
granite 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 abscorption 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 betwecen 70 and 170 PCF in 0.5 PCF
increments,

The density standard count is a reference measurcment 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

10
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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 calibration 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.

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 B 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 thc factory on the roference standard supplied
with your gauge. New reference counts must be made in the field in
order to compensate for component aging and drift within the instru-
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 vhen the gauge is first received in order
to detect any shift during daily use.
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Place the Reference Standard on compacted soil, asphalt or concrete
Paving at least 10 fecet from any large object and at least 30 feet
from another gauge. The gauge is seated into the recessed area of
the standard with the scaler end pulled against the butt plate on the
Reference Standard (Sce 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 is removed before taking any

standard counts. Place the POWER switch in STANDEY and the TI)E switch

to CALIB. Wait approximately 15 minutes for all critical circuits to
stabilize.

After the stabilization period, place the POWER switch to ON and the
function switch to MOISTURE. Press the START 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
moisture 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 27 for
moisture, or 1% for density, there is a possibility of a gauge mal.
function or operator ecror 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
permissible., 1If, over a long period of time (several months), the
accumulative shift 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,

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 representa.
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




C.

D.

E.

should be removed and small voids filled with native fines or sand.
The gauge should sit solidly on the site without rocking.

Moisture and/or backscatter density measurcments should be made prior
to punching the access hole for direct transmission measurements. In
the event these measurements must be made after punching the access
hole, slide the gauge at least 3 inches towards the scaler end in
order to move the source off of the hole.

Using the drill rod guide (scraper plate), drill rod and a four or
six pound 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
rod by pulling straight up in order to avoid disturbing the access
hole. 1In heavy clay, it may be necessary to lightly tap the rod to
loosen it or use an optional rod jack for removal.

MOISTURE MEASUREMENTS

Place the gauge on the prepared site, place the POWER switch to ON,
function switch to MOISTURE, and the TIME switch to 1. Place the
index handle in the backscatter notch (the first position below the
safe 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.

BACKSCATTER DENSITY MEASUREMENTS

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
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.

AIR GAP DENSITY MEASUREMENTS

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 out from the gauge, tilting the leg down and pushing the leg into
the detent, With both legs down, the gauge will sit approximately
1.5/8" off of the material.

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 standard count for this measurement. The air gap ratio is
then used along with the air gap calibration data to obtain the air
gap density.

DIRECT TRANSMISSION DENSITY MEASUREMENTS

Place the gauge over the access hole and push the index handle dowm
until the source has reached the desired depth, On a standard gauge,
this may be accomplished by counting 2 inches for each detent below
the backscatter position. Depth markings are stamped into the index
rod just above the notch, If one has difficulty positioning the
gauge over the access hole, it may be 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
count. Obtain the ratio to the standard count and use the correct
data table to obtain the density.

DRY DENSITY AND PERCENT MOISTURE DETERMINATION

The gauge densities 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-
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

ALTERNATE PROCEDURES

Usually all of the count data is obtained for the necessary measure-
ments and the gauge switched back to STANDBY before calculating the
data., 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. Using 1/4 minute periods
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
the 1/2 or 1/4 minute periods are used. The 1/4 minute intervals are
very uscful 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 transmise.
sion densities:

DENS = (ALOG((A*DSC2)/(DC*DSC1 + C*DSC2)))/BAV



VII.

I.

Calibration standard count from the gauge data
sheets
A,BAV,C = Constants from gauge data sheets

where: DSC1

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*MSCI - A™SC2)/(B*MSC2)

where: MSCIl 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

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 temperaturc 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,

FIELD CALIBRATION (Alteration to Factory Data)

It may become necessary to alter the factory calibration in order to
obtain correct results or particular soil types. Several methods are
acceptable, but extreme care should be taken.

A.

MOISTURE ALTCRATIONS )

In the event the soils contain hydrogen other than water, mica or
chemically bound water, such as gypsum, it is possible to correct
the calibration data by subtracting an average error PCF value
determined by a series of not less than 10 oven dry samples 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:

t CENT RE SI
MOISTURE CONTENT (PCF) = "‘g E 3 SOISTURE ): vllgg DENSITY

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 thec 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.

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 whete 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 atomic weight elements. In this case, follow the
instructions under paragraph 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,
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VIII.

FACTORY CORRECTIONS FOR FIELD DATA &

1f the gauge user will forward certain data to the factory, a
corrected calibration sheet can be computed to normalize the gauge
for the particular soil. A nominal charge will be made to cover the
computer time,

For each function desired, i.e.: Moisture, BS Density, AG Density

or a particular DT Depth, it is necessary to supply the gauge serial
number, standard count, measurement counts and established values for
the density or moisture content for each set of count data.

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-
ful 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.

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 will not cause immediate damage to the power pack but repeated
overcharge will ultimately reduce the available stored power. It is
never neccssary to charge the pack for more than 8 to 10 hours in a
single cycle,

When the batteries are below a full charge, nearly all of the chaiger
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
areas in which 230 volt, 50 Hz is standard power.

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 attacha.
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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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.

2.

Routine cleaning of the gauge exterior with compressed air and
a damp cloth will help maintain the appearance and finish,

Monthly, or more often 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.

¢. 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 cperation 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.

When the gauge is used on hot asphalt mix, any accumulation of
asphalt on the bottom surface should be removed with a suitable

solvent,

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 varyinz 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
module. The heat produced by the charger will dry out the in-
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,

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,
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 available
where complete field service by trained technicians is contemplated.

A. RECOMMENDED EQUIPMENT

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.

% Tools:

Screwdriver, 1/4" Blade

Screwdriver, {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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8.

CHECKOUT PROCEDURE

1.

6.

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 hydrcgen containing
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.

Set the function 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 INDICATE 819. The counting period should
have been 15 seconds as measured with a watch second hand, 1If a
timing error exists, it will be in error by at least a factor of
two-to-one so any standard watch is sufficiently ac:urate.

Repeat 2 above with the TIME switch set on .5, 1 ard 2. The
DISPLAY shall indicate 1638, 3276 and 6553. The counting period
should be 30, 60 and 120 seconds.

Set the TIME switch to CALIB and press START. The display shall
indicate 3276 and the counting period should be 4 minutes.

Set the TIME switch to STOP, the GATE INDICATCR 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 sequ>ntially counting.

If the above tests are completed and agree with the requirements,
the scaler module is operative and the checkout can proceed. 1If
the conditions are not met, refer to Section X, paragraph C,
TROUELESHOOTING HINTS,

Place the FUNCTION switch to DEN3 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,6 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 roct deviation shall be between 0.8 and 1.25. This
procedure tests the short term stabilit of the density system.
If the ratio falls outside of this range, the system is
possibly defective.

Repeat paragraph 7 above with the FUNCTION switch on MOIST.
This procedure tests the short term stability of the moisture

system,
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The following defects are likely if the TEST functions are correct
but diificulties are experienced in MOISTURE and DENSITY functions.

11,

120

13.

14,

150

16.

17.

18,

system fails to count on MOISTURE and DENSITY functionms.

a. Replace H. V. Supply Board.
b. Replace Input and Clock Board.

System fails to count on MOISTURE but DENSITY standard count is
normal.

a. Replace Preamplifier Board.
b. Replace Input and Clock Board.

System fails to count on DENSITY but MOISTURE standard count is
normal,

a. Replace Preamplifier Board.
b. Replace Input and Clock Board.

MOISTURE standard count is normal but DENSITY standard count is
erratic and high or reduced to approximately 1/3 or 2/3 of normal.

a, Replace one or more G. M. Detectors.
b. Replace Preamplifier Board.

DENSITY standard count is normal but MOISTURE standard count is
high and erratic or reduced to 1/2 of normal.

a, Replace one BF-3 Detector.
b, Replace Preamplifier Board.

A series of DENSITY counts do not meet statistical tests.

a. Replace H. V. Supply.
b, Replace G. M. Detectors.

A series of MOISTURE counts do not meet statistical tests.

a. Replace H. V. Supply.
b. Replace BF.3 Detectors.
¢. Replace Preamplifier Board.

Day to day abnormal changes or long term drift in the DENSITY
standard count,

8. Replace Input and Clock Board,

b. Replace H. V. Supply.
¢« Replace one or more G. M. Detectors.
d. Replace Preamplifier Board.
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Day to day abnormal changes or long term drift in the MOISTURE
standard count, :

a. Replace Input and Clock Board.
b. Replace H. V. Supply.

¢. Replace Preamplifier Board.

d. Replace BF.3 Detectors.

D. GAUGE DISASSEMBLY

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 Preamplifier 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 int~ 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 Termination 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, 1If it is necessary to remove the Preamplifier Assembly or
Detectors, it is necessary to remove the top shell. Disconnect
the A. C. power harness by separating the connector between the
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 Il. 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
down screws using a #2 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-
amplifier using the 11/32" and 5/16" open end wrenches to
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Adjust the power supply to 10.5 volts. Connect the Electrostatic
Voltmeter (Singer EDS) to the 1400 volt test 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
begins 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 adjustment 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.

Connect the Oscilloscope to the Density Test point on the
Termination Board. Set the sweep speed to 50us/cm and the verti-
cal sensitivity to .5 volt/cm. The negative pulse heights shall
be between 1 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.

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 left side
of the Preamplifier Assembly. Attach a Termination (A-100670)
to the left side of the Preamplifier Assembly. Failure to do
so may cause the preamp to oscillate. Reapply power to the
assembly and connect the Oscfilloscope to the moisture test
point on the Termination Board. With the sweep speed on

20 us/cm and the senmsitivity 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.

Turn off the power supply and short across the 1400 volt
corona regulator. PRemove the Termination. Using care to
prevent damage, rcconnect 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.

Remove the Termination Board and insert the Extender Board into
the same connector, Insert the Scaler !odule into the Extender
Bozrd. 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 power supply between 10.5 and 14.5 volts,
The logic voltage shall not vary greater than 3,2 to 3.6 volts.,

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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The moisture and density level adjustments have been set to 150
mv at the factory and will not require fizld adjustment,

9. Set the power supply to 12.5 volts and set the supply meter
select switch to current. With the gauge POWER switch in STDBY,
the current drain shall be no greater than 120 ma. With the
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.

10. Reduce the power supply voltage until the current drain drops to
less than 10 ma. The power supply voltage at this point shall
be between 9 and 10 volts.

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/ON
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 scction 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, Uecoder/Indicator Boards and to
the SUM and START switches on the front panel. The H. V. Supply
provides voltage to the 1400 volt regulator for the BEF.3 Detectors
and to the 900 volt regulator for the G, M. 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 supplicd to the batteries.

Pulses from the radiation detectors are fed through their respective
amplifiers, threshold detectors ond 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 poriods. The function
selector switch (DENSITY/TEST/MOISTURE) provides selection by ground-
ing lines from the Input and Clock Board. A line is provided from
the Input and Clock Doard to the Accumulator Board to provide TEST
control,
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The deviation of V samples thus becomes:

1/2
in
W B (;-‘-,)1/2 s
)/ (w)i/?

and the precision of 7 is:

- 1/2
s = n e o(n)
" ni(N) ntm

The foregoing demonstrates that the accuracy of a given gauge measurement
can be improved by accumulating and averaging multiple measurements and
the 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
one-minute measurements automatically in the CALIB 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 count rates by 10 and the density count rates
by 100.

It is often convenient to express the precision as a percentage of the
count rate:

1/8
o(%) = n % i it x 100 = n ¢ 220
. (n)1/2

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.
1f a gauge has a count rate of 62,500 cpm for a given test, the precision
represents a stability of 0.4% for a single count or 0.2% 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
time clock used in the 2400 Series COMPAC rather than variable high
vo'tage supplies and tuning fork or DC motor timers used in other equip-
ments.

Standard deviations in terms of counts-per-minute have little meaning to

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
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3.

4.

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
giving 3.7 x 1010 disintegrations per second (dps). That is, in
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 millicuries (one millicurie is one-thousandth of a

curie, or 3.7 x 107 dps). Therefore, a 3 millicurie Radium
source would yield (3) (3.7 x 107) = 11,1 x 107 dps, or 111
million dps. '

In order to calculate the amount of radiation absorbed by a
human being, a unit called the rem is used. Because the amcunt
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,

Exposure Limitations

In order to protect personnel from overexposure to radiation,
the Atomic Energy Commission and the Federal Radiation Council
have established exposure limits for radiation workers. These .
limits, expressed in millirems, are reproduced in the following
table. F '

EXPOSURE LIMITS FOR RADIATION WORKERS

Type of Exposure Millirem Limits for
13 weeks l.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

40




C.

3.

-

is advisable to remain under the limits whenever possible. This
can be done quite easily with Troxler gauges, by following
established handling precautions,

Shielding

There are two basic ways in which a person can protect himself
from a radioactive source: distance and the interposition of

shielding material,

As a person moves away from a source, the amount of radiation
which he is receiving from the source falls off sharply. 1In
fact, radiation obeys the "inverse square” law which states that
the radiation intensity falls 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 re-
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
between the source and the target. To a reasonable approxima-
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:

RA226 Heavy material

Csl37 Heavy material
Ra226 + Be Heavy material and hydrogeneous material
Amn24]1 + Be Hydrogeneous material

HANDLING PROCEDURES

Although Troxler gauges can be operated quite safely, the following
general precautions should be observed:

1.

2.
3.

Do not operate or attempt to operate a gauge unless you have
been authorized to do so.

Keep the gauge in the "SAFE" or storage position when not in use.

Wear a film badge or other radiation measurement device at all
times while operating or transporting a gauge.

Keep unauthorized persons away from the gauge.

Be sure that the gauge is locked up or otherwise secured when
it is not in use.
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D.

6. Follow established operating procedures when using the gauge.
7. Insure that the gauge is leak tested at proper intervals.

8. When in doubt, ASK.

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, DMEDIATELY. He will notify the proper authorities.

XIII. SHIPPING

A,

723

GENERAL

Shipping procedures for 2400-Series gauges are govermed by
applicable Department of Transportation Regulations for
Shipment of Radiocactive materials. These regulations are
contained in Title 49, Code of Federal Regulationms.

PACKAGING

2400-Series gauges are shipped from the factory in shipping
cases which contain the proper labeling. This labeling
consists of a Radicactive Yellow-II label on either side of
the package. DO NOT REIOVE THESE LABELS. Information on
these labels include:

a. Type of material

b. Number of curies

¢. 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 affixed

to the package, instead of placing tape over the radiocactive
labels.

Each package should have a seal (such as banding or a lock)
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

42



C. SHIPPING DOCUMENTS

1.

2.

3.

Waybill

The Waybill must include the following information:

SPECIAL FORM, TYPE "A"
RADIOACTIVE MATERIAL

Cs=137/Am=-241:Be 8/50 mCi
(Ra=226:8Be 2 mCi)

SEALED SOURCE
LABEL: RADIOACTIVE YELLOW-II

or

Restricted Article Statement

When gauges are to be shipped by air, a Restricted
Article Statement must accompany the shipment.

Sample Documents

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
the Restricted Article Statement is needed only
for air shipments, the Special Form statement on
the Waybill must be included regardless of the
mode of shipping.
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SHIPPED TO: Troxler Elactronic Labs., Inc. FOR EXPORT TO:

Number of Cartons: 1
Contents: Cs-137/Am-241:Be

Net Quantity: 8/50 mCi

723

RESTRICTED ARTICLE STATEMEN.

This is to certify that che contenis 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 applicable carriers and
to the I. A. T. A. restricted articles vegulaticns. This consignment

is within the limitations prescribed for passenger or carrying aircraft.

P.0. Box 5997

h, North Ca 27607

ACE TESTING LABORATORIES, INC.

By: John Doe
Title: Testing Engineer
Signature:

FIGURE 14

RESTRICTED ARTICLE STATEMENT FOR CESIUM SOURCES
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TRENCH CORRECTIONS

Often, 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 Ct
Trench Surface

Count ratios are then calculated by:

(Meas Ct - CF)
Trench

Std Ct
Surface

CR =

Corrections for wet density determinations in the direct
transmission mode are not necessarv. However, the above
procedure should be used for the density counts when usiag
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 approximately
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. REPLACIMENT PARTS LIST

When ordering the main assemblies listed below give the model
and serial number of the gauge, OT part number of the unit and
its name. For example:

e T o —"

Model 2401 Gauge
Serial number: 852
Part number: C-100139

Name: Scaler Module Complete

MODEL OR EXCHANGE SALE
PART NO. DESCRIPTION PRICE PRICE (EA.)
Cc~-100139 Scaler Module, Complete (2401 & 2402) $ 346.00 $ 692.00
B~100675 Scaler Module, Complete (2451 & 2452) 346.00 692.00
Cc-100139 ;

OR Scaler Module (Less Boards & Clamp) 182.00
B-100675
B-100031 Input and Clock Board (2401 & 2402) 51.00 102.00%
B-100674 Input and Clock Board (2451 & 2452) 51.00 102.00*
B-100034 Time Base Divider Board 42,50 85.00%
C-100036 Accumulator Board 41.00 82.00%
A-100038 Decoder-Indicator Board (4 required) 18.00 36.00%
A-100128 Indicator Power Supply 23.00 46.00*
A-100134 Logic Power Supply 24,00 48.00*
A-100150 Board Clamp Assembly 3.00
c-100210 Preamplifier Board Assembly (2401 & 2402) 93.00 186.00%
Cc-100688 Preamplifier Board Assembly (2451 & 2452) 75.00 150.00%
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 Preamplifier Ass'y (With G.M's, 2401 & 2402) 483.00
C-100681 Preamplifier Ass'y (With G.M, 2451 & 2452) 287.00
A-100159 G.M. Detector 80.00%*
A-100184 High Voltage Power Supply 29.00 58.00%
c-100190 Battery Charger Assembly 90.00 152.00%
A-100085 Trans former 5.00
A-100097 Battery Pack (2 required) 45,00
B-100570 Boron-Triflouride Detector 225.00%
A-100318 Neutron Reflector 15.00
p-100271 Top Shell Assembly 95.00
A-100246 Charger Harness 8.00
Cc-100232 Base Assembly (Complete, minus source, 2401 & 2451) 315.00
c-100229 pase Assembly (Complete, minus source, 2402 & 2452) 311.00
A-100218 source Rod Assembly (2401 & 2451) 64.00
A=100220 Source Rod Assembly (2402 & 2452) 60.00
A-100221 Trigger Assembly 25.00
A-100222 Trigger Spring (Set) 2.00
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N.R.C. REGULATIONS



UNITED STATES NUCLEAR REGULATORY COMMISSION
RULES and REGULATIONS

-

TITLE 10, CHAPTER 1, CODE OF FEDERAL REGULATIONS ~ENERGY

—

PART
19

INSPECTIONS

NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS:

Sec. (¢) “Worker” means an (ndividual landpumuno:u»mlolhn:of
81 B, eneaged a scivies lcensed 7 the Com- ¢ thia caaoue, 40d 427 rmponse [ro the
- 2 con! by a licensee, = ,
::i htmx.;m. but does not (nclude the licensee. & (b If posting of a document specified
195 Communications. (d) "License” means a license i~—ied z in paragraph (a) (1), (D) or (3) of this
19.11 Posting of notices o wurkers. under the regulations in Parts 30 through *~ section s not practicable, the licensee
1243 mmg. b workers. 3 35, 40, or 70 of this chapter, including ¥ may "ost a notice which describes the
P e ntama of Sovancts uconu: %0 o'o;run : prodmnon”cr ;&xt mﬁ and states where it may be
' and workers Jdunng nspections. zation facility pursuant to Part e 0
1918 me with ::n'uu during in- mmu“'.:.:knm means the holder of o) Porm NRC-3, “Notice to Em
s . a { : . g -
l'.l: Reguests by wovtmtozm.ﬁoﬂwalc'. J (e) “Restricted area’ means any ares rpbm‘ ‘ shall be p«‘.ﬂ by each U-
gug. inspection ot warranted: informal re T access to which is controlled by the - | censee wherever individuais work in or
19.30  Violations. & censee for purposes of protection of in- ¥ frequent any portion of a restricted area.
19.31 Application for ¢ xemptions. = dividuals from exposure to radiation and T wore: Copies of Porm NRC-3 may be ob-
19.J7  Dmcnmination profibited. « radioactive materials. “Restricted area” = .yned oy writing 0 tne Director of the
R shall not include any areas used as resi- -

appropriate TS Nuciear Regulatory Com-

dential gquarters, alithough a separate 3 mussion [aspecticn and Eaforsement Re-

AvrHcarry: Secs 33, 63, 81, 103, 104, 161,
Pub. L. 83-703, 58 Stac. 930, 533, 938, 336,
337. 948, as amended (43 TS.C. 2072, 2083,

2111, 2133, 3134, 2201): Sec. 401, Pudb L 93~

438, 88 stat. 1254 (43 USC a9l

"5 19.1  Purpose.

The regulations n this part establish
for notices. instructions,

the provisions of the Atomic Energy Act
<« Of 1954, as amended. Title II of the En-
= ergy Reorganization Act of 1974, and reg-
® ylations, orders, and licenses thereunder

-
-~
~
=

-i 19.5 Communications.

room or rooms in a residential building
may be set apart as a restricted area.

§ 19.4  Interpretations.

Except as specifizally authorized by the
Commission in writing, no interpretation
of the meaning of the regulations in this
past by any officer or employee of the
Commission other than a written (n-
terpretation by the General Counsel will
be recognized to be binding upon the
Commission.

Except where otherwise specified in
tis part, all communications and reports
concerning the regulations (n this part
should be addressed to the Director. Of-
fice of Inspection and Enforcement, U.S.
Nuclear Regulatory Commission. Wash-

= -
. ml ¢ radiological working cond! ; ington. D.C. 20355. Communications, re- =
-} : ports, and applications may be delivered

§ 192 Scope. in person at the Commission’s offices at _

The regulations i. this part apply to
all persons who receive, Dossess. use. or
transfer material licensed by the Nuclear
Regulatory Commission pursuant to the
regulations in Parts 30 through 35, 40,
ar 70 of this chapter, including persons li-
censed to operate a production or utili-

this chapter. szootmmn»m: (2) the Ucense, license

; - conditions, or .‘ocuments incorporated

2’1:3 D::uus ’ £ into a license ., reference. and amend-
used in part: R ments thereto; (3) the operating proce-

S (a) "“Act” means the Atomic Energy 2
T Act of 1984, (68 Stat. 919) including any | Ures sepiicable to licensed actimieies:

8 (b)) “Commission™ means the United States
| Nucear Regulatory Commussion:

zation facility pursuant to Part 50 of ~ The regulations in this part and (n Part

1717 H Street, NW., Washington, DC.. &
or at 7920 Norfolk Avenue. Bethesda. -
Maryland. )

§19.11 Posting of notices to workers.

(a) Each licensee shall post current
copies of the follewing documents: (1)

any notice of vioclation (nvoiving
radiological working cond!tions. proposed
imposition of civil penalty, or order is-

19+

&
™ (d) Documents notices. or forms

glonal Office iistsd :n Appendix ‘D" Part 20
of this chapter. or the Director. Office of In-
spection and Enforcement. US Nuciear Reg-
ulatory Commissicn. Wasatngton, D.C. 20833

posted pursuant i) this section shall ap-
pear in a sufiicient number of places %0
permit incdividuals engaged in licensed
activities to observe them on the way 0
or {rom any particular licensed activity
location 0 which the document appiies,
shall be conspicucus., and shall be re-
placed if defaced or altered.

(@) Commissicn documents posted
pursuant %0 paragraph (a)4) of this
section shall be posted within 2 working
days after receipt of the documents {rom
the Commission; the licensee’'s response.
if any. shall be posted within 2 working
davs alter dispatch by the licensee. Such
documents shall remain posted for a
minimum of 5§ working days or until ac-
tion correcting the violation has been
completed, whichever is later.

§ 19.12 Instructions to workers.

All individuals working in or {requent-
ing any portion of a restricted area shall
be kept informed of the storage, trans-
fer. or use of radioactive materials or of
radiation in such portions of the re-
stricted area: shall be Instructed in the
health protection problems associaled
with exposure to such radicactive mate-
rials or radiation. in precautions or pro-
cedures Lo minimize exposure and in the
purposes and {unctions of protective de-
vices employed: shall de instructed in.
and instructed to observe, to the extent
within the worker's contrel, the applica-
ble provisions of Commissior. reguiations

August 1, 1880
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PART I9 ¢ NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS: INSPECTIONS

and licenses for the protection of per-
sonnel {rom exposures Lo radiation or
radicactive materials occurming B such
areas; shall be instructed of their re-
sponsibility to report promptly to the l-
censee any condition which may lead to
or cause a violation of Commission regu-
lations and licenses or unnecessary ex-
posure to radiation or to radicactive ma-
terial; thall be instricted in the appro-
priate response 0 warnings made in the
event of any unusual cccurrence or mal-
function that may involve exposure to
radiation or radioactive material; and
shall be advised as to the radlation ex-
posure reports which workers may re-
quest pursuant (o § 19.13. The extent of
these instructions shall be commensur-
ate with potential radioiogical health
protection problems in the restricted
area.

§ 19.13 Notifications and reports to in.
dividuals.

a’ Radiation exposure data for an
individual. and e results of any meas-
urements, anaiyses. and calculations of
radiocactive material deposited or re-
tained in the body of an individual, shall
be reported %o the individual as specified
in this section. The information reported
shall include data and resulis obtained
pursuant to Commission regulations, or-
ders or license conditions. as shown in
records maintained by the licensee pur-
suant to Commission regulations. Each
notification and report shall: be in wTit-
ing: include appropriate identifying data
such as the name of the licensee, tn
name of the individual the individual's
social security number; nclude the indi-
vidual's exposure (nformation; and con-
tain the following statement:

]
N
N
-
3

M repurt s turmshed to you under the proy
swpns of the Suglear Negulatory Commission reg
atwon 10 CHFR Purt 19 You should preserve (his
feport tar Tarther reference

b) At the request of any worke=, each
lcensee shall advise such worke: annu-
ally of the worker’'s exposure to radiation
or radioactive material as shown (n rec-
ords maintained by the licensee pursu-
ant to § 20.401(a) and (¢)

(¢) Atthe request of a worker former-
ly engaged in licensed activities con-
trolled by the licensee, each licensee shall
furmish %0 the worker a report of the
worker’'s exposure Lo radiation or radio-
active material. Such report shail be fur-
nished within 30 days {rom the time the
request is made, or within 30 days after
the exposure of the individual has been
determined by the licensee, whichever is
later: shall cover, within the period of
time specified \n the request, each calen-
dar quarter in which the worker’'s ac-
tivities invoived exposure L0 radiation
from radicactive materals licensed by
the Commission; and shall inciude the
dates and locations of licensed activities
in which the worker participated during
whis period.

d) When a licensee !s required pur-
suant o § 20 405 or § 20 408 of this chap-
ter o report to the Commission any ex-
posure of an individual to radiatior or
radioactive material the lcensee shall
aiso provide the individual a report on
his exposure data inciuded therein

[ush
<Suca

August 1

report shall be transmitted at a ume
not later than transmittal to the
Commussion.

e
il

2] A! the request of 2 worker who 13
‘erminating empiovment in a given
calendar quarter wilh e licensee in
work invoiving radiation dose. or of a
wOorker wno. wnie empioved dv another
person. i tlermunating assignment to
work inveiving radiation dose in the
ucensee s facuity in tnat calendar
quartier. each .censee shall provide to
each such worker or o the worker s
gesignee, a! lerminaton. d written
report regarding 'he radiauon dose
received Dy hat worke: from operations
of the licensee dunng that specifically
dentified calencdar guarter or frachicn
thereof, or provide a wntien esumate of
that cose if the finaly determined
perscnnel meonitonng *esuils are not
avalable at that ume. Esumated doses
shail be cieariv :ndicated as such.

14 FRJI2452

'—5 19.14 Presence of representatives of
licensees and workers during inspec.
tions.

a) Each licensee shall afford to the
Commission at all reasonable times op-
portunity w (nspect materials, activities,
facilities, premises, and records pursu-
ant to the regulations in this chapter.

- (B) During an inspecticn, Commission
inspectors may consult privately with

workers as specified in §19.15. The U-

censee or licensee's representative may

accompany Commission inspectors dur-
ing other phases of an nspection.
(e) I, at the time of inspection, an

)i &
individual has been authorized by the
workers 0 represent them during Come-
mission inspections, the licensee shall
notily the nspectors of such authoriza-
tion and shall give the workers' repre-
sentative an opportunity o accompany
the tors during the inspection of
physi ring conditions.

(d vorgers’ representative shall
be rouul engaged (n licensed activi-
ti ntrol of the licensee and
shall have received instructions as spec-
ifledin §19.12

(@) Differsnt representatives of li-
censees and workers may accompany the
inspectors during t phases of an
inspection If there is n ssulting inter-
ference with the condu { the inspec-
tion. However, only on rkers’ repre-
sentative at a time ma mpany the
inspectors

() With the approval of the
and the workers’' represent
dividual who is not
in licensed activities
the license, for example, a cons At
to the licensee or to the workers
sentative, shall be afforded the op
tunity o accompany Commission inspe
tors during the inspection of physi
working conditions

(g) Notwithstanding the cther provi
sions of this section, Commission in C
tors are authorized w0 refuse to permit
accompaniment by any individual

uricer % o4

differs

icensee
an ine
utinely gaged
der of

tive

Pa—
con

deliberateiy interferes with a fair and
orderly inspection. With regard to areas
containing information classified by aa
sqency of the US. Government in the
interest of national security, an individ-
ual who accompanies an inspeclor may
have access to such information only U
authorized 0 do so. With regard ¢ ary
area containing proprietary information.
the workers' representative {or that area
shall be an individual previously author-
ized by the licensee to enter that area.

§ 19.15 Consultation with workers dur.
ing IHOPQC(IM!.

&, Commission !nspeciors may cone-
suit privately with workers concerning
mactters of occupational radiation protec-
tion and other matters related w0 ap-
plicable provisions of Commission regu-
lations and lcenses L0 the extent the (n-
spectors deem necessary for the conduct
of an effactive and thorough inspection.

b) During the course of an inspection
any worker may bdring privately to th
attention of the inspectors, either orally
or in writing, any past or present condi-
tion which he has reason to believe may
ha contributed to or caused any Vo~
lation of the act, the regulations in this
chapter, or license condition, or any une
Decessary exposure of an individual to
radiation {rom licensed radicactive ma-
terial under the licensee’s control. Any
such notice in writing shall comply with
the requirements of § 19.16(a),

¢) The provisions of paragraph b)
of this section shall not be interpreted as

= authorization to disregard instructions

pursuans to § 19.12.

§ 19.16 Requests by workers for inspee.
tions.

&) Any worker or representative o,
workers who believes that a violaticn of
the Act, the regulations (n this chapter
or license conditions exists or has oc-
curred (n license activities with regard %o
radiclegical working conditions in which
the worker is engaged, may request an
inspection by giving notice of the alleged
viviauon to the Director of (nspection and En-
forcement. to the Director of the appro-
priate Commission Regional Ofiice, or to
Commission inspectors. Any such notice
shall be in writing, shall set forth the
specific grounds for the notice, and shall
be signed by the worker or representa-
tive of workers. A copy shall be provided
the licensee by the Director of Inspection and
Enforcement. Regional Office Director,
or the inspector no later than at the time
of Inspection except thai, upon the re-
quest of the worker giving such notice,
his name and the name of individuals
referred to therein shall not appear in
such copy or on any record published,
released, or made available by the Com-
mission, except for good cause shown

b) If, upon receipt of such notice, the
Director of Inspection and Enforcement or Re
gonal Office Director determines that

the complaint meets the re rements set
forth in paragraph (a 3 section
d that there are reason grounds
eve that the alleged N exisu
as occurred, he shall e an U
n 0 be made as s« ractica-
etermine U such alleged iclation
nas occurred. Inspections pur-
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' suant w0 this section need not be Umited
O matters referred w0 in the complaint.
licensee shall

I
|
!

|

i
A
gl
i

1
i
:
:
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§ 19.17 Inspections not warranted: in.

formal review, !
1a) If the Directur of !nspection and bntorce

ment or uf the appropnate Regwonal

Office determines, with respect

plaint under § 19.16, that an inspection

is not warranted because there are no

lation exists or has

provide the ~omplainant with a copy of such
statement by certified mail. Lpon the request
of the compiainant. the Executive Director for
Operations or his designee may

hold an informal conference in which
the complainant and the lcensee may

wen 2200

orally present their views An informal
conference may also be held at the re-
quest of the licensee, but disclosure of the
identity of the complainant will be made
only following receipt of written author-
ization {rom the complainant. Alter con-
sidering all written and oral views pre-
sented. the Executive Director for Operations
shail affirm. modify. or reverse the determing.
non of the Director of Inspection and Enforce
ment or of the appropnate Regional
Office and fumish the complainant and
the licensee a written notification of his
decision and the reason therefor.

() If the Directur of Inspection ind Enforce
ment of of the appropnate Regional
Office determines that an nspection is
not warranted because the requirements
of § 19.16(a) have not been met. he shall
notify the complainant in writing of
such determination. Such determination
shall be without prejudice o the fling of
8 new complaint meeting the require-

L_mllol f18.18).

[[519.30 Violutions.

ADFHBY4

An injunction or other court order may
be obtained prohibiting any violation of
any provision of the Act or Title II of
the Energy Reorganization Act of 1974
or any regulation or order issued there-

L‘.mdor

A court
order may be obtained for the payment
of a civil penalty imposed pursuant o
section 234 of the Act for violation of sec-
don 53, 37, 62, 63, 81, 82, 101, 103, 104,
107, or 109 of the Act or any rule, regula-

won. or order issued thereunder or any
term. condition or Umuitation of any ii-
cense issued thereunder. or for any vioe
lation for which a license may de revoked
under :oction 186 of the Act. Any person
who willfully violates any provision of
the Act or any regulation or order issued
thereunder may be guulty of a crime and
upon conviction, may be punished by fine
or imprisonment or both. as provided by
law.
§ 19.31  Applivation for exemptions.
The Commission may. upon applica-
tion by any licensee or upon ils own in-
itiative, grant such exemptions !rom the
requirements of the regulations in this
part as it determuines are authorized b~
law and will not result in undue hazard

| t0 life or property
rﬂ 19.32  Discriminution prohibited.

No person shall on the ground of sex
be excliuded {rom participation in. de de-
nied the benefits of or be subjected W

discrimination under any program or ac-
tivity licensed by the Nuclear Regulatory
Commission. This provisien will ce en-

% forced through agency provisions and
3 rules similar t0 those already estadlished.
= with respect o racial ana other discrim-
« ination. under title VI of the Civil Rights
$ Act of 1964 This remedy & not exclu-

cut off any other legal remedies avail-
able to a discriminatee.

l:we nowever. and will not prejudice or

August 1, 1980
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CONCENTRATIONS

10.401 Exposure of individuals to radia-
non n restncted areas.

10.102 Du:mma of accumulated

..

20403 Exposure of individuals to concen-
trations of radicactive material in
restricted areas.

20.i04 Exposure of munors.

20.108% Permusabie levels of radiation 1n
unrestncted areas.

10.106 Radiosctinty in #fMuents to unre-
stricted aress.

210.107 Medical JMlagnowms and therapy

30408  Orders requuing furnishung of bo-

issay services.
PRECAUTIONARY PROCEDURES

210.200 urveys.

n.202 nel monuoring.

310.203 Caution sgns, labels. signals. and
controls.

310.204 me: exceptions,

20.30¢ cedures for picking up, receiv-
ng. ind opening packages.

70.206 Instruction of personnel.

20.207  Storage and control of licensed

matenals in unrestricted areas.

WASTE DISPOSAL

10.30t  General requirement.

210.307 Method for obtaining approval of
proposed lisposal procedures.

20.303  Disposal by release into sanitary
sewerage systems.

10.304 Dusposal by burial in son.

20.308 Treatment or dizposal by incinera-

non.

EXCEPTIONS AND ADDITIONAL REQUIRE-
MENTS

10.501 Applicauons for exempuons.
20.502 Additional requirements.

ENFORCEMENT
10.8601  Violations

Appendix A-|Reserved |

Appendix B-Concentrations in 3w and water
1bove natural dackground.

Appendix C.

Appendix D~United States Nuclear Regula-
tory Commussion [nspection md?ﬂ
forcement Regional Offices.

AUTHORITY: The provisions of this Part 20
issued under secs, 5J. 6J. 65, 81.10). 104, 18i.
64 Stat. 930, 933, 935, 936, 3137, 948, a8
amended: 42 U.S.C. 207, 2093, 209¢. 211,
3133, 1134, 2201, For the purposes of sec.
223, 68 Stat. 998. 15 amended: 42 U S.C.
1373, § §20.401-20.409, ssued under sec.

161 0., 8 Stat. 950, as amended; 32 U.5.C.
1201 (©). Seecs. 202, 206, Pub. L. 93438, 38
Stac. 1244 1246 (42 1J S.C. 5841, 5346).

J-i 20.1 Purpose.

(a) The regulations in this part estab-
~ lUsh standards {or protection against ra-
S diation hazards arising out of activities
T under licenses issued by the Nuclear Reg-
;mm Commission and are issued pur-
suant %o the Atomic Energy Act of 1954,
as amended. and the Energy Reorganiza-
_tion Act of 1974,

[ 5] The use of racicactve matenal or
other sources of radiation not licensed
by the Commission is not subject to the
regulations in Wis part. However. itis
the purpose of L1e regulations in this
part to control the possessicn. use, anc
transier of licensed matenal by any

2 licensee in such a manner that e total
~ dose to an individual (inciuding

z exposures to licensed and unlicensed

RECORDS, REPORTS, AND NOTIFICATION & »34,04ctive matznal and to other

20.401 Records of surveys. radiation mon-
itonng, and disposal.

20,402 Reports of theft or loss of licensed
matenal.

10.403  Notificat of incidents.

20,404 k- }

210.408 ports of overexposures and ex-

cesmive levels and congentrations.
20.406 | Reserved|
10.407 hﬂonnl monitoring reports.

10.408 Reports of personnel monitonng on
termination of employment or work,

10.409 Notifications and reports 10 indi-
nduals.

T unlicensed soirces of radiation. whether
in the possession of the liceasee or any
other persor. but not inciuding

-exposures to radiaton from narurai
background sources or medical
diagnosis and tharapy) does not exceed
the standards of radiauon protection

__;:mc.nbod in the reguladons in this part.

—

(¢) In accordance with recommenca-
tons of ths Federal Radiation Counci,
approved by e President, persons eu-
g§aged in activities ynder Ucerses ‘ssued
by the Nuclear Regula €omumission
pursuant to the Atomic Energy Act of

204

STANDARDS FOR PROTECTION AGAINST RADIATION

1984, as amended, and the Energy Re-
organization Act of 1974 should, n ad-
dition %W complying with the require-

Scope.
f The regulaticns in this part apply
all persons who receive possess. use. or
3&.‘:&(" material lcensed pursuant o
the regulations in Parts 30 through 35
40. or 70 of this chapter. including per-
sons licensed to operate a production or
utilization f{acility pursuant wo Part 30
of this chapter.

§ 20.3 Detinitions.

‘@) As used in this pars:

(1) “Aect™ means the Atomic Energy
Act of 1954 (68 Stat. 919) including any
amendments thereto;

‘2) “Alrdorne radioactive material”
means any radioactive mater:al dispersed
in the air in the form of dusts fumes.
mists, vapors, 0" gases;

(3) “Byproduct material” means any
radicactive material (except special nu-
clear material) yielded in or made ra-
dloactive by exposure to the radlation
incident to the process of producing or
utilizing special nuclear material:

m (4 "Calendar quarter” oseams ot less
!Mﬂmﬂnmﬁnrmm
S 14 consecutlve weeks. The frst calandar
‘Mr«mbmmmmmlmu-
«Ary and subsequent calendar guarters
’;unuuamcumumduodu
more than o2e calendar quarter or
omitied from Inclusion within a calendar
quarter. No licensee shall change the
method observed by him of determining
calendar Juarters except at e deginning
of a calencar yerr.

to

(5) “Commissica™ means the Nuclear Regu
acory Commisso. or its duly authonzed
) rapresencatives:

August 1, 1980
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- b -y aelgnt one-tsxentieth of one percent

executive department, commission, inde-
pendent establishment, corporation,
wholly or partly owned by the United T

008
rum or ©
Source mater:al does not .nclude pecial

i or more of a. uranium, > tho-
any comhination thereof

States of America which 3 an Instru-. puclear material.
mentality of the United States, or any "

board, bureau, division, service, office
officer, authority, administration,
other the executive

sranch of the Government; a
means any humang

(7T “Individual"”
seing: s
8 “Licensed material” means sourceg

material, special nuciear material or 5702‘
product material received, possessed.,

specific license issued by the Commission
this

“sed or transferrsd under a gemeral or| material aruficialy
material;

pursuant to the regulations in
chapter:

91 “License’ means 2 license issued
under the regulations (n Part 30, 40, or2
70 of this chapter.
the holder of such license;

10+ “Occupational dose” includes ex- £
sosure of an individual to radiation

of employment in which the individual's
duties invoive sxposure to radiation:
provided, that “occupational dose” shall
not be deemed '0 include any exposure
of an individual to radiation {or the pur-
pose of medical diagnosis or medical

(11) “Person” mesans i) any indle »
vidual, corporation, partnership, firm. I
association. "rust. estate, public or pri- =
vate institution, group, Governmentz
agency other than the Commission or the -
Administration (except that the Admin- 2
istration shall be considered a person
within the meaning of the regulations in
this part 10 the extent that its [acilities
and activities are subject to the licensing
and related regulatory authority of the
Commission pursuant to section 202 of
the Energy Reorganization Act of 1974
38 Stat. 1244, any State, any foreign
government or nation or any political
subdivision of any such government or
nation. or other entity: and ‘i) any
legal successor, representative, agent, or

any such material whether or not subjact
to licensing control by the Comumission,

(14) “Restricted area” means any
area access 1o which is controlled by the
licensee for purposes of protection of
\ndividuals from exposure to radiation =
and radiosctive materials. “Restricted =
area” shall not include any areas used &
as residential quarters, although a sepa- *
rate room or rooms (n a residential £

118 “Source material” means (1
uranium or thorium, or any combina-
tion thersof in any physical or chemical

form: or (4) ores which contain by

August 1, 1980
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or (18) “Special nuclear material” means
(1) plutonium, uranium 233, uranium
enriched (o the sotope 233 or in the iso-
gn&.mﬂmm:

Commission,
sions of section 51 of the act, determines
- %o be special nuclear material, but does
ot loclude source material; or (L) aay

material which
o the provie

enriched by any of

the {oregoing but does not include source

(17) "Unrestricted area’’ means any
area access t0 which is not controlled by
the licensee for purposes of protection of

‘Licensee” :nuuai ndividuals from exposure o radiation
and radioactive materials, and any area

used for residential quarters.

1) -
'n a restricted area; or (1) in the course(™

(18) “Department” means the
Department of Energy established by the
Derartment of Energy Orgamization Act
(Pub. L 95-91. 91 Stat. 585, 42 US.C.
7101 et seq.) to the extent that the
Department. or its duly authorized
representatives, exercises functions
formeriy vested in the U.S. Atomic
Energy Commissicn. its Chairman.
members, officers and components and
transferred o the U.S. Energy Research
and Development Administration and to
the Administrator thereof pursuant to
sections 104 (b), (c) and (d) of the Energy
Reorganization Act of 1974 (Pub. L. 93~
438, 38 Stat. 1233 at 1237, 42 US.C. 3814)
and retransferred to the Secretary of
Energy pursuant o section 301(aj cf the
Department of Energy Organization Act
(Pub. L. 95-91, 91 Stat. 588 at 377-378, 42
U.S.C. "151).

(19) “Termination” means the end of
empioyment with the licensee or. in the
case of individuals not empioyed by the

* ~
it o T torepuiy 2 licensee, the end of a work assignment

(12) “Radiation” means any or all of = in the licensee s restricted areas ina
the following: alpha rays. beta rays, = given calendar quarter without
gamma rays, X-rays, neutrons, high- _ expectation or specific scheduling of
speed electrons, high-speed protons, and ~ reentry into the licensee's restricted
other atomic particles; but not sound | greas during the remainder of that
or radio waves, or visible, infrared, of | c3lendar quarter.
ultraviolet light: -

13) “"Radicactive material” includes —

(b) Definitions of certain other words
and phrases as used In this part are set
forth in other sections, including:

(1) "Airborne radicactivity area” de-
fined In §20203;

(3) “Radiation sresa” and “high radi-
stion area” defined in § 20.203;

(3) “Personnel monitering equipment”
defined In § 20.202;

(4) “Survey” defined n § 20.201;

(5) Units of measurement of dose (rad,
rem) defined in § 20.4;

(8) CTnits of of radio-
sctivity deficed in § 20.5.

4 20.% Units of radiation dowe.

(8) “Dose.” as used In this part, is the
quantity of radiation absorbed. per 'mut
of mass, by the body or by any poruot 3f

20-2

the body. When the regulations in tZis
part specify a dose during a perod of
time, the dose means the total quantity
absorbed, per unit of mass,

Definitions of units as used i thus part
are set forth ia paragraphs (B) and )
of this sectico.

(B) The mad, as used !n this part. is 3
measure of the dose of any ‘onizing radi-
ation to body tissues in terms of the
energy absorbed per unit mass of the
sissus. One rad is the dose corresponc-
ina to the absorption of 100 ergs per gram
:z“‘:x)mo. (One millirad (mrad) =0.001

(e) The rem, as used in this pare, (s
& measure of the dose of any icnizing
radiation %0 bdody tissue (n terms of its
estimated diciogical efect relaiive to a
dose of one roexntgen (r) of X-rays. (One
millirem (mrem) =).001 rem.) Therela.
ton of the rem to other dose units de-
pends upon the biclogical eZect under
consideraticn and ypon the conditicas of
{rradiation. For the purpose of ihe reg-
alations = this parst, any of the follow-
ag 3 considersd 10 be egquivalest 0 &
dose of one rem:

(1) A dose of | rdue td X- or gamma
radiation:

(3) Adeseof | rad due tc X—, yamma,
or beta radiation;

(3) A dose of 0.1 rad due to neutrons
or ugh energy protoas;

(4) A dose of 0.05 rad due to particles
heavier han protons and with suficient
energy to reach the lens of the eye:

If it is more convenien: o measure the
geutron 2ux, or equivsiens, than o de-
termine ‘he neutron dose in rads, as
provided in subparagrapk (3) of this
paragrazh. oge rem of aeutrcn radiation
may, {or purposes of the regulations o
this pars, be assumed t0 De equivalent
to 14 million zeutrons per square centi-
meter incidest upon the body: or, U
there exists sufficient information %0 estl-
mate with reasonable accuracy the ap-
proximate distribution in energy of the
neutrons, tbe .ncident number of Deu-
trons per square centimetar equivalent
to one rem may be estimaled from the
following table:

Ngrrson Fuox Doss ZQrTvaisyTs
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Number o : Aversgs

Neutron ergy dev)

Thermad. . ......-.........l
0.0001...cce ce com e mmrmnenenni
0.008. . ..consonsammensacane

T LLELE

laxior

(d) For determurung exposures 0 X or
gamma rays up to 3 Mev, the dose limits
specified (0 §§ 20.101 to 20.104. inclusive,
may be assumed 0 be equvalent w0 the
“air dose”. Por tbe purpose of ihuis part
“alr dose’' means that ibe dose s mess-
ured by 3 proper!y calibrated appropriate
instrument (1 air at or near the body sur-
face in the region of highest dosage rale,
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§20.5 Units of radioactivity,

(a) Radiosctivity s commeonly, and
for purposes of the regulations in this
part shall be, measured (n terms of dis-
integrations per unit time or in curies.

second (dpe) =32x10%
per muinute ‘dpm). Commonly used sub-
nnmal. of the curie are the millicurie
and the microcurie:

(1) One millicurie (mCl) '=0.001 curie
(C) '=3.7x10" dps.

(2) One microcurie (4C!) ‘=0.000001
curie=3.7x10" dpas.

A EH 2004

(b) (Deleted 40 FR 50704,

(c) (Deleted 39 FR 23990.|

20.6 Interpretations.

i

[- Except as specifically authorized by
the Commission o writing, no interpreta-
tion of the meaning of the regulations .o
this part 9y any officer or employee of
the Commuission other than a written 1n-
Lerpretation oy the General Counsel will
be recognized o0 de Binding upoa tho
Couumuan

§ 20.7 Communications.
Except where otherwise specified in

"—'25 LS g

this part, sll communications and re-
ports concerning the reguiations in this
sart should e addressed 0 the Etxecu-
tive Director for Operations. U.S. Nu-
clear Regulatory Commissicn. Washing-
ton. D.C. 20835. Communications, re-
ports, and applications may te delivered
in person at the Commission's offices at
1717 H Street N'W , Washington. DC.; or
u :20 Norfolk Avenue, Bethesda. Mnr-'-
iand.

AW FHHTe
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™ 120,101 Radiation Jose stancards for

NANGUAIS 10 resINcted areas.

{a) In accorcance with the provisions
of § 20.102(a). anc except as provided in
paragrapa (bj of tais secticn. no licensee
shall possess, use or ransier Lcensed
material 10 such a manner as 10 cause
any wndividual in a resuncted area to
receive o any penod of one calendar
quarter Som radicactive matenai and
other sources of radiation a total
occupational dose in excess of the
mbgcorda specified 1o the folowing
tadie:

R L

2382

Rems per calendar Juarter
1. Whole dody: hesd and trunk: active

1

blood-farming organs. ieas of showing each period of time after the
g 0F98: OF GO08US..ccaenesnsoaasss 4 individual aitained the age of 18 in which
M 2. Hands and (orearms: feet and T the individual received an occupational
3 sé”‘?"a';"e& """""""" 18% 2 dose of rad!ation; and
P e e T 12) Calculate on Form NRC-4 in accord-
) A licensee mayv permutan © * ance with the instructions appear-

ndividual in a resTicted area lo receve
a total occupational dase to the whole

a4 P25

TRLerever posmdie the Appropriate uait
sbould “e writies out &8 curte's).” ‘miill.
cure s).” or “microcurie 1) . and the sdbres
nailons smouid 20t de used.

** amended 36 FR 1488

One cuxie=3.7x10" disintegrations per —~

body greater than that permitted under
paragraph (a) of tus section. provided:
1} Duning any calenzar quarter the
total occupatonal dose to the whoie
pocv stall not exceed 3 rems: and

A 10914

12) The dose %0 the whole dody. when &
added to the accumulated occupational 2
dose o the whoie body snall not exceed
§ N-18) rems where "N equals ihe n-
wvidual's age o years at Lis last durth-
day: and

3) The lcensee has determined the
individual's accumulated occupational
dose to the whoie body on Form NRC-. or
on a clear and legibie record contain-
ing all the information required in that
form; and has otherwise complied with
the recuirements of § 20.102. As used in
paragraph (). “Dese 10 the whole dody”
shall be deemed to inciude any dose 0
the whole body, gonads. active dlood-
forming organs, head and trunk, or lens

| Of eye.

™71 20.102 Oeterminaiion of prior dose.
(a) Eack licensee shall require any
individual. prior t¢ first enzv of the
individual into the Ucensee s restnicad
area dunng each empicyment or work
assignment under such circurmstancas
trat the indivigual will receive or is
likely to receive iz anv pencd of one

25 FH Y
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(cX1) In the preparation of Form NRC-4.

or a clear and ‘egble record con-

taining all the nformation required :n
that form. the licensee shall make a rea-
sonable sfort to obtain repor:s of the
individual's previously accumulated oc-
cupational dose. For each period for
which the licensee obtains such reports.
the licensee shall use the dose shown in
the report in preparing the form. In
any case where a icensee s unadie n
obtain reports of the :ndividual's occu=
pational dose [or a previous complete
calendar gquarter it shall be assumed
that the individual has received the oc
cupational dose specified in whicheve.
Of the following columns apply:

Column | Column .
Assume! UM |
s1Dosure sy
Part of hod v oD reme ¢ 0 ocems Lo
slendar ietlar
JUArTers APt P
wrior ™ heqimin? o
Jan. 11901 o ter
Jan |, &
Thole Hedvy tonads, ¥
ctive Nood-lormung
ryans, dewd and (runs.
oms M erve

(2) The licensee shall retrin and pre-

i y =~ serve records used in prepaiing Form
calendar qurn. an ocsys Aonm. dose & NRC-4 until the ch sission authsmzes
in excess of 23 perce:u of the aptucacee < their disposition.
standards specifiac in § 20.101a) and =

5 § 20.1041a). 10 Ysciose in 3 wriltes, o

£ signec siaiement aither (1) Wat the [Cif calculation of the .ndividuais ac-

~ iadividua: bad no prer occupational cumu'.ated occupational .ose for all
z dose dunng the cwrent caiencar riods prior to Januan 1. 1961 yields

“~ gquarter. or (2} the nature and azcunt of
any occupationai cose wrica the
wdividual may dave received dunng
that specificaliy identified current
calendar quanmer Som sources of
rac.ation possessed cr controled oy
ciher persans. Zach Licensee shall
maintain *ecords of suca statements
unul the Commussion authorizes theyw
disposiuon.

{b) Before permitung pursuant to
§ 20.101M). say wdividuai 1 @ restncted
area 1o recerve an occupational
radiation dose o excess of the
standards speclied in § 20.201(a). each
|__licensee shall

(1) Obtain a certificate on Form NRC4, or
on 2 clear and legbie record
containing all the information required
in that form. signed by the individual

41 FR b?m

ing therein. or on a c¢lear and legible
record containung all the :nformation
required in that form. the previousiy ac-
cumulated occupational dose received by
the individual and the additional dosa
allowed for that individual under
§ 20.101(D).

20-3

[_urcod

'esu.z tugher than the appi.cable ac-
cumula ed dose value f{or the individual
as of nat date. as specified in paragraph

D) of § 20.101. the 2xcess may =e disre-

§ 20.103 Exposure of individuals to con-
centrations of radioactive materials
in air in restricted areas,

a) 1 No licensee shall possess, use.
or transfer licensed material in uc)‘ a
manner as 0 permit any individual ir
restricted area to inhale a quantity ot
radioactive material in any period of
one calencdar quarter greater than the
quantity which would resuit {rom :nha-
lation {or 40 hours per week for 13 weeks
at uniform concentrations of radicactive
material in air specified {n Appendcix B,
Table I. Column 1.'** IZ the radicactive
macterial (s of such form that (ntake by
absorption through the skin s like!y, n.
dividual exposures o radioac:ive mate-
rial shall be controlled so that the up-
take of radioactive material by any or-
gan {rom either inhala: on or abserpiion
or both routes of intake '’ in any calen-
dar quarter does not exceed tha: waich
would result {rom 'ma;xng such radio-
active material for 40 hours per week for
13 weexs at uniform concentirations spec.
ifled 0 Appendix B, Table I, Column 1

August 1, 1380
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Since the coucentration specified 7or trit-

Skin absorption snd inhalation, the total
(atake permitted s twice that which would
result from inhalation alone at the concen-
‘ration specified ‘or ¥ 3 S In Appendix 3.
Tacle I, Columa | for 40 hours per week ‘or
12 weeks.

‘Por radon-222. the lmiting quantity i
that (nhaled In & period of one calendar
. Por radicactive materials designated
{n the “Isotope” column of the tadie,

{1
i
il
G

"
zé

:
:
E
§
i

) sggsgg

i
Eigﬁgg
Hi
E9

Footnotes 4 and § on page 20

August 1, 1980
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‘2) No licensee shall possess, use, or
transfer mixtures of U-234, U-235, and
U-238 n soluble form {n such a manner
a3 0 permit any individual in a restricted
area 0 inhale a quantity of such material
in excess of the intake LUmits specified o
Appendix B, Table I Column ! of this
part If such soluble uranium is of a form
such that absorpuion through the skin is
Ukely, individual exposures 0 suca ma-
::;::.lo‘mn a’n concr.:lucd $0 that the up-
% Such material oy any organ {rom
either inhalation or absorption or both
Toutes of .ntage' does 20t sxceed that
which would result from inhaling such
material at the limits specified in Ap-
pendix B, Table I, Column | and footnote
4 ca;ro;o.

'$) For purposes of determining com-
2liance with tne requirements of thais sec-
tion the licensee shall use suitable meas-
urements of concentrations of radicac-
Wive materials in air for deteciing and
evaluating airborne radicactivity & re-
stricted areas and :n additicn. as appro-
priate, shall use measurements of radio-
acuvity in the dody. measurements of
radicactivity excreted from the %0y, or
~ A0Y combination of such measurements
: a3 may De necessary for timely detection
& 3nd assessment of individual intakes of
: radioactuivity by exposed individuals. It

S assumed that an individual nhales

racioactive material at the airsorne con- &

centration in which ne s present unless

De uses respiratory protective equipment =

sursuant o paragrapii ¢ of this sec-
tion. When assessment of a partcular

ividual's intake of radicactive ma-
terial is necessary intakes less than those
which woul” result from inhalation for
< ours in any one day or for 10 hours
il any one week it uniform concentra-
tions specified in Appendix 3. Table ..
Column | n neot be included in such
assessment. provided that for any assess-
ment in excess of these amounts the en-
tire amount is incjuded.

B) (1) The licensee shall. is a precau-
tionary procedure. use process or other
engineering controis. to the extent prac-
ticadle. to limit concentrations of radio-
active macterials .n air 0 levels delew
those which delimit an airborne radio-
lﬁ!}ﬂn area as defined in $20203:d) (1

(2) When It is impracticable o apply
process or cther engineering controls to

' Signifcant ‘ntake By !ngestion or njec
tion !s presumed ‘o0 occur only as a result of
circumstances such as accident. inadversence.
200r procedure. of simlar special conditions
Such (ntakes must be evaluated and ac-
counted for v techniques and procedures as
may de appropriate 0 the cireumstances of
‘he occurrence Exposures so evaluated shall
be inciuded :!n determining whether the
'lmitation on (ndividual exposures !n §20.-
103781 (1) has deen exceeded.

‘Regulatory guldance on assessment of
‘ndividual intakes of radlosctive materisl !s
diven n Reeulatory CGuide 39 “Acceptadle
Conce~'s. \Mode's Ezuations and Assumod-
tione for & Bloasway Program.” single coptes
of which are avallable from the Offcs of
Standarde Develooment T 3 Nuciear Regu-
latory Commission. Washingzon. D C 20888
unon Written reqiiest

imit concentrations of radiocactive ma-
terial in air below those deflned in
§20.203:d) 1) i), other precautionary
procedures. such as increased survei-
lance, !imitation of working :imes. or
provision of respiratory protective equip-
ment. shall be used 0o maintain intake
of radioactive material by any .ndivid-
ual within any pericd of seven consec-
utive days as {ar below that intake of

{rom inbalation of such material for 40
hours at the
specified in Appendix 3. Table L. Col-
umn | as is reasonably achievable.
Whenever the intake of radioactive ma-
terial by any individuai exceeds this 40-
hour control measure, the licensee shall
make such evaluations and take such
actions as are necessary o assure
against recurrence. The lcensee shall
maintain records 0f such occurrences.
evaluations, and actions taken in a clear
anc readily identifiabie form suitabie
{or summary review and evaluation.

¢’ When respiratory protective
equipment is used to limit the inhala-

pursuant to paragraph (5'(2) of this
section. the licensee may make allow-
ance for such use in estimating expo-
sures o. individuals to such materials
provided that such equpment s used
£as stipulated in Regulatory Guide 3.15.
€ “Acceptable Programs {or Respiratory

- Protection.”*
¥ d' Notwithstanding the provisions of
paragraphs ‘o' and (¢’ of this secticn.
the Commission may impose {urther
restrictions:

{' On the extent 0 whuch a licensee
may make allowance for use of respira-
tors in lieu of provision of process. con-
tainment, ventilation. or other engineer-
ing controis, if application of such con-
trois is found to be practicable; and

2) As might Se necassary o assure
thai the respiratory protective prograg
of :he licensee is acdequate in limutim
exposures of personnel 0 ardorme r2-
dicactive materials.

e' The licensee shall notify. in writ.
ing. the Director of the appropriate Nu-
clear Regulatory Commissicn Inspection
and Enforcement Regional Office listed
in Appendix D at least 30 days Sefore the
date that respiratory protective equip-
ment is first used under the provisions
of this section.

tf) A licensee who was authorized to
make allowance for use of respiratory
prtective ecuipment prior to Decem-
De* 29. 1978 sh+ll bring his respira-
tor 7 protective program into conform-
anc ' with the requirements of para-
gragh ‘¢' of this section within one
year of that date. and is exempt {rom

the requirement of paragraph (e of
E’“‘ section.

‘This incormoration Sy reference provie
ston was arproved Hv the Director of the Fed-
eral Register on October .3 1574 Single
soples of Regulatory Guide 815 are avalladle
from ‘he Office of Standards Develo~ment.
U 8 Nuclear Regulatery Comm'ssion. Wasn-
ingten, DC. 20585 upon written reques:

20-5

radiocactive material which would result g

uniform concentrations «

tion of airborme radioactive material &

_3 20,1034 Exposure of minoes,

a' No licensee shall pcssess. use or
transfer licensed mater:al in such a
manner as to cause any .ndividual within
a restricted area who s under 189 years
of age ic receive :n any period of one
calendar quarter from radioactive Ta-
ter:al and other sources of radiation in
= the licensee's possession a dose .n excess
of 10 percent of the limuts specifed in
=the tabie in paragrapn 'a) of ¢ 20.101.
T b+ No licensee shall possess, use or
transfer licensed marerial n suea a
manner as o cause any undividual
within a restricted area. who is urder 18
years of 4ge to be exposed :o airborne
radioactive material possessed by rhe
licensee in an average concentration in
excess of the limits specified in Appendix
2. Table II of this part. PFor ourposes
of this paragraph. concentrations ma,
De averaged over periods not greater
| than a veek.

£

¢' The provisions of $320103(h D)
and 20.103:¢) shall apply 20 exposures
subject to paragraph ‘b of this secsi
@ except that the references n §§ 20.103
®9)2) and 20.103i¢’ to Appendix B.
= Table I Column ! shall te deemed o Ze
@ references 0 Appendix B. Tabdle 1. Col-
L'.mm 1.

720.!05 Permissible levels of radiation
In unrestricted areus,

a' There may oe :nciuded :n anv ap-
piication for a iicense or {or amendmeant
ol a license proposed limits upcn levels
of radiation in unrestricted areas result-
‘ng {rom the applicant's possession or
use of racdicactive mater:al and other
sources of radiation. Such applicat.ons
thould include :nformation as o antici-
patsd average rad:ation levels and ane
ticicated occupancy ‘times for each

restricted area nvolved. The Com-
mussion will approve the proposed imits
¢ the applicant cemonstrates that the
proposed imu:ts are not likely to cause
any individual to rececive a dose L0 the
whole body 1n any period of one calendar
year n excess of 0.5 rem.

(b)) Except as autherized by the Com-
mission pursuan: to paragraph ‘a) of
this section. ro licensee shall possess. use
or transfer licensed malenal in such a
manner as 0 create (N any unresiricted
area from radicaci.ve mater:al and other
sources of radiation in his pcssession:

‘1) Radiation levels which. !f an indi-
vidual were continuously present in the
area. could result in his receiving a dose
in excess of two millirems in any one
hour. or

3" Radiation levels which. .[f an (ndi-
vidual were continuously present in the
area, could result in his receiving a dose
'n excess of 100 millirems :n 4ny saven
_cor.secut;ve days

r
g§

10914

25 F

20.106 Radicactivity in effluents to
unrestricted areas. I

= ‘@& A Ucensee shall not possess. use,
& or transfer licensed material 50 as 0 re-
g lease 10 an unrestricted area radicacuve
‘| material \n concentrations which exceed

August 1, 1980
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the limits specified in Appendix “B”,
Tabie II of this pais. except as authorized
pursuant to § 20.302 or paragraph ) of
this section. ™or purposes of this sec-
1ion concentrations may be averaged over
a period not Freater than one year.

‘5 An applcatuion for a license or
amendment may {nclude proposed Lmits
nigher than those specified n parm-
grapa ‘a) of this section. The Cowamis-
sion will approve the proposed limits
{ the applicant demonsirates:

(1) That the appiicant has made a
reasonable efors to minimize the radio-

activity contained in efuents o un- I

restricted areas; and

(2) That it is not likely that radioc- ;
& trations in efluent streams,
2 mission may limit quantties of radio-

active material discharged in the efuent
would result in the exposure of aa indi-
vidual % concentrations of radiocactive
material in air or water exceeding the
limits specified in Appendix "B”, Table
1I of this part.

ie» An appilcation for higher limits
pursuant to paragraph (b) of this sec-
tion shall include information demon-
strating that the appiicant has made a
reasonadle effort %0 minimize the radio-
activity discharged in efluents %o unre-
stricted areas, and shall include, as

pertinent.

(1) Information as to flow rates, total
volume of effluent, peak concentration of
each radionuclide in the eMuent, and con-
centration of each radionuclide in the
sfMuent aversged over a period of one
year at the point where the efiuent leaves
a stack tube, pipe, or similar conduit;

(2) A description of the properties of
the effuents, including:

(1) chemical composition:

(i) physical characteristics, including
suspended solids content in lUquid eSu-
ents, and nature of gas or aercsol for air
eflyents.

(iil) the hydrogen ion concentrations

ip#) of liquid effuents; and

(iv) the size range of particulates in
sfuents released into alr.

(3) A description of the anticipated
human occupancy in the unrestricted
ares where the highest concentration of
radicactive material from the efuent is

, and, in the case of a river or
stream. a description of water uses down-

reduce the concentration of radionuciides
in efluents prior to their release.

(d) For the purposes of this section
the concentration limits in Appendix “B”,
Table II of this part shall apply at the
boundary of the restricted area. The
concentration of radiocactive material
discharged through a stack, pipe or um-
ilar conduit may be determined with
respect t0 the point where the material
‘saves the conduit. I che conduit dis-
charges within the restricted area, the
concentration at the boundary may be
determined by appiying appropnate
factors for dilution, dispersion, or decay
between the point of discharge and the

(e) In .addit‘.on to limiting concen-
the Com-

active materials reieased n air or wa.er
during a specified period of time i it
appears that the dauy intake of radio-
active material from air, water, or food
by & suitable sampie of an exposed pop-
wlation group, averaged over a period
not exceeding cne year, would otherwise
exceed the dally intake resulting {-om
continuous exposure L0 Alr or water con-
taining ome-third the concentration of
radioactive materials specified in Ar-
pendix “B”, Table I of this part.

(f) The provisions of this section do
not apply to disposal of radioactive ma-
terial into sanitary sewerage systems,
which ls governed by § 20.303

§ 20.107 Medical diagnosis and therapy.
Nothing in the regulations (n this part
shall be interpreted as limiting the in-
tentional exposure of patients o radia-
tion for the purpose of medical diagnosis
or medical therapy

bio-assay services.

to aid in determinung the extent of an
individual's exposure o concentrations
of radicactive material, the Commission
may incorporate appropriate provisions
in any lcense, directing the licensee to
maxke availaple to the :ndividual appro-
priats bio-assay services and to furnush
a copy of the reports of : . se..ices [0

stream from the polot of release of the | :he Commission.

efuent.

unrestricted ares, including anticipated

(4) Information asto the !. hestcon- 3
centration of each radionuclide in m;

& 1a) As used in the regulations in this

PRECAUTIONARY PROCIDURES
§20.201 Sarveys.

concentrations averaged over a period of @ oap¢ “syrvey” means an evaluation of

one year:

(1) In alr at any point of human oc-
cdpancy. or

(i) In water at points of use down-
stream from the point of reiease of the
effluent.

(3) The background concentration of
radionuclides in the receiving river or
stream prior to the release of liquid
efluent.

(8) A description of the environmental
monitoring squipment, including sensi-
wvity of the system, and procedures and
calculations to determine concentrations
of radlonuclides {n the unresiricted area
and possibie reconcentrations of radio-
auclides.

(T A description of the waste treal-
ment facilities and procedures used

August 1, 1980

the radlation hazards incident to the pro-
duction. use, reiease, disposal, or pres-
ence of radicactive materials or other
sources of radiation under a spev.fic set
of conditions. When appropriate, such
evaluation includes a physical survey of
the location of materials and equipment
and measurements of leveis of radiation
or concentraticns of radioactive material
present.

(5) Each licensee shall make or cause
to be made such surveys as may be neces-
sary for him to comply with the regula-
tions in this part.

§ 20.202 “ersonnel monitoring.

(a) Each licensee shall supply aporo-

priate personnel morutoring equipment

to. and shall require the use of such

206

-
= of measuring the dose received (e 3.

Sfim Bbadges. pocket chambers, pocke!
Edonmezers. lm rnings. ete.)

3
ga.ccunblo to personnel, in which thers

§ 20.108 Orders requiring furnishing of g
: =z §20.203 Caution signs, labels, signals,
Where necessary or desirable in order %

squipment by

1) Each individual aho enters a re-
stricted area under such circumstances
that he receives. or is !ikely to receive.
a dose 1n any calendar quarter in excess
of 28 percent of the appiicadle value
specified n pwragraph ‘a» of §20.101

2) Each individual under 18 years of
age who 2nters a restricted area under
such circumstances that he receives. or
s likely to receive. a dose in any calen-
dar quarter in excess of 3 percent of
:he appiicable value speciled in para-
graph a» of § 20 101

3, Each individual who =nters a high
radiation area.

(b) As used .n this part,

(1) " Personnel monitoring equipment”
means devices designed to be worn or
carried by an .adividual for the purpose

“Radiation area” means any area,

exists radiation. originating in whole or
n part within licensed material, at such
levels that a major portion of the body
could receive in any one hour a dose in
excess of 5 millirem. or in any 3 con-
secutive days 1 dose in excess of 100
millirems:

(3) “High radiation area” means any
area, accessible to personnel, in which
there exists radiation originating in
whole or o part within licensed mate-
rial at such levels that a major portice
of the body could receive in any one Zour
a dose in excess of 100 mullirem.

and controils.
-
a) General. ‘1) Except as otherwise
authorized oy tne Commission, sym-

bols prescribed by this section shall use
the conventional radiation caution coiors
(magenta or purple on yellow Dback-
ground). The symbol prescribed by this
section is the converntional three-dladed
design:
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RASIATION STMBOL
| Cross-hatched area s %0 De magenta or
purpie.
1. Background s o bde vellow.

12) In additicn %o the contents of signs
and labeis prescrited in this sectiom, U-
censees may provide on or near such
signs and labels any additicnal informa-
tion which may de appropriate iz 2iding
individuais to minimize exposure 10 radi-
ation or to radicactive material

in) Hediation areas. Each radiation
area shall Se conspicuously posted with
a Sign or signs Searing the radiation cau-
tion symbol and the words:

CAUTION ¢
RADIATION AREA

(¢ 7 *% radigliion 2reas. ‘1) Each
high raciation area shall be conspicu-
ousiy posted with a sign or signs bearing
the radiation caution symbol and the
words:

CAUTION!
HIGH RADIATION AREA

-

(2) Each entrance or access point to
s high radiation area shall be:

(1) Equipped with a control device
which shall cause the level of radiation
0 be reduced bdelow that at which an
individual might receive a dose of 100
millirems (n 1 hour upon entry into the
ares; or

(4) Equipped with a control device
which shall energize a conspicuous vis-
ible or audibie alarm signal in such a
manner that the individual entering the
high radiation ares and the licensee or
a supervisor of the activity are made
aware of the entry; or

‘iil) Maintained lockad except during
periods when access 0 the area s re-
quired. with positive control over each
individual entry.

13) The controis required by subpara-
gragh 2) of thus paragraph shall te
established in such a way that no indi-
vidual will de prevented from leaving a
high radiauon area.

4) In the case of a high radiaticn

35 FR 5013

area establihed for a pericd of 30 days
or less, direct urveillance to prever: un-
authorized ent:y may de substituted [or
the controls required by subparagrapn
(2) of this paragraph.

(§) Any licensee, or applicant for a
license, may apply to the Commissicn
for approval of methods act included o
z subparagraphs '2) and (4) of this para-
& graph {cr controlling access to high radi-
8 ation area:. The Commission will
approve the proposed alternatives if the?
licensee or applicant demonsirates -lat
the altermative methods of control w.ll
prevent unauthorized entry into a nigh
radiation area, and that the requirement
of subparagragh ‘3) of this paragraph is
met.

Ty

«8) Each area in which there may exist
radiation levels in excess of 300 rems in
one hour at one meter {rom a sealed
radio-active source that is used o ir-
radiate materials snall =

(i Have each entrance or access pount
equipped with entry controi devices
which shall function automatically to
prevent any individual from inacver-
tently entering the area when such ra-
= diation levels exist: permit deliberate
= entry into the area only after a conwrsl

device is actuated that shall cause the
z radiation level within the area. {rom tle
« sealed source. t0 be reduced beiow that ar
S which 1t would de pussiblez tor un -
dividual to ieceive a dose in excess of
100 mrem in one hour: and prevent op-
eration of the source if the source would
produce radiation lévels in the area that
could result in a dose t0 an indivicdual :n
excess of 100 mrem in one nour. The en-
try control devices required by tiis para-
graph ¢’ 8 shail be establisned in such
a way that no ndividual wil be pre-
vented {rom leaving the area

'ii) Be equipped with additional con-

This paragraph (¢r &) does 1ot appiv 2
radicsctive sources :hRat are used n teie-
therasr. ia radicgraphr. or in completely
sell-shieided \rradiators i wiich the source
is Joth stored and operated within the same
shielding radiaiion Sarrier and. n the Qe-
signed configuration of tne irradiatar 18 au-
ways phrsically inascessidle 10 any adividual
and sannot create hign levels of radlation .n
a0 ares that i3 accessible 2 anv .ndiridual
This paragrapa ¢) 6 alsc does 10t APPIY 3
sources ‘rom which the radlation s inci-
dental 0 some other use nor 0 nuciear re-
actor generated radiation other rthan radia-
tion f{rom brproduct. source. or special
nuciesr materials that are used (n sealed
sources (n non-seif-shielded irradiators

< These requirements applt after Mar 14
1978 Each person [icensed 10 condudt activie
ties %0 which nis paragraph <18, applies
and who is nct 'n compiiance with the pro-
visions of this paragrazh on Mar 14 1978
shal Ale with the Director Ofice of Nuclear
Material Safety and Safeguards U.S Nuclear
Regulatory Commission. Wasaingwon. DC
20888, on of Yefore Jurne 14 1978 (nformation
describing in detail *he actions taken of 2
Se taken ‘0 achieve compiiance with s
paragraph 5v Dec. !4 (978 and mav continue
activities (n conformance with present license
conditions and ‘he provisions 3f the pre-
vious!y effective {70203 until such ompiie
ance .s achieved. Mer such persons ompli-
ance must Se achieved not later than Dec 14
978 ¥
tAmended 41 FR (15
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trol devices such that upon failure of
the entry control devices to {unction as
required by paragraph ¢ 81 of this
section the radiation level with the
area. rom the sealed source shall de
reduced below that at which it would be
possidie for an .ndividual 0 receive a
dose in excess of 100 mrem n on2 Qour
and visible and audibie alarm signals
shall be generated to make an individual
attempting to enter the area aware of
the hazard and the licensee or at least
one other individual. who is familiar
with the activity and prepared o render
or summon assistance. aware of such
fatiure of the entry control devices.
‘iii+ Be equipped with control devices
such that upon failure or removal of
physical radiation barrmers other than
the sources shielcded storage container
the radiation level from the source shall
te recduced below that at which it would
3e possible for an individual to receive
a dose in excess of 100 mrem in one
four: and wisible and audihle alarm sig-
nals shall be generated %o make poten-
tially affected individuals aware of the
hazard and the licensee or at least one
other :ndividual. who is familiar itk
e acuwnity anc prepared to render or
summon assistance. aware of e failure
or removal of the physical barner When
the shield f{or the stored source s a
liquid. means shail be provided 0 moni-
tor the integrity of the shield anc =0 sig-

nal. automaticaily loss of adequate
o3nieiding. Physical radiation darners
=tlat comprise permanent structural

,'c:msoner.u. such as wails. that have no
z credibie prodability of failure or remoral
&0 ordinary circumstances need not meet
Sthe requirements of thic garagraph

. ' ] ;un
Be equipped with devices that will
automaticaily generate visible anéd auc:-
ole alarm signais %0 alert Jersenne. i
(he area Gefore the source can 2e¢ put
nte operation and .n suflcient time for
any individual in the area to operate a
clearly identified controi device whie
shail be installegd in the area anc whueh
can prevent the source from being sut
into operation

v Be controlled sy use of such ac-
ministrative procedures® and suca de-
viCes as are necessary to assure iia:t the
area is cleared of personnel sricr 1o eachi
use of the source preceding wiuch use .t
might have been jossible for an ng:-
vidual 0 have entered the area

'vi+ Be checked by a phvsical radia-
tion measurement to assure that prior to
the first individual's entry into the area
after any use of the scurce the radia-
tion [evel from the source in the ares is
pelow that at wiich it would se possidie
for an individual to receive a dose in ex-
cess of 100 mrem in one hour

vii' Have entrv controi devices
quired :n paragraph ‘¢ 8§ of
section which [iave been tested
proper unciioning prior 0 initai
cperation with such source of radiaton
on any dav that operasions are not
interruptedly continued {rom tite pre
ous day or befs - resuming operations
after any unin d Interrupticn. and
{or wihich recorgs are Kept of the cates
dimes. and results of such testsz of i'inc.
T ———
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tion. No operations other than those
necessary to place the source in sale
cendition or to effect repawus on controls
shall be conducted with such source un-
less control devices are [unctioning
properiy. The licensee shail submit an
acceptable schedule for more complete
periodic tests of the entry control and
warning systems to de established and
adhered to as a condition of the license.

1vitl) Have those entry and exit portals
that are used in transporting matenals
t0 and from the irrrdiation area. and
that are not intended for use dy individ-
uals. controlled by such devices and ad-
ministrative procedures as are necessary
to physically protect and warn against
inadvertent entry by any Individual
through such portals. Exit portals for
processed materials snall be equipped 0
datect and signal the presence of loose
radiation sources that are carried toward
such an exit and to automatically pre-
vent such loose sources [rom Deing car-
ried out of the ares.

17y Licensees with. or applicants for.
licenses for radiation sources that are
within the purview of paragraph ¢ @’
of this section. and that mustbeusedina
variety of positions or in pecullar loca-
tions. such as open feids or {orests, that
make it impracticable to comply with
certain requirements of paragraph ¢
18 of this section. such as those for the
automatic controi of radiation levels,
may apply to the Director. Office of Nu-
clear Material Safety and Safeguards.
U.S. Nuclear Regulatory Commission.
Washingten. D.C. 20533. for approval.
prior to use of safety measures that are
alternacive to those specitied®in paragraph
¢’ 81 of this section. and that will pro-
vide at least an equivalent degree of per-
sonnel protection in the use of such
sources. At least one of the allternative
measures must inciude an entry-prevent-

ing interlock controi based on a physical o

measuremen: of radiation that assures
the absence of high radiation levels be-
fore an individual can gain access %0 an

|_area where such sources are used.
-

(d) Airborne radicactivily areas. (1)
As used in the regulations in this part,
“airborne radioactivity area” mesns (1)
any room. enclosure, or operating ares
in which airborne radioactive materials,
composed wholly or partly of licensed
material, exist in concentrations in ex-
cess of the amounts cpecified in Appen-
dix B, Table I. Column 1 of this part; or
(i{) any room, enclosure, or operating
area in which airoorne radioactive male-
rial composed wholly or partly of licensed
material exists in concentrations which,
averaged over the number of hours in
any week during which individuals are
in the area, exceed 25 percent of the
amounts specified in Appendix B, Tatle I
Column 1 of this part.

(2) Each airborne radicactivity area
shall be conspicuously posted with a sign
or signs bearing the radiation caution
symool and the words:

CAUTION!®
AIRSCRNE RADIOACTIVITY AREA
¥ Saneer
*Amended

August 1, 1980

‘@) Additional requirements.

uranium or thorium’ in ag amceunt ex-

caytion symbol and the words:

CAUTION:
RADICACTIVE MATERIALS)

t2) Each area or room in which nat-
ural uranium or thorium is used or
stored in an amount exceeding one-
hundred times the quantity specified in
Appendix C of this part shall be con-
spicucusly posted with a sign or signs
bearing the radiation caution symbol

and the words:

—
CACTTION®
RADIOACTIVE MATERIAL(S)

(f) Contginers. (1) Except as pro-
vided in subparagraph (3) of this para-
graph. each container of licensed mate-
rial shall bear a durable, clearly visible
label identifying the radiocactiv: con-
tents.

(2) A label required pursuant %o sub-
paragraph (1) of this paragraph shall
bear the radiation caution symbol and
she words “CAUTION, RADIOACTIVE
MATERIAL" or “DANGER, RADIOAC-
TIVE MATERIAL". It shall also provide
suficient information' o permit in-
dividuals handling or using the con-
tainers, or working (n the vicinity there-
of. to take precautions to avoid or mini-
mize exposures.

(3) Notwitistanding the provisions of
subparagraph (1) of this paragraph,
labellng is not required:

1) For containers that do not con-
tain licensed materials in quantities

= grester than the applicable quantities
8 listed in Appendix C of this part.

z (4) For containers contalning only
“ natural uranium or thorium in quantities
™ no greater than 10 times the applicable
quantities listed in Appendix C of this

(1if) For containers that do not con-
taln 'lcensed materials In concentrations
greater than the applicable concentra-
tions listed in Column 2, Tabie I, Ap-
pendix B of this part.

(iv) For coriainers when they are at-
tended by an individual who takes the
precautions necessary to prevent the
exposure of any individugl to radiation or
radioactive materials in excess of the
limits established by the regulations in
this part.

(v) Por containers when they are In
sranspert and packaged and labeled in
accordance with regulations of the -«
Department ¢{ Transportation .

(vi) For containers which are acces-
sible’ only %o i{ndividuals suthorized %o
handle or use them, or to work in the
vicinity thereof. provided that the con-
tents are identified to such individuals
5y & readily avallable written record.

(1) Each
irea or room in which licensed materia] | *QUiPment, such as nuclear reactors, re-

is used or stored and vhich contains any
radioactive mater:al (other than natural

(vil) For manufacturing or process
actor components, piping, and tanks.

i~ (4) Each licensee shall, prior to dis-
ceeding 10 tumes the guantity of such m POsal of an empty uncontaminated
material specified 1n Apperdix C of this & coniainer
pars shall be conspicuously posted with ° remove or deface the radiocactive mate-
3 sign or signs oearing the radiation =

= that the container no longer contains

tutlo‘cuve materials.

to unrestricted areas,

rial label or otherwise cleariy indicate

e e e,

* AS appropriate. the information will ioe
clude radiation levels. kinds of material, es.
timate 5f acuvity, date for which activity s
sstimated mass enrichument, etic.

! Por example, contalners a locations such
as water-fliled canals storage vawlts or hot
cells.

*  Amended J3 PR (9546




§ 20204 Same: exceptiona.

Notwithstanding the provisions of
$20.203,
(a) A room Or area ls not required to
« be posted with a caution sign because of
% ¢he presence of & sealed source provided
£ the radiation level twelve inches from
the surface of the source container or
bousing does not exceed five millirem
per hour
-
™ (b) Rooms or other areas in hospitals
are not required to be posted with cau-
ton signs, and control of entrance or
access thereto pursuant to § 20.203(¢) is
not required, because of the presence of

1
-
e ]

3

=
-
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39 FR 11972

patients containing byproduct material
provided that there are personnei in at-
endance who will take the precautions
necessary to prevent the exposure of any
individual t0 radiation or radiocactive
material in excess of the limits estab-

(¢) Cautior signs are not required
be posted ai areas or rooms containing
radicactive materials for periods of lest
than eight hours provided that (1) the
materials are constantly attended during
such periods by an individual who shall
take the precautions necessary Lo pre-
vent the exposure of any individual %o
radiation or radioactive materials in ex-
cess of the limits established In the regu-
Istions in this part and: (2) such area ot
room s subject to the licensee's control

(d) A room or other area is Dot re-
quired o be posted with a caution sign.
and control is not required for each en-
trance or access point o a room or other
area which is a high radiation ares solely
because of the presence of rudiocactive
materials prepared for transport and

packaged ar . labeled in accordance with
regulations of the Department of
Transportation.

7§ 20.205 Procedures for picking ap, re-

eeiving, and opening packages.

(a) (1) Each licensee who expects %0
receive a package containing quantities
of radloactive material in excess of the
Type A quantities specified (n paragiapb
(b) of this section shall:

(1; If the package s to be delivered
to the licensee’'s facility by the carrier,
make arrangements to receiy e pack-
age when it is ofered for del by the
carrier: or

() If the package is %o be plczed up
by the licensee ai the carrier’s terminal
make arrangements to receive notifica-
tion from the carrier of the arrival of the
package, &t the tme of arrival

(2) Each licensee who pDicks up »
package of radicective material {rom ag
carriers termimal shall pick up the pack- b
age expeditiously upon receipt of notifi- =
cation from the carrier of its arrival. <

(b) (1) Each licensee, upon receipt of *
a package of radicactive material, shall §

monitor the external surfaces of the ™

package for radicactive contamination
caused by leakage of the radicactive con-
tents, except:

(1) Packages containing no mere than
the exempt quantity specified in the
table in this paragraph:

(i) Packages containing no more
than 10 millicuries of radioactive mate-
rial consisting solely of tritium, carbon-
14, sulfur-35, or lodine-123; 8

(1) Packages containing only radio- .
sctive material as gases or in re
form; B

:

<
-

—

= A1 -

days and s total quantity of no more
than 100 millicuries.

The maonitoring shall be performec as

age i3 received at the licensee’s fac/'!

if received during the licensee’s noi ual
working bours, or eighteen hours U re-
ceived after normal working hours.

(2) I removable radioactive contami~
nation n excess of 0.01 microcuries
(33,000 per minuts) per
100 square centimeters of package sur-
{ace 3 found on the external surfaces of
the package, the licensee shall immedi-
ately notify the fnal dellvering carrier
and, by teiephone and teiegraph, maigram. or
facsimile.t the appropriate Nuciear Regulatory
Commission [nspection and Eanforcement Re-

gionai Office shown in Appendix D.
Tastz or Exzaorr axo TYFS A QUasTITIES

Ezempt Type &
Trosport group ! quancly Lmut quasuty Lmut
Jua mullcnnes) B curies)

A ao
i k-l

3

(e) (1) Each licensee, upon receipt of &
containing quantities of radlo-
active material in excess of the Type A
quantities specified In paragraph (b) of
this secticn, other than those transported
by exclusive use vehicle, shall monitor
the radlation levels external o the Pack-
age. The package shall be monitored as
soon as practicadle adter receipt, but no
later than three hours after the package
s received at the lcensee’s facility U
received during the licensee’s normal
working bours, or 18 hours if recelved
alter normal working hours.

(2) If raiiation !evels are found on the
external surface of the package in excess
of 200 millirem per hour, or at three feet
from the external surface of the package

L.in excess of 10 millirem per hour,

the lcensee
shall immediately notify by telephone
and telegraph, mallgram, or facsimile,
the direstor of the appropriate NRC Re-
gional Office listed in Appendix D, and
the 2nal delivering carrier,

(d) Each lcensee shall establish and
maintain procedures for safely opening
packages o which licemsed material is
received, and shall assure that such pro-
cedures are followed and that due con-
sideration s given 0 special nstructions
for the type of package being opened

é-s 20.206 Instruction of personnel.

Instructions required for individuals
working in or {requenting any portion of
a restricted ares are specified in §19.12
of this chapter.

(iy) Packages containing ocaly radio- .

active material in other than liquid form
(including Mo-99/Tc-90m generators)
and not exceeding the Type A quantity
lUmit specified in the table In this para~
graph; and

(v) Packages containing only radio-
puclides with half-lives of less than .30

————————— ’ -
! The defnutioas of "“‘ransport group” and “ypecal
form ' w specifiad 8 § 714 of Lus chaoar.

+Amended 41 FR 16445,

August 1, 1980
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§ 20207 Storage and control of liceased
materals 1 u Arcas.

(a) Licensed materials stored !n an
unrestricted area shall be secured from
unsuthorized removal from the place of
storage.

(9) Licensed materials n an unre-
stricted ares and not Lo storage shall be
tended under the constant surveilance
sad ‘mmediate control of the licensee.

2

-
-

Wastr DrsposaL
§ 20.301 CGeneral requirement.

« No lcensee shall dispose of lcensed
§ material except:

S (a) By transfer to an authorized re-
z ~iplent as provided (n the regulations in
« Part 30, 40, or 70 of this chapter, which-
£ ever may de applicable; or

L (b) As authorized pursuant %

i

20.302; or

{c) As provided 1n § 20.303. applicable
= tu the disposal of licensed matenal by
release into sanitary sewerage svsiems.
or in § 20.106 (Radioactivity in effluents
* o unrestricted areas).

§ 20302 Method for obtaining approval
of proposed disposal procedures.
®(3) Any licensee or applicant for a
license may appiy to the Commission for
approval of proposed procedures to dis-
pose of licensed material In a manner not
otherwise authorzed n the regulations
in this chapter. Each applcation should
include a description of the licensed ma-
terial and any other radioactive material
invoived, including the Qquantities and
kinds of such material and the levels of
radioactivity Involved, and the proposed
manner and conditions of disposal The
application chould also include an anal-
ysis and evaiuation of pertinent informa-
ton as to the nature of the environment,
including topographical geological, me-
weorological. and hydrological character-
lstics; usage of ground and surface
waters In the general srea; the nature
and location of other potentially affected
facilities; and procedures Lo be observed
0 minimize the risk of unexpected or
hazardous exposures.

:- * (b) The Commission will not approve
€ any application for a license 0 receive
- licensed material {rom other persons for
« disposal on land not owned by the
£ Peceral government or by a State
Lconmnum.

™ (¢) The Commission will not approve
! any application for a license for disposal
Q of licensed material at sea unless the
‘ applicant shows that ses disposal offers
« less harm to man or the environment
2 than other practical alternative methods

ot disposal.

.'—3 20.303 Disposal by relesse into sani-
5 ary sewersge gystems.

=  No lcensee shall discharge lcensed
< material Into a sanitary sewerage system
“ unless:

£  (a) It is readily soluble or dispersibie
1

. i et
*Redesignated 1o FR 23118,

jel

SFEFRJ
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in water: and

(b) The quantity of any licensed or
other radicactive material released (nto
the system by the licensee In any one

day does not exceed the larger of sub-
paragrapghs (1) or (2) of this paragradh:

(1) The quantity which, If diluted by
the average daly quantity of sewsge re-
leased into the sewer by the licensee.
will result [n an average concentration
equsl to thie Umits specified In Appendix
B, Table I. Column 2 of this part; or

(3) Ten times the quantity of such
material specified {n Appendix C of this
part; and

(¢) The quantity of any licensed or
other radioactive material released n
any one month, {f diluted by the average
monthly quantity of water released by
the Ucensee, will not result in an average
concentration exceeding the lUmits spec-
fled In Appendix B, Table I, Column 2
of this part; and

(d) The gross quantity of licensed and
other radiocactive material released into
x the sewerage systom Dy the licensee does
: not exceed one curie per year.

T Excreta from  individuals undergoing

medical dlagnosis or therapy with radlo-
active material shall be exempt from

any Iimitations contained (n this

section.

§ 20,305 Treatment or d sposal by inein-
eration.

No licensee shall treat or dispose of
licensed material by incineration except
as specifica v approved by the Commis-
sion pursw: 1t to §§ 20 106(d) and 20.302.

AFCORDE, REPORTS, AND NOTIFICATION

§ 20.401 Records of surveys, radiation
monitoring, and disposal.

‘a) Each licensee shall maintain rec-
ords showing the radiation exposures of
all individuals for whom personne! mon-
itoring s required under { 20 202 of the
regulations in this part. Such records shall
be kept on Form NRC-§, in accord-
ance with the instructions contained in
that form or on clear and legible rec-
ords containing all the information re-
quired by Form NRC-5. The doses entered
on the forms or records shail be for
periods of tume not exceeding one calen-
dar quarter :

=

(b) Each licensee shall maintain
records in the same units used in this
part. showing the results of surveys
required by § 20 301(b), monitonng
required by $§ 20.205(b) and 20.205(c}.
and disposals made under §§ 20.302.
20 303 and deleted § 20.304."

FR 7178

o
-

™ ¢) (1) Records of individual exposure
to radiation and to radicactive material
which must be matntained pursuant o
the provisions of paragraph 'a) of this
section and reenrds nf hinassavs. includ-

Section 20 XM provided Tor bunat of ymal
quantities of licensed matermis o sorl Notice of ity
drietion appears in the Federsl Register of Oviober
X 1980 145 FR et

2040

ing results of whole body counting ex-
aminations, made pursuant to § 20.108,
shall be preserved until the Commission
authorizes disposition.

(2) Records of the resuits of surveys
and monitoring which must be main-
tained pursuant to paragrapn «b) of this
section shall be preserved {or two years
after completion of the survey except
that the f{oilowing records shail be main-
tained until the Commissicn authorizes
- their disposition: (1) records of the re-
< sults of surveys to determune compli-

ance with §20.103¢(a); ‘4) in the ab-

sence of personnel monitoring data. rec-
ords of the results of surveys to deter-

mine external radiation dose: and (i)

records of the results of surveys used w0

evaluate the release of radiocactive =3u-
ants to the environment.

33> (3) Records of disposal of licensed
material made pursuant to §§ 20.302
20.303, and deleted § 20.304" are to be
maintained until the Commuission
autherizes their disposition

(4) Records which must be maintained
pursuant to this part may be the orig-
inal or a reproduced copy or microform
if such reproduced copy or microform is
duly authenticated by authorized person-
nel and the microform is capable of pro-
ducing a clear and legible copy aifter
storage for the period specified by Com-
mission regulations.

(3) If there is a conflict between tie
Commission’s regulations in this part,
license condition, or technical specifi-
cation, or other written Comumission ap-
sroval or authorization pertaining to the
retention period for the same type of
record, the retention period specified in
the regulations in this part for suck
records shall apply unless the Commuis-
sion pursuant to §20.301, has granted a
specific exemption {rom the record re-
tention requirements specified in ‘he
__.-ezulauons ‘n this part.

-
3

:

z
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4) FH 18300

20.402 Reports of theft or loss of
licensed matenal.

{a) Each licensee shall report by tele-
phonet to the Director of the appropriate
Nuclear Regulatory Commission of the
gappropmte Nuclear Regulatory Commis-
z sion Inspection and Enforcement Re-
“ gional Office listed in Appendix D, im-
mediately after its occurrence becomes
known to the licensee, any loss or theflt
of licensed matenal in such quantities and
under such circumstances that it appears
to the licensee that a substantial hazard
may result to persons n unrestricted

areas.
—

r- (p) Fach licensee who is required to
T make a report pursuant to paragraph (a)
2 of this section shall, within thirty (30)
€ days after he learns of the loss or theft,
e make 2 report 1n wrniting to the appropr-
{ ate NRC Regional Office listed in Appen-

tAmended 42 I'R 43965,
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—
dix D with copies to the Director of
Iaspection and Enforcement, U.S.
Nuclear Regulatory Commission, Wash-
ington, D.C. 20555, setting forth the
|_following information:

K (1) A description otmuau.duu--!
terial invoived, including kind, quantity, =
chemical, and physical form;

under which the loss or theft occurred;

(3) A statement of disposition or
probable disposition of the licensed ma-
terial invoived;

(4) Radiation exposures to individ-
uals, circumstances under which the ex-
posures occurred, and the extent of pos-
sible hazard to persons in unrestricted
areas;
= (5) Actions which have been taken, or
;vﬂlbomn.tomrmomm;md!

(6) Procedures or measures which &
hnﬂbomot'ﬂlbcmpudtomu"

material,

(¢) Subsequent to filing the written
report the licensee shall also report any
substantive additional information on the
loss or theft which becomes available to
the licensee, within 30 days after he
learns of such information.

e stated in 2 separate part of the report. '

3 20.403 Notifications of incidents.
(a) Immediate norfication. Each U-+
censee shall immediateiy notify by tele- 3
!pbou and telegraph, mailgram, or fac-J
= simile, the Director of the appropriate

"

o ML p \ #F - L3 A~

more of the operaticn of any facilities
affected; or

(4) Damage to property in excess of
* $200,000.

(b) Twenty-fowr hour norification.
,Each licensee shall within 24 hours notify
by telephone and telegraph, mailgram, or
facsimile, the Director of the appropriate

, € NRC Regional Office listed in Appendix
(2) A description of the circumstances 2 D of any incident invoiving licensed

material possessed by him and which may
have caused or threatens to cause:

e (1) Exposure of the whole body of

any individual to § rems or more of
radiation; exposure of the skin of the
whole body of any individual to 30 rems
or more of radiation; or exposure of the
feet, ankles, hands, or forearms to 7§
rems or more of radiation; or

(2) The release of radicactive material
in concentrations which, if averaged over
a period of 14 hours, would exceed 500

maolmlo.onhcftoﬂiccmdgm‘l the limits specified for such ma

terials in Appendix B, Table [I; or
(3) A loss of one day or more of the
operation of any facilities affected; or
(4) Damage to property in excess of
2,000.3

(¢) Any report filed with the Commis-

(d) Aay report filed with the Commis- S gon g '
S6h SRR 06 B wistien Shall 00 00 Bl e 8 TS futien shall be

prepared that names of individuals who $ wng have received ex iat
: ; posure to radiation
may have received exposure to radiation ® u4ll be stated in a separate part of the

prepared so that names of individuals

o

F (d) For nuclear power reactors l-

censed under § 50.21 or § 50.22, the
incidents included in paragraph (a) and
paragraph (b) in this section shall in
addition be reported pursuant to

£ NRC Regional Office listed in Appendix L5

=D of any incident involving byproduct,
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
or more of radiation; or exposure of the
feet, ».«les, hands or forearms of any

£ in’.ndual to 375 rems or more of radia-

» denjor

] (2) The release of radioactive material
in concentrations which, if averaged over
a period of 24 hours, would exceed 5,000
times the limits specified for such
materials in Appendix B, Table II; or

(3) A loss of one working week or

$Amended 42 FR 43965,

*Carrection

2041

October 17, 1980 (reset)
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=
-
-
-

35 FR 16067

diation or coacentrations of radicactive
material whether or not invoiving ex-
in

this part or {n the license. Each report
required under this paragraph shail describe

_the extent of exposure of individuals**®

to radiation or to radioactive material.
including estimates of each individual's
exposure as required by paragraph (b
of this section: levels of radiation and
concentrations of radioactive material
involved: the cause of the exvosure.

‘b Any report flled with the Commis~
sion pursuant to this section shall in-
clude for each individual exposed the
social security number, and date
; and an estimate of the incl-
's exposure. The report shall be
prepared so that this information is

gk

E

mesmuunotmcnpon

43 FRea00 )

$20.104 |Deieted 38 FR 22220.|
£20.:03 Repoets of overesposures and
eerssive levels and concentrations.
ra) In addition to any notification re-
quired by § 20.403, each licensee shall
make a report in writing within 30 days
to the appropriate NRC Regional Office
listed (n Appendix D with a copy to the
Director of Inspection and Enforcement.

U.S. Nuclear Regulatory Commission,
Washington. D.C. 20885. of:

(1) each exposure of an
individual to radiation in excess of the
appiicable Iimits in 1% 20.101 or 20.104
‘a) or the license: (2) each exposure
of an individual to radioactive material
in excess of the applicabie limits in
$$20103(a) (1), 20.1037a)(2). 20.104(D)
or the license: 3) levels of radiation or
concentrations of radicactive material
in a restricted area in excess of any
other aoplicable limit in the license: (¢
any incident for which notification is re-
auired by ! 20403: and ($) levels of ra-

42 FR 2013.-——-'

41 FR 52300

August 1, 1980

|Deleted 38 FR 22220.
| Deleted 38 FR 22220.|

()
§20.406

F‘; 20487 Pervonnel muaituring reports.

Each person described n §20 408 of
this part shall, within the [irst quarter
of each calendar year, sutmit to the
Director of Management and Progmam
Analysis, U.S Nuclear Regulatory
Commission. ‘Washington, D C. 20555
the repor:s specified in parsgraphs (a)
and (B) of this section covering the
preceding calendar year' All other
persons specificaily licensed by the
Commisston shall, within the firut
quarter of calendar years (979 ond
1980. submit to the Director of Man-
agement and Program Analysis, US
Nuclear Requlatory Commussion
Washingtoa., D C. 24335, the reports
specified in paray=aphs 1a) and (b} o1
this sectinn Mvering Liie preceding cal-
endar yeare 1373 and 1375

(a) A report of either (1) tng toral
nwuaber of individuals for whom Jer-
sonnel monitoring was required urder
§320.202(a) or 34.33:a) of this chaptrer
during the calendar year: or '2) lhe
total number of indiv:iduals for show
personnel mornitoring was provided
durng the calendar year Provided.
hewerer. That such total Includes ~t

least the number of Avigudls re- |

quired (o Be reporied L.de. FANgrapn
(axl: ¢f this sec’'~n. The ropo~t shall
indicale wither it i submilred i ac
corgance with paraz-sgh aul: or

‘A licenses whose 'wense axpires or tormi
nates prior 0. or on ihe last day of the cal
endar year shal sudmut reporTs at tne epi-
ration or (sraunation of the license cover-
g that part of the year auring which Lhe
licrnse was in effect.

"The Commission wil! evaluate the 4aia
obtained for 1978 and 1979 pursuant o this
paragrach. and the denefils devived thete
{rom and may take action, inciuding puol-
cation of notice of propGsed rulemaking. Lo
extend or ctnerwise modily thas reporting

43 FRa0 )

requirement
$Amended 42 FR 43955,

2042

din li Of s Esgtiogn 1Y prronmed
RO MOL Talf w3y UL Ut ol T3 Y P
Vil 5 2% G 10 e e ke
Wl & 38 o adi@r OF T4 AMA B Las
et 1 7 G Y 200307 yeur, il

Pelive = gol TNl R & et

Adcating (uat el Do sonnel grong
Lofiny ¥3s Lasl Cer,

s,

th) A $IUsthal fummer: opott of
the gerave Sel mondorie g infornation
SrCCT W B the ovfher T Tlalivid-

ua's e, Wit O
Wis vl Pequiteg or e icded, 38 de-
scmbed 1 paragraph a0 3f ‘hus sec
Len, tnulcaung the + v e of udivid-
uiis whose taial % 10ie hodv sxprsurs
recorded dusing (R eeeous caicndar
year was in each n( the ‘ollowing #<u
matcd #XDosre rangen

o T- POV T Y S

F oo aieg s o g
VoWt TATIgE S hias

[ LRYRY

Nomwee el
o L L

No monsraAde sxDur ~
Mrasurauie souwre | % toan il
L s
028 wvi
03100 ™.
278 10 1
Lol
t Z 5 . :
1T R s e
‘40 .
Sod ..
$:027
100
LACE =
90 ...
0wl
ilet2 . e,
12
IRATIAU AL O L SRS g 4] T TR vt
AFRLING PRGONUS® FAES. SRR T TeSUeT 0 e
PivRer ML ge

The low exposure range dati ace o«
quired in order (0 20wain betler (nior
mation about the exposures actually
recordad. This sectinn does i, fogire
IMDOved measureare:ly

§ 20108 Reports of persannel momtoriag
va ermunslon ol empinyment  or
work.

a) Tiiz section apples 10 sach
pumon lic2nsed oy thie Commission Lo

1) Qrerate 3 nuclear reactor Je-
signed (o preduce aslectrical or tieat
energy pursuant 1o § 302179 ar $50 22
of th.e chapter or 3 testing faciiiry as
defised in § 50.2tr of this criapter,

(2) Pos:ens or use dvprodict maten-
al (0r purposds of radicgraohy pursu-
aut tu Par's 10 anc 3¢ of thtls ~hapeer.

+J; Process or 1s¢ at any cae ume,
for purposes of fuel processiiig, fahri-
calien, or ruprotess . ng, seecial nuclear

material in 8 qantity exceeuing 5.000

grams of contained uranium-23§, ura.

nium-233. or plutonium or any ccembi-
nation thereof pursuant to Part 70 cf
this chapter: or

‘4) Possess or use at any one iime,
for processing or manufacturing fcr
distributicn pursuant to part 30, 32. or
33 of this chapter. byproduct material
in quantities exceeding anv one af the
foliowing quantities:

**amended 43 FR 29270
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§ 20.502 Additional requirements.

i i i
i cunes X The Commission may. by rule, regula-
Cont o = ton. or order. impose upon any licensee
B - — A 7 such requirements. in addition to those
Gold-198 . 100 « established in the regulations in this
iodine-131 1 £ part, as it deems appropriate or necessary
| 2:“-'",1 BT to protect health or to minumize danger
. Prometnium. 147 10 !o lite or property.
Technetium- 1.000 -
i § 20.601 Violatiens.

(b) When an individual terminates
employment with a lcensee described
{n paragraph (a) of this section, or an
{ndividual assigned to work in such a
licensee's facility but not employed dy
the licensee, completes the work as-
signment (n the licensee's facility, the
licensee shall furmish to the Director
of Management and Program Analysis,
U.S. Nuclear Regulatory Commission,
. Washinston, D.C. 20853. 3 report of
! the individual’'s exposures o radiation
| and radioactive material, incurred

during the period of employment or
| work assignment in the lcensee's f{a-

cility, containing information recorded
| by the lcensee pursuant to
; $§ 20.401(a) and 20.108. Such report
| shall be furnished within 30 days after
| the exposure of the individual has
| been determined by the licensee or 90
, days after the date of termination of
| employment or work assignment,
:-vmchmr is earlier.

-~ 43 FRAAI2) - ~ ~—~ e~

T§20.409 Notifications and reports to
individuals.

| (a) Requirements for notifications
' and reports to individuals of exposure to
radiation or radicactive naterial are

|
;
:
:
:

—
:
il
88 g

#
X
8

EXCEPTIONS AND ADDITIONAL
RIQUIREMENTS

:
|
;
|

The Commission may, upon application
by any licensee or upon its own Lnitiative,
grant such exemptions from the require-
ments of the regulations in this part as
it determines are authorized by law and
will not result in undue hazard to life or
property.

a2 FRY10%)

O FROIN e - -

l

|

An injunction or other court order
may De obtained prohibiting any vioia-
tion of any provision of the Atomic
Energy Act of 1954, as amended, or Title
II of the Energy Reorganization Act of
1974, or any regulation or order issued
thereunder. A court order may be ob-
tained for the payment of a civi penalty
imposed pursuant o section 224 of the
Act for viclation of section 53, 57. 82, 63,
81, 82, 101, 103, 104, 107, or 109 of the
Act, or section 206 of the Energy Reorga-
nization Act of 1974, or any rule, regula-
tion. or order issued thereunder, or any
term, condition, or limitation of any
license issued thersunder, or for any
violation for which a license may de re-
voked under section 138 of the Act. Any
person who willfully viclates any pro-
vision of the Act or any regulation or
order issued thersunder may be guilty of
a crime and. upon conviction, may be
punished by fAne or imprisonment or
both. as provided by law.

—

Nore.—~The reporting and record g<eeping
requirements contained o 58 part tave
deen &, proved by the Ceneral Accounting
Office under B-180223 ROC43). (ROO44). and

i

APPENDIX A [Reserved|

August 1, 1980
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PART 20 e STANDARDS FOR PROTECTION AGAINST RADIATION

NOTE TO APPENDIX B

Nots: lo a0y case where (Dere 3 & Jiture . alr or
water o more than one radionucilde. the lmiling values
for purposes of I8 Appendiz sdowd e datermined &
‘ollows:

L. If the wentity sad concentration f sach rdionu-
ciide 0 'De MULTUrY AT KNOWN, e UmIag YAiUes
shouid be derived 3 oliows: Determine. ‘or sach -
Yonuclide |0 the mixture. Lhe "sLio Det ween the quantit
prasent & the mmirture and (he lmit herwie sstab
Usted & Appendiz B ‘or ibe specific radionueide when =
not o & migture. The sum of such ~stios lor all toe o
radioouciides & the WIILUre MAY 0L 2y0eeq
ey
Exawris: If radionuciides 4, B. sad C
& concenirations C 4, Ce, aad Cc. and J the sppiicadie
, are MPC,, and MPCa, sad MPCc respec
then the conceatrstions shall de limited so 'hat
the foilowing reiationsnip euists

Ca Cs
MPC, MPCo

.~
are Dfesent 2

M Pf.'c"

r———)b FH 0914

If either the gentuy w 'he curtenrst e Al \ny

ra lion G0 L. (08 lwadille B GUs dlewn, e lunitine
T P DUrpeee \ppendl 1 -osd de:
s Por purposes of Table [, Col 1—8x 10°%
». Por purpotes of Table [ Col. 3—4 < 10
e. Por purposes of Table I, Col. l=-2 x 10"
d. Por purposes of Tabie I, Col. 2=J3 X 10+

r KR IW]

3. If any of the conditions specified below
Afe met, the corresponding values specified
below may be used in Ueu of b specifed
o paragraph 2 above.

A If the !dentity of each radionuclide in
the mixture s thown dut tie concentration
of one or mare of the radionucldes !n the
mizxture s oot kmown, the ‘oncnn:nnon
Umit for the mixture L the Umit specil
in Appendix “B" for the radionuciide in the
T mixture having the iowest comcantration
tmis: or

. If tre !dentity of each radionuclide In
the mixture is not known, dut it s known
that certaln radionuclides specified in Ap-
pendix “B"™ are 2ot present 1o the mixture,
the concentration Umit for the mixture s
the lowest concentration lumit specified In
Appendix “B” for any radionucilde which s
Dot known %o De absent from the mixture;
ar

Tabie O

Columa 1
| Adr (uCliml)|

. ¢
L

U1t is known that 3r %0, 1138, ..'xLA._! i 1
wabie Ui saly), P% 210, Po i
Ac .t:.:n Pa 231,

254, ad Fou 26 are M)&,f‘\‘

L1135, (129 L L
?5.“.0 Ra 3,
{34 and Fm 238 are nod

L vabie il |
o4 e

prese <
Uit & gnown that Sr 90,
Po 210 Ra 29, RA..& :n.u.mu'

present. ) B
If1t s known that (1 129 Ra 28, s0d Ra
v

Sm:«,r—m -

Ut @ known that ADDa-emitters sod Se 9, [
227, Ra 228, P3 20, Py M\, sad Dk 240 are not

BPI o conopsesesagasves

20 Ae X

it 3 known Laad uoh.umu-! sad PO U0, As 227,
Ra

L

3
)

, tabie U saly),

.".’lmd Pu 241 are not present.
lmvu LAt ApOsemuileny swod Ae 227 are ook |

x.l‘novn that Ac 227 . Pa 31, Pu 28, Pn
20, Pu 2e0 Pu i@ Pulw, Cm 24 CIlwWaend CISL

u
u
u

IOO FR 50704

26 FH 11046 39 FR 239¢
——-"_9
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-3,

4. If & mixture of radionuciides consists of
arasium and (8 daughters o ore dust priov
to chemical separation of the ursnium from
e ore, the values specified Delow may De
used for uranium and |ts daughters through
redium-236, \nstesd of those TOm PArsgTapOs
1,3, or 3 above.

Por purposes of Tadla I, Col, 1—=1x10-%
mi gross alphs activity: or §x10-2 QU
uranium: or 73 micrograms per
ic meter of alr matural uranjum.

b purpcses of Tabie II, Col. 1==3 X 10~
sClUml gross alpha sotivity; or 2109 <1/
mi natural uranjum: orf § micrograms pee
cubic meter of alr Datural urasium.

§. Por purposes of this €ote, s rsdio-
nuciide may De congidersd as not present o
s mixture If (s) the ratio of the concentra-
oo of that radicnuciide in the mizture
(Ca) % the concantration Umit for that
radionuciide specified in Table I of Ap-
pendix B (MPC.) does Dot exceed o

C
(Le. Yé’ﬁ:—‘i and (D)
ratios for all the reflonuclides considered as
nolw-nt‘.n.‘umrmdo.muc:ed
-

{

the sum of such

Ca Cr &
L “WPCL T MPCh
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Amerncium-241
Anumony-i22
Anumony-i24
Antimony-i28
Arsenic-73
Arsenic-T4
Arsenic-78
Arsenic-77 ..
Bantum-i31

crssrm s e e, -

T sms am ..

Tarnand bl

Barium-i40

Bilsmuth-210

Bronune-42

Cadmium-109

Cagmium-1i15mn

Caamivm-119

Culcium-48

Calciume-47

Cardon-i4 ...

Certum- 141

Cerium-143

Certum-144 ...

Cesium-131

Cesium- 134

Cesium-134

Cesium-!28

Costum=-120 ..c.ccccccccnccccoccaca
Coum- 13T . cvvococccccsassconcen
Chiorinegs38 ....ccccceee PUC——
CRIOPINGsIS . ..cconccvcscacse Saese &
ChromiIUMmell ... ccccocencaccse
Conait-58m ... cccccccccnccccccna
ColgiteIB .ccvcancsnascocsnonccse
Cobalt-80 .

(a2 A ———
Despros, win- 163

Dysprosium- 168

Ertium- 189

EriumelT]l ..ccevccccns &
Curoprim«152 92 B.cccecanvcnnae
E'ropiume«i133 13 yr
Europiuame | 34

Europiun«153

Fluorine-i8

Qadoliniun«133

Cagoliniume«159

Galliim-72

Sermanitim

GCuig-i78 ..

Solu-109 ..

Haluiume-181

Holminum- 166 ..

Hvdrogen-3

Indium«i1Im .

ndiume-il4am

lndiume-|

Inaiume-113

lodtine-12%

lLamne-128

ivadine-' 29

lcdine-1J1

lodine-1J32

lodine~133

lodine-134

odine-138

[rndiwm«1 92

Indiume- 94

f*un<88

lrot-% .

Kriplon-8$

Krypton-87

Lanthanume«140

Lutetivme«177

Manganese-52

Manganese-54

Manvanese-34

Mercury-(9Tm

Mercury-«|

Nercury -203

\olyddaeniim-39

Neoavimiume- 147

Neodvminume«149

Niekel-%9

ickel -G

NweKel-ad

Niabtum-9m

Ninannim-vS
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Jrmium-1AS
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Osmium-191
Qsmium- 193
Palisdium-103
Palladium«109 .occvccnccccocncnns
Phoaphorus=J3 ..ccceccccccncsancns
Platinum-i91

Platinum-193m ...

Platinum-193

PIacinuUM= 19T cecccccencnccccens
Platinum-i97
Plutonium-239
PoloRiuM«210 .cccccaccccmnoncnne
POLasSIUM 43 .ccccicvcsnconccaces
PraseodymuUum= 142 cocccccccnccnes
Praseodymiume- 143
Prometiiume«i4T caccocncccccnsnsns

Rhenium«188 .. .cnveeccncn p—
Rhenium=188 ..cvcvcncnncncasn .
Rhodium-103m

RAOAIUM=108 cccncccncaces
RubDIdium«88 . ceeecvnnncnes
RUDIAUUM AT .ccvccccecccccncocces
§ ATTE, VT TITT. T R —————
Ruthenium=103 cceevrcvacccccacea
RutheniUm=108 caccccancccccccnas
Ruthenium-108 ..

Samariume131 cececcccccccancnncs
LSV TV SRTT. TS S R ————
£ o T TTTT. T e ——
72 V.V TRV, B e ——
E P VT TRTT, TR i ———
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Silver-110m

Sliversll]l ceccecccccccoccccaccans
.7 TRVT. T £ N ——
SLIOALIUM+ES . coccrneccccsccccnne
Suontium=89 ....cccccvacccna cose
STOAtiUMP0 .caceeccoccncsnccoccs
StroNUUM=P] cecenccncccns cosesess
Strootium-92 ....e

Sulphur-33

Tantalum-182

Tecnuetium-98

Technetium-37m

Technetium-97 . .....
Techneuum-99m

Tecnnetium-39

Tellunium-125:n

Teilurtum-i2Tm

R JTRRTCRTT, (T § o A — ccccces
Teliunum-129m

Tellunium-i29

Tellunnum-131m

Tellurium-~132

Teroium-160

Thailium-200

Thallium-201

Thaillum-2302

Thallium-204

RAThorium (DUIA) e cncccacnnas
"0

Thultume-1i
ThulumeiT1

Tineil

Tungsten-187

SRTranium (OMUTAL) Yecncccnnnccnce
Urantum=-213 .. .....

Lraniura-234- Uranium-238 .
Vanudinun-48

Xrog~u-iJlm
Xennn-132
Nenon-i38
Yiierhiumei7T

NNMNNNNCY

Microcures

100
100
100
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o

g8888
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¥

| Any alpba emittiing mdionuciide
el not listed above or mixtures of
N aipha emitters of unknown coms-
3 pasition

& Any radionuciide other '2ad

“  smitting radionuclides, not

£ abcve or mixtures of deta

L— ters of unknown composition. ..

r§ Nots.~For purposes of § 20.303. where
there is invoived a combinstion of 1sctopes in
known amouats. the limit for the combination
should be derved as lollows. Determine, for
each isotope in the combination, the ratio
between the quantily present in the
combination and the limit otherwise
established for the specific isolope when not
in combination. The sum of such ratios ail
the isotopes in the combination may no!
exceed “1” {ie., "unity”).

45 FR 71701)

' Based on alpha disintegratica rate of
Th-332, Th-330 and thewr daughter products
1 Based om alpha disintegration rate of
T-238. U-334, sna T-1S
. Amendud Jo | R 1649N
*r Amended J9 - C T

October 31, 1980
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UNITED STATES NUCLEAR REGULATORY COMMISSION

INSPECTION AND ENFORCEMENT REGIONAL OFFICES

PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION

Telwonone
Region Agadress
Oaytime mu”a;':‘
'
: $

Connecticut, Detaware, Dntﬂa of Co-
mu.. Maine, Maryland, Massachu-
mtts, New HMamoshire, le Jersay,
Naw Vou. Pennsyivania, Rhoge is-
lana, ang Vermont

1, USNRC
37% of inspectio. and
Enforcament

§31 Park_Avenue

wing of Prussia, Pa. 19406

(218) 337-5000

(219) 137-5000

Alabama, Florida, Georgla, Kentucky,
Mississiooi, North Caroiina -«
Puerto Rico,
Carolina, Tennessee, Virginia, vwn
islanas, and West Virginia

4 jon 11, USNAC
a7

ca of Inspection ang
Enforcement
101 Marietta Street
Suite 3100
Atlanta, Georgia 30303

(404) 2214503

(404) 2214502

on 111, USNRC
ca of 'nspection and

ininom, Indlana, 'owa, Michigan, Minne- Enforcament (312) 933-2500 | (312) 932-2500
sota, Missour!, Ohio, and Wisconsin 799 Rooseveit Road
Gien Ellyn, L. §037
i ” IV, USNRC

Arxansas, Cororaco, |dano, Kansas,
Louisiana, Montana, Neoraska, New
Mexico, North Caxota, Oklanoma,
South Dekots, Texas. Ltan. ang
wyaming

eoo“nu'oetm ana

forcamen
6§11 Ryan Paza Orive
Sutte 1000
Ariington, Texas 76012

817).334-2841

(817) 3342841

v

Alas'@, Arizona, California, Hawall,
Nevada, Oregon, ‘~Vashington, and U.S.

Region V, USNRC

Offica of Inspection and
Enforcament

990 P; Canfornia Biva.

(415) 943-3700

territories and DOssessions n the Suite 202 (415) 943-3700
ine wainut Creex, Canf
945936
—t0 FR 42557 —_—

*Amended 41 FR $5851.
tAmended 43 FR 32741.
$+ Amended 43 FR 52201,
** Amended 44 FR 43515

see Amendea 45 FR (1305




UNITED STATES NUCLEAR REGULATORY COMMISSION
RULES and REGULATIONS

TITLE 10, CHAPTER 1. CODE OF FEDERAL REGUIATIONS —ENERGY

———-

PART

RULES OF GENERAL APPLICABILITY TO DOMESTIC
LICENSING OF BYPRODUCT MATERIAL * »

30

|

GENERAL PROVISIONS ENFORCEMENT

Sec. 30.41 Mudification and revocation of licenses.
30.1 Purpose and scope. 30.62 Right to cause the withholding or recall
30.2 Resolutich of conflict. of byproduct material.
30.3  Acrtivities requiring license. 30.63 Violations
30.4 Definitions.
30.5 Interpretations. SCHEDULES
30.6 Communications.
30.70 Schedule A~Exempt concentrations.
EXEMPTIONS 30.71 Schedule 8.
11 Specific exemptions. AUTHORITY: Secs. 81, 82, 161, 1832, 183,

13 Persons using byproduct materiai under
certain Energy Research and Devel-
opment Administraticn and Nuciear
Regulatory Commission contracts.

68 Stir. 935, 948, 953, 954, s amended (42
U.S.C. 2111, 2113, 3201, 22332, 1233); secs.
202, 206, 38 Star. 1244, 1246 (42 US.C. 5842
and 5846).

30.13 Carriers. Section 30.34(b) aiso issued under sec. 184,
30.14 Exempt concentrations. 68 Stat. 954, as amended (42 U.S.C. 1234). For
30.15 Certain items containing byproduct ma- the purposes of sec. 323, 48 Stat. 958, as
terial. amended (42 US.C. 2273), § 30.34(c) issued
30.16 Remins containing scandium-46 and ynder sec. 1610., 63 Stat. 948 (42 U.S.C. 2201
designed for sand-consolidation inod (b)) and §§ 30.51 and 30.52 issued under sec.
wells. 161, 68 Stat. 950, as amended (42 U.5.C.
30.18 Exempt juantities. 2201(0)).

Self-luminous products containing
tritium, krypton-85, or promethivm-
147

Gas and aerosol detectors containing
byproduct material.

§ 30.1 Purpose and Scope.
This part prescribes rules applicabie to
all persons in the United States governing
R domestic*® licensing of byproduct ma-

LICENSES 2 terial under the Atomic Energy Act of
% 1954, as amended (68 Stat. 919), and

30.31 Types of licenses. ;
N.:ﬂ A;;;‘nuoa: for specific ‘icenses. $ under Titte 1 of the Energy Reorganiza-

30.33 General requizements for ssuance of
specific licenses.

Terms and conditions of licenses.

30.36 Expiration of licenses.

30.37 Applications for renewal of licenses.

30.38 Appiications for amendment of licenses.

30.39 Commission action on applications to

renew or amend.
J0.41 Transfer of byproduct material.

tion Act of 1974 (88 Stat. 1242), and
exemptions from the dJdomesnc®**
censing requirements permitted by
section 81 of the Act.

30.34

P
§ 30.2 Resolution of conflict.

The requirements of this part are in
§ addition to, and not in substitution for,
® other requirements of this chapter. In any
£ conilict between the requirements in this

RECORDS, INSPECTIONS. TESTS,
PROCEDURES, AMD REPORTS*

”::; ;;‘m” ";“ 8 Part and a specific requirement in another
30.63 Tests. ‘
30.54 Control and accounting procedures for| specific requirement governs.

mitwum. I

30.85 Tritium reoorts.2
| ——— .

¥ ** Amended 43 FR 6915,

B
Amended 37 FR 970",
$ Added )T FR 9207,

: m'l.
4 authorized in a specific or general license
8 issued pursuant to the regulations in this

li-Z and (d)

= Act shail have the same meaning when
part of the regulations in this chapter, the :uud in the reguiations in this part and

o Parts 31-35%* 1o the axtent such terms

§ 30.3 Activities requiring license.
Except for persons exempt as provided
i thus part and Part 150 of thus chapter,
no person shall manufacture, produce,
transfer, receive, acquire, own, possess, or
byproduct matenal except as

chapter.
§ 30.4 Definitions.

As used in this part and Parts 31-35°**
of this chapter:

(a) “Act” means the Atomic Energy
Act of 1954, (68 Stat. 919)* inciuding

any amendments thereto;
—

(a=1) "Department”and “Department
of Energy” means the Department of
Energy established by the Department of
Energy Organization Act (Pub. L. 95-91.
91 Stat. 588, 42 U.S.C. 7101 et seq.) to the
extent that the Department, or its duly
authorized representatives. exercises
functions formerly vested in the U S.
Atomic Energy Commission, its
Chairman. members. officers and
components and transferred to the U.S.
Energy Research and Development
Administration and to the Administrator
f pursuant to secticns 104 (b), (c)
of the Energy Reorganization
< Act of 1674 (Pub. L. 93-438. 88 Stat. 1233
at 1237, 42 US.C. 5814) and
retransferred to the Secretary of Energy
pursuant to section 301(a) of the
Department of Energy Organization Act
(Pub. L. 95-91, 91 Stat. 385 at 577-578, 42
U.S.C. 131).

r

(b) Terms defined in section 11 of the

(are not specifically defined in this part;

Amended 36 FR (366,

August 1, 19380



PART 30 e RULES OF GENERAL APPLICABILITY TC DOMESTIC LICENSING~

(¢c) "“Agreement State” means any
state with which the Atomic Energy

S Commission or the Nuciear Regulatory political subdivision of or any political
= Commission has eatered into an effective® entity within a State, any foreign govern-
; agreement under subsection 274b. of theE ment or nation or any political subdivi-
Act. “Non-Agreement State” means any § sion of any such government or nation, or
other State; other entity; and (2) any legal successor,
~< repres:ntative, agent, or agency of the
(d) “Byproduct matenial” means any| foregoing;
radioactive material (except special —

nuclear material) yielded in or made
radioactive by exposure to the radiation
incident to the process of producing or
utilizing special nuclear matenal;

(e) “Commission” means the Nuclear
Regulatory Commission and its duly
authonzed representatives;

(f) “Curie” means that amount of
radioactive material which disintegrates at
the rate of 37 billion atoms per second,

(g) “Government agency” means any
executive department, commission,

the Energy Reorganization Act of 1974
(88 Stat. 1244)° any State or any

(1) “Physician” means an individual
licensed by a State or territory of the
United States, the District of Columbia or
the Commonwealth of Puerto Rico to

dispense drugs in the practice of
medicine; !

(m) ‘‘Production facility” meam:
production facility as defined in the%

regulations contained in Part SO of thus 8
chapter;

(n) “Radiographer’” means any indi-
vidual who performs or who, in atten-

30 FR 8185

independent establishment, :omnnon.! dance at the site where the sealed source
wholly or partly owned by the United®or sources are being used, personally
States of America which is an instrumen- & supervises radiographic operations and
rality of the United States, or any board, 8 who is responsible ‘o the lcensee for

bureau, division, service, office, officer,
authority, admunistration, or other es-
tablishment in the executive branch of
the Government:

(h) “Human use” means the internal
or external administration of byproduct
material, or the radiation therefrom, to
human beings,

(i) “License" except where otherwise
specified means a license for byproduct
material issued pursuant to the regula-
tions in this part aad Parts 31-35* of this
_chapttr:

r {j)(1) **Microcurie” means that
amoaunt of radioactive matenal which
disintegrates at the rate of 37 thousand
atoms per second;

(2) “Millicurie” means that amount of
radicactive material which disintegrates at
the rate of 37 million atoms per second;

(k) “Person” means (1) any indi-
vidual, corporation, partnership, firm,
association, trust, estate, public or private

assuring compliance with the requm-‘i
ments of the Commuission’s regulations =
and the conditions of the license; s

(0) *“Radiographer’s assistant”™ means »
any individual who, under the personal
supervision of a radiographer, uses
radiograpnic exposure devices, sealed
sources or related handling tools, or
radiation® survey instruments in
radiography.

(p) ‘*Radiography’’ means the
examination of the structure of matenals
by nondestructive metheds, utilizing
sealed sources of byproduct materials;

~
o
"The ** Department facilities and activities T
identified in section 101 are: [
(1) Demonstration Liquid Metal Fast
Breeder reactors when operated as part of the
power generation facilities of an electric utiity
system, or when operated in any other manner
for the purpose of demonstrating the suitabiity
for commercial application of such a reactor.
(1) Other demonstration nuclear reactors,
except those in existence on January 19, 1975,
when operated as part of the power generation
facilities of an electric utdity system, or when

wll

(q) ‘*Research and development”
means (!) theoretical analysis, explora-
tion, or experimentation; or (2) the
extension of investigative findings and
theories of a scientific or technical nature
into practical application for experni-
mentai and demonstration purposes,
including the expenmental production
and testuing of models, devices, equip-
ment, materiais and processes, “Research
and development’ as used in this part and
Parts 31-35* does not include the internal
or external administration of byproduct
material, or the radiation therefrom, to
human beings;

(r) *“Seaied source” means any by-
product material that is encased in a
capsule designed to prevent leakage or
escape of the byproduct material,

(s) “Scurce material” means source
material as defined in the regulations
contained in Part 40 of this chapter;

(t) “Special nuclear matenial” means
special nuclear material as defined in the
regulations contained in Part 70 of this
chapter;

(u) "United States”, when used in a
geographical sense. includes Puerto Rico

and all territories and pos: *<sions of the
United States:

(v) “Utilization facility” means a
utilization faciity as defined in the
regulations contairted in Part SO of this
chapter;

(w) “Commencement of construc-
tion" means any cleaning of land, excava-
tion, or other substantial action that
would adversely affect the natural
environment of a site but does not
inciude changes desirable for the
temporary use of the land for pubiic
recreational uses, necessary borings to
determine site characteristics or other
preconstruction monitoring to establish
background information related to the
suitability of a site or to the protection of
environmental values.

30.5 Interpretations.
Except as specifically authorized by

institution, group, Government agency
other than the Commission or the
Department ** , except that the Depart-

men:** shall be considered a person
within the meaning of the regulitions in
this part to the extent that its facilities
and activities are subject to the licensing
and related regulatory authority of the
Commission pursuant to section 202 of

operated in any other manner for the purpose
of demonstrating the suitabilicy for commercial
spplication of such a reactor.

40 FRBI4 F
—-——1r—-: R 203

resulting from licensed activities

(4) Retrievable Surface Storage Facilities
and other faciities authorized for the express
purpose of subsequent long-term storage of
high-level radioactive waste generated by the
** Department, which are not used for, or are
part of, research and development actrvities.

| — e et
* Amended 43 FR 4915, * Amended 36 FR 1466
** Amended 4SFR141IY

August 1, 188C 20.2

the Commission in writing, no interpreta-
tion' of the meaning of the regulations in

Sthis part and Parts 31-35% by any officer

(3) Facilities used primarily for the receipt @5 employee of the Commission other

and storage of high-evel radioactive wastes Edun s

8General Counsel will be recognized to be

written interpretation by the

binding upon the Commis: n.
§ 30.6 Communicaiions.

Except where othe wi * specified, ail
sommunications and repetts concerning



30 FR 8186

37 Fhi 6746
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~— 40 FR B774
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the regulations in this part and Parts
31-35* and applications f{iled under them,
shouid be addressed to the Director of
Nuclear Matenal Safety and Safeguards,
U.S. Nuclear Regulatory Commission,
Washington, D.C., 20555. Communica-
tions, reports and applications may be
delivered n person at the Commission’s
offices at 1717 H Street N.W.,
Washington, D.C., or **7920 Norfolk
Avenue, Bethesda, Md.

EXEMPTIONS

§ 30.11 Specific exemptions.

(a) The Commission may, upon
applicacion of any interested person or
upon its own initiative, grant such exemp~
ticns from the requirements of the regula-
tions in this part and Parts 3 of this
chapter as it determines are authonzed by
law and will not endanger life or property
or the common defense and security and
are otherwise in the public interest

1-387

30.11(b) [Deleted 45 FR6352)

40FRB774

byproduct ma-
ses Department

§ 30.127 Persons using
terial under certain
of Energy
Nuclear
contracts.

Regulatory Commission

jl FR 398%

ann '\eﬂm
the types

the extent that
or activities of

Except to

ment {aciities

* Amended 43

FR 4918
Amended )4 FR 19546

e Amendea ¢S FR1419Y

subject to licensing pursuant to section
202 of the Energy Reorganization Act
1974 are invoived, any prime contractor
of the *** Department is exempt {rom the
requireme for a license set forth in
sections 31 and 37 of the Act and from
the regulations in this part to 'J:e extent
that such contractor, under his prime
sontract with the **® Deparumeat manu-
factures, produces, transfers, receives,
acquires, owns, pussesses, Or uses by-
product material for: (a) the performance
of work for the *** Department at a
United States Government-owned or
controiled site, including the transporta-
ton of byproduct matenial to or from
such site and the performance of contract
services durning temporary .nter".;pt-ons
of such transportation; (b) research in,

development, manufacture, storue.
testing or transportation of, atemic
weapons or components thereof, cr (<)
the use or operation of anuclear reacto

or other nuclear devices in a2 United
States Govermment-owned vehicle or
vessel. [n additicn to the foregoing
exemptions and subject to the require-
ment for licensing of **® Department
facilities and activities pursuant to section
202 of the Energy Reorganization Act of
1974, any prime contractor or sub-
contractor of the ***® Department or the
Commission is exempt from the require-
ments for a license set forth in sections
831 and 82 of the Act and f{rom the
regulations in this part to the extent that
such prime contractor or subcanatractor
manufactures, produces, transfers,
receives, acquires, Owns, possasses, or
uses T byproduct maten nder hus prime
¢oatract or subcontr when th
Commuission det ines that the exemp-
tdon of contractor or sub-
contractor is authorized by law: and that,
under the terms of the contract or subd-
contract, there s adequate assurance that
the work thereunder can be accomplished
without undue risk to thz public health

s

y
ar
act
391

prme

th

€24

L_..md safety

§ 30.13 Carriers.

Common and contract carriers, "e.y*t
forwarders, warehousemen, and the U.S.
Postal Service are exempt f{rom the
regulations in this part and Parts 31.357
of this chapter and the requirements for a
license set forth in section 8! of the
to the extent that they transport or store

-
e

byproduct material in the regular course
of carmiage for another or storage incident
*hereto.
303
« P A I % » .
- Eo '

of |

30 FR 8165

34 FR 19546

3 30.14 Exempt concentrations.
| (a) Except as provided in par., s
| (¢) and (d) of this section, any person is
Iexempt from the requirements for a
‘ license set forth in section 81 of the Act
and from the regulations in this part and
Parts 31-357 of this chapter to the extent
that such person recesives, possesses, uses,
transfers, owns oOr acquires products or
I, materials containing byproduct material
in concentrations not in excess of those
listed in § 30.70
(b) Thus secuon shall not be deemed
to authorize the umport of byproduct
material or products containing by-
product material.
A manufacturer, processor, <r
producer of a product or material in an
Agreement State is sxempt from the
requirements for a license set forth in
section 8] of the Act and from the
regulations in this part and Parts 31, 32,
33, and 34t to the extent that he
transfers byproduct material contained in
a product or material in concentrations
those specified in

not in excess of
ced into the product

(¢)

>

§ 30.70 and introdu

or material by a lcensee holding a
specific license issued by an Agreement
State, the Commussion, or the Atomic

| Energy Commission expressly autherizing
such introduction. This exemption doces
not apply to the transfer of byproduct
matenial contained in any {ood, beveraae‘
cosmetic, drug, or other commodity or
product designed for ingestion or ~~‘m-
tuon by or application to, 3 human being.
No persca may .nt"ducr by-
-r**uc' material into a product or ma-

erial knowing or having reason to believe
that it will be transferrsd to persons
exem nder this section or equivalent
zzu.‘at:cm of an Agreement State, except
in accordance with a license issued
pursuant to § 32.11 of this chapter or
| the general license provided in § 150.20
| of Part 150.

Q)

If

§ 30.15 Certain items
product material.

containing by-

ALl

(a) Except for persons who apply
oduct matenal to, or persons who
rporate byproduct material into, the

products, or persons who
tr:ru.e-' for sale or distribut
following products containung
matenal person is exemp®
requirements for a license se:

o
9
'|

.!1C

00

§

5
i)
e

{4
o

product ay

om the

———— 34 FR 6651—
o




|_following products:
r (1) Timepieces or hands or dialsg

32 FR 13920

forth in section 31 of the Act and troml (§) Manne compasses containing not
the regulations in Parts 20 and 30-35° of ® more than 750 millicuries of tritium gas
this chapter to the extent that such® and other marine navigational instru-
person receives, possesses, uses, & ments containing not more than 250
transfers,® owns, Or acquires thOLmuicurm of tritium gas.

s
= (6) Thermostat dials and pointers
containing not more than the followingE confaining not more than 15 mullicuries
specified quantities of byproduct material  Of *ritium per thermostat.
and not exceeding the following specified =

g i (7) [Deleted 34 FR 5651.]

levels of radiation:
(i) 25 mullicuries of tritium per time- (8) Electron tubes: Provided, That
: each tube does not contain more than

1ece,
. (i) § millicuries of tritium per hand one of the following specified quantities
of byproduct material:

{iii) 15 millicuries of tritium per dialg ™ "
(bezels when used shall be considered n; (i) 150 millicuries
part of the dial),

(iv) 100 microcuries of promethium-
147 per watch or .00 microcuries of
promethium-147 per any other timepiece, [

(v) 20 microcuries of promethium-
147 per watch hand or 40 microcuries of
promethium-147 per other timepiece
hend, . : ; (vi) 30 microcuries of promethium-

(vi) 60 microcuries of promethium-3,47.

147 per watch dial or 120 microcuries of £ 4,4 provided further, That the levels of
promethium-147 per other timepiece dialg  4ia0on from each electron tube

electron tube;
—

{ii) 1 microcurie of cobalt-60:
(iii) § microcuries of nickel-63;
(iv) 30 microcuries of krypton-35;
(v) § microcuries of cesium-137;

PART 30 @ RULES OF GENERAL APFLICABILITY TO DOMESTIC LICENSING~

of tritium p‘l“s
microwave recciver protector tube or lOE
millicuries of trittum per any ouurg

(bezeis when used shail be considered as
part of the dial),

(vii) The levels of radiation from
hands and dials containing promethium-
147 will not exceed, when measured
through 350 milligrams per square
ceatimeter of absorber:

(a) For wrist watches, 0.1 millirad per
hour at 10 centimeters from any surface,

(») For pocket watches, 0.1 millirad
per hour at | centimeter from any sur-
face,

(¢) For any other timepiece, 0.2
millirad per hour at 10 centimeters from
L_any surface.

more than 2 millicuries of promethium-

levels of radiation from each lock
dluminator contiining promethium-147
will not exceed | millirad per hour at |
centimeter from -1y suiace when
measured through 30 milligrams per
square centimeter of absorber.

(3) Balances of precision containing
not more than | millicurie of tritium per
balance or not more than 0.5 millicurie of
tritum per balance part.

(4) Automobile shift quadrants
containing not more than 25 millicuries
|of tritium.

31 FRENG

Amended 43 FR 6915.

147 installed in automobile locks. The pm

containing byproduct matenal do not
exceed | millirad per hour at | centi-
meter from any surface when measured
through 7 milligrams per square centi-
meter of absorber.’

|" (9) lonizing radiation measuring
€ (nstruments containing, for purposes of
3m:¢m.l calibration or standardization, 2
«source of byproduct material not ex-
8 ceeding the applicable quanuty set forth
Lin § 30.71, Schedule B.

r «ao Spark gap irradiators containing
not more than | microcurie of cobalt-60

™ per spark gap irradiator for use in electn-

(2) Lock illuminators containing not: cally ignited fuel oil burners having a2 genera| license then provided in § 31.4 of
more than 1§ millicuries of tritum of not 3 firing rate of at least 3 gallons per hour & this chaprer is exempt from the require-
@ ments for a license set forth in section 81

L(! 1.4 liters per hour).

(b) Any person who desires to apply
byproduct matenal to, or o incorporate
byproduct rmaterial into, the products
exempted in paragraph (a) of this section,
or who desires to initially transfer® for
sale or distribution such products
containing byproduct material, should
apply for a specific License pursuant to

| —————————

3For purposes of this subparagraph “elec-
tron tubes” include spark gap tubes, power
tubes, gas tubes including glow lamps, receving
fubes. microwave tubes, indicator tubes, pickuy
tubes, radiation detection tubes, and any other
completely sesled rtube that is designed to0
conduct or control electrical currenis.
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§ 32.14 of this chapter, which license
states that the product may be
distributed ;" the licensee to persons
exempt {rom the regulations pursuant to
duunph (a) of this section.

—

§ 30.16 Resins containing scandium-46

and desigued for sand-consolidation in

oil wells.

Any person is exempt from the re-
quirements for a license set forth in
section 81 of the Act and from the
regulations in Parts 20 and 30-35°* of this
chapter to the extent that such person
receives, possesses, uses, transfers,® owns,
or acquires synthetic plastic resins
containing scandium-46 which are
designed for sand-consolidation in ol
wells, and which have been manufactured
or initially transferred® for sale or distri-
bution, in accordance with a specific
license issued pursuant to § 32.17 of this
chapter or equivalent regulations of an
Agreement State. The exemption in this
section does not authorize the manu-
facture or initial transfer for sale or
distribution® of any resins containing
L;candium-%.

—§ 30.18 Exempt quantities.

(a) Except as provided un paragraphs
(¢) and (d) of this section, any person is’
exempt from the requirements for a
license set forth in section 81 of the Act
and from the regulations in Parts 30-34 of
this ci ipter to the extent that such
person receives, possesses, uses, transfers,
owns, or acquires byproduct material in
individual quantities 2ach of which does
not exceed the applicable quantity set
forth in § 30.71, Schedule B.

(b) Any person who possesses Dy-
product material received or acguired
prior to September 25, 1971, under the

-y

of the Act and from the regulations in
Parts 30-34 of this chapter to the extent
that such person possesses, uses, transfers,
or owns such byproduct material.

(¢) This section does not authorize for
purposes of commercial distribution® the
production, packaging, repackagqng, or
transfer® of byproduct matenal, or the
incorporation of byproduct material into
products intended for commercial distri-
bution.

(d) No person may, for purposes of
commercial distribution,® transfer by-
product material in the individual
quantities set forth in § 30.71 Schedule




B, knowing or having reason to believe| d€rosol detectors containing byproduct [* (b) The Commussion may at asy time

that such quantities of byproduct ma-
terial will be transferred to persons
exempt under this section or equivalent
regulations of an Agreement State, except
g in accordance with a license issued under
& §32.18 of this chapter, which license
2 states that the byproduct material may be
transferred by the licensee to persons
exempt unde:r this section or the equiva-
|_lent regulations of an Agreement State.

[ § 30.19 Seif-luminous products con-
taining tri*iom,
methium- 147,

facture, process, produce, or initially
transfer for sale or distribution® seif-
luminous products containing tritium,
krypton-85, or promethuum-147,* and
except as provided in paragraph (c) of
this section, any person is exempt {rom
the requirements for a license set forth in
section 81 of the Act and from the
regulations in Parts 20 and 30-35° of this
chapter to the extent that such person
receives, possesses, uses, transfers,® owns,
or acquires tritium, krypton-35, or
promethium-147 in self-luminous
procducts manufactured, processed,
produced, or initially® transierred in
accordance with a specific license issued
pursuant to § 32.22 of this chapter,
which license authorizes the imitial®

34 FR 9025

section.

products containing tritium, krypton-3§,
or promethium-147, or to transfer® such
products {or use pursuant to paragraph
(a) of this section, shouid apply for a
license pursuant to § 32.22 of this

-

an Agreement State.

(c) The exemption in paragraph (a) of
this section does not apply to tritium,
krypton-85, or promethium-147 used in
products primanly for frivolous purposes
LOr in toys or adornments.

I"'§ 30.20 Cas and aerosol detectors

material,® any person is exempt from the
requirements for a licease set forth in
section 8! of the Act and from the
regulations in Parts 20 and 30-35* of this
chapter to the extent that such person
receives, possesses, uses, transfers,” owns,
or acquires byproduct material in gas and
aerosol detectors designed to protect life

hazards, and manufactured, processed,
produced, or imitially®

W 3ccordance with a specific license issued

krypton-85, or Pro-@pursuant to §32.26 of this chapter,
¢ which license authorizes the initial*
(a) Except for persons who manu-* transfer of the product for use under this

section.

" (b) Any person who desires to manu-
facture, process, or produce 3as and
aeroso. dstectors containing byproduct
material, or to initially® transfer such
products for use pursuant to paragraph
(a) of this section, should apply for a
license pursuant to § 32.26 of this
chapter, which license states that the

after the filing of the original application,
and bdefore the expiration of the license,
require further statements in order to
enable the Commission to determine
whether the applicaton should be
granted or denied or whether a license,
should be modified or revoked.

(¢) Each application shall be signed by

o { " 2
or properry from fires and airborne = the appiicant or licensee or a person duly

A = authorized to act for and on his behalf.
transferred n %

(d) An applcation for license filed
pursuant to the regulations in thus part
and Parts 32-33°* will be considersd also
as an ipplication for licenses authorizing
other activities for which licenses ure
required by the Act, provided that the
application specifies the additional
activities for which licenses are requested
and compiies with regulations of the
Commission as to applications for such
_l.icensa.

(e) Each application for a byproduc.
materiai license, other than a license

transfer of the product for use under this® WO types: General and specific. Specific
® licenses are issued to named persons upon
{ s icati the regula-

(b) Any person who desires to manu-« 2Pplications filed pursuaat to . _
facture, process, or produce self-uminous® tions in this part and Parts 32-35.° Qactivuty which the Commission de-

product may be initially* transferred by o exempted from Part 170 of this chapter,
the licensee to persons exempt from the =shall be accompanied by the fes
regulations pursuant to paragraph (a) of & prescrived in § 17031 of this chapter.
this section or equivalent regulations of § No fee will be required to accompany an
|_an Agreement State. application for renewal or amendment of
— LICENSES a license, except as provided in § 170.31

of this chapter.
§ 30.31 Types of licenses. -_ ’
Licenses for byproduct material are of

B () Aa application for a license to
receive and possess byproduct material
for commercial waste disposal by land
burial or for the conduct of any other

General licenses are effective without the & termunes will significantly affect the
filing of applications with the Com-Fquality of the environment shall be filed
mission or the issuance of licensing jat least 9 raonths prior to commencement

chapter, which license states that thel
groduct may be transferred by the - should be
licensee to persons exempt from m‘S\'RCJll
." »
regulations pursuant to paragraph (a) of T Material Li

this section or esquivalent regulations ofg Nuclear Material Safety and Safeguards,

documents to particular persons.

§ 30.32 Application for specific licenses.

(a) Applications for specific licenses
filed in duplicate on Form
“Application fo. Byproduct
cense,” with the Director of

U.L. Nuclear Regulatory Commission,
Washington, D.C. 20555.

of construction of the plant or facility in
which the activity will be conducted and
shall be accompanied by any Eaviron-
mental Report required pursuant to Part
| 31°° of this chapter,

-3 30.33 General requirements for is-
suance of specific licenses.

(a) An application for a specific

license will be approved if:

2 (1) The application is for a purpose

Applications may be filed in person at g . 1horized by the Act:

the Commission’s officec at 1717

Bethesda, Maryland.

con- - : . -
taining byproduct material. Elnfqrm.auon contained in previous
£ ¢t who Eaie sapphcanom. statements, or reports filed
(3) Except for persoms - with the Commussion or the Atomic
facture, process, produce, or initially

| transfer for sale or distribution® gas and

* Amendec 43 FR 6915,

Energy Commuission may be incorporated
bv reference, provided that such
references are clear and specific.

30-5
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Hes
% Street, N.W., Washington, D.C., or 7920 g
S Norfolk Avenue,

(2) The applicant’s proposed equip-
ent and facilities are idequate to
protect health and minimize danger to
life or property;

(3) The applicant is qualified by
training and experience to use the ma-
teriai for the purpose requested in such

| ——— e ————
** Amended 39 FR 26279,

Qctober 3, 1980
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manner as to protect heaith and minimize
danger to life or property;

(4) The applicant satisfies any special
requirements contained in Parts 32.35;*
and

30 FR 8186 —

r

cense to receive and possess
material for commercial
waste disposal by land burial or for the
conduct of any other activity which the
Commission determines vl
significantly affect the quality of e
environment, the Director of Nuclear
Material Safety and Safeguards or his
designee, before commencement of
construction of the plant or facility in
which the activity will be conducted, on
the basis of information filed and
¥ evaluations made pursuant to Part 51 of
this chapter, has coocluded. alter
the environmental. economic,
and other benefits against
environmental costs and considering
= available aiternatives. that the action
‘ called for is the issuance of the
‘ proposed licensa, with any appropriate
£ conditions ta protect environmental
2 values. Commencement of construction '
prior to such conclusion shall be
grounds for denial of a license to receive
and poasess byproduct material ia such
plant or facility. As used in this
paragraph the term “commencement of
construction” means any cleariag of
land., excavation. or other substantial
acton that would adversely aifect the
environment of a site. The term does not
mean sile exploration. necessary roads
for site exploration. bonags to
determine {oundation conditions, or
other preconstruction monitoriag of
testing to estabiish background
information related to the switabuity of
the site or the protecton of
bonmmul values.

fh (5) ln the case of an applicatioa for a

30-5¢ October 3, 1980
(next Dage 1s 104
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accordance with the provisions of the Act
_ud shall give its consent in writing.

(¢) Each person licensed by the Com-
mission pursuant to the regulations in this
part and Parts 31-35* shall confine his
possession and use of the byproduct
material to the locations and purposes
authorized in the license. Except as other-
z Wise provided in the license, a license
% issued pursuant to the regulations in this
8 sart and Parts 31-35° of this chapter shall
carry with it the right to receive, acquire,
own, and possess,* byproduct material.
Preparation for st ‘yment and transport of
byproduct material shall be in accordance
with the provisions of Part 7! of this
_:haptct.

(d) Each license issued pursuant °c
the regulations in this part and Parts
31-35* shall be deemed to contain the
provisions set forth in section 183b.d.,
inclusive, of the Act, whether or not
these provisions are expressly set forth in
the license.

(¢) The Commission may incorpeorate,
in any license issued pursuant to the
regulations in this part and Parts 31-35,°
at the time of issuance, or thereafter by

2 appropriate rule, regulation or order, such
= idditional requirements and conditions

(b) Upon a determination that an ¥ with respect to the licensee’s receipt,
application meets the requirements of the z possession, use and transfer of byproduct

§ 30.35 [Deleted 40 FR 8774.]
§ 30.36 Expiration of licenses.

Except as provided in § 30.37(b),
each specific license shall expire at the
end of the day, in the month and year
statey cherein.

§ 5137 Applications for
licenses.

{a) Applications for renewal of a
specific license shall be filed in accord-
ance with § 30.32.

(b) In any case in which a licensee,
not less than thirty (30) days prior to the
expiration of his existing license, has filed
an application in proper form for renewal
or for a ne # license, such existing license
shall not expire until the application has

renewal of

| m———————
* Amended 43 FR 6915,

Act, and the regulations of the Com-
mission, the Commission will issue a
specific license authorizing the possession

and use of byproduct material (Form
NRC-374, ‘‘Byproduct Material
License’).

§ 30.34 Teims and conditions of
licenszs,
(a) Each license issued pursuant to the
regulations in thus part aad the regula-

all the provisions of the Act, now or
hereafter in effect, and to all valid rules,
regulations and orders of the Com-

material as it deems appropriate or
necessary in order to:

teen finully determined by the Com-
gtm's:icn.

=§ 30.38 Applications for amendment of
E  licenses.

8 Applications for amendment of a
license shall be filed in accordance with
§ 30.32 and shall specify the respects in
which the licensee desires his license to be
amended and the grounds for such
amendment.

§ 30.39 Commission action on applica-

tions to renew or amend.

In considering an application by a
licensee to renew or amend his license the
Commission will apply the applicable
criteria set forth in § 30.23 and Parts

“—

< (6 Each Meensée shall notify the

(1) Promote the common defense and |_32-35* of this chanter.
security;
(2) Protect health or to minimize

danger to life or property; § 30.41 Transfer of byproduct material.

(3) Protect restricted data; (a) No licensee shall transfer by-

(4) Require such reports and the & product material except as authorized
keeping of such records, and to provide J pursuant to this section.
for such inspections of activities under g (b) Except as otherwise provided in
the license as may be necessary or g his license and subject to the provisions
appropriate to effectuate the purposes of of paragraphs (c) and (d) of this section,
the Act and regulations thereunder. any licensee may transfer byproduct ma-
terial:

(1) To the Admiristration;

mission. | Commission _in , writing when the U-

(b) No license issued or granted ;Censee decides to permarently discon- ..
pursuaat to the regulations in this part =Woue ailacuvities involving materials =  (2) To the agency in any Agreement
and Parts 31-35,* nor any right under 5 Tasthorized under the license. This n0- T Seate which regulates radioactive material
license shall be transferred, assigned or m:ttﬂeaﬁon" s tiey ‘”u?h:’h‘:; Zpursuant to n agreement under section
any manner disposed of, either volun- m‘“ =,uml? 33 thro !'mu"ams :!' thils ohieD: 3_27‘ of the Act;
tarily or involuntarily, directly or|, .

indirectly, through transfer of control of == ~_ _ = _ ‘
any liccase to any person, unless the B> (g) Eacu licensee preparing
Commission shall, after securing full ~technetium-99m radiopharmaceuticals

information, find that the transfer is ins
-4
-
Ll
-

** Amended 39 FR 16279, |

October 3, 1980 (reset)

r (3) To any person exempt from the
@ licensing requirements of the Act and
regulations in this part, to the extent
permitted under such exemption;

(4) To any person in an Agreement
State, subject to the jurisdiction of that
State, who has been exempted from the

from molybdenum-99/technetium-99m
generators shall test the generator
eluates for mclybdenum-99
breakthrough ‘2 accordance with

§ 35.14(b)(4) (i) thru (iv).

8 FR1dy

1
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(§) When none of the methods of

licensing requirements and regulations of A
verification descnbed in paragraphs (d ) 1)

that State, to the extent permitted under
such exemption: to (49 of thus section are readily availabie
! (5) To any person authonzed to| Of when a transferor desires to venfy that

receive such byproduct matera under s formation receved by one of such
g terms of i specific license or 3 gemeral % metiiods is correct or up-to-date. the
M lcense or thewr equivalents issued by the 7 "‘""f"“' may obtain and record
| Atomic Energy Commussion, the Com- - SOnfirmation from the Commussion or the
Misson, or an Agreement State. or = licensing agency of an Agreement State

for the same type of record, the retention
penod specified in the reguiations n this
part and Parts 3!-35* for such records
shall apply wunless the Commission.
pursuant to 3§ 30.11. has granted a
specific 2xemption from the record reten-
tion requirements specified in the regula-
tions n this part or Parts 31-35.*

that the transferee is licensed to receive

= the byproduct matenal.

2 . RECORDS, INSPECTIONS, TESTS
8 (6) To aperson abroad pursuant to an ; _ 5y
X export license ssued under Part 110 of PROCEDURES, AND REPORTS®

2 this chapter;
—

-
8

(7) § As otherwise authorized by the
Commission in writing.

(¢) Before ‘transferring byproduct
matenal to a specific licensee of the
Commission or an Agreement State or to
a general licensee who is required to
register with the Commuission or with an
Agreement State prior to receipt of the
byproduct matenal, the licensee trans-
fernng the matenal shall verify that the
transferee’s license authorizes the receipt
of the rype, form, and guantity of by-
product maternal to be transferred.

(d) The following methods for the
verification required by paragraph (¢) of
this section are acceprable:

(1) The transferor may have in his
possession, an. read, a current copy of
the transferee’s specific license or registra-
tion certificate;

'_§ 30.51 Records.

(a) Each person who receives by-
product matenal pursuant to a license
issued pursuant to the regulations in this
part and Parts 31-35* shall keep records
snowing the receipt, transfer.® and
disposal of such byproduct material.

or by license
maintained for the period specified by
the approprate regulation or licenze
condition. [f a3 retention penod is not
otherwise specified by regulation or
license condition, such records shall bhe
maintained until the Commission
authorizes theur disposition.

(cX1) Records of receipt of by-
product matenial which must be
maintained pursuant to paragraph (a) of

tus section shall be maintained as long as
the licensee retains possession of the

=

(1) The transferor may hav+ in his = OYProduct material and for two years
possession a wrtten certficatiop by thew following transfer,® or disposal of the
transferee that he is authorized by license ¥ OYProduct material. (2) (Deleted 43 FR

or registration certificate to receive the
type, form. and quantity of byproduct
material to be transferred, specifying the
lcense cr registration certificate numoer,
issuing agency and sxpuration date;

(3) Foremergency shipments the trans-
feror may accept oral certification by the
transferee that he is authonzed by license
or registration certificate to receive the
type, form, and gquantity of byproduct
material to be transferred, specifying the
license or registration certificate number,
ssuing dgency and expiration date
Provided, That the oral cerufication is
confirmed in writing within 10 days,

(4) The transferor miay obtain other
sources of information compied by a
reporting service from official records of
the Commission or the licensing agency
of an Agreement State as to the idsntity
of lcensees and the scoze and expiration
dates of !iceuses and registration; or
* Amended 37 FR 920",

Redesigaated ) FR 8915,

6915.] (3) Records of transfer of by-
product matenal shall be maintained by
the licensee who transferred the materal
for five years after such transfer. (4)
Records of disposal of byproduct ma-

with § 20.401 (c) of this chapter.
(d)(1) Records which must
maintained pursuant to this part and
Parts 31-35* may be the ornginal or 2
reproduced copy of microform if such
reproduced copy or microform is duly

§ 30.52 Inspections.

fa) Each licensee shall afford to the
Commission at all reasonabie times
opportunity to aspect byproduct
matenal and the premuses and facuities
wherein byproduct material is used or
stored.

ib) Each licensee shall make avaiable
to the Commission for nspection. upon

(5) Records which are required by the®
regulations in this part and Parts 31.35°%
condiuon shall bHeg

I s
3

reasonatie notice, records kept by aim
pursuant to the regulations i :his
chaprter.

§ 30.53 Tests.

Each licensee shall perform. or permit
the Commission to perform. such rests is
the Commission deems appropriate or
necessary for the administration of the
regulations in this part aad Parts 31.33.¢
inciuding tests of

(a) Byproduct maternal.

(b) Facilities wherein byproduct ma-
tenal is utilized or stored:

(¢) Radiation detecti
monitonng instruments: and

1d) Other equipment and devices used
i connection with the utdization or
|_storage of byproduct material.

on and

30.54 Controi and accounting pro-
cedures for tritium.

{a) Except as specified in paragraph
(B) of this sec.ion, each licensee who s

'g' wthorized to possess at any one time and
a
terial shall be maintained in accordance =
& tritium

- S wntten material control and accounting

location more than 10.000
shall establish

sures of
and maintan

procedures that are sufficient to enable
the licensee 1o account for the tritium in
his possession under specific license.

r

The written material control and
accounting procedures shall he
-

; . maintained as long as the licensee retains

;t:‘:\;:u;:ra(ﬁe:re;:: ::::':o:: c‘;:’; possession of the mtium .md for two
e years following transfer® of the tritium

mission regulations.

(2) If there is a conilict betwea~ the

Commission’s regulations i this po. *1d 3 (b) Written matemal control and 1c-

Parts 31.35,° license condition, or other B counting procedures are not required for

written Commussion approval or author- T () tririum produced or possessed within

ization pertaining to the retention pencd 33 production or utdzation faciity inci-

* Amended 43 FR 6915.

authenticated by authorized personnelg
and the microform is capable of®
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dental to the operation of the facility:
and * (2) tritium contained in spent fuel,
other than tritium intentionally produced
in or recovered from a production or
utdization facidity for any subsequent
use.® (3) [Deleted 43 FR 6915.] (4)
[Deleted 43 FR 6915.]

§ 30.55 Tritium reports.

1.000 curies or more of tritium shall
complete and distribute a Nuclear Ma-
terial Transaction*e Report on Form
NRC-741, in accordance with the printed
g instructions for completing the form.
2 Each licensee who transfers such matenal
:mw submit 3 compieted copy of Form
& NRC-741 to the Commission and three
S copies to the receiver of the material
promptly after the transfer takes pilace.
Each licensee who receves such material
shall submit a completed copy of Form
NRC-74] to the Commissicn and to the
shipper of the material within ten (10)
days after the matenal is received. The
Commission's copies of the report shall
be submitted to tne U.S. Energy Research
and Development Administration, Post
Office Box E, Oak Ridge, Tennessee
37830, and shall include the Reporting
[dentification Symbol (RIS) assigned by
| the Commission to the licensee.

(b) Except as specified in paragraph
(d) and (e) of this section, each licensce
who is authorized to possess at any one
Ltme and location more than 10,000
E:uncs of tritium shall submit to the
= Commission within thirty (30) days after
“ \facch 31 and September 30 of each
g vear a statement of hus tritium inventory

to the nearest hundredth of a gram

calculated at 10,000 curies per gram.

The
I-:epom shall be submitted to the U.S.
J Energy Research and Developinent

Administration, Post Office Box E, Oak
z Ridge, Tennessee 37330, and shall
:mcludc the Reporting Identification
™ Symbol (RIS) assigned by the Com-
bmsion to the licensee.

-
Ei‘d) of this section, each licensee who is
< authorized to possess® tritium shall
= report promptly to the appropriate NRC

7 Regional Office lListed in Appendix D of

. e ———

+ Amended 41 FR 33185,
« Amended 43 FR 4915,
** Amended 38 FR 1330,

August 1, 1980

Part 20 of this chapter by telepnone and
telegraph, maigram, or facsimile any
incident in which an attempt has been
made or is believed to have been made to
commit a theft or uniawful diversion of
more than 10 cunes of such material at
any one time or more than 100 curies of
such material n any one calencar year.

detatls of the incident and its conse-
quences. Copies of such written report
shall be sent to the Director of Inspection

-

report, record or inspection or other
means which would warrant the Com-
mission to refuse to grant a license on an
onginal appiication, or for violation of, or
failure to observe any of the terms and
provisions of the Act or of any rule,
regulation or order of the Commussion.

(¢) Except in cases of wulfulness or

(a) Except as specified o paragraph ;The initial report shill be followed within ! those in which the public health, interest
(4) of this section, each licensee who & a period of fifteen (15) days Dy 3 wnitlen @ or safery requires otherwise, no license

transfers or receives at any one time < report submitted to the appropniate NRC E shall be modified. suspended or revoked
Regional Office which sets forth the § ynjess. b —

prior to the institution of
proceedings therefor, facts or conduct
which may warreat such action shall have
been called to the attention of the

and Enforcement, 8. Nuclear Regu-
latory Commussion, Washington, D.C.
2055S.

licensee in writing and the licensee shall

have been accorded an opportunity to

demonstrate or achieve compliance with
ail lawful requirements.

—

Subsequent to the su~mission of the
written report required by this paragraph. ;"
the licensee shall promptly inform theX _ ) :
Office of Inspection and Enforcement by § § 30-62 Right to cause the withholding
means of a written report of any* or recail of byproduct materials.
substantive additional information, which T_
becomes availav.s to the licensee,
concerning an attempted or apparent
theft or unlawful diversion of tritium.

The Commission may cause the with-
helding or recall of byproduct material
. from any licensee who is not equipped 0
§s¢c£:jo,n Th:" ‘;Z‘:‘-":' mb:':r ‘f‘ﬂ::: observe or fails to observe such safety
s . o~ @standards to protect health as may Dbe

@ possessed pursuant to 3 genenl hc'n“"esublxsned by the Commission, or who

- : 3 @
~ g‘r:;:dme:;:t::r: d3ul1 :e::":.::l'pt" or for f uses such materials in viclation of law or

(e Toe repors dsenbed i pararaps 8 B8 S Conminen,
i:i;i;m:r::ﬁ::ﬁ :z:’:;::':l{;:r:lz :..ppli:mon therefor or approved by the
production or utilization facility i
incidental to the operation of the facility,
other than tntium intentionally produced
by or recovered from a production or
utilization faciuity for any subsequent
use.s (2) [Deleted 43 FR 6915.] (3)
_[Deletcd 43 FR 6915,

[-5 30.63 Violations.

An inmjunction or other court order
may be obtained prohibiting any viola-
tion of any provision of the Atomic
Energy Act of 1954, as amended. or Title
[l of the Energy Reorganization Act of

= ENFORCEMENT 1974, or any reguiation or order issued
: thereunder. A court order may be
§3“0c.:l Modification and revocation of | o oo e . payment of s civi

. | penaity imposed pursuant to section 234

(a) The terms and conditions of each ¥ o¢ tne Act for violation of sections$3. 57,
license issued pursuant to the regulations 3 62. 63, 81, 82, 101, 103, 104, 107, or
in this part and Purts 31-35° shall e & 199 of the Act, or section 206 of the
subject to amendment, revision or modxﬁ-g Energy Reorganization Act of 1974, or
cation by reason of amendments 0 the | ;ny nyje regulation, or order issued there-
@ Act, or by reason of rules, regulations and | ,nder or any term, condition, or limita-

pun : :orden issued in accordance with the
(c) Except as specified in paragraph &

terms of the Act.

(b) Any license may be revoked,
suspended or modified. in whole or in
part, for any material false statement in
the application or any statement of fact
required under section 132 of the Act, or
because of conditions revealed by such
applicarion or statement of fact or any

30-8

tion of any license issued thereunder, or
for any violation for which a license may
be revoked under section 136 of the Act.
Any person who willfully violates any
provision of the Act or any regulation or
order issued thereunder may be gulty of
a crime and, upon conviction, may De
punished by fine or impriscnment or
both, is provided by law
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SCHEDULES
§ 30.70 Schedule A-Exempt con-
centrations.
Column Column
| it
Element (stomic Liguid
number) e Cras :d
concen- solid
traiwun congen-
#Cly tration
mi'* uCi/
mit+
Antimony (51) —==| Sb122 = |-cead 3xi0™
Sb 124 ————-  2X10™
Sb 125 ———— X107
Argon (18) —=—=m A 37 1X107 -—————
Adl % AT gl —
Arsenic (33)==w—==} As"3 ————d  §X107?
: As 74 ———f  §X10™
As 76 S — - 1
AT feewe 8x10™
Bartum (56) ===w=m 8a 13! ~———  2X107
B - R 3xX10™
Beryllium (4) ~===| Be~ ————  2X107
Bismuth (83) ~-=<| Bi 206 ————— 4X10™
Bromine i35) ~=~~| Br32 ax10”" 3X107?
Cadmium (48) === C3109 = Joeea- X107
! Ciitim - Jenwua 3107
- o B S SS— 3X10™
& Calcwum (20) =~==| Cad§ = |eeeeo 9% 107
H Cad? - iX10™
Carbon (6) -====| C 14 1X10° 8X107?
Cerium i58) == == Caldl - . Jewanae 9x 10
Ce 143 ammwnl 4% 10™
Cs 144 ————=! (X110
Cesium (58) = =mmm BEEEY . - femmn 2%107?
CGllem . . eevan 6Xi07
CRIRE 7 R 9% 10
Chlorine (17) ====| C138 9x 107’ 4x10™
Chromium (J4)===| Crsl = |ecaaa X107
Cobalt (27) w=www= CuiT | feecew £x107?
. e 1X107
Cotl = ' Jeusww $x10™
Copper (29) =mmm= =Y S P 3x107
Dysprosium (66) ==| Dy 165§ = |e—ea= 4x107
Dyits | |jeeews ax10™
Erbium (68)=—===m By - | (feeaes 9X10™
BRI fesewe 1x107
Europium (63) ===] Euls2 = Jeeeaa 6X10™
(T/2=9.2 Hrs)
it | feaves X107
Fluorine (9) === == F18 5 4 8x107?
Gadolinium (64) =<| Gd 153 = |ewmee= X107
G188 | Jewene 8x10™
Gallium (31) ===} Ga72  |ecee- 4xX10™
Germanium (32) ==| Ge7l = |eeeea 2x10°
Gold (1) wswses Au 196 ——ee=l 2X107
Au 198 ————=] $§X10
Au 199 -y WS

Viiues are given oniy for those materials

normally used i jases.

¥ uCligm for solids.

t Amended 38 iR 19314,

30 FR 885

Column Coiumn
I i1

congen- solid

tration congen-

uCi/ tration

mi'e uaCi/

mide

Pafnum (72) === HII8] = | coeee 7X10™
Hydrogen (1) —===| H3 5X10° X107
Indium (49) === =~ nlldm | | e 1IX19™
faliem  Jemmes xi10™

lodine (53) ==w== 1126 x10” X107
1131 3x107° 2x10

¥ 5 8x10" 6X10™

1133 1X107% 7X107*

i34 axi0’ 1X107?

[ridium (*T )= — e TRL . IR SO X107
192 . esscen ax10™

AN - e 3x10™

ron (26) ~===e- Fe §s cee==] §x10%
BRd . Yesaem 6x10™
Krypton (36) ====] Kr8im 1X10°® ————
Kr 3§ 3xX10™ ————

Lanthanum (§7) =~] Lald0 = Jeeeea % 10™
L82d (8)) envwwe P S - e 4x107
Lutetium (71) ===} Lul?? | deoaae 1x107
Manganese (2§) ===} Mn 32 = |e-eaa 3x10™
Mads - Peease 1x10°

Melé = Jevene 1x107?

Mercury (80) ~===| Hg!97m = |<eeea 1x107
Hg19?  fecess 3107

B e X107

Molybdenum (42) =| M099 = |—eeeo X107
Neodymium (60)==] Nd 147 = |eeeao 6X10™
NdIAS - | Jemsew X197

Nickel (28) == === Ni 63 S— R
Niobium (Colum- NESE © - - o R [ %10t
pium) (8]) = ==w=m MEET. . U lewmme 9x107?
Osmium (76) ====} Os185 | eoeeea 7X10™
NifMe . esiwe 3X107

08191 |ecmaa X107

WBINY . T Jeecwnw 5X10™

Palladium (46) ===] Pd 103 = = |eecea= 3xio0”
B 1 SR AR 9x10™

Phosphorus (15) ==] P32 = |eceaa X109
Platinum (78)====} Pt 191 = |eeeao 1X107
Ridim 3 eersa 1X10°?

Pt 197m == 1X10%

NIPY  Feswas 1x10°?

Potassium (19) ===] K42 = Jeoceaa 3X107?
Praseodymium Pr 142 -vmme=! IX10™
(6 | § ERpeu Pridd 2 Jewwe= 54107
Promethium (61)=<| Pm 147 = |eceeea X107
PRid® = Jeisaw 4x 0™

Rhenium (7§)====| Re 183 = Jeeeeo 6X107
BRI | Jenwws gx10™

[ "SNT. 7. [ [P— ex 0™

August 1, 1980
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30 FA 8185

Column Column Column Column
1 1 1 u
Flement (atomic Liquid : i
St {sotope o ‘“ l-lm:l:n;;::;)mnc lsotope = L:::d
conm. - solid concen- sohd
tration congen- tration congcen-
uCi/ tration uCi/ tration
mi'* wCi/ mi'* uwCi/
mile mile
Rhodium (45) ==—| Rh 103m S— . 31 Zinc (30) —=——=w Zn6s | ==——— 1X107
Rh 10§ ——— X107 Za69m | ————— 7%10™
Rubidium (37) -=-=| Rb86 = |===—o 7%10% 2069 2@ |eme=- 2X10"?
Ruthenium (44) ——=| Ru 37 comed 6X107 Zirconium (40) =——{ Zr 93 saieaiad .. SELP™
Ru 103 —————  8X 10" g 2: 97 ————— X107
Rulos | ====do IX10 '} Betaand/or gamma | ————-——=- 1X10"° 1x107®
Ru 106 I 1X 10.‘ S emitting bYPl’Od“Ct
Samarium (62) ===| Sm 153 ————  §X10 : material not listed!
Scandium 121) ==-=|] Sc 46 === 4X10" & ,pove with half-life
Sc 47 —==wd  9X10" B g than 3 years.
Sc 48 weme-d 3X10°
Selenium (33)====] Se?75 = |==—- 4 xi0? NOTE 1: Many radioisotopes disintegrate mto isotopes which are
Silicon (14) c==== Si 31 ————1 9x107? so radioactive. In uprnsmg the concentrations in Schedule &, the
ey N Ag 10§ b okl 1X 10" :::::::‘;moé is that of the parent isotope and takes into sccount the
Ag110m wwane  IXIO™ NOTE 2. For purposes of § 30.14 where there is invoived 2
Aglll - 4x10™ combination of isotopes, the limit for the combination should de
Sodium (11) ====] Nal4 cenmad X107 derived as follows:
Stroatium (38) ~—=] Sc85° el 1107 Determine for each isotope in ihe product the ratio between the
-4 concentration present in the product and the exempt concentration
o AT [ IX107 | cytaplished in Schedule A for the specific sotope when nof in
Se 9l ————— 7X 10 combination. The sum of such ratios may not exceed 1" (i.e., unity).
Sr 92 sl X1 Example:
Sulfur (16) ===== S 3 9x10%| 6x10™ go_zne:n_n_m:-_o”_wm%:;_”ﬁﬁ‘- -
Tant.ﬁum ( .'3 " Tl 182 _____ 4x 10" xempt concentration of (sotope A
Techaetium (43) ==| Tc 96m —————  1X10" C:““:‘":m: o:::o:o:. :;" ':m“:t $!
Tc 96 Wil e [X lo.’ L .xempt conce ation of (sQtope
Tellutium (32) ===] TeldSm = |====- %107
Tel2?’m | ===—- 6X10™ [T §30.71 Scheduie B.
Tel27  |====- JXIO‘:
Tell9m |===-- IX10 Bvproduct marerial Microcuries
Tel3lm ————- §X10
-4
Teldl | |=ee=- 3107 Antimony 122(Sb122) ....... 100
Terbium (65) ~===| TH 160 |===== 4x10 Antimony 124 (Sb 124) ....... !
Thallium (81 )====| TI200 = |===== “‘10': Antimony 125 (Sb 125) ..... 10
1201 somenl ARUE Arsenic 73 (As73) .. ... .. 100
T202  |e=—-—— leO_, Arsenic 74 (AST4) . .......... 10
Tl 204 ————=] 1XI0 Arsenic 76 (As 76) . . .. 1
Thulium (69) ====|] Tm170 = |====- §x10™ Aot FTCAETEY . o vivision 2wk 100
Tmi7l  |e=——- 5107 | Barum 131 (Bal3l)....... 10
Tin ($0) === ===m sally  |===-- 910 leeBanum 133 (32 133) ... 10
Sn 125 cmm==] 2X10® 8§ Barium140(Bal40).......... 10
Tungsten (Wolf- wigt  |--——- 4x10? 3 Bismuth 210 (Bi210) ... ..... !
ram) (74) - ~==m wig?  |ee--- 7X10% £ Bromine 82 (Br82) ... ....... 10
Vanadium (23) ===| V48 pesey 3X10® B Cadmium 109(C4 109) ........ 10
Xenon (§4) =====| Xe l3lm 4x10* """" Cadmium 115m (Cd 115m) 10
Xe 133 JXIO‘ ----- Cadmium 115 (C4d 118) ........ 100
Xe 135 IX107 | ====- Calcium4S(Cads) ........... 10
Yiterbium (70) ===| YB 175 | ===—= 1x10” Calcium 47 (Ca47) ........... 10
Yttrium (39) ====| Y90 = |e===- X107 Carbon 14 (C18) . ... ...... 100
Y9im  fee——- 3X107 Cerium 141 (Ce 141) . ... ...... 100
Y91 = |mem— BXIO.‘ Cerium 143(Ce 143) . ... .... 100
Y91 4/ fde-=== 6X10 Cerium 144 (Ce 144) ... ...... :
Y 93 —omme] 3X10® | Cesium 131(Cs131).......... 1,000

| — e e e
' Values are given only for those materiais

normally used 13 gases.
t uCi/gm for solids.
+ Amended 38 FR 19314,

August 1, 1980

Cesium 131 (Cs 13'1)

** Added 36 FR 16898,
* Added 35 FR 3992
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B8vproduct murenai

Microcurte.

Cesium [34m (Cs [34m) .. ..

Cesium 134 (Cs 134)
Cesium 135 (Cs 135)
Cesium 136 (Cs 136)
Cesium 137(Cs 137)
Cllorine 36 (Cl 36)
Chiorine 38 (C1 38)
Chromium §! (Cr §1)
Cobait 58m (Co 58m)
Cobait 58 (Co §3)
Cobalt 60 (Co 60)
Copper 64 (Cu 64)
Dysprosium 165 (Dy i635)
Dysprosium 166 (Dy 166)
Erbium 169 (Er 169)
Erbium 171 (Er 171)
Europium 152 9.2h

e islolN . ......
Europium 152 13 yr

(Eu 152 13yp) ......
Europium 154 (Eu 154) .
Europium 155 (Eu 155) .
Fluorine I8 (F 18)......
Gadolinium 153 (Gd 153)
Gadolinium 159 (Gd 159)
Gallium 72 (Ga 72) .....
Germanium 71 (Ge 71) .
Goid 198 (Au 198) .
Goid 199 (Au 199) ... ..
Hafnwum 181 (Hf 181) . ..

Holmium 166 (Ho 166) . . ..

Hydrogen 3 (H3) ......
[ndium (13m (In 113m) .

[adium | ldm ([a [14m) .. ..

Indium [ "Sm(lnllSm) .
Indium 115 (InIlS)
fodine 125 (1 125) ......
fodine 126 ([ 126) . ... ..
fodine 1291 129) .
fodine 131 (1 131)......
lodine 132(1132).....

lodine 133(1133)......
lodine 134 (1 133) ..
lodine 135 (1135)......
Iridium 192 (Ir 192)
[ridium 194 (Ir 154)
Iron §§ (Fe 5%)
Iron §9(Fe$9) ........
Krypton 85 (Kr 85)
Krypton 87 (K- 87) . :
Lanthanum 140 (La 140)

Latetium 177 (Lu 177) ..
Manganese 52 (Mn §52)
Manganese 54 (Mn 54) . .

Manganese 56 (Mn $56) . ..

Mercury 197m (Hg 197m)
Mercury 197 (Hg 197) . .
Mercury 203 (Hg 203)
Molybdenum 99 (Mo 99 .
Neodymium 147 (Nd (47)

100

100
100

10 2 Rubidium 36 (Rb 86)
-
IOOn

1,000
100
10
100
10

1

1
.

0.1
l
10

1
10
10
10
100

10
100
10
10
100
10
10
10
100
100
10
100

100

Byproductr matenai

Neodymium 149 (Nd 149)
Nickel 59 (Ni 39)
Nickel 63 (Ni863)........
Nickel 65 (Ni65).. ..

Niobium 93m (Nb 93m) ..
Niobium 95 (Nb 95)
Niobium 97 (Nb97) ... ..
Osmium 185 (Os 185)

Microcunes

Osmium 191m (Os 191m) ...

Osmium 191 (Os i91) ..
Osmium 193 (Os 193)

Palladium 103 (Pd 103)
Palladium (09 (Pd 109)
Phosphorous 32 (P 32) ...
Platinum 191 (Pt 191) . ...
Pladnum 193m (Pt 193m) .
Platinum 193 (P2 193) . . ..
Platinum 197m (Pt 197m) .
Platinum 197 (Pt 197) .. ..
Polomium 210 (Po 210) . ..
Potassium 42 (K 42)

Praseodymium (42 (Pr 142) .. ..

Praseodymium 143 (Pr 143)
Promethium 147 (Pm 147)
Promethium 149 (Pm 149)

Rhenium 186 (Re 186) . ...

Rhenium 188 Re 183)
Rhodium 103m (Rh 103m)
Rhodium 105 (Rh 105) .

Rubidium 87 (Rb 87
Ruthenium 97 (Ru97) . ..
Ruthenium 103 (Ru 103) .
Ruthenium 105 (Ru 103) .
Ruthenium 106 (Ru 106) .
Samarium 51 (Sm iS1) |

Samarium 153 (Sm 153) . ‘)

Scandium 46 (Sc 46)
Scandium 47 (S¢c 47) . ...
Scandium 48 (Sc 48)
Selenium 75 (S¢ 75)
Silicon 31 (Si3l)........
Silver 105 (Ag 10%)

Silver | 1Om (Ag !10m) . ...

Silver 111 (Ag 111)
Sodium 24 (Na 24) ... ...
Strontium 85 (Sc 895) ..

Strontium 39 (Sr 89)
Strontium 90 (Sr 90)
Strontium 91! (Sr 31)
Strontium 92 (Sr 92)
Sulfur35(839).........
Tantalum 182 (Ta 182)

Technetium 96 (T: 96) .. ..

Technetium 97m (Tc 97m)
Technetium 97 (T¢ 97) . ..
Technetium 99m (T¢ 99m)
Technetium 99 (T¢ 99)

Teilurium (25m (Te 125m) .

Tellunim 127m (Te 127m)

100
100
10
100
10
10
10
10
100
100
100
100
100
10

8vproduct matera!

Tellupium 127 (Te 127
Tellurium 129m (Te 129m)
Tellunium 129 (Te 129)
Tellurium [31m (Te [31m)
Telurium 132 (Te 132) .
Terbium 160 (TH i60)
Thallium 200 (T 200) .
Thallium 201 (T1201) ...
Thallium 202 (T1202) .. ..
Thailium 204 (T1 204) .
Thulium 170 (Tm 170)
Thulium 171 (Tm 171)

Tin 113(Sa113)..... ...

Tin 125 (Sa 129)

109 8 Tungsten 181 (W 131)
100 2 Tungsten 185 W 185) ..
100% Tungsten 187 (W 187) ..

100
100
0.1
10
100
100
10
10
100
100
100
100
10
10
100
10
10

l
10
100
10
100
10
10
100
10
1
100
10
10
i
0.1
10
i0
100
10
10
100
100
100
10
10
10

Vanadium 48 (V 43)
Xenon 133 (Xe 133)

Yeterbium 175 (Yb 179) .
Yttrium 90 (Y 90)
Yetrium 91 (Y 91)
Yttrium 92 (Y 92)
Yttrium 93 (Y 93) .
Zinc 65 (Zn 63)

Zinc 69m (Za 69m)
Zinc 89 (Zn 69)
Zirconium 93 (Zr 93)
Zirconium 95 (Zr 95)
Zirconium 97 (Zr 37)

L byproduct matenai

NOTE.-The reporting

Xenon 135 (Xe 138) . . ....

Microcurtes

Xenon 131m (Xe 131m) .. .....

Any byproduct matenal not listed
above other than alpha emutting

and

100
10
100
10
10
10
100
100
100
10
10
10
10
10
10
10
100
10
1.000
100
100
100
10
10
100
100
10
100
1.000
10
10
10

0.1

record

keeping requirements contained i this
part have been ipproved by the General

Accounting Office
(R0079),

under
20129, and (ROL173).

B-1302125

August 1, 1280
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NUCLEAR REGULATORY

Conditions; Compatibility With IAEA
Regulations

AGENCY: U.S. Nuclear Regulatory
Commission.

ACTION: Proposed rule.

SUMMARY: The Nuclear Regulatory
Commussion is considering revising its
regulations for the transportation of
radioactive material to make them
compatible with those of the
International Atomic Energy Agency
(IAEA) and thus with those of most
major nuclear nations of the world.
Although several substantive changes
are proposed in order to provide a more
uniform degree of safety for various
tvpes of shipments. the Commission's
basic standards for radioactive material
packaging would remain unchanged.
The Department of Transportation is
a!su proposing a corresponding rule
change to its Hazardous Materials
Transport Regulations.

DATES: Comments must be received on
or before October 16. 1979.

ADDRESSES: Interested persons are
invited to submit written comments and
suggestions on the proposal and/or the
supporting value/impact analysis to the
Secretary of the Commission. U.S.
Nuclear Regulatory Commission.
Washington. D.C. 20555. Attention:
Docketing and Service Branch. Single
copies of the value/impact analysis may
e obtained on request from the contact
identified below Copies of the value/
‘mpact analysis and of comments
rcaived by the Commission may be
examined in the Commission's Public
Document Recom «t 1717 H Street. N.W
Washington. D C

FOR FURTHER INFORMATION CONTACT:
Mr. Donald R. Hupkins, Office of
Standards Development. U.S. Nuclear
Regulatory Cermunission, Washington.
D.C. 20335, Teleph . 301-413-3046.

SUPPLEMENTARY INFORMATION: [n 1968
the Atomic Energy Commission (AEC)
amended its regulations in 10 CFR Part
71. then entitled “Packaging of
Radioactive Material for Transport” (33
FR 17621), to be compatible with the
Department of Transportation's revision
(33 FR 14918) of its regulations
pertaining to safety in the transport of
radioactive material. The AEC
regulations at that time applied to the
packaging and transportation of

radioactive materials in greater than
“Type B" quantities and of fissile
materials. '

Subsequently. AEC regulations were
extended to include Type B (greater
than Type A} quantities. Among the
requirements adopted was one that
packages for greater than Type A
quantities of radioactive materials and
packages for fissile materials had to
satisfy certain specified performance
criteria when subjected to severe
conditions known as “hypothetical
accident conditions.”

A Type A quantity of non-fissile
material is considered not a serious
hazard if packaging failure occurs in an
accident: however, Type A packages
must be able to witnstand a wide range
of specified conditions which may be
experienced in normal transport. The
regulations of the Department of
Transportation in 49 CFR Parts 170-179
specify the requirements for these
packages.

The regulations in the AEC's 10 CFR
Part 71, as revised in 1968, were
substantially in accord with the
recommendations of the International ,
Atomic Energy Agency (IAEA) as
published in [AEA Safety Series No. 6.
“Regulations for the Safe Transport of
Radioactive Materials” (1967 edition).
Only minor changes have been made to
10 CFR Part 71 since that time except for
the change in the administration of Type
B packaging requirements and the
addition of § 71.42 placing restrictions
on shipment of piutonium.

No special restriction on air transport
of plutonium is imposed by the present
or proposed 10 CFR Part 71, because the
congressional legis!ation restricting such
shipment and resulting in the NRC
develcpment of a Plutonium Air
Transport (PAT) package is a separate
and overriding requirement. A separate
rulemaking 1s being undertaken by the
Cotmn:nission to address restrictions on
the #ir transport of plutonium.

Several years of experience in the
United States and other countries
indicated that the IAEA regulations
were generally sound and practical ard
that they provided a reasonable dr  ce
of safety. Although severa! Type B
packages [i.e. packages containing more
than 4 Type A quantity) have been
involved in severe accidents in the
United States. no known escape of

Present regulations distinguish among Type A
quanitity (the maximum amount of a particular
radionuciide that may be lransported in a pack age
designed to withstand specified conditions of
normal transportation Lut not the simulated
accident conditions), Type B Quantity {1 specified
amount greater than & Type A quanaty but
ordinarily requiring no special provision for heat
removal). and a large quantity {greater than a Type
B quantity)
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radioactive material has resulted. It did
appear. however. that a more uniform
degree of safety for various designs and
for different package contents was
desirable and could be achieved without
undue restriction by some modification
of the dosign requirements and
performance criteria of the IAEA
regulations.

The IAEA convened panels in 1971
and 1972 to review their transportation
regulations and to recommend
appropriate amendments. All member
countries with a well developed nuclear
industry and many international
organizations were represented on the
panels. the United States participated in
the program and in fact initiated many
of the amendments. The [AEA
subsequently issued the 1973 edition of
Safety Sertes No. 6, “Regulations for the
Safe Transport of Radioac’'ve
Materials.” Reasons for significant
changes from the 1967 edition are
documented in proposals submitted in
advance to the IAEA by member
countries, in working papers prepared
by study groups during the course of the
meetings. and in the taped record. Much
of this background information is
summarized in [AEA Safety Series No.
37, “Advisory Material for the
Application of the IAFA Transport
Regulations.”

Based on figures compiled for the
calendar year 1975, more than 10,000
packages of radioactive material are
exported annually from the United
States. In order to minimize
complication and delay and encourage
uniform safety of these export shipments
and those which are imported, revision
of United States domestic regulations in
10 CFR Part 71 is proposed. This
revision. in combination with a
corresponding amendment by DOT of
Title 49 of the Code of Federal
Regulations, will bring the US.
regulations into accord with relevant
portions of the IAEA design and
performance requirements to the extent
considered feasible. thereby making
them compatible with the domestic
regulations of most of the international
community: remaining differences are
discussed below. Although procedures
for implementing and enforcing the
regulations necessarily vary somewhat
among countries. the [AEA
administrative requirements are also
being adopted where appropnate

Packages of design having a valid
certificate of compliance as of the

effective date of this amendment will be
treated as complying with the amended
regulations provided fabrication is in
accordance with design and has heen
completed within twn years after the

sifective date or before expiration of the
certificate of compliance. whichever is
later.

It is essential that NRC and
Department of Transporiation
regulations be consistent and that
related changes to the regulations of the
two agencies be made simultaneously.
The proposed changes o DOT's 49 CFR
Parts 170-179 and DOT's proposed new
Part 127 to Title 49 to make them
consistent with the relevant portions of
the 1973 IAEA requirements have
already been published in the january 8.
1979 issue of the Federal Register.

Major Changes

The major changes to 10 CFR Part 71
being proposed deal with assignment of
individualized Type A quantities for
each radionuclide. and the addition of
new Type B(U) and Type B(M)
packaging standards. These major
changes are discussed in the following
paragraphs.

Individualized Type A Quantities

One important change that would be
made by the proposed regulations is the
elimination of the system used to specify
the quantity of radioactive material
permitted in Type A packages. Under
the present system, radionuclides are
divided into seven transport groups
which take account of toxicity and
specific activity, plus a “special form”
category for materials which are not
dispersible because of their inherent
physical form or because of suitable
encapsulation. Under this system. the
allowable number of curies for each
radionuclide in a group is in most cases
the same as the allowable number of
curies for the most toxic member of the
group. This method is unnecessarily
restrictive when applied to the less toxic
group members. which in some cases
have a maximum permissible body
burden more than ten times that of the
more toxic members.

The proposed regulation eliminates
transport groups. Instead. it assigns to

44. No. 161 / Friday. August 17. 1979 / Proposed Rules

each radionuclide two values. A, and
A, which are the maximum number of
curies permitied in Type A packages in
special form and normal form.
respectively. The A, and A, values for
various radionuclides are listed in the
proposed regulation.

The value of A, for special form
material is intended to limit the possible
external radiation dose rate to 1 rem/
hour at 3 meters from the source if the
contents of the package are released.
except that an upper limit of 100 curies
is imposed. Special form material must
also be nondispersible as determined by
certain stringent criteria (which differ
somewhat from present criteria for
special form) which are set forth in
Appendix D of Part 71.

The bases for the A, value for normal
material (that is. material not in special
form) are: (1) and accident of moderate
severity might release 0.1% of the
contents, and 0.1% of the amount
released might then be taken into the
body of a human being in the vicinity:
this intake should not exceed half the
maximum permissible annual intake for
workers as given in IAEA Safety Series
No. 9, “Basic Safety Standards for
Radiation Protection” (1967 Edition):
and (2) A, shail not exceed A,. Intake
values are based on the International
Commission on Radiological Protection
(ICRP) 1966 recommended limits for
radiation exposure.

The following table compares the
present special form and normal form
limits with the limits that would be
applicable under the proposed rule. for
several of the more commonly shipped
radionuclides.

The adoption of A, and A, values will
sometimes permit a single Type A
package to replace two or more present
Type A packages. Also. some of the
small number of Type B packages with
contents near the lower limit for Type B
could be reclassified as Type A.
However, the number of Type A
packages and the total amount of
material in Type A packages is not
expected to be significantly affected.

Soecisl form  Normal form  Special form Normal form

2 0001 8 0008
2 20 1000 100

2 0001 2 0009
20 3 4 ?

20 3 0 20

2 3 0 10

20 3 20 2

20 2 100 100

20 20 5 5

20 0001 2 2002
« 008 0 04
20 02

8
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For some radioactive materials in Comparison With Current Regulations V;Ihere no entry is shown, there is no
m:lcfg?m;hf‘o:.:g;: ti‘u.n -l;;;:l lAbTim" Sei forth below in a cross-index of ietzio;z.comspondmg POENPOPS -
will be decreased. The change in the paragraphs contained in the proposed The administrative requizements in
number of such p.ck.”. is also revision of Part 71, the present Part 71, the United States for application to the
expectad to be small and [AEA Safety Series No. 6, Nuclear Regrlatory Commission for

) "Regulations for the Safe Transport of approval of a package design. for review
Type B(U)—Type B(M) Packaging Radioactive Materials" (1973 Revised by the Commission staff, and for
Standards E{ﬁﬁfonl Omissions from Pmsl:?led Part  documentation of design and approvals
of requirements in [AEA Safety ily di -

Type B P‘d“'l“, regulated by the ; Series No. 6 are not shown: however, &emngf::g.sr.::? N%O:::: glot:c‘!)f
mc:;tn}ly f';:, ‘°'°B"’:.°:ém“:‘:a such omissions of a technical and these items, no cross-index with IAEA
o contuulimmng "lm q?untmn" of substantive nature are discussed later. Safety Series No. 8 is shown.
radioactive material. The present upper
limit for Type B quantities and the SRS
designation of amounts greater than that
limit as “large quantity” were Proposed  Present  IAEA satery
established at a time when large guialon  requistion’  senes No ©
quantities of radicactive material,
particularly in the form of irradiated e s
fuel. were thought to require special o T i N e
provision for heat removal and special i ha
consideration of the possibie escape of A TR, T N g
coolant under accident conditions. O i N
However, experience has shown that, e BN

while some present Type B quantities do s sssmtemnassiyissstasn. T oo T o
require special consideration of heat T ————— g - - -
removal, no':ne large quantities dot:ot mm- O WA M s P n::' "3 s 801(c)
hazard associated with escape of :‘:wu ) e i . Ly as -
radioactive material is not appreciably, e - ; e ] T s 01ig)
dependent upon whctgcr the 00:2-. -?.:- % it AR LI
accompanying non-radioactive material hne . - Mon s s st nave.. ... 110
is classified as a coolant. Therefore, the ::;: :cc:'» ..... " :;::; R TR T .
proposed rule would combine the Fiasde ciass S R e e
existing Type B and large quantities. ooy e e y R

Two classifications of Type B e e s N N
packaging, designated as Type B(M) and  Aasmons reauwmens " T T
Type B(U) have been established by the  Amendment of emsong scanses aperassnais Mo s e =
IAEA and are included in the proposed SUBPART B—AsmcaTion Fom Pacuae AssRovaL
regulations. For international shipment, °"""'._.,, ....,," e e mets it oo e ————
approval by the competent authority of S R S T —
esch country into or through (but not S ety et PES L RERE R
over) which the package is transported. Demonstration of COMOMNCS ... . gia 1 3ata) 201-702
i.e.. multilateral approval. Any special I 707-708
design features or operational controls "m"m‘"’"fr o py £ w— . - —
of the Type B(M) x;cch.o will thus be o —— S 1~~~ = o
subject to review for consistency with o mesmaonn — 71.32(¢) ... ... 172.393(®) an
the practices and procedures of more :..-:: N e e IS S SO R e . x =N g:: o
than one country. The Type B(U) vl::.nnum e s Neh-2 i cinil 71.320 aNe 219
package is intended to require approval Pertormance in nomes vanepen . ] A =
onir by the country of origin (i.e.. mm:::~ Performance n scodents................. 7130} 7136 229 243
unilateral approval) and for this reason s DO00 0 et P s o £ sStag
has numerous special features of design Fiters. cooking system . ... ... . S - 71.34(0) B v 234
and performance as described in m-::-m P, N - m o o

§ 71.34. Proposed Part 71, Operaing oressure et 2 ¥ o i

wever, makes no distinction between m:ﬂ SAPS... n m (] 27, g
Type B(M) and Type B(U) package O — |
designs with respect to required Linsd ‘eakage assumpton 2 :ﬂ; "® :,
approvals. Both types will fall within the Pertormance i norme trenepon 713583 . . 71.38(b) 805
general licens» provisions of § 71.12 for B oo S - ra iy
import and export. and will require Fiaate class | T138m) .. 7138 08
specific NRC approval for shipments e - 818
wholly within the United States. In some Sacrage aray " ﬁ nar k.

circumstances, the NRC must also
approve the conditions of transport for a
Type B(M) package.
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Detailed Changes

In addition to the major substantive
changes to Part 71 previously discussed
and numerous editorial changes for the
purpose of clarity or conciseness. there
are several other minor modifications.
These changes are described below and
are accompanied by a reference to the
section or paragraph of the pronosed
rule where the change appears.

1. Section 71.4—Definitions. Many
definitions needed to reflect the
proposed changes to Part 71 have been
added, and some existing definitions
have been appropriately modified.
These changes reflect the meanings of
terms as used in the proposed revision
to the regulations.

The term “containment system.”
defined in proposed § 71.4(c). replaces
the existing term “‘containment vessel.”
The containment system may include a
vessel as well as other components
intended to retain the ra“icactive
material during transport.

A new classification of radioactive
material, “low level solid” (LLS)
radioactive material. is being added to
the regulations. It is defined in proposed
§ 71.4(g) and is similar to “low specific
activity” (LSA) material. except that the
LLS concept permits a ~-eater
concentration of radioactive material in
the contents of a package and a higher
surface contamination. while imposing
greater restrictions on the dispersibility
and on the permissible method of
shipment.

vn-'nunmaammmunwu

Some changes have also been made
for LSA material, defined in proposed
§ 71.4(h). The specific activity limits will
be related to A, values rather than to
transport group. Articles, such as
contaminated equipment, with non-fixed
surface contamination have been
included within the LSA definition.
Methods of concentrating the activity in
transport, such as leaching and
evaporation, must now be considered.
Finally. the limit for tritium oxide in
aqueous solution. after consideration of
the hazards due to wetting of the skin
and to possible inhalation of varcrs, has
been increased from 5 curies/liter to 10
curies/liter.

The IAEA regulations define
“maximum rormal operating pressure”
(MNOP) as the maximum pressure that
would develop in one year without
venting or special cooling, under
expected but unspecified ambient
conditions for that period of time. The
concept is applied in those regulations
only to Type B(U) packages, for which
upper limits of allowable pressure and
allowable stresses are imposed.

In the regulatory chenges proposed
herein, the MNOP concept is applied to
Type B(M) packages. and the MNOP is
then assumed to be a normal condition
of transport at the time of the tests
described in Appendices A and B. At the
same time the regulations recognizes. in
§ 71.31(c). that in some cases
operational controls. as with a sole-use
shipment, may justify assuming a period

of time shorter than a year for pressure
buildup.

A definition of “stress intensity” has
been added in proposed § 71.4(q). This
term is used in proposed § 71.34 (f) and

(8):

2. Section 71.8—Exemption for low
Jevel materials. Low-level solid
materials and low specific activity
materials. even if they should escape
from the packaging, present little hazard
to individuals in the public because the
concentration of radioactivity is small
and individuals have a limited
capability for inhalation and ingestion of
the material. The risk to an individual
does not depend to a significant extent
on the curie quantity. These materials
have therefore been exempted from the
requirements of the proposed Part 71,
but must satisfy the requirements of the
applicable regulations of the
Department of Transportation. This
exemption was requested in three
petitions currently pending before NRC.
Type A quantities continue to be exempt
from the requirements of Part 71.

3. Section 71.9—exemption for fissile
material. Proposed § 71.9(a) will require
that for up to 15 grams of fissle material
to be exempt from the requirements of
§ 71.35 (standards for fissile material
packages), the smallest external
dimension of the package shall be not
less than 10 cm. Since 15 grams of some
fissile materials could physically be
contained in a smaller rackage. the
requirement is consisten. wi proposed
§ 71.35 (a)(3)(iv) relating to size of
aperture in outer surface of pacaaging.
Paragraphs (c) through (g) of § 71.9
contain several changes and additions
to the exemptions for fissile material.
These changes and additions to the
exemption standards for fissile material
include:

a. Reduction from 7500 to 5200 of the
minimum value of the s omic ratio of
hydrogen 'o fissile material (H/X) that
must be exceeded for 500 grams of any
fissile radionuclide to be exempt from
the packaging requirements of proposed
§ 71.35. A concentration limit of 5 grams
per liter will be imposed on this
material. These changes eliminate the
need for the H/X requirements presently
imposed by § 71.7(b)(4)(iii) and
§ 71.9(d)(3).
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b. Application of quantity limits for
bulk shipment to the vehicle rather than
to the package.

c. Extension to uranium metal of the
present limitations for exemption of
uranium compounds.

d. Removal of the restriction on the
total amount of fissile radio-nuclides per
package, providec the concentration
does not exceed 5 grams per 10 liters.

e. Exemption from fissile material
pack requirements of plutonium up
to1 kxlosnm. but with imposition of
certain restrictions on its isotopic
composition. ’

f. Exemption of uranyl nitrate
solutions, subject to certain restrictions
on fissile ¢ »ntent.

4. Section 71.11-—~General license for
shipment of licensed material.
Paragraphs 71.11(0), (d), and (e) of the
proposed regulations for certain fissile
Class I and Class Il packages ,
correspond to paragraphs 620, 623, and
624 of IAEA Safety Series No. 6 and are
added specifications within the scope of
a general license.

5. Section 71.23—Package evaluation.
In accordance with the basis for
establishing Type B(M) and B(U)
packages, the proposed package
evaluation must include a description of
any special controls or precautions
during the shipping and handling of
Type BIM) packages.

8. Section 71.32--Standards for all
Type B packages. Proposed § 71.32(a),
which relates to the strength of lifting
attachments, is more general than the
existing § 71.31(c). The proposed rule
will require the package to withstand
abrupt lifting without developing unsafe
siresses. At present, packages must
withstand three times the weight of the
package (or lid) without exceeding yield
strength. This change will permit
adjustment of the strength requirement
in situations where a factor other than
three may be appropriate or where the
design is intended to safely
accommodate a stress exceeding yield
strength in some component. In addition,
the proposed rule requires the package
to satisfy the performance standards
even if the lifting attachments should
fail under excessive load, as is required
for tiedown devices in present and
proposed regulations. This new
requirement for lifting attachments takes
account of the possibility of some
obstruction or wedging while handling
the package during transshipment.

Proposed paragraphs (b), (c) and (d) of
§ 71.32. imposing package design
features, correspond respectively to
present 49 CFR 173.393 (¢) and (b) and
10 CFR 71.31(b).

Proposed § 71.32(e), relating to tie-
down. is a modification of the existing
§ 71.31(d). The present specification of
strength corresponding to 2, 10, and 5
times the waight of the package in the
vertical, longitudincl, and lateral
directions, respectively. has been
eliminated because for normal transport
the required strength depends on the
shipping mode and is addressed in DOT
regulations, and for accident conditions
the tiedown attachments are assumed to
fail.

Proposed § 71.32(f), dealing with
reactions among package components,
corresponds to the present § 71.32(a),
but with the added requirement that the
consequences of any credible water
inleakage must be taken into account.
This requirement is included because
packages sometimes contain substances
that are highly reactive with water.

Proposed § 71.32(g). corresponding to
paragraph 222 of LAEA Safety Series No.
8. requires protection of valves.
Although this requirement is not in the
present regulations, such protection is
needed for safety and has been provided
in practice.

Proposed § 71.32(h) sets forth general
acceptance criteria for normal
conditions of transport. This
corresponds to paragraphs 225 and
231(a) of IAEA Safety Series No. 6.
However. the proposed regulations will
require design to oe based on an
unattended time period of one year for
all Type B packages ex ' »t when, in
accordance with § 71.3 ), a shorter
time is justified by operational controls.
During this time, which allows for
possible delays in shipping, pressure
may continue to develop as a result of
chemical reaction (e.g., corrosion) and
radiolytic decomposition. By way of
comparison, the [AEA regulations in
paragraphs 231(a) and 242 require
considering for all Type B packages only
the effects of heat and only for one
week: the one year period is specified
only for Type B(U) packages (by
requiring them to be designed to
withstand “maximum normal operating
pressure.”)

Paragrphs 233A and 243 of Safety
Series No. 6 permit escape of
radioactive material at the rate of
Aq x 107* per hour in normal transport.
This amount is considered to be an
insignificant hazard, and was
introduced in the 1973 edition of Safety
Series No. 8 in recognition of the fact
that zero leakage s neither necessary
nor attainable for some types of
shipments. The regirements of “no loss
or dispersal” in normal transport is
being retained in proposed Part 71, but
with an acceptance test sensitivity of

10-¢ A, per hour or better. The
acceptance criteria and methods of
demonstration, which take account of
the relative toxicities of the various
radionuclides, are addressed in
Regulatory Guide 7 4, “Leakage Tests on
Packages for Skipment of Radioactive
Maternals.”

The IAEA option of designing Type
B(M) packages for continuous venting,
with specified limits for escape of
radioactive material. hs been omitted
from proposed Part 71. There is no
apparent need for such design in the
United States at present: if the need
should arise and if the adequacy of
controls is demonstrated. exemptions
might be granted on an individual basis.

The present requirement of § 71.32(a)
that the strength of a package be
analyzed as a simple beam ?:u been
eliminated because greater strength is
required in order to satisfy the impact
tests of the hypothetical accident.

The following IAEA package
requirements have been omitted from
revised Part 71; several of them are
subjects for discussion in existing and
contemplated regulatory guides:

a. Paragraphs 201-203 relating to
means for handling.

b. Paragraphs 206-207 relating to
external crevices or pockets and to
decontaminability.

c. Paragraph 208 requiring that any
features added at the time of transport
shall not reduce safety. Currently in the
United States, any such features are
considered in the safety analysis.

d. Paragraph 212 requiring that
external protrusions be avoided as far
as practicable.

e. Paragraph 213 requiring
consideration of the ambient
temperature range and calling attention
to the phenomenon of brittle fracture.

f. Paragraph 214 requiring fusion joints
to be in accordance with recognized
standards.

8. Paragraph 217 permitting credit to
be taken for “special form" as a means
of containment. Special form is
advantageous because it permits a
larger amount of radioactive material
per Type A package than does normal
form. However, the indispersible nature
of special form material in Type B
quantities is necessarily taken into
account in the evaluation of
containment.

h. Paragraph 218 requiring a separate
fastening device for a containment
system that is a separate unit of the
packaging.

i. Paragraph 223 requiring a separate
fastening device for a radiation shield
that encloses a part of the containment
system.



i Paragraph 233 requinng thermal
protection (e g.. insulation) to remain
effective undet normal and accident
conditions and unaer other conditions,
such as cutting or skidding, not
simulated in the specified tests.
Effectiveness under specified normal
and accident conditions is necessarily
considered in the safety analysis. The
nature of ather conditions such as
cutting or skidding would require further
definition before inclusion in Part 71.

7. Sectior 71.33—Additional
requireme 1ts for Type B(M) packages.
Proposed § 71.33(a)(2) specifies the
allowable radiation level after the
hypothetical accident as 1000 mrem/
hour at 1 meter rather than at 3 ft from
the package surface. This change will
not significantly affect package design
or performance.

The requirements of paragraph 244 of
IAEA Safety Series No. 8 that limit
stress in the containment system to the
yield strength under normal and
accident test conditions have not been
included in proposed Part 71 because, as
specified in the American Society of
Mechanical Engineers, Boiler and
Pressure Vesse! Code. acceptable
stresses may be higher or lower
depending on detatls of design. In
particular, stresses above yield strength
are acceptable at points of stress
concentration where local deformation
provides stress relief. This subject is
traated in Regulatory Guide 7.6, “Stress
Allowables for the Design of Shipping
Cask Containment Vessels.”

_ The nroposed allowable escape of
radioactive material from Type B(M)
packages under accident conditions is
not greatly different from existing limits
except to the extent A, values differ
from present transport group values.
Present regulations restrict the loss to
gases or contaminated coolant. This
restriction is deleted in the proposed
revised regulations because the concept
of an identifiable coolant is no longer
included in the regulations. The
following tabulation shows the changes
in the allowable release for some
radionuclides of particular concern in
the shipment of irradiated fuel. The
proposed revised regulations specify
that the allowable release must not be
exceeded in a period of one week.

Allowable Releas: In Hypothaetical Accident

(Curies)
Fresent Proposed
(1ot 0 One week
Cs 19 20
"1 0 qo
ey 20" 9002
e 1 000 1,000
" 1 000

Or 0 1% of coments. whchever « 088
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In most cases the release rate would
decrease shortly after the accident. and
the recovery of the damaged package
would be expected within less than a
week. However, a time limit is
necessary ‘or demonstration of
compliance. and the NRC considers that
the one week specified in [AEA
regulations is adequate for corrective
action.

Because of its relatively innocuous
nature and rapid dispersion in air,
special consigeration was given to Kr-
85, and its limit was increased from
1,000 to 10,000 curies. On the other hand.
the allowable release of many present
Group | radionuclides will be reduced
because the present limit of 0.01 curie
exceeds the A, value. This is illustrated
by the values for ¥*Pu in the table.

8. Section 71.34—Additional
requirements for Type B(U) packages.
Only a few of the requirements for Type
B(U) packages have counterparts in the
present regulations. These are identified
in the cross-index.

Analysis taking into account the
atmospheric dispersal and possible
inhalation has shown that any serious
radiological injury due to release of an
amount A, from a packn’ln is quite
unlikely. The proposed allowable
release of this amount from a Type B(M)
package under hypothetical accident
conditions is thus considered
adequately safe. As an added factor of
safety for Type B(U) packages, which
are intended to be universally
acceptable without review by countries
other than the country of crigin. the
specified maximum release under
hypothetical accident conditions is
smaller than the Type B(M) limit by a
factor of 1000. This factor takes into
account the possible differences in
methods of evaluation in different
countries and the freedom from any
restrictions on handling or shipment.

Proposed § 71.34 (f) and (g). imposing
internal pressure limitations, correspond
to paragraphs 237 and 238 of Safety
Series No. 8. but use the term “stress
intensity” rather than simply “stress,”
and state which stresses to consider.
This changa should help to clarify this
requirement. Although these
requirements, in amplified form. might /
seem more appropriate for a regulatory
guide. they are included in proposed
Part 71 because of the need for
consistency with [AEA regulations,
particularly for Type B(U) packages.

9. Section 71.35—Standards for fissle
material packages. The editorial
arrangement of proposed § 7135, which
contains the revised requirements for
fissle material packaging, differs
significantly from that of IAEA Safety

1979 / Proposed Rules

Series No. 6. However, there is no
essential difference in technical
requirements and assumptions for
evaluation of criticality or in controls
required during shipment. except that
the requirement for no more than 5%
reduction of volume or spacing and no
aperture greater than 10 cm in normal
transport applies to all fissile material
packages in the existing and proposed
Part 71, but only to Fissle Class Il
packages in IAEA Safety Series No. 8.
Retention in Part 71 of these
requirements for all fissile material
packages is considered justified by the
added margin of safety for package
integrity.

10. Section 71.54—Rountine
determinations. Proposed § 71.54(b)
corresponds to the present 49 CFR
173.393(j) and to paragraphs 534 and 537
of IAEA Safety Series No. 8. A change
from the present regulations is that the
allowable maximum radiation level for a
package transported as a full load ina
closed vehicle will be 1000 mrem/h on
the surface of the package, rather than
at 3 ft from the surface as presently
measured. In practice, only small
packages are affected since the
controlling radiation level for large
packages remains the allowable
radiation level at the edge of the vehicie
or at 2 m from the vehicle. The change
reduces allowable surface radiatiun
levels and thus for small packages
increases the margin of safety in
handling.

Proposed § 71.54(c), specifying
allowable surface temperatures,
corresponds to the present 49 CFR
173.393(e)(2) and to paragraphs 231(b)
and 240 of IAEA Safety Series No. 6.
Present NRC and DOT ations,
however, do not specify the ainbient air
temperature. In accordance with IAEA
regulations, ambient air temperature
will be assumed to be 38° C (100 F).

The IAEA regulations, however,
impose waly on Type B(U) packages the
limit of 82° C (180° F) for the temperature
of readily accessible surfaces with full
load shipment: Part 71 will impose this
limit on both Type B(U) and Type B(M)
packages.

Proposed § 71.54(d), limiting external
radioactive contamination. corresponds
to present 49 CFR 173.397

11. Section 71.62—Records. Proposed
§ 71.62(a) defines the records that must
be kept for shipment of fissile material
and Type B quantities of radioactive
material

12. Appendix A—Normal conditions
of transport. Proposed Appendix A
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describes environmental conditions
considered to represent normal
wransport. Paragraph 232 of [AEA Safety
Series No. 6 Specifies 38° C (100’ F) as
ambient temperature. However, the
matter of diurnal vanation is not
addressed. There are only a few spots in
the United States (e.g.. Death Valley)
where a few days in the year the daily
.verage temperature exceeds 38’ C, and
then it exceeds that temperature by only
a small amount. However. to avoid the
need for more complex analysis to
consider diurnal variation, and because
of other considerations which may
increase ambient temperature above
that of outside air (e.g. closed vehicles,
assembly of muitiple heat producing
packages. insulating effects of other
cargo). the present ambient temperature
of 54" C (130° F) has been retained.

The present Part 71 does not specify
ambient temperature or internal
pressure preceding the normal transport
and accident tests. The [AEA
regulations specify an ambient
temperature of 38° C (100° F) but do not
specify a time period during which
pressure could develop. Proposed Part
71 will require selecting the most
unfavorable ambient temperature
between —29°C (-20"F) and 38° C
(100° F), and internal pressure equal to
the MNOP adjusted for ambient
temperature. Although the high
temperature is unfavorable with respect
to the effects of fire, a low temperature
is unfavorable with respect to possible
brittle fracture and perhaps other
effects. Thus some intermed:ate
temperature may be most unfavorable
for a prescribed sequence of tests.

The present § 71.32(b) and Part 71,
Appendix A, paragraph 3, require the
package to withstand ambient pressures
of 25 psig and 0.5 atmosphere,
respectively. The requirement to
withstand an ambient pressure of 25
psig without damage is not contained in
the IAEA regulations, although there is
an accident test of immersion in 15 m of
water, which results in a pressure of
about 21 psig. The resistance to external
pressure is considered desirable as a
way of providing ruggedness for
unspecified rough handling conditions
and is in most cases 2asily satisfied. The
iow ambient pressure in the proposed
Appendix A, as in IAEA Safety Series
No. 6, is about 0.25 atmosphere rather
than the presently specified 0 5
atmosphere. This change recognizes the
possibility of transporting packages in
unpressurized compartments of aircraft
at altitudes of 10 km or about 33,000 ft.

Although proposed Part 71 requires a
water spray test, details of this test as
given in [AEA Safety Series No. 6 will

be omitted because they are mure
suitable for a regulatory guide. The
specifications for the compression test
in proposed paragraph (d). which
contemplates packages being stacked,
have been converted to the metric
system by applying the test to packages
up to 5000 kg rather than 10,000 |b and
by adopting the [AEA load value of 1300
kg/m?*(1.85 |b/in? rather thar the
previous 2 Ib/in® The [AEA regulations
do not specify an upper limit for weight.
However, such stacking is not
contemplated for packages such as
spent fuel casks. and thus the test will
not be applied to packages greater than
5000 kg

13. Appendix B—Hypothetical
accident conditions. As in Appendix A
for normal transport conditions, the
ambient temperature and internal
pressure are specified for the package
entering the test sequence. Paragraph
(c), describing the thermal test. will be
revised for clarity and will require
consideration of convective heat input
when significant. When the main body
of a package 1s surrounded by and
directly exposed to fire. the convective
heat input is small compared to radiant
heat input. However, some packages are
protected partially or wholly by a
radiation shield through which air and
combustion gases may circulate. In such
cases, convective heat input may be
significant and must be included 'since
the test is intended to simulate realistic
fire conditions with respect to expected
total heat input.

A requirement will be added that
artificial cooling shall not be applied
and that any combustion of materials of
construction shall be allowed to proceed
until natural termination. The IAEA
regulations permit artificial cooling after
3 hours. However, 3 hours may be
inadequate for control of fire even in
populated areas. Also, unrecognized
smoldering may continue for a much
longer time.

Proposcd paragraph (e) adds an
accident test condition of immersion in
15 m of water, since some harbors have
such depth and a package might be
dropped overboard during handling.
Immersion to a greater depth within the
United States could occur in one of the
Great Lakes, but such occurrence is very
improbable.

14. Appendix C—Determination of A,
and A, A few of the radioisotopes listed
in Appendix C of the present Part 1
have been omitted from the table of A,
and A, values in proposed Part 71,
because these radioisotopes have
seldom if 2ver been shipped in recent
years. However. the proposed Appendix
C provides procedures for determining

the A, and A, vaiues for any
radioisotope. A new entry has been
included “ar the radionuclide lead-201 o
medical isotope. in response to a
petition currently pending before NRC.

15. Appendix D—Requirements for
special form radioactive material. The
qualification tests for special-form
radioactive material in proposed
Appendix D have been modified,
primarily by adding a bending test,
providing more detailed instructions for
the immersicn or leaching procedure,
and changing the maximum loss by
leaching to 0.05 microcurie in each of
two determinations rather than the
present 0.005% for a single
determination. Long, slender objects are
more likeiy to suffer bending under
rough handling or accident conditions
than are short or sph- ~=al objects;
hence. a minimum length of 10 cm and a
minimum length-to-width ratio of 10
have been selected for application of the
bending test. The proposed leaching test
specified by the IAEA regulations has
been seiected as suitable and should
yield uniform results. An absolute
amount leached is better related to the
hazard than is a fixed percentage.
Although 0.05 microcurie is much
smaller than any of the A, quantities, in
this case it is specified as a measure of
the indispersibility and is equivalent to
the maximum permissibie non-fixed
surface contamination on an area of 50
cm *of a package surface.

Existing regulations require that
“special form radioactive material” have
either (1) no dimension less than 0.5 mm
or (2) a* least one dimension greater
than 5 mm. It is now proposed that
special form radioactive material must
have at least one dimension not less
than 5 mm. The first option has been
removed because of the possible
difficulty of identifying, for safe
handling, an object as smail as 0.5 mm
in every dimension.

16. Miscellaneous. Several changes
and additions that experience indicates
will be useful are proposed in the
requirements for exemption of fissile
material from the provisions of Part 71
and in the specifications for packages of
fissile material that are generally
licensed. Criticality studies showed that
these proposed modifications satisfy the
requirements for avoidance of criticality.
The IAEA regulations also include some
examples of specific packages that the
IAEA considers to satisfy criticality
requirements but nevertheless to require
approval by the competent authority
before use. These examples are not

included in the proposed revision of 10
CFR Part 71,
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has been incorpora‘ed in the proposec
regulation. Rounded off values of
equivalents for the English system are
n parentheses, except ina few

given
cases where the conversion seems
= % unnecessary or inappropriate
: The Commission has determined that
= neither the Council of Environmental
i Quality guidelines, 40 CFR Part 1500, nor
the NRC regulations in 10 CFR Part 51
ensing and Regulatory Policy and
Procec _res for Environmental Quality
require the NRC to prepare an
environmental impact statement for the
proposed revision of 10 CFR Part 71
Concurrently with the publication of this
notice of proposed rule making the
mmission (s Maxking available in (s
Public Document Room at 1717 H Street,
NW.. Washington, D.C., an
znvironmental Impact Assessment
Changes to Radioactive Material
Transport Regulations. !0 support the

laration required by 10 CFR

i
LiC

negative cet

Part 51

thal
g made In

The Commission has detentines
w0 significant changes are De
the reporting requirements of 1 CFR
Part 71, so no GAO clearance 18

required

Interested persons are invited 10
submit written comments and
suggestions on the proposal and
supporting vaiue impact analysis to the
Qecretary of the Commission us
Nuclear Regulatory Commission
Wa Attention
Docketing and Service Branch. Copies
the value/impact analysis supporting
are available for public

)t the

Yington, D.C. 20555

‘ne ruie

1t the Commus#ion's Pubii
N.W.,

)f the

nspection
Document Room at 1717 A Street
washington, D.C. Single copies
value/impact analysis may be obtained
n request from: Mr. Donaid R. Hopkins
Office of S*andards Development, U.S
Nuclear Regulatory Commission
Washington, D.C
143~ 3346
Pursuan’ ‘o the Atomic Energy Act of
1954, as amendad, the Energy
Reorganization Act
and section 553 of title 5 of the
States Code, notice is hereby given that

the following revision to 10

United

sdoption of
CFR Fart 71

ontemplate

s er

itirety (s

PART 71—PACKAGING AND
TRANSPORTATION OF RADIOACTIVE
MATERIAL

Suopart A—General Provisions

20555, Telephone: 301~

;f 1974, as amended.

71.5 Transportation icensed matenal

Exemptions

71.6 Specific exemptions

71.7 Exemption ¢ physicians

g Exemptior for low level matenails
719 Exemptiun for fissile matenai
General Lic snses

7111 Ceneral license for shipment of fissile
material

1. General license for shipment n

approved packages

1

71.13 Communications
71.14 Interpretations
1.15 Additional requirements

Subpart B—Aopplication Far Package
Approval
121 Contents of application
71.22 Package description
71.23 Package evaiuat.on
7124 Quality assurance
71.25 Additional information

Subpart C—Package Standards

1.31 Demonstration of compliance
2132 Standards for all Type B pachages
71.33 Additional requirements for Type

B(M) packages

7134 dditional requirements (or Type Bit
packages

71.35 Standards for
packages

71.36 Special requirements
shipments

Previously constructed packages

fissile motera

for plutonium

7137

Subpart D—Operating Controls and
Procedures

7151 Establishment and maintenance ot a
juality assura~ce program

52 Assumptions as 10 unknown

properties

71.53 Preliminary determinat:ons
154 Routine determinations
71.55 Opening instructions

71.81 Reports

71.62 Records

71.63 Inspection and tesis

71.64 Violations

Appendixes

Appendix A—Normal conditions »f transport

Apvendix B—Hypothetical ac cident
sonditions

Appendix C—Determination of A, and As

Appendix D—Requirements for specis form
material

Appendix E—Quality assurance

requirements

Authority: The provisions of this Part 71
ssued nder secs. 53, 63, 81, 161 182, 183, 68
Sratl. 930, 933. 935, 948, 953, 954 as amended

42 U.S.C. 2073, 2083, 2111, 2201 2232. 2233
inless otherwise noted. For the purposes of
sec. 223. 68 Stat. 958, as amended $2USC
2273. sections 71.81-71.83 (ssued inder se«
1810. 58 Stat. 950, as amended: 42 U.S.(

22Mm Secs. 202. 206, Pub. L. 93-438 88 Stat
1244, 1246 42 > 2, 5846
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The metric system, as represented OY Sec ) Subpart A—General Provisions
the International System of Units (SI) 1.3 Requirements lor cense
71.4 Definitions §71.1 Purpose.

(a) This part establishes: (1
Requirements for packaging. preparation
for shipment, and transpo:tation of
licensed material: and (2) procedures
and standards for approval by the
Nuclear Regulatory Commission of
packaging and shipping procedures for
fissile material (uranium-233, uranium-
235, plutonium-238, piut nium-239, or
plutonium-241) and for quantities of
other licensed material in excess of type
A quantities, as defined in § 71.4(s)

(b) The packaging and transport of
these materials are also subject to other
parts of this chapter and to the
regulations of other agencies having
jurisdiction over means of transport. The
requirements of this part are in addition
to. and not in substitution for, other
requirements

§71.2 Scope.

The regulations in this part apply to
any licensee authorized by speci
license issued by the Commission to
receive. possess, use, or transfer
licensed materials, if the licensee
delivers such materials to a carrier for
transport or transports suc h material
outside the confines of his facility, plant
or other authorized place of use. No
srovision of this part shall be ~onstrued
to authorize possession of licensed

matenal

$71.3 Requirement for license

No licensee subject to the regulations
in this part shall (a) deliver any licensed
materials to a carrier for transport or (b)
transport licensed material except as
authorized in a general license or a
specific license issued DY the
Commission, or as exempted in this part

§ 71.4 Definitions.

As used in tius part

al “A, or A, means the maximum
activity of special form or normal form
radioactive material, respectively
permitted in Type A package These
values are listed in Appendix C, Table
C-1. for many radionuclides. Rules given
in Appendix C may be used to derive A,
and A, values for individua!
radionuclides and for inixtures

(b) “Close reflection by water” means
mmediate contact by water of sufficient
thickness for maximum reflection of
neutrons

¢) "Containment system
~-omponents of the packaging
to retain the radioactive maternial
transport

d) “Fissile classification

{ a package

means the
ntended

juring

means

lassification r shipment




of fissile materials according to the
controis needed to provide nuclear
criticality safety during transportation
as follows:

(1) Fissile Class I: Packages which
may be transported in unlimited
numbers and in any arrangement, and
which require no nuclear criticality
safety controls during transportation. A
transport index is not assigned for
purposes of nuclear criticality safety but
may be required because of external
radiation levels.

(2) Fissile Class [I: Packages which
may be transported together in any
arrangement but, for criticality control.
in numbers which do not exceed an
aggregate transport index of 50. Such
shipments require no other nuclear
criticality safety control by the shipper
during transportation. Individual
packages may have a transport index
not less than 0.1 and not more than 10.

(3) Fissiie Class IlI: Shipments of
packages which do not meet the
requirements of Fissile Classes I or [I
and which are controlled in
transportation by special arrangements
between the shipper and the carrier to
provide nuclear criticality safety.

(e) “Fissile material” and “fissile
radionuclides”: “Fissile material” means
any material consisting of or containing
one or more of the fissile radionuclides,
which shall be taken as uranium-233,
uranium-235, plutonium-238, plutonium-
239. and plutonium-241. Unirradiated
natural and depleted uranium are not
considered to be fissile materials.

(f) "Full load" (also referred to as
"sole use” and “exclusive use” in [AEA
and DOT regulations) means any
shipment:

(1) From a single consignor having the
exclusive use of a transport vehicle or of
an aircraft. or of a hold or compartment
of an inland watercraft. or of a hold.
compartment, or defined deck area of a
seagoing vessel: and

(2) For which ali initial. intermed.ate.
and final loading and unloading is
carried out by or under the supervision
of the consignor. consignee. or the
designated agent of either party.

(8) "Low-level solid radioactive
material (LLS)"' means any of the
following:

(1) Solids (e.g.. consolidated wastes,
activated materials) in which:

(1) The activity under normal transport
conditions is, and remains. distributed
throughout a solid or a collection of
solid objects. or is, and remains,
uniformly ¢ istributed in a solid compact
binding ar :nt (such as concrete.
bitumen. ceramic);

‘ Packaging requirements for LLS are set forth in
49 CFR Part 127

(ii) The activity is, and remains,
insoluble so that, even under loss of
packaging, the loss of radioactive
material per package resuiting from the
effects of wind, rain, etc., and from total
immersion in water is limited to less
than 0.1 A, in a period of one week: and

(iii) The estimated activity averaged
throughout the material does not exceed
2x107% A,/g.

(2) Objects of non-radioactive
material contaminated with radioactive
material, provided that the radioactive
contamination is in a non-readily
dispersible form and the level of
contamination averaged over 1 m?(or
the area of the surface if it is less than 1
m?) does not excaed 20 uCi/cm? of
which no more than 2 uCi/cm? may be
alpha emitters other than natural or
depleted uranium or natural thorium.

{h) “"Low specific activity material
(LSA)" * means any of the following:

(1) Uranium or thorium ores and
pirysical or chemical concentrates of
those ores.

(2, Natural or depleted uranium or
natural thorium.

(3) Tritium oxide in aqueous solutions,

provided the concentration does not
exceed 10 Ci/liter.

(4) Materials in which the activity,
under normal transport conditions. is,
and remains, uniformly distributed and
in which the average estimated specific
activity does not exceed 10 * A,/g.

(5) Materials in which the activity is
uniformly distributed and which. if
reduced to the minimum volume under
conditions likely to be encountered in
transport. such as dissolution in water
with subsequent recrystallization.
precipitation, evaporation, combustion.
abrasion, etc.. would have an average
estimated specific act' sity of no more
thln 10°¢ Aglg

(6) Objects of non-radioactive
material contaminated with radioactive
material. provided the non-fixed surface
contamination does not exceed ten
times the values given in § 71.54(b).
Table V1. and the contaminated object
or the contamination on the object, if
reduced to the miminum volume under
conditions likely to be encountered in
transport, such as dissolution in water
with subsequent recrystallization,
precipitation, evaporation, combustion,
abrasion. etc.. would have an average
estimated specific activity of no more
than 107 As/g.

(7) Objects of non-radioactive
material contaminated with radioactive
material, provided that the radioactive
contamination is in a non-readily
dispersible form and the level of

' Packaging requirements for LSA are set forth in
49 CFR Part 127
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contamination averaged over 1 m?(~r
the area of the surface if it is less than 1
m?) does not exceed 1 uCi/cm? of which
no more than 0.1 uCi/cm? may be alpha
emitters other than natural or depleted
uranium or né ural thorium.

(i) "Maxim.'m normal operating
pressure” means the maximum gauge
pressure that would deveiop in the
containment system in a period of one
year under the normal condition of
transport specified in paragraph (1) of
Appendix A, in the absence of venting,
external cooling by an ancillary system.
or operational controls during transport.

(j) “"Normal form radioactive material”
means radioactive material which has
not been demonstrated to satisfy the
requirements for “special form"
radioactive material.

(kj "Optimum interspersed
hydrogenous moderation” means the
presence of hydrogenous material
between components of the packaging to
such an extent that the maximum
nuclear reactivity resuits.

(1) “Package” means the packaging
together with its radioactive contents as
presented for transport.

(1) "Fissile material package" means a
fissile material packaging together with
its fissile contents.

(2) "Type A package” means a Type A
vackaging together with its radioactive

.ontents.

(3) “Type B package” means a Type B
packaging tcgether with its radioactive
contents. The two classifications of
Type B package are as follows:

(i) “Type B(M) package.” which may
be subject to special conditions of
shipment or storage: or

(ii) "Type B(U) package" which has
the special design and performance
teatures described in § 71.34 and which
requires no special conditions of
shipment or storage.

(m] “Packaging” means the assembly
of compunents necessary to ensure
compliance with the packaying
requirements of this part. It may. in
particular, consist of one or more
receptacles, absorbent materials,
spacing structures. thermal insulation,
radiation shielding, and devices for
cooling or for absorbing mechanical
shocks The vehicle. tie-down system,
and auxiliary equipment may form an
integral part of the packaging.

(n) "Radioactive material” means any
material, or combination of materials,
having a specific activity greater than
0.002 microcuries per gram (uCi/g).

(o) “Special form radioactive
material” means radioactive material
which meets the requirements of
Appendix.D.



(p) “Specific activity” ofa
radionuclide means the activity of the
radionuclides per unit mass of that
nuclide. The specific activity of a
material in which the radionuclides are
essentially uniformly distributed is the
activity per unit mass of the material.

(q) “Stress intensity ' means twice the
naximum shear stress and is-equal to
the largest algebraic difference between
any two of the three principal stresses at
& point.

(r) “Transport index” means the
dimensionless number (rounded up to
the first decimal place) placed on the
lapel of a package to designate the
degree of control to be exercised by the
carrier during transportation. and
determined as follows:

(1) The number expressing the
maximum radiation level in millirem per
hour at 1 me‘er from the external

surface of ' package: or
{2) For’ Class [l packages. the
number .ng the maximum

radiatio.. i~ 0 millirem per hour at1
meter from the external surface of the
package. or the number obtained by
dividing 50 by the number of such
packages which may be transported
together per zhipment as determined
under § 71.35(c). whichever number is
larger

(s) “Type A quantity” means a
quantity of radicactive material, the
aggregate ridioactivity of which does
not exceed A, for speciai form
radioactive material or A, for normal
form radioactive material. where A, and
A, are given in Appendix C to this part
or may be determined by procedures
described therein.

{t) “Type B quantity” means a
quantity of radioactive matenal greater
tha a Type A quantity

(s "Uranium=—natural. depleted.
enriched”

(1) “Natural uranium’ means uranium
with the naturally occurring distribution
of uranium isotopes (approximately
99 28% uranium-238. 0.72% uranium-235)

(2) "Depleted uranium” means
uranium containing less than 0.72%
uranium-235

{3) “Enriched uranium ' means
uranium ontaining more than 0.72%
uranium-235, with the remsinder being
uranium-238

§71.5 YWO‘WM‘W.

(a) No licensee shall transpoi! any
licensed material outside of the confines
of his plant or other place of use. or
deliver any licensed material to a carrier
for transport. unless the licensee
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complies with the applicable
requirements of the regulations of the
Department of Transportation in 49 CFR
Parts 127 and 170-189, and the U.S.
Postal Service in 39 CFR Parts 14 and 15,
and in addition complies with the
requirements of this Part. insofar as
such regulations relate to the packaging
of byproduct. source, or special nuclear
material. marking and labeling of the
packages, loading and storage of
packages. placarding of the
transportation vehicle, monitoring
requirements and accident reporting.

(b) When Department of
Transportation regulations are not
applicable to shipments of licensed
material by rail, highway. or water
because the shipment or the
transportation of the shipment is not in
interstate or foreign commerce. or to
shipments of licensed material by air
because the shipment is not transported
in civil aircraft, the licensee shall
conform to the standards and
requirements of the Department o,
Transportation, specified in paragraph
(a) of this section, to the same extent as
if the shipment or transportation were in
interstate or foreign commerce or in civil
aircraft. Any requests for modifications.
waivers. or exemptions from those
requirements, and any notifications
referred to in those requirements shall
be filed with or made to the Nuclear
Regulatory Commission.

(c) Paragraph (a) of this section shall
not apply to the transportation of
licensed material or to the delivery of
licensed material to a carrier for
transport, where such transportation is
subject to the regulations of the
Department of Transportation or the
U.S. Postal Service.

Exemptions

£71.6 Specific exemptions.

On application of any interested
person or on its own initiative. the
Commission may grant such exemptions
from the requirements of the regulations
in this part as it determines are
authorized by law and will not endanger
life or property or the common defense
and security.

§71.7 Exemption of physicians.

Physicians. as defined in § 35.3(b) of
this chapter. are e~empt from § 715 with
respect to the transport of licensed
matenal for use in the practice of
medicine.

§71.8 Exemption for low level materials.
A licensee is exempt from all the
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requirements of this part other tha.:
§ 71.5 for the following shipments:

(a) Shipments of licensed materzl
having a specific activity not greater
than 0.002 microcurie/gram; and

(b) Packages or shipments of low
specific activity or low level solid
radioactive material as defined in § 71.4.
provided the fissile material exemption
standards of § 71.9 are satisfied; and

(c) Packages each of which contains
no more than a Type A quantity of
radioactive material as defined in § 71.4.
provided the fissile material exemption
standards of § 71.9 are satisfied.

§71.9 Exemption for fissile material.

A licensee is exempt from the
requirements of § 71.35 to the extent that
he transports or delivers to a carrier for
transport:

(a) Packages containing individually
not more than 15 grams of fissile
radionuclides. When material ‘s
transported in bulk, the quanuty
limitations apply to the vehicle. inland
waterway craft or part of a seagoing
vessel: or

(b) Packages containing homogeneous
hydrogenous solutions or mixtures
satisfying the conditions listed in Table i
of this part. When material is
transported in bulk, the quantity
limitations apply to the vehicle. inland
waterway craft, or part of a seagoing
vessel: or

Tabie |. —L/TWabons on HOMOGeneous Hydrogenous
Solutions or Mixtures for Exemptions From § 7135 in
Accordance with § 71.9¢

Parameters Uranum-235  Any other
onty hrasue
radnucee
0
nrtures)
Srnun Hix ! 5200 5200
Maxmum concentration of fssie
adonuchdes n solubion of
moture g/t . [
Maumum mass of hissue

-mw:omwunwummw
ihe rumBer of atoms of Fssle nuckde
"wmnuwmumn1nmnm
1% of the mans of uramum-23%

(c) Packages containing uranium
erriched in uranium-235 to a maximum
of 1% by weight, and with a total
plutonium and uranium-233 content of
up to 1% of the mass of uranium-235.
provided that the fissile radionuclides
are distributed homogeneously
throughout the material. In addition. if
uranium-235 is present in metallic or
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oxide form. it shall not form a lattice
arrangement within the package: or

(d) Packages containing any fissile
material. prc vided they do not contain
more than £ grams of fissile
radionuclides in any 10-liter volume, and
provided the ma'erial is in packages
which will ma:ntain the limitations of
fissile radionuchide distribution during
normal transport: or

{e) Packages containing individually
not more than one kilogram of
plutonium. of which not more than 20%
by mass may consist of plutonium-239,
plutonium-241, or any combination of
those radionuclides: or

(f) Packages containing liquid
solutions of urany! nitrate enriched in
uranium-235 to a maximum of 2% by
weight. and with total plutonium and
uranium-233 not maore than 0.1% of the
mass of uranium-235.

General Licenses
§71.11  General license for shipment of
fissile material.

A general license is hereby issued, to
persons holding specific licenses issued
pursuant to this chapter. to deliver
tissile material to a carrier for transport,
without complying with the package
standards cf Subpart C of this part,
provided that:

(a) The material is shipped as Fissile
Class Il packages with the following
limitations:

(1) Each package shall contain no
more than a Type A quantity of
radioactive material. as defined in
§71.4; and

(2) No package contains more than:

(i) 40 grams of uranium-235; or

(ii) 30 grams of uranium-233; or

(1ii) 25 grams of plutonium, except that
for encapsulated plutonium-beryllium
neutron sources the maximum amount of
plutonium may be 400 grams or A,
(curies) whichever is the smaller mass;
or

(iv) A combination of uranium-235,
uranium-231 and plutonium in which the
sum of the ratios of the amount of each
radionuclide to the corresponding
maximum amounts in paragraphs (i), (ii)
and (iii) does not exceed unity: and

(3) Each package containing more
than 15 grams of fissile radionuclides is
labeled with a transport index (T 1) not
lese than the number given by ‘he
following equation. where the package
contains x grams of uranium-235, y
grams of uranium-233 and z grams of

plutonium:
)
|

LR

Mawnum T1 o (040x - 067y + 2} (!

B ——

except that for a package in which the
only fissible matenal is an encapsulated
plutonium-beryllium source, the
transport index based on criticality
considerations may be taken as 0.026
times the number of grams of plutonium
in excess of 15 grams. In all cases the
transport index shail be rounded up to
one decimal place, and shall not exceed
10.0; or

(b) Tl.e material is shipped as Fissile
Class Il packages with the following
limitations:

(1) Each package shall contain no
more than a Type A quantity of
radioactive material as defined in § 71.4;
and

(2) Beryllium and hydrogenous
material enriched in deuterium shall not
be present; and

(3) The total mass of graphite present
shall not exceed 150 times the total mass
of uranium-235 plus plutonium; and

(4) Substances having a higher
hydrogen densiw than water, e.g. some
hydrocarbon oils, shall not be present,
except that polyethylene may be used
for packing or wrapping; and

(5) Uranium-233 shall not be present,
and the amount of plutonium shall not
exceed 1% of the amount of uranium-235:
and

(6) The amount of uranium-235 shall
be limited as follows:

(i) If the fissile radionuclides are not
uniformly distributed. the maximum
amount of uranium-235 per package
shall not exceed the value given in
Table II of this part; or

(ii) If the fissile radionuclides are
distributed uniformly and cannot form a
lattice arrangement within the
packaging. the maximum amount of
uranium-235 per package shall not
exceed the value given in Table [11 of
this part; and

(7) The transport index of each
package based on criticality
considerations shall be taken as 10
times the number of grams of uranium-
235 in the package divided by the
maximum allowable number of grams
per package in accordance with Table I
or Table [1I of this section as applicable:
or

(c) The material is shipped as Fissile
Class [II packages with the following
limitations:

(1) Each single package shall contain
no more than a Type A quantity of
radioactive material, as defined in
§ 71.4, nor more than 400 grams total of
plutonium-238, plutonium-239. and
platonium-241 encapsulated as
plutonium-beryllium neutron sources.
and

(2) The fissile radionuclide content of
the shipment shall not exceed:

(1) 500 grams of uranium-235; or

(11) 300 grams total of uranium-233,
plutonium-238, plutonium-239 and
plutonium-241; or

(iii) A total quantity of uranium-233,
uranium-235, and plutonium such that
the sum of the ratios of the quanity of
each radionuclide to the quanity
specified in paragraphs (2)(i) and (2)(ii)
of this paragraph exceeds unity: or

(iv) 2500 grams of plutonium-238
plutonium-239, and plutonium-241
encapsulated as plutonium-beryllium
neutron sources: and

(3) Shipment of these packages shall
be made only under procedures
specifically authorized by the
Department of Transportation pursuant
to 49 CFR 127.507 of its regulations. so
as to prevent loading, transport or
storage of these packages with other
fissile Class II cr Fissile Class 111
packages:

(d) The material is shipped as Fissile
Class Ill packages under the following
conditions:

(1) Each package shall contain no
more than a Type A quantity of
radioactive material, as defined in
§ 71.4(s): and

(2) The packages are currently
approved as Fissile Class Il packages
and the number of packages in any one
consignment does not exceed twice the
number which may be transported
together as specified in the Fissile Class
II approval; and

Table L.=Permissibie Mass of Urarmm- 235 per
Fissie Class /| Package Agpiicabee to § 71 11(b)6))
(Nonuritorm Dvstribution)

Jranum ennchment n  Permasibie maxmum grams
wengnt of uranwm- 278
per cant of warwm-235 Der Dackage
Ot exCeeing—
2 Q2
15 L]
1" -
10 L1l
95 82
9 4
as 55
L] 57
Ys ”
? 80
LE ] 2
L} [}
LE L]
L} ”
8 b ]
‘ L
1s L
3 100
25 120
2 64
18 m
138 320
' 480
692 1200
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ﬁmcwﬂwwnl 711 1(bHEIW

(untorm Distrbution)
rer v n  Per gams
—eght of wanwum-235
sercent of uranwm-238 Der pacrage
~ol RCeedNg—
4 %
38 92
3 "2
2s 148
2 240
B 580
135 800

Tabie \V.—Permissidie Mass of Uranum-235 per
Figsie Class !/
§ 71 1 1(@)(6)(:) (Nonuniform Castroution)

Federal Register / Vo..

Jrarwum anncnment in Permisubie ams
of uranwum-238
percent of sarwm-235 per conmgnment
Aot exCeeng—
20 520
18 560
" 500
0 640
s 855
] a7s
4s L
L] 710
'S 7%
’ 7”
a5 780
L] 810
58 850
S 900
45 950
4 1000
s 1100
3 1290
25 1500
2 20%
18 3400
138 4000
| 4500
o 15000

Fisside (Class /Il Consignment Appicable o
§ 71 1{eN6)w) (Urwtorm Drstnbubion)
Fame
of uranum-235
percent of uranum.- 238 per conmgnment
A0t excaedng—
4 105
s 1%
3 1400
25 1800
2 3000
18 7000
138 10000

(3) Shipment of these packages shall
be made only under procedures
specifically authorized by the
Department of Transportation pursuant
to 49 CFR 127.507 of its regulations, so
as to prevent loading, transport or
storage of these packages with other
Fissile Class Il or Fissile Class IlI
packages: or

(e) The material is shipped as Fissile
Class I1l packages with the following
limitations:

(1) Each package shall contain no
more than a Type A quantity of

. No. 161 |/ Friday, August 17.

radioactive material, as defined in
§ 71.4(s): and

{2) The packaging shall not
incorporate lead shielding exceeding
5cm in thickness, nor tungsten nor
uranium shielding; and

(3) Beryllium and hydrogenous
material enriched in deuterium shall not
be present; and

{4) The total mass of graphite present
must not exceed 150 times the total
mass of uranium-235 and plutonium; and

(5) Substances having a higher
hydrogen density than water, e.3. some
hydrocarbon oils. shall not be present.
except that polyethylene may be used
for packing or wrapping: and

(6) For fissile contents containing no
uranium-233 and less than 1% total
plutonium:

(i) If the fissile radionuclides are not
uniformly distributed. the maximum
amount of uranium-235 per consignment
shall not exceed the value given in
Table IV of this part: or

(ii) If the fissile radionuclides are
distributed uniformly and cannot form a
lattice arrangement within the
packaging. the maximum amount of
uranium-235 per consignment shall not
exceed the alue given in Table V of this
part: and

(7) For fi sile contents containing
uranium-233 or more than 1% plutonium.
the total mass of fissile material per
consignment shall be such that the sum
of the number of grams of uranium-235
divided by 400, the numoer of grams of
plutonium divided by 225. and the
number of grams of uranium-233 divided
by 250, does not exceed unity 5 and

(8) The transport shaii be direct to the
consignee without any intermediate
transit storage.

(9) Shipment of these packages shall
be made only under procedures
specifically authorized by the
Department of Transportation pursuant
to 49 CFR 127.507 of its regulations, so
as to prevent loading, transport or
storage of these packages with other
Fissile Class Il or Fissile Class lil
packages.

§71.12 General license for shipment in
approved packages.

A general license is hereby issued. to
persons holding a general or specific
license issued pursuant to this chapter.
to transport or to deliver to a carrier for
transport licensed material as follows.
provided the licensee has a quality
assurance program approved by the
Commission as satisfying the provisions
of § 71.51

‘grams uranium-235 < 400 grams + grams
plutonium - 225 grams + grams uranium-233 - 250
grams< 1
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(a) In a specification container for
fissile material as specified in 48 CFR
127.117, or for a Type B quantity of
radioactive material as specified in 49
CFR 127.115 of the regulations of the
Department of Transportation, 49 CFR
part 127; or

(b) In a package for which a license,
certificate of compliance or other
approval has been issued by the Office
of Nuclear Material Safety and
Safeguards of the Commission. provided
that:

(1) The person using a package
pursuant to the general license provided
by this paragraph:

(i) Has a copy of the specific license.
certificate of compliance, or other
approval of the package and all
documents referred to in the license,
certificate, or other approval, as
applicable:

(ii) Complies with the terms and
conditions of the license, certificate. or
other approval. as applicable. and the
applicable requirements of this part: and

(iii) Prior to the licensee’s first use of
the package submits in writing to the
Director of the Commission's Office of
Nuclear Material Safety and Safeguards,
his name and license number, the name
and license or certificate number of the
person to whom the package approval
has been issued. and the package
identification number specified in the
package approval.

(2) The package approval authorizes
use of the package under general license
provided in this paragraph.

(c) In a package which meets the
pertinent requirements in the 1973
regulations of the International Atomic
Energy Agency and the use of which has
been approved in a foreign national
competent authority certificate which
has been revalidated by the Department
of Transportation, but only for import or
expogt of radioactive material and only
provided that the person using a
package pursuant to the general license
provided by this paragraph:

(1) Has and complies with the
applicable certificate, the revalidation,
and the documents referenced in the
certificate; and

(2) Complies with the applicable
requirements of Subpart D of this part,
and with the Department of
Transportation regulations in 49 CFR
Parts 127, 175, and 176.

§71.13 Communications.

All communications concerning the
regulations in this part should be
addressed to the Director, Office of
Nuclear Material Safety and Safeguards.
Nuclear Regulatory Commission,
Washington, D.C. 20555, or may be
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delivered in perscn at the Commission
offices at 1717 H Sircet, NW.,
Washington, D.C.. or its offices at 7915
Eastern Avenue. Silver Spring.
Marvland.

§71.14 Interpretations.

Except as specifically authorized by
the Commission in writing, no
interpretation of the meaning of the
regulations in this part by an officer or
employee of the Commission other than
a written interpretation by the General
Counsel will be recognized to te binding
on the Commission.

§71.15 Additional requirements.

The Commission may by rule,
regulation. or order impose upon any
licensee such requirements, in addition
to those established in this part, as i
deems necessary or appropriate to
protect health or to minimize danger to
life or property.

Subpart B.—Application for Package
Approval

§71.21 Contents of application.

An application for an approval under
this part shall include. for each proposed
packaging design and method of
transport, the following information in
addition to any other information
required:

(a) A package description as required
by § 71.22;

{b) A package evaluation as required
by § 71.23;

() A quality assurance program
description as required by § 71.24;

(d) In case of fissile material, an
identification of the proposed fissile
class.

§71.22 Package descriptior.

The application shall include a
description of the proposed package in
sufficient detail to identify the package
accurately and to provide a sufficient
basis for evaluation of the packaging.
The description should include:

(a) With respect to the packaging:

(1) Classification as Type B(U), Type
B(M) or fissile material packaging.

(2} Gross weight;

(3) Model number;

{4) Specific materials of construction.
weights, dimensions, and fabrication
methods of:

(i) Receptacles. identifying the
containment system;

(i1} Materials specifically as nonfissile
neutron absorbers or moderators;

(1ii) Internal and external structures
supporting or protecting receptacles;

(iv] Valves, sampling ports, lifting
devices, and tiedown devices:

{v) Structural and mechanical means
for the transfer and dissinatiun of heat:
and

(5) Indentification and volumes of any
coolants and of receptacies containing
coolant.

(b) With respect to the contents of the
package:

(1) Identification and maximum
radioactivity of radioactive constituents:

(2) Identification and maximum
quantities of fissile constituents;

(3) Chemical and physical form;

(4) Extent of reflection, the amount
and identity of nonfissile materials used
as neuiron absorbers or moderators and
the atomic ratio of moderator to fissile
constituents;

(5) Maximum weight; and

(6) Maximum amount of decay heat.

§71.23 Package evaluation.

The applicant shall:

(a) Demonstrate that the pac} age
satisfies the standards specified in
Subpart C;

(b) For a Fissile Class Il package,
ascertain and specify the number of
similar packages which may be
transported together in accordance with
§ 71.35(c): and

(c) For a Fissile Class [II shipment,
and for a Type B(M) package, describe
any proposed special controls and
precautions to be exercis2d during
transport, loading, unloading, and
handling, and in the event of accident or
delay.

§71.24 Quality assurance.

(a) The applicant shall describe his
qQuality assurance program to be applied
to the design, fabrication, assembly,
testing, maintenance, repair,
modification and use of the proposed
packaging.

(b) The applicant shall identify any
established codes and standards
proposed for use in package design,
fabrication, assembly. testing,
maintenance and use. In the absence of
such codes and standards. the applicant
shall describe the basis and rationale
used to formulate thé package quality
assurance program.

(c) The applicant shail identify any
specific provisions to be contained in his
quality assurance program which are
applicable to the particular package
design under consideration. including a
description of his leak testing
procedures.

§71.25 Additional information.

The Commission may at any time
require further information in order to
enable it to determine whether a license.
certificate of compliance, or other

approval shouid be granted. denied.
modified, suspended. or revoked.

Subpart C.—Package Standards

§71.31 Demonstration of compiiance.

(a) The effect of the transport
environment on the integrity of a
package of radioactive material shall be
evaluated as follows:

(1) The ability of a package to
withstand conditions likely to occur in
normal transport shall be assessed by
subjecting a sample package or scale
model. by test or other assessment, to
the normal conditions of transport as
specified in Appendix A; and

(2) The effect on a package of
conditiens likely to occur in an accident
shall be assessed by subjecting a sample
package or scale model. by test or other
assessment, to the hypothetical accident
conditions as specified in Appendix B.

(b) Taking into account the type of
vehicle. meshod of securing or attaching
the package. and controls to he
exercised by the shipper, the
Commission may permit the shipment to
be evaluated together with the
transporting vehicle for the purpose of
one or more tests.

(c) Except with respect to Type B(U)
packages, normal conditions of
transport and hypothetical accident
conditions different from those specified
in Appendix A and Appendix B may be
approved by the Commission of the
controls proposed to be exercised by the
shipper are demonstrated to be
adequate to assure the safety of the
shipment.

§71.32 Standards for all packages.

(a) Any lifting attachments on the
package. when used in the intended
manner, with an appropriate safety
factor to cover abrupt lifting, shall not
impose unsafe stresses on the structure
of the package, and shall be so designed
that failure under excessive load would
not impair the ability of the package to
meet other requirements of this Subpart.
Attachments or other features on the
outer surface of the packaging which
could be used to lift the package shall be
removable or otherwise rendered
inoperable for transport, or shall be
designed with strength equivalent to
that required for lifting attachments.

(b) The smallest overall'dimension of
the pacakge shall not be less than 10 em
(4in.).

{c) The outside of the package shall
incorporate a feature, such as a seal,
which is not readily breakable, and
which, while intact. will be evidence
that the package has not been illicitly
opened.
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{d) Each package shall include a
containment system securely closed by
a positive fastening device which cannot
be opened unintentionally.

(e) Each tie-down device which is a
structural part of the package shall be so
designed that failure of the dev’ ‘e under
excessive load would not impa:: the
ability of the package to meet other
requirements of this subpart.

(f) Packages shall be of such materials
and construction that there will be no
significant chemical. galvanic or other
reaction among the packaging
components. or between the packaging
components and the package contents,
including possible reaction resulting
from inleakage of water to the maximum
credible extent.

{g) All package vaives through which
the radioactive contents could otherwise
escape shall be protected against
unauthorized operation and, except for
pressure relief valves, shall be provided
with an enclosure to retain any leakage.

(h) Packages shall be so designed.
constructed and prepared for shipment
that under normal conditions of
transport specified in Appendix A there
will be no loss or dispersal of
radioactive contents, as demonstrated to
a sensitivity of 107* A, per hour by NRC
approved test procedures. no significant
increase in the maximum radiation level
at the external surface of the package,
and no substantial reduction in the
effectiveness of the packaging.

§ 71.33 Additional requirements for Type
B(M) packages

A Type B(M) package, in addition to
satisfying the requirements of § 7132,
shall be so designed and constructed
that under the hypothetical accident
conditions of Appendix B:

(a} The escape of radioactive material
other than krypton-85 would not exceed
a total amount A, in one week. and for
krypton-85 the escape would not exceed
10,000 curies in one week.

(b) The external radiation dose rate
would not exceed one rem per hour at
one meter [rom the external surface of
the package.

§ 71.34 Additional requirements for Type
B(U) packages

A Type B(U) package. in addition to
satisfying the requirements of § 71.32,
shall satisfy the following requirements:

{a) The package shall be so designed
and constructed that under the
hupothetical accident conditions of
Appendix B:

(1) The escape of radioactive material
would not exceed an amount 107 A, in
one week.

(2) The external radiation dose rate
would not exceed one rem per hour at
one meter from the external snrface of
the package.

(b) Compliance with the permitted
activity re.cqase limits shall depend
neither upon filters nor upon a
mechanical cooling system.

(¢) The package shall not incorporate
a feature which is intended to allow
continuous venting during transport.

(d) The package shall not include a
pressure relief system which would
allow the release of radioactive maternal
to the environment under the conditions
of the test specified in Appendix A and
Appendix B.

(e) The package shall have a
maximum normal operating pressure not
exceeding 690 kilopascal (100 psi) gauge.

(f) The containment system shall be
capable of withstanding the thermal test
in Appendix B without experiencing a
stress intensity greater than the
minimum yield strength at the ms ximum
temperature it would be expected to
reach. For the purpose of this
determination, the stress intensity shall
be considered to result from the sum of
membrane stresses and bending stresses
caused by pressure, thermal gradients.
and differential thermal expansions.

(g) The containment system shall be
capable of withstanding at least 1.5
times the maxamum normal operating
pressure without experiencing a stress
intensity greater than either 75 percent
of the minimum yield strength or 40
percent of the uitimate strength at the
maximum expected operating
temparature. For the purpose of this
determination, the stress intensity shall
be considered to result from the sum of
membrane stresses and bending stresses
caused by pressure.

§71.35 Standards for fissile material
packages.

(a) General requirements. Fissile
material packages which are not exempt
by § 71.9 or § 71.11 shall satisfy the
following requirements:

(1) A package used for the shipment of
fissile material shall be designed and
constructed in accordance with § 71.32,
and when so required by the total
amount of radioactive material, also in
accordance with § 71.33 or § 71.34:

(2) Except as otherwise provided by
§ 71.35(a)(5) with respect to leakage. a
package used for the shipment of fissil
material shall be so designed and
constructed and its contents so limited
that it would be subcritical if water
were (o leak into the containment
system or liquid contents were to leak
out of the containment system such that
under the following conditions,

maximum reactivity of the fissile
material would be attained:

(i) In the most reactive credible
configuration consistent with the
chenucal and physical form of the
material;

(ii) Moderated by water to the most
reactive credible extent: and

{i11) Fully reflected on all sides by
water.

(3) A package used for the shipment of
fissile matenal shall be so designed and
constructed and its contents so !imited
that under the normal conditions of
transport specified in Appendix A:

(i) The contents would be subecritical;

(ii) The geometric form of the package
contents would not be substantially
altered:

(iit) There would be no leakage of
water into the containment system
unless. in the evaluation of undamaged
package under §§ 71.35(b). (¢)(¥)(i). and
(d)(1), 1t has been assumed that
moderation is present to such an extent
as to cause maximum reactivity
consistent with the chemical and
physical form of the material; and

1iv] There will be no substantial
reduction in the effectiveness of the
packaging, including no more than 5
percent reduction in the total effective
volume of the packaging on which
nuclear safety is assessed. no more than
5 percent reduction in the effective
spacing between the fissile contents and
the outer surface of the packaging, and
no occurrence of an aperture in the outer
surface of the packaging large enough to
permit the entry of a 10 cm {4 in.) cube.

(4) A package used for the shipment of
fissile material shall be so designed and
constructed and its contents so limited
that under the hypothetical accident
conditions specified in Appendix B the
package would be subcritical. For this
determination it shall be assumed that:

(i) The fissile material is in the most
reactive credible configuration
consistent with the damaged conditiun
of the package and the chemical and
physical form of the contents;

(i1) Water moderation occurs to the
most reactive credible extent consistent
.with the damaged condition of the
package and the chemical and physical
form of the contents: and

(iii) There is reflection by water on all
sides and as close as is consistent with
the damaged condition of the package.

(5) The Commission may approve
exceptions to the requirements of this
section with regard to assumed
inleakage or outleakage provided the
package incorporates special design
features such that no single packaging
error would permit leakage and
provided appropriate measures are
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taken before each shipment to verify the
leaktightness of the containment system.

(b) Specific standards for a Fissile
Class | package A Fissile Class |
package shall be so designed and
constructed and its contents so limited
that:

1) Any number of such undamaged
packages would be subcritical in any
arrangement, and with optimum
interspersed hydrogenous moderation in
packaging, in which case the greater
amount may be assumed for this
determination: and ;

{2) Two hundred fifty (250) such
packages would be subcritical in any
arrangement, if each package were
subjected to the hypothetical accident
conditions specified in Appendix B and
if the geometry, moderation and water
reflection were then as described in
paragraphs (a)(4) and (e) of this section.

{c) Specific stundards for a Fissile
Closs !l package. (1) A Fissile Class [l
package shall be designed and
constructed and its contents so limited,
and the number of such packages which
may be transported together so limited,
that:

f1) Five times that number of such
undamaged packages would be
suberitical in any arrangement if closely
reflected by water: and

{i1) Twice that number of such
packages would be suberitical in any
arrange™ent if each package were
subjected to the hypothetical accident
conditions specified in Appendix B and
if the geometry, moderation and water
reflect on were then as described in
paragraphs (a)(4) and (e) of this section.

(2) The transport index with respect to
criticality control for each Fissile Class
1l package shall be calculated by
dividing the number 50 by the number of
such Fissile Class [l packages which
may be transported together as
determingd under the limitations of
paragraph (c)(1) of this section. The
transport index so determined shall not
exceed 10 and shall be rounded up to
the first decimal place.

(d) Specific standards for a Fissile
Class Il package. A package for Fissile
Class 11l shipment shall be so designed
and constructed and its contents so
limited. and the number of packages in a
Fissile Class [1I shipment shall be so
limited. that:

(1) The undamaged shipment would
be subcritical with an identical shipment
in contact with it and with the two
shipments closely reflected on all sides
by water; and

i2] The shipment would be subcritical
if each package were subjected to the
hypothetical accident conditions
specified in Appendix B and if the

geometry moderation and water
reflection were then as described in
paragraphs (a)(3) and (e) of this section.

le) Evaluation of an array of packages
of fissile material. The effect of the
transport environment on the nuclear
safety of an array of packages of fissile
material under hvpothetical accident
conditions shall be evaluated on the
basis that each package in the array is
subjected (0 the hypothetical accident
conditions specified in Appendix B and
that the geometry. moderation and
water reflection of the damaged
packages correspond to the maximum
credible reactivity consistent with the
design of the packaging, the nature of
the contents, and the conditions of
shipment. [n the case of a Fissile Class
[II shipment, the Commission may,
taking into account controls to be
exercised by the shipper, permit the
shipment to be evaluated as a whole
rathet than as individual packages,
either with or without the transporting
vehicles. for the purpose of one or more
tesis

§71.36 Special requirements for
piutonium shipments.

(a) Notwithstanding the exemption in
§ 71.9. plutonium in excess of twenty
(20) curies per package shall be shipped
as a solid.

{b) Plutonium in excess of twenty (20)
curies per package shall be packaged in
a separate inner container placed within
outer packaging that meets the
requirements of Subpart C for packaging
of material in normal form. The separate
inner container shall not release
plutonium, as demonstrated to a
sensitivity of 10™*A, per hour by NRC
approved test procedures. when the
entire package is subjected to the
normal test conditions specified in
Appendix A. When the entire package is
subjected to the hypothetical accident
conditions specified in Appendix B, the
separate inner container shail restrict
the loss of plutonium to not more than
A, in one week for B(M) packages, and
to not more than 107 %A, in one week for
B(U) packages. Solid plutonium in the
following forms is exemp: from the
requirements of this paragraph:

(1) Reactor fuel elements;

(i) Metal or metal alloy; and

(iii) Other plutonium bearing solids
that the Commussion determines should
be exempt from the requirements of this
se tion

§71.37 Previously approved packages.
Notwithstanding any other provicions
of this subpart. a package. the design of
which has been approved by the
Commission by the issuance of a

certificate of compliance on or before
(the effective date of these
amendments). shall be deemed to
comp'y with the package standards of
§§ 71.31, 71.32, 71.33, and 71.35, provided
that fabrication of the package is
satisfactorily completed, as
demonstrated by the application of its
model number in accordance with

§ 71.53(c), by (date two years after
effective date of these amendments) or
by the expiration date of the package
design approval, whichever is later.

Subpart D. Controls and
bpart D.—Operating

(a) The licensee shall establish,
maintain and execute a quality
assurance program satisfying each of
the applicabie criteria specified in
Appendix E, “Quality Assurance
Requirements.” and satisfying any
specific provisions which are applicable
to the licensee's activities including
procurement of packaging. The
description of the quality assurance
program shall include a discussion of
which requirements of Appendix E are
applicable and how they will be
satisfied.” A description of that program
shall be filed with the Director, Office of
Nuclear Material Safety and Safeguards,
Nuclear Regulatory Commission.
Washington, D.C. 20555. If a licensee
has filed such a description by January
1. 1979, the continued use of his existing
quality assurance program is authorized
until the acceptabulity of the program
has been finally determined b;o&r.
Commission.

(b) The provisions of this paragraph
deal with packages which have been
approved for use in accordance with
this part prior to January 1, 1979, and
which have been designed in
accordance with the provis‘ons of this
part in effect at the time of application
for package approval. Notwithstanding
the provisions of paragraph (a) of this
section, such packages shall be deemed
to have been designed in accordance
with a quality assurance program which
satisfies the provisions of paragraph (a)
of this section.

(c) The provisions of this paragraph
deal with packages which have been
approved for use in accordance with
this part prior to January 1, 1979, hdve
been at least partially fabricated prior to
that date, and for which the fabrication
is in accordance with the provisions of
this part in effect at the time of

"The pertinent requirements of Appendix £
should be applied in a graded approach 1 ¢ apphied
to an #xtent consisten: with their impottance (o
cafety as desaribed in Section 2 of Appendix E
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application for approval of package
design. Notwithstanding the provisions
of paragraph (a) of this section, such
packages shall be deemed to have been
fabricated and assembled in accordance
with a quality assurance program which
satisfies the provisions of paragraph (a)
of this section.

(d) A Commission-approved quality
assurance program which satisfies the
applicable criteria of Appendix B of Part
50 of this chapter and which is
established. maintained. and executed
with regard to transport packages shall
he deemed to satisfy the requirements of
paragraph (a) of this section.

§71.52 Assumptions as to unknown
properties.

When the isotopic abundance. mass.
concentration, degree of irradiation.
degree of moderation, or oth. - pertinent
property of fissile material in any
package is not known, the licensee shall
package the fissile material as if the
unknown properties have such credible
values as will cause the maximum
nuclear reactivity.

§71.53 Prefiminary determinations.

Prior to the first use of any packaging
for the shipment of licensed material:

(a) The licensee shall ascertain that
there are no cracks, pinholes.
uncontrolled voids or other defects
which could significantly reduce the
effectiveness of the packaging:

(b) Where the maximum normal
operating pressure will exceed 34.3
kilopascal (5 psi) gauge. the licensee
shall test the containment system at an
internal pressure at least 50% higher
than the maximum normal operating
pressure to ensure compliance with
design requirements for integrity and
leaktightness: and

(¢) The packaging shall be
conspicuously and durably marked with
its model number. gross weight. and a
package identification number assigned
by the Nuclear Regulatory Commission.
Prior to applying the model number. the
licensee shall determine that the
packaging has been fabricated in
accordance with the design approved by
the Commission.

§71.54 Routine determinations.

(a) Prior to each shipment of licensed
mat- rial, the licensee shall ascertain
that the package with its contents
satisfies the applicable requirements of
this part and of the license, including
determinations that:

(1) The package is proper for the
contents 1o be shipped.
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(2) The package is in unimpaired
physical condition except for superficial
marks. dents, etc:

(3) Each closure device of the
packaging, including any required
gasket, is properiy installed and secured
and free of defects:

(4) Any system for containing liquid is
adequately leaktight and has adequate
space or other specified provision for
expansion of such liquid:

(5) Any pressure reiief device is
operable and set in accordance with
written procedures:

(6) The package has been loaded and
closed in accordance with written
procedures:

(7) For fissile matenal. any moderator
or neutron absorber. if required, is
present and in proper cundition;

(b) External radiation i2vel—Prior to
each shipment of licensed material. the
licensee shall ascertain that. when the
package is subjected to the normal
conditions of transport specified in
Appendix A:

(1) Except as provided in (2). no
radiation level will exceed 200 millirem
per hour on the accessible external
surface of the package and the transport
index will not exceed 10. and

(2) For packages shipped as full load
by rail, highway or water, no radiation
level will exceed either:

(i) 1000 millirem per hour on the
accessible external surface of the
package:

(ii) 200 millirem per hour on the
external surface of the vehicle, including
the upper and lower surfaces. or. in the
case of an open vehicle, on the vertical
planes projected from the outer edges of
the vehicle. on the upper surface of the
load. and on the lower external surface
of the vehicle:

(iii) 10 millirem per hour at 2 m (6.6
feet) from the external surface of the
vehicie, including the upper and lower
surfaces, or in the case of an open
vehicle, 2 m (6.6 feet) from the vertical
planes projected from the outer edges of
the vehicle and the upper surface of the
load: or

(iv) Two millirem per hour in any
normally occupied position of the
vehicle. unless persons occupying such
positions are provided with special
health supervision and personnel
monitoring devices and training in
accordance with 10 CFR 18.12.

(¢c) Surfcce temperatures.—Prior to
each shipment of licensed material. the
licensee shall ascertain that. if the
package were in still air at 38°C (100" F)
and in the shade, the temperature of any
readily accessible surface of the
package would not exceed the following
applicable limit:
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e nee—

,) 50°C (122°F) for a package in a
consignment less than full load. or

(2) 82°C (180°F) for a package in a full
load consignment.

(d) External radioactive
contamination.—Prior to each shipment
of licensed material. the licensee shall
ascertain that the level of nonfixed
(removable) radioactive contamination
on all external surfaces of each package
is as low as practicable, and, when the
package is subjected to the normal
conditions of transport specified in
Appendix A:

(1) Except as provided in (2). no level
will exceed the levels in Table VI of this
part when averaged over any 300 cm?
area of the package surface: and

vnnn-mw:.muw

Raowoactve Contamnaton
Maxmum Dermrssiie
oo
Contarmnant wCi/em®  gpm/cm?
Seta-gamma amithng ‘adonuckoes.
i rAGONUCHGES Wi Nall-ives
oss than len days. navtural
uranwm. natural thonum;
wranum- 235, urarwum 238
thonum-292. homum-228 and
horurm- 230 when contaned in
res o DPHYSICAl CONCANTRIes 10 229
All other aloha sretting
ABONCHOS . L 2

(2) For packages shipped as full load
by rail or highway, no level will exceed
either the levels in Table VI of this part
at the time of shipment or ten times
those levels at any time during
transport, when averaged over any 300
cm? area of the package surface.

§71.55 Opening instructions.

Prior to delivery of a package to a
carrier for transport. the licensee shall
ensure that any special instructions
needed to safely open the package have
been sent to or otherwise made
available to the consignee.

§71.61 Reports.

The licensee shall report to the
Director, Office of Nuclea* Material
Safety and Safeguards, U.S. Nuclear
Regulatory Commission, Washington,
D.C. 20555, within 30 days any instance
in which there is significant reduction in
the effectiveness of any authorized
packaging during use.

§71.62 Recorde.

(a) Each licensee shall maintain for a
period of 2 years after shipment a record
of each shipment of fissile material or of
a Type B quantity of radioactive
material, showing, where applicable:

(1) Identification of the packagin
model number: by
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{2) Details of any significant defects in
the packaging. with the means employed
to repair the defects and prevent their
recurrence;

{3) Volume and identification of
coolant:

(4) Type and quantity of licensed
material in each package. and the total
quantity of each shipment;

(5] Eor each item of irradiated fissile
material:

(1) Identification by model number
and/or serial number;

fi) Irradiation and decay history to
the extent appropriite to demonstrate
that its nuclear and thermal
characteristics comply with license
conditions; and

(iii) Any abnormal or unusual
condition relevant to radiation safety.

{6) Date of the shipment;

{7) For Fissile Class III and for Type
B(M) packages, any special controls
exercised;

(8) Name and address of the
transferee:

(9) Address to which the shipment
was made: and

(10) Results of the determinations
required by § 71.54.

(b} The licensee shall make available
to the Commission for inspection. upon
reasonable notice, all records required
by this part.

(¢) The licensee shall maintain, during
the life of the packaging to which they
pertain. sufficient quality assurance
records to furnish documentary
evidence of the quality of packaging
components which have safety
significance and of services affecting
such quality. including records of the
rasults of the determinations required by
§ 71.53. and of monitoring, inspection
and auditing of work performance
during the design, fabrication, assembly,
testing. modification. maintenance and
repair of the packaging.

§71.63 inspection and tests.

(a) The licensee shall permit the
Commission at all reasonabie times to
inspect the licensed material, packaging,
and premises and facilities in which the
licensed material or packaging are used.
produced, tested, stored or shipped.

(b) The licensee shall perform, and
permit the Commission to perform, such
tests as the Commission deems
necessary or appropriate for the
administration of the regulations in this
chapter.

(c) The licensee shal! notify the
Director, Office of Inspection and
Enforcement, U.S. Nuclear Regulatory
Commission. Washington, D.C. 20855, at
least 45 days prior to fabrication of a
package to be used for the shipment, in

that package. of radioactive matenal
having a decay heat load in excess of 5
kW or with a maximum normal
operating pressure in excess of 103
kilopascal (15 psig).

§71.64 Violations.

An injunction or other court order
may be obtained prohibiting any
violation of any provision of the Atomic
Energy Act of 1954, as amended. (the
Act) or Title II of the Energy
Reorganization Act of 1974, as amended.
or any regulation or order issued
thereunder. A court order may be
obtained for the payment of a civil
penalty imposed pursuant to section 234
of the Act for violation of sections 53, 57,
82, 63, 81, 82, 101, 103, 104, 107, or 109 of
the Act, or section 206 of the Energy
Reorganization Act oi 1974. as amended,
or any rule. regulation, or order issued
thereunder. or any term, condition, or
limitation of any license issued
thereunder, or for any violation for
which a license may be revoked under
section 186 of the Act. Any person who
willfully violates any provision of the
Act or any regulation or order issued
thereunder may be guilty of a crime,
and, upon conviction, may be punished
by fine or imprisonment or both, as
provided by law.

Appendix A—Normal Conditions of
Transport

Evaluation of each package design under
normal conditions of transport shail include a
determination of the effect on that design of
the conditions ar! tests listed in this
appendix. Separate specimens may be used
for the free drop test. the compression test
and the penetration test provided that each
specimen is subjected to the water spray test
before being subjected to any of the other
tests.

With respect to the initial conditions for
the tests in this appendix, except for the
water immersion tests. the demonstration of
compliance shail be based on the assumption
that the ambient temperature preceding and
following the tests remains constant at that
value between --29° C(-29"F) and +38° C
(100" F) which is most unfavorable for the
feature under consideration. The initial
internal pressure within the containment
system shall be considered to be the
maximum normal operating pressure. unless
a lower internal pressure consistent with the
ambient temperuture considered to precede
and follow the tests is more unfavorable.

Normal Conditions of Transport

(1) Heat—An ambisnt temperature of 54° C
(130° F) in still air, end daily average solar
radiation of 450 watts/m? with a daily
maximum of 900 watts/m*

(2) Cold—~An ambient temperature of —40°
C (~40° F) in still air and shade.

{3) Reduced external pressure—An
external pressure of 24.5 kilopascal (3.5 psia).

(4) increased external pressure—An
external pressure of 172 kilopascal (25 psi)
gauge.

(5] Vibration—Vibration normally incident
to transport.

[6) Water spray—A water spray that
simuiates exposure to rainfail of
approximately 5 cm (2 in.) per hour for at
least one hour.

(7] Free drop—Between 1% and 2% hours
after the conglusion of the water spray test, a
free drop through the distance specified
below. onto a flat essentially unyielding
horizontal surface, striking the surface in a
position for which maximum damage is
expected. For Fissile Class Il packages, the
free drop shall be preceded by a free drop
from a height of 0.3 m (1 ft.) on each ccrner
or. in the case of a cylindrical Fissile Class I1
package, onto each of the quarters of each
rim.

Pacrage Mass Free Drop
DOwtance
(xg) pounas) m m
5000 or ess. 11000 12 4
$.000 o 11,000 1o 09 3
10,000 22,000
10,000 10 22.200 0 08 2
15,000 33.000
more then 33 000 03 1
15.000
(8) Corner drop—A free drop onto each

corner of the package in succession, or in the
case of a cylindrical package onto each
quarter of each rim, from a height of 0.3 m (1
ft.) onto a flat essentially unyielding
horizontal surface. This test applies only to
fiberboard or wood rectangular packages not
exceeding 50 kg (110 pounds) and fiberboard
or wood cylindrical packages not exceeding
100 kg (220 pounds).

(9) Compression—The package shall be
subjected. for a period of 24 hours, to a
compressive load applied uniformly to the top
and bottom of the package in the position in
which the package would normally be
transported. The load shail be the greater of
the following:

(i) The equivalent of § times the weight of
the package:

(1) The equivalent of 12.75 kilopascal (1.85
Ib/in® multiplied by the verticaily projected
area of the package.

(10) Penetration—Impact of the
hemispherical end of a verticai steel cylinder
of 3.2 cm (1% in) diameter and 8 kg (13 Ib)
mass, dropped from a height of 1 m (40 in)
onto the exposed surface of the package
which is expected to be most vulnerable to
puncture. long axis of the cylinder shall
be perpendicular to the package surface.

A Accident
m::.l—ﬂm

The hypothetical accident conditions in
paragraphs (a) through (d) are to be applied
sequentially, in the order indicated. to
determine their cumulative effect on a
package or array of packages. A separate
specimen may be used for the water
immersion conditions specified in paragraph
(e).

With respect to the initial conditions for
the tests of this appendix. except for the
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water immersion tests. the demonstration of
compliance shail be based on the assumpt.on
that the ambient temperature preceding and
following the tests remains constant at that
value between ~29°C (- 20°F) and +58°C
(100°F) which is most unfavorable for the
feature under consideration. The initial
internal pressure within the containment
system shall be considered to be the
maximum normal operating pressure. unless
a lower internal pressure consistent with the
ambient temperature assumed to precede and
follow the tests is more unfavorable.

(a) Free Drop—A free drop of the specimen
through a distance of 9 m (30 ft) onto a flat
essentially unyielding horizontal surface.
striking the surface in a position for which
maximum damage is expected

(b} Puncture—A free drop of the specimen
through a distance of | m (40 in) in a position
for which maximum damage is expected.
onto the upper end of a solid. vertical,
cylindrical, miid steel bar mounted on an
essentially unyielding horizontal surface. The
bar shall be 15 cm (6 in) in diameter. with the
top horizontal and its edge rounded to a
radius of not more than 6 mm (% in) and of
such a length as to cause maximum damage
to the package, but not less than 20 cm (8 in)
long. The long axis of the bar shall be
vertical.

(¢c) Thermal=—Exposure of the whole
specimen for not less than 30 minutes to a
heat flux ¢ * 'ess than that of a radiation
environment o. *00°C (1472°F) with an
emissivity coefficient of at least 0.9. For
purposes of calculation. the surface
absorptivity shall be either that vaiue which
the package may be expected to possess if
exposed to a fire or 0.8, whichever is greater.
In addition, when significant, convective heat
input shall be included on the basis of still
ambient air at 800°C (1472°F). Artificial
cooling shall not be applied after cessation of
external heat input, and any combustion of
materials of construction shall be allowed to
proceed until it terminates naturaily. The
effects of solar radiation can be neglected
prior to and during the test but insolation as
specified in paragraph (a)(1) cf Appendix A
shall be assumed for the period following the
30 minute exposure to fire conditions

(d) Immersion—Ffissile matertai—For fissile
material in those cases where water
inleakage has not been assumed for
criticality analysis, the specimen shall be
immersed under a head of water of at least
09 m (3 ft) for a period of not less than eight
hours and in the attitude for which maximum
leakage (s expected. For this test an ambient
temperature of 38°C (100°F) is not required.

(e} Immersion—all packages—kEither the
damaged specimen or a separate undamaged
specimen shail be immersed under a head of
water of at least 15 m (49 ft) for a period of

——

not less than eight hours. For test purposes.
an external pressure of water of 147
kilopascal (21 psi) gauge will be considered
to meet these conditions.

APPENDIX C—DETERMINATION OF A,

AND A,

L. Single radionuciides.—(1) For single
radionuclides of known identity, the value of
A, and A, are given in Table C-1. The values
of A, and A, are also applicable for
radionuclides contained in (. n) or (y. n}
neutron sources.

(2) For any single radionuclide whose
identity is known, but which is not listed in
Table C-1. the values of A, and A, shall be
determined according to the following
procedure:

(a) If the radionuclide emits only one type
of radiation. A, shall be determined
according to the rules in paragraphs (i}, (ii).
{iit) and (iv) of this paragraph. For
radionuclides emitting different kinds of
radiation, A, shall be the most restrictive
value of those determined for each individual
radiation. However. in both cases A, shall be
restricted to a maximum of 1000 Ci. If a
parent nuclide decays into a shorter lived
daughter. of a half-life not greater than 10
days. A, shall be calculated for both the
parent and the daughter. and the more
limiting of the two values shall be assigned to
the parent nuclide.

(i) For gamma emitters. A, is determined by
the expression:

A, = 9/ curies

where (s the gamma-ray constant,
corresponding to the dose in R/h at 1 m per
Ci: the number 9 results from the choice of 1
rem/h at a distance of 3 m as the reference
dose-equivalent rate.

(ii) For X-ray emitters. A, is determined by
the atomic number of the nuclide:

for Z « 55—A, = 1900 Ci
for Z > 53=A, = 200 Ci
where Z is the atomic number of the nuclide.
(iti) For beta emitters, A, is determined by
the maximum beta energy (F,,,) according to
Tabie C-2:
{iv) For alpha emitters A, is determined by
the expression:

A, = 1000 A,

Where A, is the value listed in Table C-J3:

(b) A, shall be the more restrictive of the
following two values:

(i) The corresponding A, . and

{ii) The value A, obtained from Table C-3.

(3) For any single radionuclide whose
identity is unknown, the value of A, shall be
taken to be 2 Ci and the value of A, shall be
taken to be 0.002 Ci. However, if the atomic
number of the radionuclide is known to be
less than 82, the value of A, shall be taken to

be 10 Ci and the value of A, shall be taken to
be 0.4 Ci.

Il. Mixtures of radionuclides, inciuding
radioactive decay chains.—{1) For mixed
fission products the following activity limits
may be assumed. if a detailed analysis of the
mixture is not carried out:

A, =10C;
A, =04C

(2) A single radioactive decay chain in
which the redionuciides are present in their
naturally occurring proportions and in which
no daughter nuclide has a haif-life either
longer than 10 days or longer than that of the
parent nuclide shall be considered a single
radionuclide. The activity to be taken into
ac zount and the A, or A, value to be applied
shall be those corresponding to the parent
nuclide of that chain. However, in the case of
radioactive decay chains in which any
daughter nuclide has a half-life either lor ver
than 10 days or ter than that of the
parent nuclide. the parent and such daughter
nuclides shall be congidered as mixtures of
different nuclides.

{3) In the case of a mixture of different
radionuclides, where the identity and activity
of each radionuclide are known. the
permissible activity of each radionuclide R,
Rs. . . R, shall be such thatF, + F, « . .F,
is not greater than unity, where

Total actwaty of B,
- AT
Total actwty of R,
fre KT
Total acowty of A,
F, = m
AJR.. Rs. . R,) is the value of A, or A,

s appropriate for the nuclide R.. R, . .

(4) When the identity of each radionuclide
is known but the individual activities of some
of the radionuclides are not known. the
formula given in paragraph (3) shall be
applied to establish the values of A, or A, as
appropriate. All the radionuclides whose
individual activities are not known (their
total activity will, however, be known) shall
be classed in a single group and the most
restrictive value of A, and A, applicable to
any one of them shall be used as the value of
A, or A, in the denominator of the fraction.

(5) Where the identity of each radionuclide
is known but the individual activity of none
of the radionuclides is known, the most
restrictive value of A, or A, applicable 10 any
one of the radionuclides present shall be
adopted as the applicable value

(6) When the identity of none of the
nuclides is known. the value of A, shall be
taken to be 2 Ci and the value of A, shall be
taken to be 0.002 Ci. However. if alpha
emitters are known to be absent, the value of
A, shall be taken to be 0.4 Ci.
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Tabie C-1.—A, and ;Values 'or Radionuchoes

Symbo! of radioNuCioe Element angd oM NumMber

Actrwum (89

Sever (47
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Tabie C-1.—A, and ,Values for Sadionuchces '—(_onlinued

Slement and JOMIC NUMBE

Potassum (19)
ST COME 23980) Krypton (J6)
compr essed)
UNCOMEressed)
“-x COMmy ressed
uncompressed)
compressed
Lanthanum (57
LOow level SO "adOactive
§7 49
ow speciic actvity Matena
avLM
Moed Ssson prod s
Magnresum 12
Manganese 2°

MovDoenum (42
Sodum

NoDram (4

Prasphorus (15
Brotoactnum (91

Pallechum (48}
Promethum (61

Polormum (84)
Oraseodymeum 59)

Platinum (79

Qe
v e

e

Re (natural)
o= On

-

“an

"Ry

"Ry
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T (50

Srontum (38)

ACLVAIET UMInOus Damt
S0S0rDed 0N SOKD Camer
mhated water)
Othar ‘ormg)

" "

*™n

- -

nanea)

ernchad) « 20%
ernched) 20% o greater
Jegie ed)

TRE )

Y= Xe (compressed)

'™ X (uncompressed)

" xe (uncompressed)

" Xe (compressed)

. INCOMOressed
WTOressed)

MOrsSed JAS  TEANS At 4 YeSSLre Ol SxCeed
188w 43 #8CA0S 'rOM 4 Dacrage §

G MO
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nUS! e Cacuated ' 1ANCe WP N DIOCeRS 9

= T OOUCTS A e sa
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8888
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X
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200
0
X
80
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0

300
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Table C-1.—A, and ,Valves for Ragionuciaes

Siement and ALOMIC NUMDer

and A2 must be caicuiated n accordance with he prox a0ure pec.hed N Appenan

m SOI0pes N SO

and £2% for Seta Emier

Table C-2.—Reanonshp Setween A

Table C-3—Relatonshp Setween A ' and the Atomc Numbper of the Racsonuchde

{ hardness numoer

Appendix D—Requirements for Special Form
Radioactive Matenal Vickers scale and not more than 25 mm
sover an area greater than that

A fresh surface of

ust either be an indispersibie solic

The solid matenal .
the test is applicable only

f ong, slender 30
alification tests for spec

he percuss:on test

nd the heat test mum with ratio not
and U \ !

specimen shail be ng
horizontal position so that one hail
ength protrudes from the face
The orientation of the specimen shall be such
that the specimen will suffer maximum
damage when its free end s struck Dy the flat
face of a steel billet. The
specimen 30 as !0 produce an impac t
equivalent to that resulting from a free
verticle fall of 1.4 kg
sillet shall be 25 mm
{iameter with the edges rounded of

)@ prepared as
v presented for transport
shall be duplicated as

llet shall strike the

men shall be heated
a temperature of not less than B0 (
and held at that temperature for a

) minutes and shall then be

specimen shal ) Leaching assessmen! procedures
) ispersible solid material
The specimen shall be immersed for 7
n water at ambient temperature

ead which is supported ve a pH of 6-8 and a maximum

a smooth solid surface and struck
Nat fa of " hill 10 Oro r -

al face of a steel Diliet 30 as (0 produce an The water with specimen shall then be
heated to a temperature of 50°
and maintained at this

mpact equivalent

temperature for 4 hours

the edges roundad

v} The specimen shall then be stored lor
at least 7 days in still air of humidity not iess
than 90% at 30° C (86° F

v) The specimen shall then
water of the same spe« itfication as in
1bove the water with specimen heated 1o

e immersed

50" =5 C (122° 9" F) and maintained at this
emperature {or 4 hours

vi) The activity of the waier shall then De

jetermined
vii) The activity determined in paragrapnhs
cl1)(iii} and [vi) shall not exceed 0.05 uCi

2) For encapsulated matena.

The specimen shail be immersed in
water at ambient temperature. The water
shall have a pH of 6-8 with a maximum
~onductivity of 10 umho/cm. The water and
specimen shail be he .ted to a temperatur of
50° +5° C (122° =9’ | ) and maintained at this
temperature for 4 hours

it) The ac ty f the water shall then be
determined
The specim~n shall then be stored for
at least 7 days in otill air at a temperature not
ess than 30 BE" F
iv) Repeat par: graph {c)(2})(i] of this

appendix
The activity the water shall he
jetermined
vi) The activities determined in
paragraphs (¢ ind («) shall not exceed
).05 uCi

Appendix E—{ juauty Assurance
Requirements
This appendix describes qualily assurance
requirements applying to design, purchase
fabrication. handiing, shipping, storing
cleaning, assembly. inspection, testing
yperation. maintenance, repair, and
modification of components of packaging
which are significant to safety. As used in
this appendix. "quality assurance’ comprises
all thuse planned and systematic actions
necessary to provide adequate confidence
that a system or component will perform
id'lﬂidl"()f'i'. n service ()‘]ﬂl ,", assurance
wcludes quality control, which comprises
those quality assurance actions related 1«
ontrol of the physical characteristics and
juality of the material or component tc
predetermined requirements
1. Organizat:or The licensee '' shall be

responsible for the establishment and

execution of the quality assurance program
The licensve may delegate to others, such as
ontractors. agents, or consultants, the work
f establishing and executing the quality
assurance program. or any part thereof, but
shall retain responsibility therefor. The
authonty and duties of persons and
yrganizations performing activities affecting
the safety-related functions of structures
systems. and components shall be clearly

While the term gnsee 18 used in these

riteria. the Jirements are applicable 1
whatever design. labrication, assembly and testing
of the package 1 accomphished with respect 1o &
package prior o the lime & package approval is

ssued

7 g
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ne are those
rate gquaiity assyrance
estaDished ang etlectively
executed and verifying, such as by
necking. auditing. and inspection. 'hat
es alfecting the safety
functions have been correctly performed. The
persons and organizations performing quality
assurance functions shall have sufficient
authority and organizationa! {reedom to
denntify quality problems. to initiate
recommend or provide solutions; and to
verify implementation of solutions. Such
persons and organizations performing quaiity
assurance ‘unctions sha.l report to a
management .evel such that this required
yrganizational freedom
iding sufficient independence from cost
nd schedules when opposed 'o safety
nsiderations. are provided. Because of the
ma ariabies involved, such as the number
ty being
Jertormed. and the [ocation or locations
where activities are performed. the
rganiz nal structure for executing the
Juality assurance program may take
forms provided that the persons and
FRANIZANONsS assigned the quallty assurance

ns have this required authonty and

activi elated

{ personnel, the type of activ

vanous

§

rganizationa freed Irrespective of the
i the responsibi
T RAT T )t any

ty assurance program at any location

ties subject to this Appendix are

where activ
being performed shall have direct access to
such levels of management as may be
necessary 'o pertform this ‘.F.4 tion

. Quality Assurance Program. The

icensec shail estadlish at the earliest
practicadie ime, consistent with the schedule
for accomplishing the activities. a quality
assurance program which complies with the
requirements of this appendix. The quality
assurance program shall be documented by
written procedures or instructions, and shail
De carmed out in accordance with those
procedures throughout the period durng
which packaging (s used. The licensee shall
dentify the material and components to be
Dy the quality assurance program
and the major organizations participating in
the program. together with the designed
functions of these organizations. The quality
Assurance program shall provide control over
activities affecting the quality of the
identified materials and components to an
exient consistent with their importance to
4Nd as necessary 1o assure
onformance 'o the approved design of each
ndividual package used for the shipmen
radioactive material. Activities affecting
Juality sha ® accomplished under suit: bly
mtrolied nditions. Controlled
nclude the use of

overed

salety

onditions

Jpropriate equipment

suitadble en nmenta nd ns for

accomplishing the act a8 adequate
eanness and assurance

prerequis! for the g

satished The program shall

he need for specu ntre

1d procedures

n the !

he package and

1) The importan
failure of the item !

2) The design an¢
)r uniqueness of the item

}) The need for special
surveillance over processes and equipment

4) The degree to which functional
ompiliance can be demonstrated by
nspection or test: and

5) The quality history and degree of
standardization of the ite

The program shall provide for
ndoctrination and training of personne
performing activities affecting quality as
necessary to assure !
$ achieved and maintained. The licensee
shail review the status and adequacy of the
juality assurance program at estabiished
ntervals. Management of other organizations
participating in the quality assurance
program shall regularly review the status and
adequacy of that part of the quality
assurance program which y are executing

). Design Contro/ —Measures shall be
e#stadlished to assure that applicable
rexuiatory requirements and the package
lesign, as specified in the license
materials and
appendix applies, are correctly translated
nto spec cations. drawings procedures and
nstructions. These measures shall include
provisions to assure that appropriate quality
standards are specified and included in
iesign documents and that deviations f1
such standards are controlled. Measures
shall be established for the selection and
review for suitability of application of
materials. parts. equipment. and processes
that are essential to the safety-rela‘ed
functions of the materials. parts. and
somponents of the packaging

Measures shall be established for the
identification and control of design interfaces
and for coordination among participating
design organizations. These measure; shall
nclude the establishment of written
procedures among participating design
yrganizations for the review. approval,
release, distribution. and revision of
locuments involving design interfaces. The
iesign control measures shall provide for
verifying or checking the adequacy of iesign
such as by the performance of design
reviews, by the use of aiternate or simplif
alculational methods. or by the performance
)t & suitable testing program. The verifying
necking process shall be performed by
ndividuals or groups other than those wh
performed the original design. but who may
V\Nﬂ'i‘

he adequacy

t suitable proficiency

r those

omponents to which this

e from ‘he same organization
JrOgram s used o verly
specinic design feature in lieu of other
‘,,J_'.”i r checking pr

r 18 suitabie qua

Wessey tsnall
fication testing
rototype or sample inder the
idverse design condit 8. Desigr
nessures sha ¥ applie tems s

equipmer

he following: crit
1elding, stress
lent analyses
esSsiDLIty 10r insery
maintenance and repair
iecontaminatio
eplance
Design
shail De subject t
ymmensurate with those ap
riginal design. Changes in
ipecilied in the package a
mmission approva
4. Procu
Measures shail be esta
applicable requiremen
are necessary assure adequate quality are
sultadly Incivuded or referenced in the
locuments for pr

equipment

critena for
Nanges, in«

iesign

rement
sher (O assure thal

s of this part which

urement of matera
and services, whether pur
censee or by his contractors or
subcontractors. T 1ecessary the
censee shall require contractors or
subcontractors (o provide a quality assurance
program consistent with the pertinent
provisions of this part

5. Instructions. Procedures and

Dy the

the extent

Urawings —Activities affecting quality shall

be prescribed by documented instructions

procedures. or drawings of a type appropriate
the circumstances and shall be

3 mplished in ac dance with these

nstructions. procedures. or

shall ing

ifrawings These
ude appropriate quantitative or
jutiitative acceptance
letermining that important
reen satisfactorily ace

8. Document P

lished to control the

jocuments. such as instructions. procedures
and drawings. including changes theretc

1ich prescribe all activities affect
juality. These measures shall assure that
Jocuments. including changes. are reviewed
for adequacy and appre
authorized personnel and are distributed and
ised at the location where the prescribed
activity is performed. Changes to documents
shall be reviewed and approved by the same
rganizations that performed the original
review and approval uniess the applicant
lesignates another organization

Control of Purchosed Mater:a

Equipment. and Services. —Measures shall be
established to assure that purchased
materiai. equipment. and services, whether
purchased directly or through contractors and
subcontractors, conform to the procurement
iocuments. These measures shall include
provisions. as ag propriate
evaiuation and selection

riteria for
activities have
ymplished

Measures shall be
ssuance of

ed for release by

for source
Diective evidence
irmished dy the contractor or
subcontractor nspection at the

source

of quality f

ntractor or
subcontract ind examination of
products upon delivery Documentary
ind equipment
procurement specification
on avaliabie pror

lence that matena

onform to the

nstaliat nor use

such material and equipment. This

imentary evidence shall be retained by
€ avalabie (1o the
ir

censee and shall be

ent jentify the specific requirem snts

y the purchased material and

e effectiveness of
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etention, such as duration

ye assessed Dy the icensee or designee !
onsistent with the mportance iD"t‘:f;P‘I nmes !

ntervals and assigned responsibDilily

ymplexity and quantity of the product or necessary umiis 18. Audits.—A comprehensive system of

Services 3. Hanaling. oS¢ nd SHippIr planned and periodic audits shall be carmed

trol of Materiais Measures shall be established to itroil th it to venify compliance with all aspects f
{ the quality assurance program and to

f i pment to jetermine the effectiveness of the program

established for the (dent fication and control preservation of malenals and equig

8 /dentification and Cc
Irts and ponenis —Measures shall De handling storage. shipping

i materials. parts. and components. These he used in packaging in accordance with it all be performed in accordance
ientification ol ructions to prevent damage or
for particul sppropriately trained personnel not having

measures shall assure ‘hal written procedures or check iisis DY
the tem s maintained by heal nur r. part oration. When necessary
number. or other 2ppropriate means either ucts, speciai protective e iirect responsibilities \n the areas being
yn the (tem or on records traceadle to the such as inert gas atmosphere. speciii audited. Audited resuits shail be do« umented
-ontent levels and temperatis and reviewed by management having
responsibility in the area audited Followup

iding re-audit of deficient areas

tem. 48 required throughout fabncat moisture

lation. and use of the item. These evels shall be spec i and provided
ation and control measures shali be 14. Inspection, Test and Uperating

tor Status. —Measures shall be established 10
ndicate. by the use of markings such as Dated at Washington, D.C. this "th

iqu‘iﬂp: prevent the use »f incorrec shall be taken where indicated
jefective materials, parts and omponents Y

Rl vtrol of Special Processes —Measures stamps, tags. labeis, routing cards, or other August. 1979
shall be established to assure that specia suitable means the status »f inspections and F he Nuclear Regulatory Commission
cesses. including welding, heat treating lests pe :':‘ed upon r‘.mv.«iud“'umq ot the Samuel 1. Chilk,

ondestructive testing, are controlied ™ packaging. These measures shall provige for 7

f . ficat h Secretary the Commiss

4 by qualified personne he identification of items wn have

juaiified cedures in accordance satisfactorily passed required inspections
essary to preciuae SILLING CODE 7900-01-4

FR Dob "9-25008 Fileg 186-"9 &43 am

applicable codes, standards and tests. where ne
fications. criteria, and other specia nadvertent by-passing of such nspections
rements and tests

—A program for inspectior Measures shall also be established for

nspect!
tivities affecting quaiity shall be ndicating the operating status o
wed and executed by or or the yf the packaging, such as tagging v alves and
rvization performing the activity 1o verily swit~hes. to prevent inadvertent operation
oaformance with the dof umented 18 1forming Materials, Pa
ctions. procedures. and Arawings for ymponents. —Measures shall be estabushed
ymplishing ‘he activity. Such nspection y control matenials, parts. or components
formed by individuals other thar which do not conform requirements \n
cee who perform e activity being seder o prevent their inadvertent use
spected Examinat asurements, or stallation. These measures sha
ests of matenal or cts processed shal appropnate, procedures [0
¢ nerformed for each work operation where jocumentation, segregation. A18pos
necessary to assure quality. If inspection of notificatior ffected organizations
srocessed material or products is Imposs bie Nonconformu tems shall be reviewed and
r disadvantageous, indirect control DY accepted, re ted. repair~d or reworked Ir
onitorng processing methods, equipment accordance wi wcumented procedures
d personnel shall be provide 1. Both 18 rrecti tion Measures snall be
nspection and process monitoring shall be established '0 e that conditions adverse
when quality control 18 inacequate y qualit~. such as deficiencies, dev
th. If mandatory inspection hoid fect nalenal and squipment
require witnessing or inspecting ncon. rmances, are prompt
see § designated ) 1 ve ne rected. In the case of a sign
which work sna t oceed a1 adverse o quaiit he measures
nsent of its designated E assure that the cau
he spec hola {fetermined and
pre e
significant
A tes! program J 1use
assure that all testing requ ict
ler strate tha! the packaging eported (o appr
mponents will perform satisfactor " nanagement
jentified and performed
th written test pr

requir

procedures sha
assuring tha

Nave hee

able regulatory requiremen

nsee snhail estat f ements
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1™ 12 Payment of fems.

SCHEDULE OF FEES
1 21 whedule of fees for production wd snlizay

hon  faqlicies
170 V1 Schedule of fees for matenals licanses.

-
ENFORCEMENT
170 41 Falure oy icenses 0 pay annual fee.
AUTHORITY. The provisons of this Pare 170
ued wnder we. 301, 83 Sear. 290; 1) USC Mar

sec. 161, 50 Star. 948 42 USC 1201 Se. 01N,
Pub. b P0-08, 08 Sem. 1240, 4T USC N,

§ 1701 Purpose.
« The regulations in this part set out fees

"GENERALPROVISIONS

oy the Nuclear Regulatory Commisson,
f- authorized under Titie V of tw lnde-
‘pendent Offices Appropriation At poft

xmz (63 Stat. 290; 31 US.C. sadanam|

§
<
g
-

it

2

i

]
{5

i

8
°

is

pung

Part 71 of this chapter, a specific
quest for approval of sealed
e e e

“Amended 4) FR 310,

for licensing services readered |

for a special project review which
Commission completes or
whether or not n conjunction with

license application on (le or which
be flled.
U DiMailons. =

As used in this part:

(a) “Byproduct material” means any
radioactive material (except special
nuclear material) yielded in or made
 radioactive by exposure to the radiation

E incident to the process of producing or
- utilizing special nuciear material

(5) “Covernment agency ' means
executive department, commission, in
dependent establishment, corporatioa,
whoily or partly owned by the United
States of America which i3 an instrumen«
tality of the United States, or any board,
bureay, division, service, office, officer
authority, administration, or othen
“establishment in the executive branch of
Ithe Government. ,

(¢) “Materials license” means @&
byproduct material license issued pur-
jsuant 0 Part 3O of this chapeer, or &
source material |icense ssued pursuant
'to Part 40 of this chapter. or a special
,nuclear material license issued pursuant
lw Part 70 of this chapter

(d) “Nuclear reactor” means an ap-
|paratus. other than an stomic weapos,
designed or used 10 sustain auciear fls-
‘sion 1a A seif.supporting chain reactioa.

(e) “Other production of utilizatien
[facility” means a facuity oxder el

704

FEES FOR FACILITIES AND MATERIALS LICENSES
AND OTHER REGULATORY SERVICES
UNDER THE ATOMIC ENERGY ACT OF 1964, AS AMENDED »

nuclear reactor licensed by the Commis.
_sion under the authority of section 103
;or 104 of the Atomic Energy Act of
1954, as amended (the Act), and pur-
‘suant to the provisions of Part 50 of thus
[chapter
' (N “Power reactor” means a nuclear
reactor designed to produce elestrical or
heat energy licensed by the Commission
under the authoriry of section (03 or
subsection 101h of the Act and pursuant
E 10 the proviwons of §§ 50.21(b) or 50.22
2 of this chapter.

(3) “Prouuction facility™ means:

(1) Any nuciear reactor designed or
ised primarily for the formation of
plutonium or uranium-233; or

(2) Aay facility designed,or used for
the separation of the sotooes of urani
or the isotopes of plutonium. ex
laboratory scale facilities designed o
used for experimental or analyticai pur4

only: or ’

"
~

el Any facility designed or used fo
the processing of irradiated materiai
containing special nuciear material, ex
cept:

(1Y laboratory scale facilitie
devuigned or used for experimental o
analy ical purposes;

(i + facilities in which the onid
special nuelear materials contained in
the irradiated material to be processed!
are yranium enriched in the isotope U2
& and plutonium produced by the irradia-,
® (jon, if the material processed containg

‘not more than |0™ grams of plutonium
§ per gram of U233 and has fission producn
activity nue i excess of 0.25 millicurie
of fission products per gram of U233, ang

(i) facilities in which processing s
conducted pursuant to a license issue
under Parrs 30 and 70 of this chapter, o
equivalent regulations of an Agreemenn
State, for the receipt. possession, use)
and transfer of irradiated special auclsar
material. which autharizes ‘e procm‘
ing of the rradiated mategial on 2 datey
basis for the jeparagon of selecied fiyy

Augurt 1, 1980
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don products and Uimits the process
batch to not more than 100 grams of

| €

v

nto more than |$ grams of
special nuclear matenal.

Yy other

(h) “Ressarch resctor” means a 2u-
clear reactor licensed by the Comumissicn
under the authority of subsection 104¢
of the Act aud pursuant %o the provisions
of §50.21(¢) of this chapter [or opera-
tion at a thermal power level of 10 mega~
watis or less, and which s not a testing
facility as defined by paragraph (m) of
this section.

1) “Sealed source” means any Dby~
product material that is encased In &
capsule designed o prevent leakage or
escape of ihe byproduct malerial

(J) “Source matarial” means:

(1) Uranium or thorium, or any com-
sination thereof, n any physcal of
chemical {orm.: or

2) Ores which contain
ona-twentiithh of one perst
more of (D Jnr..,mv :

4l) any combinator thereo
malterial does naot nc. de spc~1. n
material.

%) “Spesial auclear maleriy
(1) Plutoaium, ursaium-223
enriched In the sotope
isotipe 3 ad any other
which the Commiss'on, zant
provisions of seetion 31 of the Act
mines o b2 u nuslear material but
docs oot (aciude source malernal or

2) Ay :‘1'-...'.; artificially enriched
by any of tha forero.ng, Sut docs not

clude s0uree alinial

'J.’ L e dad
¢ (0.03

Aty
wan

an

Jranium
or the
material
w he

Aatare
A

im
- s

“ure

-
s|esi

-~
feey

(M “Manufacturing lUcense” means &
Ucense puUrsuUACt 0 Appendix M of Part
50 of this chapter o manufacture s ou-
clear power resctor(s) o be operaled at
gitas not dentified o the lUcenge appi~
cation.

(m) “Testing facllity” means s ou-
clear reactor lcansed Sy ‘e Commission
the authority of n.bsec“‘z 104c of

2 ihe Act and pursuant o the provisions of

lr.“'

§ 5021(e) of shis chapter for cperallon

»
s

1) A thermal power level in axcess of
10 megawatty; or

(2) A thermal power level In axcess of
1 megawatt, if Lhe reactor s to contaln!

(1) A circulating loop through the core
in which the applleant proposes 0 cone
duct fusal experiments; or

1) A Ugquid fuel loading: or

(1) An experimental facility in the [}
18 square nches I pe

core n exoess of
cross-section.
(n) *Utilization facility”™ means any

puclear resctor other than one designed |
for the formation off the
and any other equip-2=
ment or devics determined by rule ofg regula

or used primarily
plutontum or U™

the Commission o be s utilization facllity+
within the purview of subsection

L’f the Act

3) [Deleted 43 FR 72
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= or external administration of bdbyproduct,
uranium enriched in the isotope 235 and E source. or special

43FR 12V

.lcx:H

(p) “Human use” means the (ntarmal
auclear material
‘herefrom, 0

or

the radiatior Suman

A

(q) “Nuclear Steam Supply System"”
consists of the reactor core, reactor
coolant system. md related auxiliary
systems (ncluding the smergency core
cooling system:. decay neat removal
system, and chemical volume and con-
trol system.

‘Salance of plant”
remaining systems,
structures lhat
nucliear power plant
ciuded in the
system.

(§) "Special projects” means those
projects submutt to the Comm;ss‘.or.
{or review and [or which specific {ees
aAre not prescribed (n this chapter. Ex.
amples of special projects include, dut
are not lmited to, topical reports,
early site reviews, waste solidification
facilities, fuel reprocessing facilities,
and amendment or renewal of stan-
dardized reference design a*:mvu.s

(t) "Routine (nspection” means an
inspection performed at {requencies or
during a certain period of time pre-
scribed by the Commission for pur-
poses of reviewing a licensee’'s autho-
rized activities to assure that they are
being conducted (n accordance with
regulatory or statutory requirements
and that associated facilities and
equipment are being operated n a safe
manner

(w) “Duplicate unit”
limited number of the same kind of
units which are 0 Dbe constructed
within a limited time span and subject
o review at the same lime Dy the
stal!l.

v) “Replicate unit” means a unit
based on the reuse of a plant design.
previously reviewed and approved f{or
construction oy the same utility or by
anoth as part of another con-

consists of the
components, and
prise a compiete
and are not in-
nuclear steam supply

(o)

means one of a

1er utility
struction permit application

w) “Reference systems
means & concept that invoives the
review of an entire {acility design or
major fraction of a {acility design out.
side of the context of a |lcense applica.
tion. The standard design would be re.
ferenced (n subsequent |icense applica
tions.

(%) "Advanced resctor”
nucCiear reactor concept
light water reactors and
ure gas cooled reactors.

concept”

means any
other than
high temper

§ 1704  Interpretations,

Exe

ept as specifically authorized by
mmission n h""'!i no n
meaning of the
sart by an officer or
mmission ther than
nterpretat vy General
ygruzed to be binding
n

grpretation of the
ons in this
- employee of the
3 written
Counsel wil] He

ipon the L omumissi«

n he

All communications conceming the
regulatons in this part should be ad-
dressed to the Execuuve Director for
Operation, U.S. Nuciear Regulatcry
Commission, Washington, D.C. 20553,
Communicauons may be delivered in
person at the Comrmussion's offices at
1717 H Street NW | Washungton, DC on
or at 7920 Norfolk Ave., Bethesda, MD

e 40 FH 8774 —

170.11 Exemptions.

33 FR 11587
1 - 3

a) No application [{ees, license [{ees,

amendment {ees, renewal [ees, Approv
al fees. or inspection [ees shall dDe re.
quired {or

43 FR III()

1

A
t 4

icense authorizing the export
prodyction or utilization

r

A license authorzing the export
import onlv of dDyproduct
material, source material or special
nuciear materia

3 A license authomzing
wnership. puisession, use or
yduct material, source matenal,
r special nuciear matenial incidental to
Ne operation nf 3 production of ytiiiZa-
n censed under Part 30 of
his ncluding a license uynder
Part 7O of thus chapter, authorizing
58954« and storage only of special
auciedr material at the site of a2 nuciear
fur yse as fye n operation of
reactor or at the site of a spent
cessing plant tor processing at
int

niv '

he receipt
production

f bypr

aciiit

Jnapeer

n

T

reactor the
uciear
ue
the nl

4 A<
Ipplied fur

educaiional
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3 -

ST

astruct

al | f

on
ssyed (0., 2
astitytion ‘or a pr
strlization facility

resctor be used for
medical

permit or

ense
worgron
duction
aer than
eaching,
purposes, or for
syproduct material, source material, or
special nyclear material 1o be used for
teaching, training, or medical purposes
cunnest th a facility, other
ased for teaching,
purposes

faciint o
ap
raining

wer

"

f in un w

Ran 3 power reactor

L' Juning, or medica

) A conmruction
ipplied fur hy ssued
ment agency. except for a
lity designed to

energy

permit Or license
a4 Govern
Jltilization
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Energy Act of
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PART 170 @ FEES FOR FACILITIES AND MATERIALS LICENSES~

8) A license authorizing the use of
source material as shielding only n
devices and containers, provided.
however, that all other licensed.
byproduct matenal, source matenal, or
special nuciear matenal o the device or
container will be subject to the fees
prescibed in § 17031

9) A lcense for possession and use
of bhyproduct malerial, source maten-
al. or special nuciear material applied
for by, or ssued L0, AR agency of a
or any political subdivision
thereof, except {or licenses which au-
thorize distmbution of bdyproduct ma-
terial. source material or special nu-
slear material. or products contalnung
nyproduct material, source malenal,
ar special auclear malerial, or \icenses
suthorizing services !0 any person
other than an agency or political sub-
division of the State.

a »(‘.0! Activities of the Commission

—~.‘1 r‘ll FHusarne

~
~

o
-

-

|
|
|

|

B
|
|
-
\
L

undertaken. pursuant to Past 78 of this
chapter. solely for the purpose of
implementation of the US/LAEA
Safeguards Agreement.

-

ne

v

™

24

mmission May

nteresied

J4po
person
grant such
requirements of ¢
nes are aythorized

therwise 1n (he pudlic
Applications !
4 .ng.'qs!‘ may

spplicatiun

ipon

an
Jwn muanve
m (ne
jeterm

s
cmptions Ir
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n
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115014y8 oF Kien-
Deleted 43 FR 711

r

-

nis
IVILIES »uch A4S

f licensed mul

T ot n
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§170.12 Payment of fees

a) Application Fees Each applica
tion for which a fee s prescribed shall
Be accompanied by & remittance .n ihe
tull amount of the fee. No appiication
will be accented for fling or processed
prior (o payment of the full amount
specified. Applications [or which no
remittance (s received may bDe returmed
t0 the applicant. All application [ees
will be charged (rrespective of Lhe
Commission's disposition of the appl
ecation or a withdrawal of the appilics
tion.

) License Fees Fees [Or consiruc
tion permits. operaling licenses manu
(acturing lcenses. and materials
senses. Are payable upon notifieation
ny the Commission when the review of
the project s completed

Fees. The approprt
fee DALl actompany
3 amendment s¥fien
mmission. ‘WVhere ap
cant shal srovide a

2) Amendmenti
e amendment
the application |
filed with the C:
plicabile. the app

|

~-43FR 1270

asroposed determunation of the amend-
ment ciass and state the basis therefor
as par: of the amendment request and
shall remut the fe¢e corresgonding o
this determuination with the applica-
ton for amendment. The Commussion
will examine the amendment {ee and
will, where applicable, refund any
overcharges or 21l the applicant for
the additional amendment [ee.

d) Renewal Fees The appropnate
renewal f{ee shall accompany the
newal apgplication when flled ¥iih
Commuission.

e) Approval Fees. Fees [Or spent
fuel cask and shippung container ap-
provals, standardized spent [uel {
ty design approvals, and const
Approvais are payable upen notll
tion %y the Commission when the
review of the project 3 completed.
Fees for facuity reference stancars
2ed design approvals will De paic n
five (8) nstallments dased on payment
of 20 percent of the approval [ee see
footnote 3 §170.21) as each of the first
live (8 ¢ agproved design

re.

the

a1,
i

tion
notifica-

-
‘a4

-

of th

&I

|
i
|
l
l

|
|
l
|

|
|

«“on

are referenced In an applicationts)
flled by a utility or utilities.

{) Special Project Fees. Fees [Or spe
c1al projects are payabie upon notifica-
by the Commussion when the
review of the project s compieted,

g) [nspection Fees. Inspection lees
are payable upon notification dy the
Commussion.

(h) Method of Payment Fee Day-
ments shail be by check draft, or
money order made payable to the US
Nuciear Regulatory Commussion.
§170.21 Schedule of fees for production

and utilization facilities, review of ref.
erence standardized designs, and ipe
cial projects.

a) Applicants for construction per
mits, manufacturing licenses, operal
ng llcenses, and approvals of refer
snce standardized facuities dedigns
shall pay the fees set forith n the
tagie Delow

5) Applicants {or special project re
views shall pay fees as separatlely Ce
termui.eqd DY ommussion.
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§1703 Schedule of fees for routine heaith, safecy and enviroamental inspections of
facilities

marmhmmmmmmnsmo-m-

adagory Maxumum ‘requency *

(1) Power resctor
Purw

mat
ASIGonA, iDL AL De uie
() Tt resator
(3) Remenseh -
(4) Oter Droduction or JGLEACON (aaltY
(3) Profucuion or JUUERGOD (aalily Joensed (or Dos M0 D8F TR .. | DOF year
MO UL YO Derelon.

A'Y lety, snviroamental And Neall SArues osoections sertormad aé soeculed
of reviewing & Ucensed Drogram O ASRLTY (DAL LDe suthorzad activities are delng
with e Alomic Dnergy At of L984, w amended Commuamion revulsiiona and
of ‘he

:annamvn.:umuumu-umumn-unum

coneurrently with the irst unut
-'uum!uurumrw:um.'wsuum!m"

§ 17024 Schedule of fees for routine saleguards inspections of facilities

Scxzyois oF PACTLITY ROUTINE SArscUALDS LysrecTIiON Pras

P Maxiaum ‘Tequency

RN T VR——
19 500 per YONS Da.

M.500 per SADeClion ... | Der year
$1.000 per DapeTUon ... | tvery I reams

138,700 per yewr 1 per ressr

mmmaﬁmnhmamcmu1u-uv1lwmmmm'w'mnt
m'\nuc—tm“nw)tmvaMaw‘mu-nuuu-n'm

yoarty (nspecton se thown n (Ne ssove LADie.
YA reduoed (s Wil e Sharyed vhen Lhe Sspectioa of saditions WU A Lhe sme uie @ conducted

sonourrently wth (he (Ut aut
' Pew @ ApOUCADIe (O 3 (Uel reprocessng (Actlity And fOF § uraium saneiumend (seuity
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43 FR 7200

§170.41 Failure by applicant or licensee (0 pay prescribed fees.

{n any case where the Commission {inds that an applicant or a licensee has
failed t0 pay a prescribed fee required in this part, the Commission will not
process any application and may suspend or revokes any license or approval
inveived or may issue an order with respect 10 licensed activities as the Commis-
sion determines to De Appropriate or necessary in order L0 carry out the provi-
sions of this part, Parts 10, 40, 50, 70, and 71 of this chapter, and of the Act
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Standards for Protection Against Radiation

Regulations, The Pennsylvania Department Environmental
standards your protection aganst 1 ion hazards

YO REPORTS ON YOUR RADIATION EXPOSURE HISTORY

Department of Environmental Resources reg
en
@t forth in the regu
1o employees are set |
hapter specities lnnits on exposu

concentrations of radioactive maternal in aw

92

er must give you a writien rep«

jpon the termination of your empl

(b) Your employer must advise you annually of your exposure i
request i
INSPECTIONS
n resin (»J
All activities involving radiation are subject to inspection by representives of
the Pennsylvania Department of Environmental Resource

INQUIRIES

Inquiries dealing with matters outlined above can be sent to the Bureau of
Radiation Protection, Pennsylvania Department of Environmental Resources,
P. O. Box 2063, Harrisburg, Pennsylvania 17120. Telephone 717-787-3720

POSTING REQUIREMENT
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