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ABSTRACT

Radioisotope measurement techniques and neutron acti-
vation analysis are evaluated for use in identifying and
locating contamination sources in space environment simu-
lation chambers. Methods considered include radioactive
tagging of contaminants, charged particle range variation
and stable isotope tagging. Of the several methods studied,
only the alpha particle range technique offers mass measure-
ment sensitivity capable of competing with the quartz
microbalance presently in use. Although unable to identify
specific contaminants, the alpha rangé method allows the
determination of total contaminant concentration in vapor
'state and condensate state with calculated sensitivities
of 1.9 x 1013 g/em3 to 1.9 x 10710 g/cm? respectively.

These values are applicable to clean dry air or to chamber
air contaminated in any manner. A Cf-252 neutron acti-
vation analysis system for detecting oils and greases

tagged with stable elements is described. While neutron
activation analysis of tagged contaminants offers specificity,
an on-site system would be extremely costly to implement
($520,000 plus) and would provide only marginal detection
sensitivity under even the most favorable conditions. Off-
site reactor neutron activation analysis of tagged samples
would provide adequate measurement sensitivity at moderate
cost but difficulties associated with sample retention
during chamber repressurization would seriously limit the
effectiveness of this approach. Also, a delay of from

one to two days would be required between sample acquisition
and availability of analytical results. '
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1.0 INTRODUCTION

.The'objeétive'of this study was to determine thé‘
feasibility of-several nuclear analytical téchniqueé for
thé identification and.measﬁrement of very smaii quantities
of contaminants in space environment simulation chambers at
NASA Manned Spacecraft Center. This project was carried
out initwo phases; Phase I being directed toward the use
of radioactive isotope techniques while Phase II was con-
cernea with the use of activation anélysisf The merits of
a given technique are evaluated‘on the basig.of méasurement
sensitivity, ébility'to identify specific coﬁtaminants,-
speed ofvahalysis, suitability for real—timé operation
_either in-chamber or on-site near the chamber,‘radidlégiéal
safety and cost of impleﬁentation. In Phase I, many |
potential methods were initially'considerediwithouf regards
for their radidlogical safety acceptability. Those which
indicated an acceptable sensitivity capability were then
evaluated for radiological safety and design feasibility.
éeétion 2.0 of this report covers studies of radioisdtope

techniques while Section 3.0 reports results of the acti-

vation analysis studies.



2:0 RADIOISOTOPE TECHNIQUES

2.1 SUMMARY OF PRESENT METHODS SENSITIVITIES

A consensus - of the reliable sensitivities for some of
the yarious devices éurrently in use were not readily avail-
able. From information on tests run (Apollo Telescope Mount
series), a Iowef detection limit for the Contamination
éohtrol Units (CCU) system would appear to be 1l x 10-9 g/cm2
(Ref. B-1), while averége contaﬁination levels during these
tests were on the order of 1 x 1077 g/cmz.(Ref, J-1). The
QuartzAnystal Microbalance (QCM) System was quoted as
 ‘having a minimum detectable limit of 1072 érahs (Ref.‘A—5).
it'was decided that any system developed must.éee at léast
this level and:preferrably, havé a sensitivity less than

-9 2
10 g/cmz.

2.2 .TAGGING OF OILS WITH CARBON-14

For purposes of this calqulation it was assumed that
7 X 10—3% (Ref;.C¥14) of the oil moiecules could be tagged
with one Carbon-14 atom through an isotope exchange process.
The o0il so tagéed would then be used in its normal function
and the atmosphere of the chamber monitored for any increase
in background activity. Of the detection/systems considered,
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high pressure gas detectors, scintillation detectors, and

solid state detectors; two specific detectors were chosen

for inéorboration into the study because of their sensitivity

to low energy-beta emitters and suitability with regard to

chamber environmental conditions:

A.

- B.

An avalanche detector, placéed one meter from a
one~meter diameter LN, cooled plate.

A one-meter diameter, radiantly-cooled, solid
plastic scintillator.

The sensitivity determination for each type of detector is
as follows: ° . :

A.

Avalanche Detector Analysis

A windowless and an aluminized mylar windowed.
detector were considered. Assuming that 100

counts per minute above background are necessary

for detection and that through suitable pulse
height discrimination the background can be made
less than 50 cpm, then the necessary activity of the
deposited oil on the plate is:

A = 100/(G * E), where E is the efficiency of the
detector and G is the geometry factor of the system.

G =0.5 (1 -Cos g = sin2(9/2) (Ref. C-10), where §
is tge solid angle between detector and source, § =
26.5 , thus G = 0,0528.

The efficiency of the detector is dependent on the
number of particles penetrating both the detector
dead layer and the window. Carbon-14 has.a 156 keV
beta particle and one can use the range energy re-
lationship to estimate the percentage of particles
reaching the detector-sensitive volume. Assuming
an average 5 micron dead layer and a 0.00025 inch
aluminized mylar window, the resulting efficiences
are: with the window, E = .72 and without the
window, E = .97. Assumptions made in the analysis
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were a negligible dead time correction, absence of
radiation particles scattered by nearby structural
materials, and negligible absorption by the resi-
dual gas atmosphere in the chamber over the one
meter distance. ' This latter assumption would be
invalid during the initial pump down and final
warmup stages.

Therefbre, with window, A = 2.63 x 103 dpm and with-
out window, A = 1.95 x 103 dpm. '

To obtain the number of detectable atoms of Carbon-
14, one uses N = A/), where ), 3.83 x 10-12 sec” —,
is the decay constant for Carbon-14. This results
in N = 1.14 x 1013 with window and N = 8.49 x 1012

without window, where N‘is in atoms of Carbon-14.

But, since a 7 x lOfB% tag has already been assumed,
this leads to N = 1.63 x 1022 0il molecules, with

a detector window and N = 1.21 x 1022 0il molecules,
without a detector window.

By asSuming an o0il molecular weight of 484 (DC 704)
and the area of a one-meter diameter plate, the

following sensitivities result: M =_1.67 x 1073
g/cm? with window and M = 1.24 x 1073 g/cm?® with-

out window.
Plastic Scintillator Analysis

Since this analysis allows the 0il to deposit dir-
ectly on the scintillator, neither a dead layer
nor a window is appropriate. The geometry factor
would then be one-half and the efficiency would be
one, thus, A = 100/ (G - E) = 100/.5 = 200 dpm.

It is important that the background be minimized
when counting at these low levels and techniques of
cooling the preamplifier and utilization of coinci-
dence circuitry are considered adequate enough to
lower the background to 50 cpm. Thus following the
preceding development, N = A/) = 8.69 x 1011 taiged
molecules of o0il, which leads to M = 1.27 x 10~
g/cm? as a detectable limit.



2.3 TAGGING OF OILS WITH TRITIUM

The tritium tagging analysis parallels that of Carbon-

14. It is again assumed that 7 x 10~8% of the oil molecules

are tagged with one tritium atom per molecule and the same

Ao

two detection systems are considered.

Avalanche Detector Analysis

The development is the same as for Carbon-14. The
only difference is the reduced efficiency due to
the lower energy beta particles emitted. For the
detector with window, E = 0.067 and without win-
dow, E = 0.617.

This results in A = 2.83 x 104 dpm with detector

window and A = 3.07 x 103 dpm without window.

Using a \ for tritium of 1.07 x 10~/ min—l, the
number of molecules of oil, N, for a window is 3.78

'x 1020 and that with no window is 4.10 x 1019.

Converting this to grams of o0il and dividing by the
area of one-meter diameter plate, gave detectable
amounts of M = 3.86 x 10~ g/cm?, with a window

and M = 4.19 x 10~° g/cm?, without a window.

PlaSti¢'Scin£illator

Repeating the above analysis, but with -G now equal-
ing one-half and E equaling unity, an activity of 200
disintegrations per minute results. This yields a
value for N of 2,68 x 1018 6il molecules and a M of
2.74 x 107 g/cm“ on a one-meter diameter plate.

2.4 SODIUM AND BROMINE TAGGING OF VARIOUS OILS

A previous monthly report indicated trace amounts of

Bromine and Sodium in several oils. " It was of interest to

~ determine the detectable amounts of oil that-could be found
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by tagging these oils.

Assume that one irradiates one gram of oil' containing
one part per million of Sodium or Bromine, which re-
sults in 1 x10~° grams of Na or Br. Then, Nr =

No op (1 ~ e‘xt) where Nr is the number of radio-
active atoms produced and N, is the number of atoms -
initially present. For a one microgram mass, No(Na)
= 2,619 x 1016 atoms and No(Br) = 7.534 x 1015 atoms.
The thermal neutron (n,y) cross section is repre-
sented by ¢ and the following values were used,
0(®3ya) = .4167 x 10°% cm?, and o(’ Br) = 2.444 x
10-24 cm2'(Ref. C-12). The neutron flux, ¢, was
assumed to be 5 x 1012 n/cm2-sec and the values for
the decay constant, )\, were )\ (Na) = 4.621 x 1072 hr-1
and ) (Br) = 1.568 x 10°! hr-l. an exposure time,

of one hour was chosen as a compromise between maxi-
mizing induced activation and minimizing radiation
degradation of the oil. Remembering the Br’/? is
50.54% of natural Bromine, the following values

of the number of radiocactive atoms, Nr, result:
Nr(Na24) = 2.464 x 103>atoms/“gr Na and Nr(BrBO) =
6.753 x 103 atoms/ugr Br. Ehe activity present

then, A = \N,, where A (Na2 ) = 2.719 dpm/ugr Na

and A (Br80) = 17.65 dpm/ugr Br. Assuming the 100
cpm detected with the previously discussed plastic
scintillator to be sufficient for detection, then
one obtains as detectable amounts of Na and Br:

D(Na) = 1.226 x 1073 g Na/cm? and D(Br) = 1.727 x
10-4 g Br/cm2. S

Table 1 gives the amounts of Na and Br in parts per
million found in several samples of oil.

Table 2-1. PPM of Na and Br in Various Oils

0il Na Br
DC 705 : 25 o
DC 11 1106 0
Sun Vis- 706 - 43 0]
3M-Pt 11 20 39
Hs 1020 50 0
0

Hs 1055 25




Dividing these values into the detectable limits,
gave the amounts of oil in grams/cm2 that could be
detected, Table 2.

Table 2-2. Detectable Limits for
Tagging of Na and Br

0il Na Tag Br Tag
DC 705 2.94 x 1073 0
pc. 11 6.65 ¢ 107> 0
Sun Vis 706 1.71 x 1073 0
3M-PT 11 3.68 x 10-3 2.91 x 10-4
HS 1020 4 1.47 x 103 )
Hs 1055 ~ 2.94 x 1073 0

2.5 SILICON TAGGING

. . N -
Since most of the oils used in vacuum technology are

siiicon based, silicon tagging was-considered as a possible
detection methpd, As the one;meter diameter, cooled, plas—
tic, scihtillétor detector had offefed the best sen;itivity
in previous analysis, it was the detection used for silicon
study.‘ It should be noted that thé.éssumptioh of a decaf
time of but one hour is very optimistic and results in the

best sensitivify that can be achieved for this method.

It was assumed that the oil (DC 704) was irradiated
for one hour at a flux of 5 x 1012 n/cm®-sec. and
inserted in the vacuum system one hour later. As-
suming one kilogram of vacuum oil was irradiated

and the parameters of three silicon atoms per mole-
cule of oil, a cross section of 0.0019 x 1024 cm
for Silicon-30 (Ref. C-12), and a Silicon-30 natural
abundance of 3.09%, then, the number of atoms of
silicon per kg of oil is given by:
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24)

N04=‘3(1900) (.602 x 10 (.0309) = 1.27 x 1023
438 - 4
' Substituting this value into ‘the activation equation
and using the parameter values given above and a )\
value of .265 hr~1l yields:

N = No d¢(l - e'th) e M2 = 5 16 x 10° atoms -
3 Si/kg oil.

This_is equivalent to an activity, Al = N), of 9.51
x 10° dpm/kg. As before, 100 cpm was assumed neces-

sary for detection and since G = .5 and E = 1, the
minimum acceptable activity, A,, is 200 dlSlntegra—
tlon/mlnute.

M = A,/A; = 200/9.51 x 10° dpm/dpm/kg

M= 2.67 x 10~° gr/cm?.

2.6 _fISSIbN PRQDUCT AND ALPHA RANGE--DESCRIPTION

As_the results .to date had not ;ielded a detection
method wi?h.adequate_sensitivity,.the sqopenbfAthe stﬁdy was
expandea'to'inCIude.any detection method which’used stéble or
radioactiQe‘isétbpesQ One of the first éonceﬁts studied
under this enlafged scope was that of uéing:charged particle
_réngé to déte?mine total bréanic gaéAphase_contaﬁihétion. In
order fhat one may bétter.follow the sénsitivity analysis of

the subsequent sections, a brief description of the physical

layout for this system is given below.



The geheral design for the range technique consisted of
a sourceAwith two tubes extending out from it; a variable ab-
éorber, and two detector éystemsvplécea oné each at the ends
of the two long tubes, opposite the source. Both detectors
are movable and both track evenly. One tube is open to the
atmosphere of the chamber, whereas; the other tube, filled
- with clean air, is sealed and has an exhaust check valve énd
a bellows for pressure equalization with the chamber. The
detectors are placed so that the closed tube is at the proper
calibration count point (maximum of dI/dX). The difference
in count rates allows determination of contamination in the

chamber.

2.7 FISSION FRAGMENT RANGE
- The differential energy loss, dE/dX, was calculated for
fission fragments by (ref. D-42).

-(aE/ax) = c/dEn/z. ' . Eq. 1

In the above equation, n was calculated from'(ln (n))/z% =
-1.6 =~ .65332, where Z is the average atomic number of the

abSorbing meaium. It is'easy to see that for large Z (Z<10)
n approaches_zerb'ahd -(dE/dX) = c/d; where x, is the total

range, Ej is the energy of the fission fragment energy, d is

the density, and ¢ is a constant, fitted by empirical means.



integrating the energy spectrum of fission'fragments (Ref.
D-43), beam intenéity as a function of energy is obtained.
By using equation (1), this energy distribution was con-
verted to a range distribution to get intensity of the
beam of fission fragments as a function of range and also
dI/ax.

The curves giVeh, Figufe 2-1, are for'COz, hqwever, sim-
ilar properties would be obtained for air. Thé beam -strength
entering both tubes was adjusted by.addition of absorbers

and dI/dX was .0438 10/<mg/cm2)-

until its magnitude was .1 Ij

where I, is the maximum parﬁicle intensity and dI/dX is the
rate of decréase in count rate with increasing absorber thick-

ness.

Assuming a pressure of 107 torr and a temperature
‘of 20°C gives a density for pure air of 1.85 x 107
mg/cm?. To achieve the high count rate necessary
for the required statistical accuracy, the cal-
culations assumed a 10 milligram 252¢¢ source, placed,
at the end of the two tubes, with Si(Li) detectors
at the other end. Since A = N), 10 mg of 252¢f has
an activity of 1.59 x lOlzdpm. For the assumed de-
tector system radius of 5 cm., the geometry factor
is G = sin2(0.5 §) = 6.25 x 10"®. This gave a
fission product beam at the detector of 1.00 x 10°
particles per minute.

7

From Figure 2-1 and previous discussion, .1 Iy is
then 1.00 x 10° counts for one minute. Counting for
10 minutes gave 10® counts. For statistical signif-
icance, it was required that a difference of at
least 1,000 counts exists, or a relative difference
of .001. Based on the above, equation 2 represents

the intensity relationship devéloped.
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(.1 Iy - Ipc 504)7/-1 I = .001 Eq. 2
IDC 704 = ,0999 (IO)
Since the reference count rate is .1 I,, the dif-
ference is AT = 1 x 1074 Io. Using the maximum
value of AI/AX, .0438 I or the corresponding value
of X is obtained, AX = 2.29 x 10-6 g/cm?. This is
equivalent to a maximum sen51t1v1ty of 2. 29 x 10"9
g/cm3 for a 10 meter tube length. '
. As the previous development implies, the sensitivity ob-
tained is linearly dependent on tube length. Thus a 5 meter
tube would have a minimum sensitivity of 4.6 x 10~9 g/cm3
rather than 2.3 x 1072 g/cm3as calculated for the 10 meter
tube length.

For the situation of molecular flow,'it is obvious that
the response of the system would also depend on the orienta-
tion of the system with respect to the flow path. For pur-
poses oflthe calculations the condition resulting in maximum
sensitivity has been assumed; that the detector was oriented

- in the center of the molecular flow path and parallel to it.

2.8 ALPHA RANGE IN A VACUUM

Thé development for alpha range follows that which was
- previously presented for fission fragment range. The source
considered in this case was 2%4lam and the detector system

remained the same.
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From Reference C-13, the maximum beam attenuation
of an alpha particle beam occurs at 1 MeV and is

Al - -2.03 Ig Eq. 3

ax mg/cm2

where, I, is in particles per second (Figure 2).
The density of air at 20°C and 10-7 torr is 1.85 x
107 mg/cm®. Assuming a 10 meter tube gave a AX
value of 1.85 x 104 mg/cm2 and thus, AI value

of (-2.03 Ip) (1.85 x 10~4) = -3.76 x 104 I,.

A statistical precision in relative difference of
counts of 0.1% was assumed achievable and used in the
detection limit equations. As the detection sensi-

~ tivity is linearly dependent on this percentage,

a value of 1% would result in a detection limit a
factor of 10 higher than that calculated below.

It then followed that the minimum AI, that could

be found was given by Equation 4.

ATy + 3.76 x 103 1

-3.76 x 1074 1,

Q = ,001 . Eg. 4

AL, = -3.76 x 107 I,

It was assumed that oil acts in the same manner as
does air in stopping -alpha particles and that the
oil was dispersed in dry air, then, the change in
‘beam intensity due to the oil was AI(oil) = AL, =
AT or AI{oil) = -3.8 x 10~7 I,. This corresponded
to a minimum detectable absorber limit, AX, of
1.85 x 1010 g/em2. It should be noted that this
value is the detectable limit whether dispersed or
plated upon absorber or detector and, if dispersed,
would represent a density of oil in the l0-meter
tube of 1.85 x 10~13 g/cm?.

12
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2.9 NON-RADIOACTIVE ISOTOPE‘TECHNIQUES

Some consideration was given to using stable isotopes,
namely, Carbon-13 and Deuteriuﬁ, as a means for determining
the contamination of a particular oil. Two methods of anal-
ysis were considéréd: Nuclear Magnetic Resonance and Mass
Spectrometry. Information‘concerning these two methods was
obtained by consultiné members of the Texas A&M Univeisity

staff currently active in these fields.

A. Nuclear Magnetic Resonance (NMR) (Ref. C-14).

This technique was deemed infeasible due to the fact
that at least 10 mg are necessary for analysis and
that the maximum sensitivity was approximately

103 g of cl3 or H2, which if accumulated on a 1 m?
plate, yields only a sensitivity of 10~7 g/cmz.

B. Mass Spectrometry

This technique proved impractical due to the large
ratio (10% to 20%) of 13¢ to 12¢ or 28 to H re-
quired for detection. Again, large, 1 mg samples
would be required and the maximum sensitivity of
approximately 1074 grams of 13¢ or 2H limited the
ability of this technique to adequately measure the
contamination levels present.

2.10 RADIOLOGICAL SAFETY CONSIDERATIONS

Since NASA ground rules (Ref. C-15) for the study pre-
cluded the use of isotopes with half-lives greater than 12
hours, Caxbon—l4 and tritium were now excluded from further

consideration. However, the method is quite valid for use
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in testihg suépedt maﬁeriais in smallAVacuuﬁ syétemé. The
tritium.technique.would be the preferred method because of its
greater sensitivity and lower radiologicai hazard._ The smal-
ler éhambers would, howéver;.requiré a reduction in the sur-
face area of the plastic scintillator from 1 meter.in diameter
to some more appropriate size and this would reducel}he sen~
sitiVity somewhat, but any such reduction would be in direct
proportion to the rafio of_the surface areas between the
éonsidéred case and the new one.

Of the systéms remaihing, only the alpha rénge'has the
necessary sensitivity to warrant conéiderafion. For the pro-
posed source, Am-241 as a sealed alpha source is écceptable
to the NASA Radiological SafetyAOffice and was selected for
use. Np unaccéptable radiological hazard was anticipated,
as the decay daughter is Np-237, which has a 2 x 106 year
half-life,.theiefore, the decay chain is essentially nbﬁ—

radiocactive.

2.11 THE ALPHA RANGE APPARATUS

System description: A .73 curie Americium~241 sealed

" source, activity required to give the necessary count rate,
is followed by a set of absorbers. This would then lead

to two tubes each 10 meters long and 8 cm in diameter,

14



- placed 5° from the normal oflthe sourcé'absérber box (see
Fig. 2-3). One tube would be open and the other sealed with
a release valve and a béllows-assembly for pfessure normali-
zation with the chamber. The open tube would be sealed at
the source end to prevent contaminants from reaching the
source box. At the other end of each tube would be a Si(Li)
detector mosaic, which could be adjusted in positidn to
obtain maximum sensitivity (séé Fig. 2-3). The Si(Li) de-
tector was chosen as it allows the flexibility of counting
the number of_alphas as well aé acéurately_determining,their
enerqgy. A possible'substitute would be surface_barrief sélid
state detectors. The positioning mechanism:would be a set of
servos, which wduld vary sourcefdetéctor position with the
chaﬁging pressure. Preamps connected to thezsi(Li) detectors
- would lead éulées to an amplifier—multichanhel analyzer as--
sembly_dgféide fhe vacuum chamber walls (Fig. 2—4);' All
components'within the chamber would be operable at LN, tem-
peratures, in fact, the cooling of the detectors would have

a beneficial effect on their operations.

. System calibration: After assembly, the detectors would

be placed at the source ends of the tubes, and the source
box evacuated. Then, absorbers would be added until the

resultant alpha particle beam had an energy of 1 MeV as

15
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6bserved on the mﬁltichénnel analyzer. Air would then be

let into the source box and exacl dI/dX determined. Absorbers
are varied until tﬁis value becomes a maximum and the opeﬁ
tube amplifier gain would then bé adjustéd to give the same

energy calibration as that of the closed tube system.

System operation: The‘closed tube and source box are
purged with clean, dry air at ambient conditioné and the
system checked out. As vacuum is achieved, the_clpsed tube
detector is pladedvat the point of maximum 4I/dX and:the‘open
tube detector at an equal distance from the.241Am source.

The multichannel analyzer would be placed on the open tube

and allowed to take sequential readings in a multiscaler

N . .

~mode and the closed tube detector would be placed on the
scaler-timer configuration and run periodically as a control.

The contamination level would then be calculated by:

(Count rate open - count rate closed).= g/cm3 Egq. 5
(ar/ax) (1000) :

\

The éimple.relation above, Eq. 5,_considers only the oil
molecule and neglects the presence of ﬁhe air molecule in
the comparisoﬁ Chamber which équal pressure requires. The
error resulting this can be approximated by kl4/484) 100%

or 2,9%.

16



The pump down and repressurization phaées of the chamber
cycle WOuid be the most critical period for this system be-
cause itvwould require the servo drive séstem to rapidly
move the detectoré over thé length of the ten meter tﬁbes

to maintain the detectors at the maximum 4I/dX location.

System Components and Cost: Components and associated

costs for the alpha range apparatus are given in Table 2-3.

2.12 SUMMARY OF ISOTOPE VACUUM MEASUREMENTS

Several systems were considered and are listed in Table
2-4 with their estimated detection limits for comparison

with current techniques.

17
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3.0 ACTIVATION ANALYSIS (PHASE 11I)

The reséérch objective of this phase of the project is
to evaluate the state-of-the-art and determine the feasibility
of using nuclear activation analysis to identify.and locate
sources of contamination in the NASA space environmental
simulation chambers. ~Several activation analysis altér-
natives were investigated 6n the basis of technical
feasibility, expected performance and cost. Efforts
were directed primarily at neutfon activation anaiysis
techniqueé for detection. of several olils, greasés,'énd
paint which*were suspected as likely contaminants. Charged
Vpartidle énd high-energy photon activation analysis techniques
were nof included'in the studies due to the high cost of
particle accelerators and the lack of detailed experimental
data on which to base senéitivity eétimafes.

The basic approach to the problem 6f contaminant
identification with neﬁtron activation analysis involves
detecting a specific element or set of elements whose
presence in a. sample uniquely‘identifies a given contaminant
and whose conéentration in a sample is directly proportional
to the amount of that contaminant present. Since activation
analysis is an elemental method incapable of determining

compounds or molecular structure, this approach requires

22



“that the‘elementallébnposition of each’possible contaminant
contain a unique set of élements suitable for neutron acti-
vation analysis. This unique "fingarprint" characteristic
may be an inherent propefty af the material or may be the
result of a process in which certain suitable elements are
placed into the compound for use as "tag" elements.

During tnis investigation, emphasis wasvplaced on the
following six materials commonly used in the space environ-
mental simulation‘chamber and which were thought to be:

likely contaminants;

Dow Corning . 705
Dow Corning ' 11
Sun Vis - 706
3-M Black Velvet Paint

'Houghton Safe 1020
Houghton Safe 1055

3.1 BASIC DESCRIPTION OF METHOD

Neutron activation analysis can be generally described
as having three basic steps:

1. sample activation

2. sample cooling ,

3. gamma ray spectrometry
Sample activation consists of irradiating a material with
a flux of neutrons to produce radioisotopes by means of

nuclear transmutation. Sample cooling is an optional step

which may be used to allow undesirable short lived radio-

23



isotopes to decay to an acceptable‘activity level before
attempting.to measure the activities of the elements of
interest. After suitable cooling period; gamma ray
spectrometry is used to measure the energies and intensities
of the various gamma rays emitted by the activated material.
' Using the Spectral data, a comparison can be made between
the spectra from an unknown sample and thse.from a known
standard to provide identification of elemental constituents
énd a determination of the elemental concentrations. Under
optimum conditions with high neutron fiux densities, over
half of the naturally occufring elements can be detected in

quantities below one microgram (I-14).

3.2 ACTIVATION ANALYSIS OF POTENTIAL CONTAMINANTS

Sémplés of the six potential contaminants were‘evalu—
ated on the basis of their elemental composition to determine
their suitability for deteétion and identification using
neutron activation. The major elements comprisihg these
materials include carbon, hYdrogen, oxygen, silicon and
phosphorus, none of which aétivate appreciably witﬁ thermal
neutrons and only silicon, oxygen and éhosphorus éctivate
well with fast neutrons. Fast neutron activation analysis

was considered as a possible technique but rejected due to

24



lack of a practical means ofiproducing very high fluxes
Aof fast neutroné requiréd for sub-microgram measuremenf
sensitivifies. Since théir major elements.éould not-be
used for "fingerprinting" the potential contaminants,
analyses were carried out on samples of these materials
to determine if mihor or trace eleménts suitable for
thermal neutron activation were present. Analyses were
performed at Texas A&M with the Nuclear Science Center
" reactor which producesﬂa usable thermal neutron flux of
5 x 1012,n/cm2/sec; 'Gamﬁa ray spectrometry.was accomplished
with a Ge(Li)‘detector and a 4096 channel pulée height
anélyzer., Results of these analyses, shown-on Table 3-1,
revealed no "fingerprint" elements in these samples which
would be'sﬁfficiently reliable and unambiguous for use in
contaminan£ identifiéation.v.While several samples showed
.possible uhique tracé element bafterns, such as hafnium

in Houghfon Safe 1020 and tungsten in Sun Vis 706, the low

concentrations (sub-ppm) make detection of microgram amounts

of samples'virtually impossible by neutron activation analysis.
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Table 3-1 Elemental Analyses of Suspected Contaminantsl

Sample Concentrations in ppm :
. SUN VIS DC DC 3m HS HS
Element 706 705 11 PT.II 1020 1055
a12 25.0 537.0 . 1400.00 _— 108.0 123.0
Br 0.49 0.52  ome 39.0 5.0 1.8
a 28.0 15.0 35.0, 52,000.0 118.0 313.0
cu 2.8 0.32 13.0 0.64 1.2 0.47
1 1.9 — - ——— —— —
La _— 0.08  -—— — -— 0.06
Mn — — 0.90 _— — —
Na 43.0 25.0 1106.0 20.0  50.0  25.0
v 0.19  --- 0.63 _— —_— —
w 0.11  -—- - — -— _—
Zn 168 _— 2.4 2.7 1.3 ——-
co — — 0.2 0.16 -— 0.09
HE - - o — 0.39 ——-

lAnalyses berformed using instrumental neutron activation

2Al databnot corrected for Si interference due to

28Si(n,p)28Al.
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3.3 INACTIVE TRACERS : ' o

When a material is inherently free of suitable
"fingerprint" elements, it is often possible to label or
tag the material with an element or set of elements which
can be measured with good sensitivity and specificity.

- This method of iﬁactiVe or stable tracers offers many of
the advantéges of radioactive tracers-while avoiding the
radiological safet? and radioactive contamination problems.
Tagged materials would be used in the chamber in place of
usual materials. Samples of contaminants would then be
collectéd in the test chamber and analyzed by neutron
activation to determine the identity and amount of each
tag element éresent.

The sénsitivity of this procedure for detécting small
quantities of é tag elemeﬁt depends upon the element's
activation cross section as well as the energy‘and intensity
of thé irradiating neutron flux. Tables 3-2 and 3-3 show
the measurement sensitivities for those elements detectable
by thermal neutron activation and 14 MeV neutron activation
respeéfively. It should be noted that.for reacfor thermal
neutron aétivation analysis under the conditions defined
on Table 3-2, fhe median detection limit is approximately

10-8 grams whereas 14 MeV NAA provides a median detection
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limit in the range of 10—3 to 10”4 grams using a state-
of-the~art Cockcroft-Walton type neutron generator. If
is obvious that for thermal neutron activation, eleménts
with the best sensitivity (Eu, Dy, Mn, etc.) would be
desirable for use as tags, however, a further requirement
ié thaf the tag element be chemically suitable for in-
clusion in the compound being labeled.

In view of this chemical compatability requirement,
a brief study was uﬁdertaken to detefmine the practicality
and reliability 6f ah elemental tagging system. In ‘
reference to the cheﬁical makeup of the expécted contaminant
ﬁaterials, a typical electrophilic éfomatic substitution
process (halogénation) was chosen for the tagging meéhanics.
The elements best suited for this tagging pfocedure and
trace acti?ainn analysis are chlorine and bromine. The
-halogenation is expectéd to take place on the phenyl
radical common to the proposed DC-11, DC-705, HS-1055,
and HS-1120 contamination materials. The general equation
for this reaction is: ARH + X _ESYE§_§S}§> ARX + HX
where:

| AR phenyl radical

X2 C12 or Br2
Lewis Acid = FeCl3, A1C13, etc.

I
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3.4 MEASUREMENT SENSITIVITY

_A primary meashre of the effectiveness of a neutron
activation analysis system for contamiﬁant detection is
the sensitivity with which tag eleﬁénts can be determined
under givehvconditiohs of sahple acquisition,‘irradiatioﬁ,
and counting. A large number of variables musf be con-
sidered in estimafing measurement aensitivity, some of
Whiéh are set.by aystem design and others determined by
the physical properties of the materials in the sample.
The more impdrtant factors which,infiuence system
measuiement'sahsitivity are given on Tablé_§—4.

| In order fo assess the feasibility of using bromine,
chlorine and iodine as'tag elements to be detected by a
neatron actiQation.analysia”system,located in or near the
chamber;‘a set ofv"besf case"‘conditiOns were aéSuﬁed and
vdatectionviimits-calculatéd; ‘First,'detactibn limits for
elemental Bi, Ci and I were calculatedias described in
Appendix B and results ahowh in Table 3-5. These
détection limits are based upon a one hour irradiation

9 n/cmz/sec and

with a thermal neutron flux of 1.25 x 10
counted with a 3 in. x 3 in. NaI(Tl) detector. Further

assumptions which were made to determine "best case"

performance are as follows:
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1. Tag element is uniformly distributed in the con-
taminant material.

2. Only one contamination source is responsible for
the tagged material deposited on the 3 inch diameter

vcollection disk.

3. Tag element does not disassociate from the contami-
nant materials. '

4. 'Avggage ¢6ntaminant deposition is approximately
' 10°° gm/cm?2. '

5. A non-activable collection medium is used in lieu
of presently used pyrex plate. ‘

Assumpfions one throuéh three abpve are "best case" con-
ditions with respect to the measurement of trace element tags
in chambér coﬁtaminaht samples. To assure that the first
thrée assumptions are valid would require further research
beyond the scope of this project; however, it should be
pointed out that variations in any one of these would sig-
nificantly degrade the overall effectiveness of the tagging
approach. Assumption number three (stability of tag element
in the contaminant material) is probably the most uncertain
of all. The effects of extreme tempe;atures and high vacuum
could cause the release of tag elements from the labelled
material thus defeating the method. A quantitative evaluation
of this factor would require.extenéive testing of various
tagged contaminants under conditions equivalent to those

present in the test chambgr.‘ Number four_assumes a contaminant
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- deposition of 1 x 10~6 g/cm2 which approximates lgvels ob-

served in previous tests at sampling sites behind thé chamber
heat sink panels and directly'in front of diffusion pump
ports (J-1).

Assumptionvnumber five suggests the replacement of the
pyrex CCU with a non-activable collection-medium. In evalu-
ating pyrex glass (Corning 7740), it is clear that the sodium
and potassium content (3.8% and 0.4% by weight, respectively)
would activateAwithvneutrons to produce radioactivity levels
“sufficiently high to mask the expected activity from the‘tag
elements. The ﬁse of an analytical grade paper filter would
be a suffiéient'substitute for thé pyrex plate if adequate
thermal protection is provided.

The last column in Table 3-5 is intended to show the
extent to which the proposed technique‘would exceedvminimum
required performance under "best case" conditions. The re~
liability factor, R, is the ratio of the maximum expecteé
amount of tag element over the minimum detectable amount
of the tag element and is calculated as follows:

(¥Tag) (Den) _(Area)
(Det)

where: %Tag = weight % tag element in contaminants

Den average contaminant density on collection

plate (- 107© gm/cm2)
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n -

'Area = area of sample collection plate (45.5 cm?)

Det detection limit of tag element in micro-

grams (reference Appendix B)

Examining the "best case” reliability factors and
the validity of the assumptions made, it becomes apparent
that without a substantial increase in neutron flux over
the assumed value of 1.25 x 10° n/cmz/sec, system per-

formance would be very marginal.
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3.5 FOUR IRRADIATION ALTERNATIVES FOR NEUTRON
ACTIVATION ANALYSIS

The previous section discusscd measurement sensi-
tivitieé and provided system performance estimates based
on a neutron flux of 1.25x 102 n/cm?/sec.’ This section
describes four alternatives for a NAA system and summarizes
their 'important characteristics in Table 3-6.

The on-line monitoring system, which is the majox
concern of the hext-section of this report, is composed
qf a shielded iéotopic neutron source, sample changer;
and a NaI(Tl) gamma ray spectrometer located inside
NASA Chambef A. The major advantage of this type system
is its ability to offer hourly real-time analysis during
chamber operation. A major consideration in this approach
would be the effect of hostile environmental conditions
(ie. 125°C and 10™° Torr vacuum) inside the chamber during
operation. ‘Precautions must be taken to seal the shield
assembly to prevent Qutgassing from the hydrogenéus source
shield.

The second alternative, a variation of the previous
approach, involves the usé of a subcritical multiplier
system which employs a éentrally located neutron.source in
a 233-U—H20 or 235—U—H20 solution. Such a'systém, as

suggested by Currie, McCrosson and Parks (G-17), could
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enhance the neutron flux by factors of 6.4 ahd 4.8
respectively. However, to achieve these useful flux en-
hancement faétors the assembly must be operated so near
criticality that safety procedures and regulations may
preclude practical application of this approach. Due to
the compléxity and size of this system, it would most
likely be located outside the chamber, offering only
daily énalysis. This technique is mentioned only for
comparison purposes here but will be diécussea in more
detail in tﬁé next section of this report.

The thifd alternative uses a 14 MeV neutron generator
as the source of neutrons. A system of this type would
provide a peak thermal neutron flux of approximately
4 x 10’ n/cm2/§ec, which is insufficient to provide
sensitivities required. This technique is mentioned, as
in the previous case,'oﬂly for comparison purposé.

The last techniqﬁe proposéd involves using the
nuclear reactor at Texas A&M University. Although the
return time analysis is several days, the available

12 n/cmz/Sec offers the

thermal neutron flux of 4.3 x 10
best sensitivity and reliability for contaminant identi-

fication.

In evaluating the above approaches, one should
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compare the costs, analysis speed, and measurement
sensitivity to determine the applicability to a given

problem.

3.6 SYSTEM CONFIGURATION

The development of a neutron activation system
for confaminapt identification depends first‘on‘tagging
the contaminant or contaminants with suitable elemental
tags,_ahd sepond, on a reliable means of detecting and
identifying these tags in collécted contaminatioh
samples. This section describes a system fqr accomplishing
in-chamber'samﬁle coiléction and analysis by means of
an automatic sampling arrangement, an isotdpic neutron
source, and a scintillation detector. The opération of
this system, shown_schematically in Figure 3-1, involves
a three-arm rotating.sample handler which pbsitiohé samplé
collection disks in proper position for acquisition,
irradiation, counting or changing on a programmed basis.
The first position of rest is the collection position
where the collection disk is exposed to the chamber
atmosphere for an hour. Then.a 120 degree counterclockwise
~ rotation places this collection disk under a uniform

° n/cmz/sec for an hour irradiation.

neutron flux of 1.25 x 10
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Upon completion of this phase, the collection disk is
rotated another 120 degrees to the Nal detector position
wheré a one-hour gamma spectral analysis is made to
determine'the type and amount of tag elements present
on thg collection disk. ¥From this position, the
colleétioh disk is rotated 60 degfees where it is
replaced with a clean collection disk by the sample
changer. Another 60 degree rotation places the new
disk in the original position and the process is
repeated in 60 degree steps. Having a collection disk
at each positionvprovides an houriy analysis' of chamber
contamination after the initial 2 hour start-up time.
Each of these positions will be discussed in greater
detail below.ﬁv

Of prime importénce in the design of an in-site
neutron éctivation system 1is the selection of a suitable
neutron éource. "The neutron source represents the
limiting factor relative to overall measurement sensi-
tivity and is thé_moét expensive single item iﬂ the
system by a vast margin; therefore, its selection must
be done carefully. After a comparative anélysis of
several isétopic neutron sources, Californium-252 was

chosen. The distinguishable characteristics of Cf~252
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can be summarized in the following two properties:

l,‘ C£-252. emits a large number of_ neutrons by
spontaneous fission (2.34 x 1012 n/sec/gm)

2. Cf-252 half-life is reasonably long (2.65 years).

The main advantage that a Cf-252 source has over

'conventional neutron sources, such as 210Po-Be, 241Am—Be

or 238Pu-Be is its significantly smaller dimensions. Not
only ié the active source volume smaller in Cf-252, but
it also reéuires less space to accomodate decay helium
and does not require the extensive heat-dissipating
surfaces reqﬁired by some {q,n) sources. Therefore, the
poitability of this source is onlyilimited by its
shielding ;equirements. A summary of the neutron source
analysis ié'presented in Table 3-7.

The coét'of neutron Sources with a total neutron
output_rate of 5 #.1010 n/sec (needed in activation:
analysis) arevcompared"in Table 3-8. At an estimated
cost of $1,000,000 per gram for Cf-252, this source
offers the most favorable combination of initial in-
vestment‘piﬁsvyearly replenishment costs of any isotopic
neutron sourcé. As larger quantities of Cf-252 are

produced to meet the demand, the price is expected to

drop according to the following production level and
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Table 3-8. ISOTOPIC NEUTRON SOURCE COST ANALYSIS?

Cos% per
Source 5 x 10 0 n/sec

' (Dollars)
24200 Be 10, 000
210p,_pe 20,000
252¢c¢ 20,000
;24Sb—Be 25,000
244cn-Be 280,000
2385, Be 310,000
2415 n-Be | 1,500,000

(a)'Based on (G-1)
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price trends:

Mid 70's Late 70's Larly 80's
Avg. Quantity 5-10 20~50 40-250
(gm/yr) ‘
Price 5-7 2--3 0.5-1.5

($/u gm).

It is clear that small microgram quantities of
Cf-252 will not provide adequate neutron‘activation
for low yield samples. In order to achieve a neutron
flux of 1.25 x 10° n/cm2/sec, a 50 milligram C£-252
source is required. In view of the relatively short
lifetime (~ 10 years) of C£f-252, upkeep of sources of
this magnitude will be extremely costly even with the
projected decrease in Cf-252 prices over the next 10
years. One methodAof increasing the available neutron
flux for a given source strength is to use a subcritical
neutroﬁ mUltiplier. With this method, multiplications
ranging from.lo to 200 are possible with safe, simple
and relatively inexpensive devices. Therefore, by
spending halfvthe source budget for Cf-252 and half for
a multiplier system, the annual upkeep expenditure ié
reduced by % while the available flux is increased by a
factor of 5 to 100 than if the entire budget was used

for the purchase of Cf-252. The major drawback of this
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system is that it would require an impractical size for
on-line analysis in the chamber. It should also be
pointed out that more work on optimizing the output

and on dembnstrating the inherent safety is required
before inexpensive licensing of this method is'a reality.
Miller and Kunze (G-=16) have designed an optimum ﬁeutron
multiplier system shown in Figure 3-2 which should be
considered as an alternative in the design of an
activation analysis system using Cf-252.

The next area of inferest was the design of a source
matrix which wquld optimize the activation of é 3 inch
diamter-collectién disk. Several source arrangements
were investigated to determine an adequate activation
method. The-S_individual 10 milligram sources iﬁ a
clﬁster design, Figure 3-3, provides a'high average
flux density of 1.08 x 10° n/sec/cmz. This arrangement.
" was obtained by observing.thé thermal neutfon flux
distributioh of Cf-252 in water, whiéh shows that the
peak thermal flux is about 0.5 inches from the surface
of the.source-KG—IB). Although the flux distribution
is not a constant over the entire contaminant collection
disk, the slightly centrally peéked flux distribution

as shown in Figure 3-3 will provide efficient sample

47



I WIS C G VS

@ Safety Rod ODrive
@ Source Drive
@) Scrom Clutch

@ Surge Tonk ond Caoler

® Resin Tonks
(® Source Lack
@ jon Chomber
Fission Chamber
@ct vass

@ Fuel ond Water
@ Orift Tube

@ Fill and Drain
@Locotinq Pin
@ overtiow

@ Concrete Floor

@ Vent

@Boro'ed Paraffin
Source Shield

@® Boric Acid Wate
hield .

@ Lead
@ Beryllium

@ High Densijty
Polyethetene

Fig. 3-2. Cutaway view of a subcritical 252cf neutron multiplier.
Upper section shields the source when not in use.

(Based on G-16)
48

[
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irradiation. -

Since the portability of any isotopic neutron source
is only iimited by iés shielding requirements; a compre-
hensive shielding study was made. To obtain reliable
estimates the neutron source configuration was assumed
to be a point source of 50 milligrams. The radiations
emitted by a Cf-252 source are listed and evaluated
under the four groupings 5e10w,

Fast neutrons: Most of the fast neutrons result

from the spontaneous fission of Cf-252 with lesser améunts
coming from (q,n) reactions on low atomic number elements.
These fast neutrons are distributed according to a typical
fission spectrum'up tov13 MeV in energy. The most
effective.shielding of fast neutrons is a hydrogenous
mixture.

Thermal neutrons: Thermal neutrons result primarily

from the slowing down of the fast neutrons. 'The most
effective shield in this case is a material with a high
thermal cross-section such as boron or lithium.

Primary gammas: The primary gamma rays are a result

of spontaneous fission, alpha decay of Cf-252 and fission
product decay. The most effective shielding for this

type of radiation is a high density material such as
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‘iron or lead.

Secondary gammas: Secondary gammes are created as a
result of the capture of thermal neutrons‘by hyarogeﬁ
nuclei. This radiation can be minimized by adding boron
or lithjum to the hydrogenous shield.

In arriving at a optimal shielding design, several
generalizations and assumptions were made:

1. Thermal neutrons will contribute a relatively
small portion of the overall dose.

2. The primary gamma radiation may be eliminated
by relatively small amounts of lead or iron.

3. The fast neutron and secondary gamma provide
the major portion of the radiation dose at the
outside of the shield.

4. The Cf-252 source is dispersed in a 1 cm3
aluminum capsule at the center of the shielding.

5. The shielding can be protected against chamber
environment.

From the ébbvefconditiohs and assumptions, it is
concluded fhat the most effective shielding will consist
of a berated polyethylene and lead composition. Several
comparative shielding design proposals are presented in
Table 3-9. These estimates are based on data from AEC
Research and Development Report (G-15). These.shielding
designs offer a combined neutron and gamma dose rate

at the shield surface of less than 10 mrem/hr or
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1 mrem/hr. fhe weight and volume information was

obtained by COnsidering % spherical shield design which
résults in minimum system weighﬁ. Using the 0.8 mrem/hr
surface dose rate as a design criteria, the érea outside

thé chamber wou1d satisfy radiation safety reqﬁiremenfs

for an uncontrolled area with a calculated dose rate level of
0.21 mrem/hr. Shielding calculations are given'in Appendix B.

A brief descriptién of the inétrumentation and .
electronics of thé proposed detection system will be
provided to complete the system description. The main
component of the radiation counting system is a 512
channel pulse height anaiyZer coupled to a 3 in. x 3 in.
NaI(T1l) scintillation detector. Gamma ray spectra will
be read out from the anélyzer via a brinter and x-y plotter.
A block diagram of thié gamma réy spectrometer analyzer
system is shown in Figure 3-4.

An estimate of the cost for the Cf-252 on-line
monitoring system is given in Table 3-10. The total of
$525,000 includes all éystem components but does not
include the additional costs associated_with tagging
potential contaminant materials. It should be pointed
out that the $500,000 cost figure for 50 mg of Cf-252

is based on the current AEC price of $10 per microgram,
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Table 3-10. 2°2Cf ON-LINE

Manufacturer

USAEC Savannah
River Laboratories

USAEC Savannah .
River Laboratories

Harshaw Chemical Co.

Tennelec, Inc.
Tennelec; Inc.
Tennelec, Inc.
Tennelec, Inc.

_ Northern Scientific,
Inc.

Northern Scientific,
Inc. '

Hewlett Packard

Reactor Experi-
ments, Inc.

N/A

nge

12S512L

TB-3/TC911
TC940
TC155A
TC202BLR

NS-102

NS-606

7034A

(a) Estimated cost in dollars
(b) Prices subject to change

SYSTEM PRICE LIST

Name

50 mg 2>ce

Cf Packing & Handling

3x3 NaI(Tl) Crystal,
Phototube '

Power bin (NIM tjpe)
High Voltage Supply
Pre-Amp

Lineaf-Amp

Teletype Series 33
512 Channel Analyzer

XfY Recorder

Shielding

Fabrication Costs

Total

Price
(Dollars)

500,000
8,000
850

526

426

151

401

1,050
4,950

1,195

1,050

6,401

$525,000

‘Note: This is not a recommendation of any specific manufacturer or
an endorsement of his products but is intended for information

purposes only.
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which has been established from a rather short production
and sales history. 'As a government agency, NASA may be
able to negotiate with the AEC fo obtain a more favorable
pricing arrangement for a 50 mg source. If AEC projections
of Cf-252 price for the midf1970's is accurate, a total
system cost of approximately $125,000 could be‘expected
(based’on Cf-252 costs of $2 per microgram). ‘Table 3-6
shows’ a cbét comparison of this system with three alter-

native approaches.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

The methods which have been considered and their
characteristics.are reviewed in_Table 4-1. Of’those
considered, only the alpha range technique has the
required sensitivity and meets the radiological safety
requirements. However, this technique will not determine
the source of the coné%mination,_but like the qﬁartz
microbalance p:esehtly in uée, funcﬁions only as a gross
cbntaminatiqn defector. It does have the unique capability
of detecting noncondensable cohtaﬁinates iﬁ the chamber
.atmoéphere; These would seem to be of less importance
than ¢ondensable Qnes, bﬁt’when used in conjuhction with_

- a quarté microbalahée; the two éystems would yield total
and condehsable contaminant levels from noncondensable
1evel$ could be espimated.

The strqngldirectional dependence of the alpha rénge
System may bé_either an asset or a liability depending on
the use invisioned for the system. This dependence éhould

be kept in mind as well as the requirement that the

detector track over a considerable length of the tubes
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duringrthe pump down and repfessurization stages of the
chamber cycle.

The equipment selected fér.use in the alphé éystem
is notable only ih thaﬁ the detector selected is a ruggedized |
light tight version with an alum;num plated window. Thus,
chamber 1light conditions will have no effect on the detectors.

'The tritium method is the most sensitive of the |

tagging techniques-and is suggested for testing of suspect
agentS'in‘aismall chamber dedicated to this purpose. The
ability to tag a suspect agent wi11 depend upon its
chemicalvcompound; hbwever, the 7 x 10—8% tag is. thought
-to‘be a conéervative estimate.

Whilé neutrdn:actiQation analysis is well known as
a highly sensitive trace anélytical technique, it must
also be‘recanized‘that ﬁltimate sensitivities are
achieﬁablé ohly ﬁnderrfavoraﬁlefconditions; This“studY
has shown that conditionsrare_vefy unfavorable for the
on—site detection and identification of microgram
quantities of space environmental éhamber confaminants
by neutron acﬁivation analysis teéhniques as summarized
ih Table 4-2. Additional factors supporting this con-
cluéion are given below:

Lack of Inherent Contaminant "Fingerprint": Con-
taminant materials studied are composed of elements which
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do not have suitable properties for neutron activation.
Expe:imental results indicated no unique neutron acti-
vation products useful for contaminant identification.:

|Contaminant Tagging Stability: Evaluation of
chemical stability of proposed tagged compounds underxr
high vacuum and temperature conditions would be required.

Neutron Source Replacement Cost: Cf-252 (2.6 year
half-life) would require periodic replenishment at an
average annual cost of approximately 20 to 25% of the
original source cost.

Reliability Factor: Under "best case" conditions,
.the expected performance of the in-chamber system can
be rated only marginal (Table 3-5). Since the probability
of achieving "best case" conditions in actual test
operations is unlikely, the in-chamber system would not
be a reliable solution. | -

4.2 RECOMMENDATIONS

The alpha range system is the only practical radio-
isptoée technique with sufficient sensitivity to detect
the impﬁrity levels preéently being measured in the space
simulation chambers. ~Should it be desirable to independ-
éhtlf confirm the quartz miérobalance results_or.detérmine
the gas phase contaminant level, it is'recommended that
this system be given serious consideration.

In view 6f the marginal measurement sensitivity
achievable‘with an on-site isotopic neutron activation
analysis'system, the high cost of the neutron source and
the requirement for further research on the chemistry of

tagging potential contaminant materials, it is clear that
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this approach to contamination identification and monitoring
in the NASA space environmental simulation chambers is not

feaéible.
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APPIENDIX B:  SAMPLE CAL.CULATLONS

TAG LEVEL:" (BROMINE)

First, one must determine the average percent by weight of
bromine that can be placed in the oils as tags. (Only valid
if assumptions 1-4, page 34 are good).

For DC-11, MW = 546.0

By replacing 5Br with 5H, the MW becomes 941 of which
a MW of 400 is associated with Bromine.

Therefore, 400 MW - 45 ,r 42% Br in DC-11.
941 MW,

Similar calculations involving the other oils will also
produce an average concentration around 38%.

Assuming average contamination of 1076 gm/ém2 (J-1) and a
collection disk area of 45.58 cm2, the tag limit can be de-
fined as:

C. L. = (Fraction Br in Cbntaminant).( Avg. Contaminant)
(Area) ‘

o

That is, C. L. = (.38) (10”% gm/cm?) (45.58 cm?) =

17.29 x 10~° gm.
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APPENDIX B: SAMPLE CALCULATIONS

DETECTION LIMIT: (BROMINE)

D. L. = PA/YIELD

where PA = Minimal peak area of tag element, and
YIFLD = Tag element yield in cpm/gm.

Background Definition obtained from Appendix C:
+10% variance from .62 MeV gamma is equal to 13 channels
Therefore, background average over 13 channel interval
is approximately 103.9 counts/channel/hour.

N
PA = 2 (BASI)?

where BASE = (103.9 C/ch(hr) (13 ch) _ 55 53 cpm.
60 min/hr

Therefore, PA = 9.48 cpm.

To determine YIEFLD, tabular valucs of photogeak yvield

(in cpm/gm) for a thermal flux of 4.3 x 101 n/sec/cm

(I-14) were corrected to values of 1.25 x 10 n/sec/cm”“;

the thermal flux from a 50 mg point source of Cf-252.

Corroction Factor = 1.25 x lO9 n/sec/ém2 _ -4
4.3 x 10 n/sec/cm

Therefore, the corroctoed photopeak yicld for Bromine is,
(1.4 % 1019 cpm/gm) (2.9 x 104 = 4.06 x 10° cpm/gm.

Thus, the déteétion~limit is,

D. L. = PA/YIFLD = 9.48 cpm6 - 2.3 x 10-6 gm.
4.06 x 10° cpm/gm -
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APPENDIX B: SAMPLE CALCULATIONS

RELIABILITY FACTOR: (BROMINE)

R =

where,

(%Tag) (Den) (Area)

(Det)
%Tag = Maximum % tag element in contaminants
Den = Average contamination density on collection
disk
Det = Detection limit of the tag element in ugms.
Area = Area of 3 inch diameter collection disk

(45.58 cm?)

Therefore,

R

Contamination Limit

Detection Limit

17.29 x 10"%gm

= 7.4
2.3 x 10'6gm
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APPENDIX B: SAMPLE CALCULATIONS

SHIELDING CALCULATIONS: (.8 mrem/hr design)

40" Paraffin, 3" Lead, 2 mg/cclOB Composition.
Source = 5 x 1072 gmns Cf-252.

Estimation from E. I. Du Pont de Nemours & Company by H. E.
Hootman (G-15). '

Neutron Dose Rate: (From figure 2)
NDR = .5 mrem/hr

This is the neutron dose rate at the surface of the Shield.
To obtain the neutron dose rate outside the chamber, the
following neutron attenuation formula was used:

X - .

I = 1I,e

where, : ' : 1

on = gNo/A = (7.83 gm/cc) (6.02 x 10 mol ~) (2.5 b)
26

= .45 cm"l
for an estimated chamber wall (steel) thickness of 1 inch.

I =1I, (.31) = (.5 mrem/hr) (.31) = .158 mrem/hr.

Total Gamma Dose Rate- éfrom Fig. 3L25' & 7 respectively)
GDR = (8 x 10~ (10°°) (7.5 x 10 7) = 6 x 10”© mrem/hx/
ugm, or. .3 mrem/hr

This is the total gamma dose rate at the surface of the
pProposed shield. .Using a similar analysis, the total dose
rate outside the chamber can be obtained using the following
formula:

I = I e M¥

where, |, is the linear absorption coefficient._ The linear
absorption coefficient was found to be .72 em™ L (using

the average secondary gamma ray to be .48 MeV).

Therefore,

I =1, (.16) = .3 mrem/hr (.16) = 0.48 mrem/hr
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. SHIELDING' CALCULATIONS: (CONTINUED)

The combined total gamma and neutron dose rate is .158
mrem/hr plus .048 mrem/hr which equals .206 mrem/hr.

This quantity is less than the I. C. R. P. recommendation
of .25mr/hr.* for the population at large.

*Rees, D. J., Health Physics, MIT Press, 1967, pp. 130.
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APPENDIX C: BACKGROUND DEFINITION

Background is defined as the gamma ray spectra

obtained from a one hour count on a shielded NaI 400

channel gamma ray spectrometer.
indicate the background in that region of the spectrum
associated with each tag element.
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APPENDIX D
DOT REGULATIONS

Excerpts from
Tariff No. 23 - Hazardous Materials Regulations of

the Department of Transportation

Brackets apply specifically to californium.

§ 173.389 Radiozctive materials; definitions.  For the purpose
of Parts 170-189:; .

- (1) ‘'Fissile radioactive material” means the following, material:

Plutonium-238, plutoninm-239, plutonium-241, uranium-233, or
uranium-235, or any material containing any of the foreguing
materials. Sec § 173.396 (a) for exclusions. ~Fissile radioactive
material Jxxckugos are classified according to the controls needed
to provide nuclear criticality safety during transportation as
follows:

(1) Fissile Class 1. Packnges which may be transported in
unlimited numbers and in any arrangement, and which require no
puclear criticality safety controls during transportation. For pur-
poses of nuclear criticality safety contro, a transport index is not
assigned to Fissile Cluss l)p:\c!:u;;.:s. However, the external radiz-
tion levels maay require a transport index number.

(2) Fissile Class II. Puckages which mny be transporied to-
gether in any arrangement but in numbers which do not exceed
an aggregate transport index of 50, For purposes of nuclear criti-
cality safety comtrol, individual packages may bave a transport
index of not less than 0.1 and not more than 10. However, the
external radiation levels may require a higher transport index
pumber but not to exceed 10. Such shipments require no nuelear
criticality safety control by the shipper during transportation.

(3) Fissile Class HHI. Shipments of packages which do not meet
the requirements of Fissile Class I or IT'and vliich are controlled to
provide nuclear criticality safety in transportation by special
arrangements beiween the shipper and the carrier. .

Norz 1: Uranium-235 exiats only in eombination with vatious percentages of
uranium-231 and uranium-233.  “Fissile rudioactive material” as applied to
uragium-2335 refers to the t of uraai 235 actually ined in the totu)
qQuautity of uranitm being transported.

Norz 2: Radiosctive materisl may consist of mittures of .
di lid "Fissile radi ive material” refers to the a
238, plutonium-239, plutonium-231, ursnium-13, uranium o1 sny rombi-
nation thersof actuslly rantainad in the mivtuer, Thr 1. wetivity' of the
mirture consists of the total activity of both the Besile and nonBusile radinnuclides.

All mixtures containing “‘Gasile material” aball be subject to § 173.396.

sile and non-fissile
nt of plutonium-

(b) “Large quantity radioactive materials” means a quantity
the sggregate radioactivity of which excecds that specified as
follows:

(1) Groups 1 or II (see paragraph (h) of this section) radio-
nuclides: 20 curies. . )
© () Groups IIT or 1V radionuclides: 200 curies.

(3) Group V radionuclides: 5,000 curies.

(#) Groups VI or VII radivnuclides: 50,000 curies.

(B) Special form material: 5,000 curies.

(¢) “Low specific activity material” means uny of the following:
P

(1) Uranium or thorium c.es and physical or chemical concen-
trates of those ores;

(2) Unirradiated natural or depleted uranium or unirradiated
natural thorium;

. (3) Tritium oxide in aqueous solutions provided the concentra-
tion doey not exceed 5 millicuries per milliliter;

.(4) MMeris} in which the activity is essentinlly uniforn_ﬂy dis-
tributed and in which the estimated averuge concestration per
gram of contents does not-exceed: -

(i) 0.0001 millicuries of Group I (see § 173.389 (h)) radio-
... puclides; or . .

(i) 0.005 millicurics of Group II radionuclides; or

(iii) 0.3 millicuriea of Groups 111 or IV radionuclides.

Noag: This includen, but is no linited to, materiale of Jow rudionetivity con-
tentration sur b 89 residues or solutions from chemical proressing; wastes such ae
building rublie, meisl, weod, and ‘sbric scrap. glassware, paper and cardboard;
ool.d or liquid 3iant waste, siudges, and asbes.

. . lioactive material externally contaminated
with radicactive matorial, provided that the radiogctive muterial
is not readily disncrsible and the surface eontamination wlhen

(6) Objects of nonrac

aversged over an area of 1 square meter, does not exceed C€.N00i .

millicurie (220,000 disintezraticns per minute) per squar> centi-
meter of Group I radioiuclides or 0.001 wmillicurie (2,209,600 dis-
integraticns per minute) per square centimeter of other radio-
puclides.

(d) “Normul form rudioactive materials” means those which
are not speciul form iadioactive materials. Normal form radio-
active muterials are grouped into transport groups (see parugraph
(h) of this section).

(e) “Radioactive material” menns any material or combination
of materials, which spoutaneously emits ionizing radiation. Ma-
terials in which the estizaated specific activity is not greater than
0.002 microcurics per gram of- material, and in whicn the radio~
activily is esseniially uniformly distributed, are not considercd
to be radio sctive materials.

() “Removable radioactive contamination” means redioactive
contemination which can be readily removed in measurable
quantities by wiping the contaminated surface with an absorbent
material. The measurable quantities shall be considered as being
not sigeificant if they do not exceed the limits specified in § 173.397,

(g) “Special form radioactive materials” means those which, if
released from s package, might present some direct radiation
hazard but would present little hazard due to radiotoxicity and
little pussibility of contamination. This may be the result of in-
herent preperties of the material (such as metals or alloys), or
acquired characteristics, as through encupsulation. The criteria
for determining whether 8 materia! meets the definition of special
| form are preseribed in § 173.398 (a).

(h) “Transport group’’ means any one of seven groups into which
normal form radionuzlides are classified according to their radio-
toxicity and their relative potential hazard in transportation, and
as listed in § 173.390.

| (i) “Transport index” means the number placed on a package
to designate the decree of contrul to be exercised by the carrier
during transportation. The transport index to be assigned to a
package of rudioactive materials shall be deterinined by cither
subparagraph (1) or (2) ‘of this paragraph, whichever i3 larger.
The number expressing the transport index shall be rounded up to
| the next highest tenth; e.g., 1.01 becomes 1.1.

(1) The highest radiation dose rst'e,v in millirera per hour at

three fect from any accessible external surface of the package; or
(2) Fot Fissile Class I1 packages only, the transport index

number calculated by dividing the number “50” by the pumber

‘| of sumilar packages which mn{. be transported together (see
e

§ 173.39G), as determined by the procedures prescribed in the
regulations of the U. 8. Atomic Energy Commission, Title 10,
Code of Federal Regulations, Part 71. .

(j) “Type A packaging” menns packuging which is designed in
accordance with the general pack:ging requirements of §§ 173.24
and 173.393, and which is adequate to prevent the loss or dispersal
of the mdivactive contents and to retain the efficiency of its
radiation shickiing properties f the package is subject to the tests
prescribed in § 173.398 (b).

&) “Type B packaging” means packagiug which meets the
standards for Type A packaging, and, in addition, meets the stand-
ards for hypothetical accident couditions of transportation as
prescribed 10 § 173.3595 {(¢).

‘() “Type A quantity” and “Type B quantity” radioactive
nsteriats means a quantity the ageregate radivactivity of which
does not exceed that specified as follows:

Type A
quantity
(in curies)

Transport grcu’p
(see § 173.389(b))
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173.3%0

§173.390 Transport groups of radionuclides.

rudionuclides:

Element’

Radionuclide?

Transpeit group

Actinium (89)........... e
Americium (98)......... P

Antimony (51).............

Argoo (18)................
Arsenic (33)...............

Astatine (Sbi
Bsrium (56)

Berkelium (97)..
Beryliium (4)..
Bispwuth (83). ..

Bromine (35). .............
Cadmiuts (48}, ............

Clicium [ {0)
Californium (8). ..........

Catbon (6).....cvenncnntts
Cetium (58)....oeoivnennns

Cetium (55) . .........0ontnt

Chblorine (17)........ PR

Chromium (24)............
Cobait (27)....vevneennnnn

Copper (29).......o.ovues
Curium (96) ...ovevvvenenns

Dyaprosiuin {(86)....... ... .

Erblum (68).
Europiun (G).

Fluorine (9)......c....cuu0n

QGadolinium (64)............
Qalliuro (31).....onvnntn .
Germanium (32}.......... .

old (79).ccveeievenen oue

Hafoiuu (72)..
Holmium (67)
Hydrogen (1)
Indium (49). ..

lodine (33)...... P

Lridium (@7)... .coouvvnnns

Iron (20)...oveennennnnn

Dol e beapee:

‘Strontium 38)...coiheiian

WM MM M-

Fleontt Radionuclide? -
umplrviv (vilva
Kryptop (36).........:....] KeBim,.. ... AXx).
= Krgm
(ur.cnuipressed)’. d.0 X1 ...
Kr-85 AXL ..
Ll X
4% . P
do X
Lanthapum (57)............ JX0 .
ad (82).....einnninas X

Lutecium (71).... ....cooonn
Magnesiurn (12)............
Manganecse (25} ... 0ininnen

Mercury (80). .............

Mized Finaion Products. ...
Molybdezum (42) ... ..
Neodymium (6. ..

Neptunium (93)..

Nickel (28)................

Niobium (41} ..........ennn

Osmivm (70)...............

Palladivm (46)........ ....

Phoephorus (15)..
Flatinun (78) ... .0

Plutonium (04)...

Polonium (84) . ............
Potassium (19).............

Prascodymium (39 . ........ .

Prometbium (61)}...........

Protactinium (B1)..........
Radium (88)...............

Radon (86).... ... ...
Rhenjum (75).... ... ....

Rbodium (45)..............
Rubidium (37).............

Rutbeniuro (44).... .......
Saouarium (62)........nn.- .

Scsodium (21).. ........ ..

Selenium (34)
Silicon (4)
Silver (47)..

Sodium (1)..............0

Sulphur (16)...............
Tantalem (73) ... .
Techuetium (43)......... ..

0S-185...
O8-1%1m.

Do MK X

D OMMMAMAIHRH IR A MM AR AR,

DMK MMMR A M

DM M SORM XK

P A



" §173.320—§ 173.391

Traaiport grou
Elemeat! Radj tide? groue

v viviiva

Tdlurium (32)............. Te-t2%. .., ... R PO DI

Tetbium (85)
Thallium (81).

P A Tl

Thorium (90)..............

Thulium (69)..............

T (30 ..coovieninian....

Tritlum (1). ......... .. . o X

Hltasapgas. o), | . ] ..., X

lluniinous paint, or|
absorbed oo solid
materisl).

Tuogstes (F4).......... ...

b

Uranium (92).. ...........

X .
" XY
Natural.. JX] ..
U Erriched®. . JdNY.
U Depleted. ARSI
Vanadium (23)............. ViS8..... g X
| ve9, 1x)..
Xenon (M).. ............. Xc-12 q X
. Xe-13im...... X{.
dx

ncompreased) .
e Xcsl'{s .....

- Xeis3 .
Ytterbium (70) 1%L

Yitrium (39).......ienn.nn. ]
x1.

Ax
X
Zino(30)...........eelhen . )\( .
Ax{
Zirconium (40) AX].

! Atoniic sumber sliown in parentheses.

? Uncotnpressed nieane at 8 pressure not exceeding 14.7 p.ai. (sheolute).
3 Atomic weight shown after the radionuclide symnbol.

¢ Fissile radioactive materisl.

() Any mdionuclide not listed in the above table shail be as-
sigoed to one of the groups in accordance with the fullowing table:

Radioactive half-{ife

Radioauclide R e e
01,000 1,090 duys to Ovwer
" days 10 *yrais 10 “years
Atoic numbee 1-81. ... .. Group 111 Group 11 Group 111
Atomic number 82 and over. . Group 1 Group 1 Do

or Vil

(¢) For mixtures of radionuclides the following shall apply:

(1) If the identity and respertive activity of each rudionuclide
are known, the permissible zctivity of enrh radionuelids shall be
such that the sum, for all groups present, of the ratio hetween the
tota) activity for each group to the permissible netivity for each
group will not be greater than unity. '

(2) If the groups of the radionuctides are ks but the amourt

i each group cannot be reazonably deterined, the mistare shall

be assigned to the most restrictive group present.

(3) If the identity of all or soine of the radinnuclides cannot be
reasonably determined, each of those unidentified radionuclides
shull be considered 8s belonging to the most restrictive group
which cannot be pozitively excluded.

(4) Mixtures consisting of a single radinactive decay chain
where the radionuclides sre in the paturally occurring proportions
shall be cousidered as consisting of a single radionuclide, The
group and activity sle:ll be that of the first member preseat in the
chain, except if o radionuclide “x* has a half-life longer than that
first meraber uodd an aclivity greater than that of soy other mem-
ber including the first at any time during transportation; in that
case, the transport group of the nuelide ‘x” and the activity of
the mixture shall be the maximuin activity of that nuclide “x"
during transportation.

§173.391 Small guantities of radioactive materials and radio-
active devices. (a) Radioactive materials in normal form not
exceeding 0.01 millicurie of Group I radinnuclides; 0.1 millicurie
of Group II radioauelides; 1 millicurie of Groups III, IV, V, or VI
radionuclides; 25 curies of Group VI radionuclides; tritium oxide
in aqueous solution with & concentration not exceeding 0.5 milli-
curies per milliliter and with a _total activity per package of not
more than 3 curies; or 1 millicurie of radioactive material in special
form; and not containing more than 15 grams of uranium-235 are
exempt {rom specification packaging, marking, and labeling, and
are exempt from the provisions of § 173.393, if the following con-
ditions are met.:

(1) The materials are packaged in strong tight packeges such
that there will be no leskage of rndioactive materials under con-
ditions normally incident to trunsportation.

(2) The package must be such that the radiation dose rate at
any point on the external surfuce of the package does not exceed
0.5 milliretn per hour. . '

3) ’1_‘hcdrg'. must be no signiticant removabdle radioactive surface
contamination on the exterior of the pachage (see § 173.397).

'(4) The outside of the inner contniner must bear the marking
“Radioactive.” - : . ’

) Manufuctured articles such as instrumerits, clocks, electroaic
tubes or apparatus, or other sumilur devices, having radicactive
materials (other thun liquids) in a nondispersible form as 8 com-
ponent part, are exempt from specification packaging, markiag,
and labeling, and are exempt frem the provisions of § 173.393, 11
the following couditions are met;

Nore 1: For radioactive gases, the requiremient for the radioactive material
to be in [ noudispersible form does not apply.

(1) Rudioactive materials are securely coatained within the
devices, or are sccurely packaged in strong, tight packages, so
that there will be no leukage of radivactive materials under con-
ditions normally incident to trunzportation.

(2) The radiation dose rate at four inches from any unpackaged
device does not exceed 10 millirer per hour.

(3) The radiation dose rate at nuy poiut on the extetnal surface
of the outside container does pot exceed 0.5 millirem per hour.-
However, for carload or trucklond lots only, the radiation at the
external surface of the package or the itemn may exceed 0.5 millirem
per bour, but must not exceed 2 millirem per hour.

(4) There must be no significant removable radicactive surface
contamiaation on the exterior of the package (sec § 173.397).

(6) The: total radiouctivity content of a package containing
rudioactive devices must not exceed the quantities shown in the
foltowing table:

Quantity in curies
Teansport group Per Por
- L
devico package
0.0001 0.001
0.001 0.05
0.01 3
0.05 3
1 1
23 200
0.003 20

(6) No package may contain more than 15 grams of fissile
muterial,

(c) Marufectured articles, other than reactor fuel clements, ia
which the sule tadinactive matesial is natural or depleted uranium,
are excinpt from sperification packaging, marking, and labeling
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and are excinpt from the provisions of § 173.393, if the following
conditions are met:

(1) "The radiation dose rate at any point on the external surface
of the outside container does not excecd 0.5 millirem per hour;

(2) There must he no detectable radiouctive surface contami-
nation on the cxterior of the package (see § 173.397).

(3) The totsl radioactivity cortent of cach article must not
exceed 3 curies,

(4) The outer surface of the uranium is enclosed in an inactive
metallic sheet. '

Nore: Such articles may be packagings for the tranaportetion of radinuctive
materials. -

(d) Shipments made under this section for transportation by
motor carriers aré exempt frons Part 177, except § 177.817.

§ 173.392 Lew specific activity materials. (a) J.ow specific
activity materials, when transported on transport vehicles other
than those assigned for the sole use of the consignor, are exempt
from the provisions of § 173.392 (a) through (g); however, they
must be packaged in accordunce with the requirements of §173.395,
tll_l;d l(m)\ust be mairked and labeled as required in §§ 173.401 and

3.402.

() Tow specific getivity materiols which are transported in
transport vehicles (exeept aireraft) assigned for the sole use of that
consignor are exempt from specification packaging, warking, sud
labeling provided L‘\e shipments meet the requivements of para-
graph (c¢) or (d) of Lhis section.

(c) Packaged shipments of low specific activity materials trans-
ported in transport vehicles (except aireraft) assigned for the sole
use of that consignor must eomply with the following:

(1) Materials must be packaged in strong, tight packages so
that there will be no leakage of radioactive naterial under con-
ditions normally incident to transportation.

{2) Packages must not have any significaut removable surface
contamiuation (see §173.397).

(3) External radiation levels must comply ‘with § 173.303 (j).

(4) Shipments must be loaded b{ con<ignor and unloaded by
e in )

consignee from the transport vehicl which originally loaded.

(6) There must be no loose radioactive material in the car or
vehicle.

(6) Shipment must be braced so as to prevent leakage or shift
of lading under conditions normally incident to transportation.

(7) Except for shipments of umniuin or thorium ores, uncon-
centrated, the transport vehicle ust he placarded with the plac-
ards prescribed in accordance with § 174.541 (b) or § 177.823 as
appropriate,

(8) The outside of each outside package must be stencilled or
otherwise marked “Radioactive—LSA.” .

(d) Unpackaged (bulk) shipments of low specific activity ma-
terinls trunsported in clused trunsport vehicles (.»\uc‘.c airceaft)
assigned for the sole use of that consiguor must comply with the
following:

(1) Authorized materials are limited to the following:
(i) Uranium or thorium ores and physical or chemical cun-
. centrates of those ores,
(ii) Uranium metsl or natural thorium mectal, or alloys of
these materials; or
(iid) Materials of low radioactive councentration, if the average
estimated radioactivily concentration does not exceed
0.001 millicurie per gram and the contribution from
Group I raaterial d~es not exceed one percent of the total
radioactivity. ’
(iv) Objects of nonradivactive material externally contam-
inated with radioactive materizl, if the radioactive ma-
terial is not readily dizpersible and the surface contami-
nation, when sveraged over one sguare meter, does not
exceed 0.0001 millicurie per square centimeter of Group
I radionuclides or 0.001 millicurie per square centimeter
of other radionuclides.
wrapped or enclosed.

(3) Bulk liquids must be transported in the following:

(1) Spec. 103C-W (§§ 179.200, 179.201, and 179.202) tank
ears. Bottom fittings and valves are not authorized.

Such objects must be suitably’

(i) Spee. MC 810, MC 311, MC 312, or MC 331 (§ 178.330,
§ 178331, § 178.347, or § 178.313) carpn tanks, Autho--
ized only where the redioactivity consentration doues nol
exceed 10 percent of the specificd Jow specific activity
levels (see § 173.380(c)). The requiretnentsof § 173.393(g)
do not apply to these cargo tanks. Bottom fittings and
valves are not authorized. Trailcr-on-flat-car scrvice i3
not nuthorized.

(3) Fxternal raddiation levels must comply with subparagraphs
(2), (3), end (4) of § 173.393().

(4) Shipweuts must be loaded by the consignor, and unloaded
i)y ]t:é: consignee from the transport vehicles in which originally
oaded.

(6) Except for sbipments of uranium or thorium ores, uncon-
centrated, the transport vehicle must be plucarded with the plac-
ards preseribed in accordance with § 174.541 (b) or § 177.823, as
appropriate. ) .

(6) There must be 10 leakage of radioactive materials from the
vehicle. . .

173.393  General packaging requirements. {a) Unless other-
wise specified, all shipments of radioactive materials must meet all
requirewients of this section, and must be packaged as prescribed
i §§ 173.391 through 173.396.

(b) The outside of each package must incorporate a feature

-such as 8 seal, which is not readily breakable and which, while

intact, will be evidence that the package has not been illicitly
opened.

. {€) The smallest outside ditncusion of any package must be 4
inches or greater.

(d) Radioactive matcrials must be 'packaged in packagings
which have been designed to maiutzin shielding efficiency-and leak
tightness, so that, under conditions normslly incideat to trans-
portation, there will be no relrase of radioactive material. If
necessary, additional suitable inside packsging must be used. Each
puckipe must be eapuble of meeting the standards in § 173.398 (b)
(see also §173.24). Specification containers listed.as cuthorized
for radionctive materials shipments may be assumed to meet those:
standards, provided the pachges do not exceed the gross weight
limits prescribed for those containers in Part 178.

(1) Interna! bracing or cusbioning, where used, must be ade-
quate to assure that, under the conditions normally incident to
transportation, the distance from the inncr container or radio-
active material to the outside wall of the package remains within
the limits for which the package design was based, and the radia-
tion dose rate external to the puckage does not exceed the trans-

rt index number shown on the label. Inner shield closures must

e positively secured to prevent loss of. the contents. - .

(e) The packaging must be so designed, coristructed, and loaded
that, when transporting large quantitics of radioactive material:

(1) The heat generated within the packape because of the radio-
active materials present will not, at any time during transporta-
tion, aflect the efliciency of the package under the conditions
normadly incident to tenpsportation, and .

(2) The tempersture of the accessible external surfaces of the
prekape will not exceed 1229 ¥, 10 the shade when fully loaded,
assuming still air at ambient temperature. 1f the package is trans
ported in a transport vehicle consigned for the sole use of the con-
;lgx;g{).)lpc maximum accessible external surface temperature shall

e . - -

Q4 P‘\‘ros)horic materials, in addition to the packaging pre.
scribed 1n this subpart, must also meet the packaging requirement:
of § 173.131 or § 173.154. Pyrophoric radioactive liquids may not
be shipped by air. -

(8) - iquid radioactive material must be packaged in or within
8 leak-resistant aod corrosion-resistant juner container. In addi--
tion— .

(1) The packaging must be adequate to prevent loss or dispersal
of the radiouctive contents from the inner container, if the pack-
age were subject to the 30-foot drop test preseribed in § 173.398 (¢) .
(2) (i);0r -

(2) Enough 2bsorteat material must be provided to absorb at
least twice the vohime of the radinactive liquid contents. The
ahsorbent material may be lucated outside the radiation shield
only if it can be shown that if the radioactive liquid contents were
takeu up by the ghorbent muterial the resultant dose rate at the
surface of the package would pot exceed 1,000 millirem per hour
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() There must be no significant removahle radioactive surface
contamination on the exterior of the package (see § 173.397).

section, all radioactive materiz!s must be packaged in suitable
packaging (shiclded, if necessicy) so that ut any time during the
pormal conditions incident tn transpertation the radiation dose
rate does not exceed 200 millirem per hour 2t any point on the
external surface of the package, and the transport index dves not
L exceed 10. .

specified in paragraph (i} of this section, but does not exceed at
any time duriug transportation any of the limits specified in sub-
paragraphs (1) through (4) of this parugruph, may be transporteil
1n a transport vebicle (except aiceraft) assigned for the sole use
of that consignor, and unloaded by the consignec from the trans-
port vehicle tn which originally leaded. ’

{1) 1,000 milliremé)er hour at 3 feet from the external surface
of the package (closed transport vehicle only;;

(2) 200 millirem per hour at auy point on the external surface
of ‘the car or vehicle {closed tranzport vehicle only);

(3) 10 millirem per hour ai 6 feet from the external surface of
the car or vehicle; and

(4) 2 millirem per hour in nny normally occupied position in the
car or vehicle, except that this provision does not apply to private
r carriers. .

& transport vehicle nssigned for the sol: use of that shipper, the
shifpcr must observe all applicable requirements of Purt 174, 175,
or -

| ot 177, as appropriate. :

Iationy of the foreign governments involved in the shipaent. Sce

| §§173.8 and 173.9.

' §178.3% Radioactive material in special form. (a) Type A

quantities of special form radioactive materials must be packaged’

a9 follows:

(1) Spec. 5B, 5D, 64, 6B, 6C, 6J, 6K, 6L, €M, 17C, 17H, 428,
or 42C (§§ 178.82, 178.84, 175.97, 178.98, 178.99, 178.100, 178.101,
;78.103, 178.104, 175.107, 178.108, 175.115, and 17S.118) mectal

rums.

(3) Spec. 21C (§ 178.221) fiber drums.

(3) Spec. 14, 154, 15B, 15C, 15D, 19A, or 19B (§§ 178.168,
178.169, 178.170, 178.171, 178.190, and 178.191) wouden boxes.

(4) Any Spec. 12 series (§§ 178.205 through 178.212) fiberboard
boxes, 200-pound test minimum, or Spec. 23F or 23H (§ 178.214 or
§ 178.219) fiberboard boxes. .

. (B) Spec. 55 (§ 173.230) metal-cncased shiclded contuiner. Addi-
tionally authorized for not more than 300 curies per package, for
domestic shipments only.

(8) Spec. 7A (§ 178.350) Type A general package.

N )] Foreiﬁn-madc packagings which bear the symbol “Type A”
may be used for transportation of radivactive materials from the
int of entry in the Uuited Stutes to their destination in the Unitel

tates or through the United States en route to a point of destina- |

tion outside of the United States, . -
* (b) Type B quantities of special form ‘radioactive materials
must be packaged. as follows: :

1) grcc. 55 (§ 178.250) metal-encased shielded contairer, Au-

g.honz only for not more than 300 curies per package.  Author-
ized for domestic shipments only (sce also § 178.394 (a) (5).

(2) Spec. 6M (§ 178.304) metal packaging.
(ig Any Type B packaging specifically approved for such use
by the Department, . .

(c) Lerge quantities of radinactive materials in special form must
be packuged as follows:

(1) Spee. 8M (§ 178.103) metal packaging. Radioactive ther-
mal decay energy must not excecd 10 watts.

(2) Any Type B packaring which mects the standards in the
regulatinns of the (}’ 8. Atomic Energy Commission (Title 10,
Cefe of Federal Regulations, Part 71), or the 1967 regulations of

_the International Atomic Energy Agency, and which has beca

—
@) ExceFt for shipments de~cribed. in paragraph (§) of this

{—(j) Packages for which the radiation dosc rate exceeds the limits |

" (k) When radionctive materials are loaded by the shipper into |

—(l) Packages consigned for export are also subject to the I'cglr_

—

specifically authorized for such use by the Department under
Part 170." la applying for Departmental authorization of pack-
ages for large quantities of radioactive materials to be used in
shipnients by the U. 8. Atomic Energy Commission, or ane of its
contractors or licensees, a copy of the license emeodment or otker
appraval issued by that Commission will be accepted in place of
tge package structural integrity evaluation. .

§ 173.395 Radioactive material in normal form. (a) Type A
qu?nltlit-ies of normal forra radioactive materials must be packaged
as follows:

(1) Spec. 5B, 5D, 64, 6B, 6C, 6J, 6K, 6L, 611, 17C, 1TH, 42B,

or 42C &5 178.82, 178.81, 178.97, 178.98, 178.99, 178.100, 178.101,

378.103, 178.104, 178.107, 178.108, 178.115, and 178.118) metal
ruins.

(2) Spec. 21C (§ 178.224) fiber druwms.

(3) Spec. 14, 154, 15B, 15C, 15D, 194, or 19B (§§ 178.165,
gB.lGS’, 178.169, 178.170, 178.171, 178.190, and 178.191) wooden
xes. . .

(4) Any Spec. 12 series (§3 178.205 through 178.212) fiberboard
boxes, 200-pound test minimum; or Spec. 23F or 23H (§ 178.214
or § 178.219) fiberboard boxes.

(5) Any Spec. 3or 4 series (§§ 178.36 through 178.44 or §§ 178.47
through 178.58) cylinders, . -

(6) Spec. 55 (§ 178.250) metal-cncased shielded coptainer,
(7) Spec. 7A (§ 178.350) Type A general package.

(8) Foreign-made packagings which bear the symbol “Type A”
may be used for transportation of radioactive materials frota their

int of entry in the Unitcd States to their destination in the

nited Stales or throuzh the United States en route to a point of
destination outside of the United States. .

(b) Type B quantitics of radioxctive materials in pormal form
must be packaged as follows:

(1) Spec. 6M (§ 178.104) metal packaging. Authorized only for
eolid or gascous radioactive materials which will not decompose at
temperatures up to 250° F. :

(2?l Any Type B packnging specifically appiow)ed.for such use
by the Department. :

(c) Large quantitics of radioactive materizls in normal form
must be packaged ae follows: :

(1) Spec. 6M (§ 175.104) wmetal packaging. Authorized only for
solid or gaseous radioartive materials which will not decoripose at
temperatures up to 250° F. Radioactive thermal decay energy
must not exceed 10 watts.

(@) Any Type R packaging which meets the standards pre-
scribed in the regulations of the U. 8. Atomic Energy Commission
(Title 10, Code of Fcdrral Regulations, Part 71) or the 1967 regu- -
lations of the Intern:tional Atomic Eneriy Agency, and which has
becn specifically authorized for such use by thie Department under
Part 170. In applyirg for Departinental suthorization of package
for large quantities of radioactive materials to be used in ship-
ments by the U. 8, Atomic Energy Commission, or one of its coo-
tractors or licensces, a copy of the license amendment or other
approval issued by that Commission will be accepted in place of
the package structural integrity evaluation. .

101




