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I. ISOTOPE PRODUCTION AND DEVELOPMENT

FISSION PRODUCT XENON AND KRYPTON---
AN OPPORTUNITY FOR LARGE-SCALE UTILIZATION (2)

*%
C. A. Rohrmann

Supplementary Keywords: fission-product, stable; reactor by-product recovery;

industry; industry, nuclear-energy; industry, electric; medicine; economics;
isotope abundance; production, radioisotope; ionization of gas; pollution;

atmosphere ; review, technical; comparison; safety; hydrogen-3;
krypton-85.

Abstract. 1In the near future, xenon, as a fission-product. from nuclear fuel

processing, could be made potentially available in great -quantities and low costs

as compared to today's recovery from conventional liquid-air-processing sources.
Tission-product

One year after discharge from a reactor, the,xenon contains only insignificant

amounts of activity from short-lived xenon radioisotopes. Residual activity will

relate almost totally to the effectiveness of the krypton separation to remove

' the highly radioactive krypton-85. Present technoiogy appears capable of ensuring

such removal. Comparisons of future fission-product and atmospheric xenon re-

sources and cost are made. Physical properties of xenon and krypton are discussed,

and if the price becomes competitive, xenon may replace krypton in some applica-

attractive
tions, for example, as an inert gas in incandescent lamps. Another,major potential

use of xenon is as an - agent in surgery where 1t has been found to be

unique for light as well as deep anesthesia.

*
This paper is based

on work performed under U. S. Atomic Energy Commission Contract No. AT(45-1)-1830

and is a slightly edited version of BNWL SA-2122 Rev. 1.

**Division Staff Engineer, Chemistry & Metallurgy Division, Pacific Northwest

Laboratory (Battelle-Northwest) Battelle Memorial Institute, Richland, Washington,

a Prime Contractor for the USAEC.



(Introduction)

Until recently interest and activity on materials recover-
able as by-products of atomic energy operations or producible via
nuclear reactions has been almost exclusively confined to the radio-
isotopes. The utility of these exciting materials in medical
research and technology, in life science studies generally, and in
industrial technology has indeed brought great benefits. In addition,
the space-power potentialities of massive qqantities of the longér
lived radioisotopes which can be made available are also spectacular.
The use of intense radiation sources in food processing for preserva-
tion and disinfestation 1s an exciting application which has also
received intense research and development study. However,
more than 20 years after most of these applications were first
explored, none of them hold much promise for consuming the large 4
quantities of even the most attractive radioisotopes which are today
already in great supply and which in the future will continue to
accumulate at a rapidly accelerating rate in the residues from nuclear

(1)

fuel reprocessing. As a result of this developing situation, which

has been emphasized by the long-range Battelle-Northwest studies of
the development of the nuclear power industry, more consideration
has been given by Battelle-Northwest since about l962(2) to the
practical applications of the few, essentially stable, presently
rare and very costly, useful elements that are produced in fairly
high yield from the fission process. Today probably no more
than three of these elements can be consideied---rhodium, palladium,
and xenon. All of these are

readily available articlesof commerce; and as such, they have many
important'cmmwn\mes. in man's everyday living: attractive platings
on inexpensive jewelry, dental alloys, household appliance control
equipment, telephone switch gear, photo flash tubes, and ultraviolet
and other intense light sources. In addition there are extremely
important large scale industrial uses for each of these. Xenon is

(3)

used in multi-kilowatt intense light sources and special high-



. power electroni:c equipment. Both rhodium and palladium have very
essential and widespread applications for catalysts and alloys and
in communication switch gear. There would very likely be an ex-
tension of the applications for these very useful materials if
greater availability and lower costs could be assured. This con-
clusion is probably more appropriate in the case of xenon than for
the others. Fission-product rhodium and palladium were reviewed
earlier.(4) 1t is the intent of this presentvreview to cover the
situation involving‘fission—product xenon. It should be emphasized
that the applicability of these fission derived, essentially stable,
and valuable elements is not a new disclosure, since references can
be cited on the subject dating back many years.(s) Unfortunately
some of the most significant references are still
classified and hence are not identified here. However, the
recent rather sudden and massive advances in the civilian nuclear
power development in the U.S. and the accompanying plans for early
construction of fuel processing plants of capécities far greater

. than were proposed even as late as two years ago, make review of
the magnitude and application of these by—products'timely,>appr0priate,

and unique.

For manyvyearsargon has been used to fill (at about atmospheric
pressure at operating temperature) all tungsten filament light bulbs
becausé it depresses the evaporation of the tungsten filament and thus
promotes the attainment of higher filament temperature, brighter )
"1ight, and prolonged filament life.V Also for many years krypton has
been looked upon as a desirable replacement for argon in special
* long-lived light bulbs. The higher atomic weight of krypton makes

it even more effective than argon in depressing the evaporatioﬁ of

tungsten. 1Its lower thermal conductivity also contributes to

_ ~ N et al.(6)
——According to Fastovskii 4 this use alone consumed 400 million

‘liters of argon in the U.S. in 1958.

o ,



smaller Eulb size, ' brighter light and longer life for
the filament., 1In Europe, krypton has been used ﬁ?ugghi‘way for
many years. Only recently,with the shift toward,pure oxygen
instead of air for operation of basic open-hearth steel furnaces
in the U.S. ,has sufficient liquid air capacity been available to
ensure at falrly reasonable cost the volumes of krypton [recoverable
from the liquid oxygen fraction in the large (1000 tons of 0O) per
day) liquid air plants] required by a reasonably large-scale lamp
prbductioﬁ operation. 1In early summer 1968, two companies announced
their intention of marketing 60-and lOO—wat%f long lived, krypton-
filled bulbs.” Such bulbs were indeed available later in the ycar.
The price range of gbout $0.70t081.30 reflects the specialty nature
of these bulbs rather than the actual cost of the gas used. This
application alone could probably consume all of the krypton that
cbuld be recovered from the very large-scale oxygen industry. Thc
~small guantity of xenon, also recoverable along with krypton from
these liquid-air-processing ope;ations, would still be insufficient
(and thus probably too costly) to provide the practical amounts for
such large-scale applications. However, xenon would be significantly
superior to krypton in this application because of its much
higher atomic weight and lower thermal conductfvity. It is quite
certain from a review of xenon applications that the obvious extreme
rarity and high cost of this element has clearly inhibited consid-
eration of it even in some applications where it may be superior.
Xenon is produced in highest yield of all the forty-some elements produced

by the fission of uranium and plutonium. The
application o?1€15510n derived xenon, whlch w1ll be avallable 1n less

than ten years 1in fairly large amounts (Fig. 1) from _
the large nuclear fuel reprocessing plants, is a distinct and encour-

aging possibility that has " initiated interest in this review,
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Fig. 1. Projected annual recovery of fission-product xenon and

krypton from United States nuclear-power fuel-processing plants
(basis Ref. 1).



< ' . . However, it should be recognized that
in view of the magnitude of the use of argon in the incandescent
“lamp industry /About 785 tons in 1958 (Ref.6)/the use of all avail-

able atmospheric krypton and xenon'plus all of the fission-product

xenon from power reactor fuel processing could not appreciably

impair the existing and future use of argon in this same applica-
tion. Under any conceivable development, Kr and Xe will always be
rather rare and fairly costly materials. %Although %&Seuseful
properties of xeron compared with other inert gases , been well
known for many yeéars, the most surprising application for which xenon
appears to be unique among the inerf gases and specific to man is in anesthesia.This
property has been known for about twenty years. But here
again the rarity and very high price preclﬁdaﬂnits use for this
large—scale)beneficial application except in experimental or theo-
retical studies. -Cullen and Gross ® in 1951 are credited with the
first use of xenon és an anesthetic for surgical procedures

on man. The gas mixture used in these examples compriséd 18 to 22%

oxygen with the balance being high-purity xenon.

The anesthetic gas used here was essentially a éynthetic air in
had been :

which all of the nitrogen A replaced by xenon. 1In a review,

Featherstone and Muehlbaecher ° reported the following concer-

ning observations on the use of xenon as an anesthetic for man;

In one case involving light“anesthesia there was no evidence of
reaction to pain. Full recovery from the anesthesia was noted in
five minutes. 1In another case a satisfactory degree of anesthesia
was achieved within a few moments. Excitement during administration
was absent and recovery was obtained within two or three minutes
following interruption of xenon. Man was the only species which
could be anesthetized with the xenon gas mixture at atmospheric
pressﬁre. Other animals (monkeys and dogs) can be anesthetized
with xenon mixtures but only at elevated pressure (2 to 3 atmo-
spheres). Xenon anesthesia is characterized by the unusual brevity
of the induction and emergence periods. Equivalent mixtures using

krypton were ineffective when administered to humanvsubjects,



T
Discussion (3)

Xenon Resources and Properties (4)

" Atmospheric (5)

Xenon is one of the six so-called inert gases? (which also inélude
helium, neon, argon, krypton, and radon) that occur in the atmosphere. Only radon is
naturally radioactive and has such a short half-life (3.8 days
for its longest lived isotope) that it can be neglected as a con-
stituent recoverable from the atmosphere. Of’the others, only
helium occurs in, practlcal concentration in nonatmospheric
sources. Certaln fuel-type natural gases are by far the
most important source of this element from which it is routinely
extracted commercially in very large gquantities. Fastovskii .et al.’

list the occurrence and properties of these rare gases:

- COMPOSITION OF DRY AIR =~~~

Relative Relative
XZbundance  Abundance
by Xol. by " #t.
Vol. % Wt. % Xe =1 Xe = 1
CO,* 0.033. 0.050 3840.0 1282
Helium  5.239 x 1074 0.724 x 1074 61.00 1.86
Neon 1.818 x 1073 1.267 x 10-3 211.5 32.5
Argon 0.934 1.288 108700. 33000
Krypton 1.14 x 10-4 3.29 x 1074 13.25 8.44
Xenon  0.86 x 107> 0.39 x 1071 1.0 1.0

* Although CO, is not a rare gas it is included
for comparison since it is a minor constituent
in the atmosphere where 1t is far less prevalent than
is argon.

f_Also called rare or noble gases.



SOME PROPERTIES OF INERT GASES

Heat of

BQiling vapor- Heat Thermal
Point ization capacity, conductivity,
. Density of at b.p., cal/g/°C, cal/cm/°C/sec,
At. STP, liquid, cal/g one atm, one atm,
Wt.  g/liter °K mole 20°C 50°C
Neon 20.2 0.9003 27.07 414 0.248 15 (est.)
Argon 39.9 1.7839 87.27 1558 0.125 4,62
Krypton 83.7 3.745 '119.80 2258 0.0594 2.41
Xenon 131.3 5.897 155.05 3020 0.0378 1.47
ISOTOPIC COMPOSITION
Xenon Krypton
Natural, Fission Product Natural, Fission Product
Isotope at. %'° approx. at. %! Isotope at.%ﬁo approx. at. %11
124 0.096 78 0.35 -
126 0.090 80 2.27 o
128 1.92 82 11.56 0.2
129 26 .44 0.15 ° 83 " 11.55 11,
130 4.08 84 56.90 31.
131 21.18 .8 85 w_ 6.
132 26.89 22 86 17.37 52
134 10,40 29
136 8.87 41




On the basis of the above data, the average atomic weight
of fission-product xenon will be about 134.3 or more (vs. 131.3 for
that from the natural =xenon ). Likewise,the average atomic weight

for fission-product krypton will be about 85 (vs, 83.8 for natural
krypton). v
Inspection of the data on the concentration of xenon and

krypton in air gives a strong impression of the true rarity of these

gases. Obviously, recovery of ' even reasonable
amounts at low cost requires the processing of enormous
tonnages of air. - Only within the last' few years have such

capabilities come into existence through the need for relatively pure

oxygen by the open-hearth steel industry. Single plants processing

in excess of 5000 tons of liquid air per day are now in Operation.l2

The switch from air to oxygen in this segment of the steel

industry is continuing. Although these plants generally do not yield

separated xenon and krypton, the opportunity now exists to provide

the rather modest additional facilities by which the xenon and krypton

, . could be recovered in fairly high yields (85%) from intermediate con-
centrates which can be readily separated. Large volume sales of
krypton are now being made at about $0.50 per liter.13 As demand and
production increase, lower prices are anticipated. A similar though
less impressive situation should also come about for xenon.
<-~—- One.thousand-liter orders for xenon (STP) can be filled today
at about $10 per liter.'® The small scale of present consumption is
undersfood to be rather insensitive to price. With increased krypton

| production and consumption, = the accompanying xenon (about one
thirteenth as much on a volume basis) will seek its own.market-pricé
level, probably appreciably below the $10 figure; however, it is highly
unlikely ever to be less than the price of krypton from this source.

Fission Product (5)

Fission events from either 235U or 2%%py

produce a total of some 40 elements including , many
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isotopes of some elements (about 18 for xenon). The radioactivities of these various

isotopes range from none to highly radioactive. Some of the radioactive species
56 . .

have half-lives so long and emission energies /weak that they can be regarded as
essentially stable materials~--e.g., *3°T has a half-life of 1.6 x 107 years and
78m, '%®Sm, and 4%Sm have half-lives in the range of 101 to 1014 years (the
last isotope havipg only one-millionth of the activity.of 235U). On the other
hand, there are many radioisotopes df intense activity, but their half-lives

are so short that they can be disregarded since their
concentrations would be insignificant under practical conditions of large-scale

recovery. For low enrich-

ment uranium or plutonium fuels exposed to about 25,000 MWd/t

(megawatt days per metric ton of fuel) fission yield calculations
indicate production of nearly 4 kg of xenon per metric ton of
fuel. All radioactive fission-product xenon isotOpesvhave half-
lives so short (12 days maximum) that no normally detectable xenon
radioactivity will exist within one year after thé fuel is discharged
from the reactor. Thus, fission-product xenon can be regarded as
existing entirely as stable xenon isotopes. Any radioactivity present
will depend on the effectiveness of the process by which

Xenon is separated from contaminating material, specifically, fission-
product krypton, (containing about 6% °°Kr which has a half-
life of 10.76 years). The krypton fission product including the
intensely radioactive 85Kr,will exist in the same fuel at about one
quarter of a kilogram per ton. Although other gases result from
fission, their concentrationswill be extremely minor---the

gases evolved from fuel dissolution will be predominantly xenon and
krypton. Depending on the dissolution process used and the effec-
tiveness of minimizing extraneous gas (air) inleakage, the vent

gases could conceivably be a nearly pure mixture---extremely rich

- (compared to liquid air process conditions) compositions of

xenon and krypton.
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At this point}another comparison is wor%h reviewing:
rom

xenon-krypton production from an oxygen plantlandAa nuclear fuel

processing plant.

1000 tons/day* 5 tons/day**

Pxygen Plant _Fluel Proecessing
o (@ 85% Kecovery) _Plant (@95% Recovery
Krypton, liters (STP) ‘ 3400 326
Xenon, liters (STP) | ' 255 3210
Vol.% krypton in mixed gas (Kr+Xe) 93% 9%
Vol.% xenon in mixed gas (Kr+Xe) ‘ 7% 91%

* Short tons }
** Metric tons @ 25,000 Mwd/t

The above comparison shows that the typical fuel processing

plant, to be in operation in about five years, has
a xenon ca%gb&lity on a volume basis about twelve-and a half times
a

as great as,from today's largest oxygen plant. Another view is that,
on a volume basis,the production capability for xenon from a typical
fuel processing plant is essentially the same as the krypton pro-

duction capability from todéy's largest oxygen plant,
Another impressive comparison may be made:

A 5000 tons per day air separation plant (1000 tons of
oxygen per day) will, at 300 operating days per year, require four
years to process a cubic mile of air to reco&er 360 cubic meters of
Xenon. A five tons perlggg fuel processing plant will yield the

same amount of xenon in /than  six months (113 operating days).

It is concluded from these examples that fission-product
xenon will indeed become available via reactor fuel processing
operations in quantities sufficient to assure consideration as a

marketable product. Not only will fuel processing provide large



quantities ‘at an ever increasing annual rate as nuclear power

production assumes a larger fraction of the world's power needs,
but also this xenon could be available from the primary source
in relativeiy very high concentrations--conceivably several per-

cent in the primary waste gas.

Another facet of this fission product xenon resource

relates to the problem of air pollution. This problem is not,
of course, concerned with any pollution aspects of xenon itself
but specifically from the companion rare gas; radioactive
85k, [It is emphasized that the author professes complete
neutrality with regard to whether or not the release of fission-
product krypton with its 6% fraction of 85Kr represents a signifi-
cant air pollutant and therefore whefher or not fuel processing
plants should be required to trap and contain it.,] In view of
its inertness,85Kr should have no exposure'relationship'go any
specific organ. Its hazard, which incidentaliy on a maximum per-
missible concentration basis is listed among the least hazardous
of all radioisotopes, would relate entirely to environmental ex-
posure for a body completely surrounded or immersed in an
atmosphere containing the 85Kr. With the assumption of complete,
rapid, and uniform mixing in the earth's total atmosphere, calcu-
lations can show that the hazard of fission product krypton does
not appear to be significant for the foreseeable future. Never-
theless,on a curie basis, 85Kr will COﬁtribute far more activity than any
other isotope routinely released to the environment

from the fuel processing plant. A five metric
tons per day fuel processing plant consuming feed irradiated to
25,000 Mwd/t could be releasing 85Kkr activity amounting to about
35,000 cufies per day. In the license applications made by the
General Electric Company and the Allied Chemical Corporation for their
proposed fuel procéséing plants, no facilities were identified which

would be used to trap the krypton. Similarly at this time no such
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. processes are known to be in operation or planned for any of the
other private fuel processing plants (Nuclear Fuel Services, Inc.,
National Lead Company, or Atlantic RJ_chfleldC p I¥1 other words, at this
time there are no provisions for flgSlon-product radio-krypton
disposal from nuclear fuel processing plants other than by venting

!

to the atmosphere.

I1f, however, for pollution abatement reasons there were
to develop a requlrement for 85Kr trapplng)the impact on fission
product xenon avallablllty and economics could be extreme and highly
favorable. (Again the statement here should ‘not be construed as
favoring such action. It is merely made to illustrate what the
influence could be on the future of fission-product xenon;) 1f 85kr
had to be trapped and perpetually stored, the small volumes.of
krypton compared with the volumes of xenon would for economic reasons
assure that these two gases would be separated to save on 85kr
storage costs. (The mixed inert fission gas would be only about
9% krypton.) 1If these conditions were to prevail, Xenon costs could
‘ relate only to the expense involved in diverting it as highly con-
centrated gas and for refining it to remove the residual 85kr to
tolerable levels. , Present rare gas proéessing
techniques can assure separations down.to the few parts
per million level——nornally .20 ppm, with 5 ppm achievable; however,
techniques are available which could ensure far lower levels. For
fission-product xenon which has been out of the reactor for one
- year, any aétivity associated with remaining short lived xenon iso-
topes is expected to be less than 10710 curies per liter of gas
(8STP). Such activity is not regarded as Sighificant for any large-
scale consumer applications. Furthermore, this activity would
diminish by one half every twelve days. The presidual radiation

is thus dependent on the effectlveness of 85kr removal Based on the

assumption that 85
/flSSlon-product krypton contains 63 Kr and a xenon product con-
contains 5 ppm of total krypton contamination, the activity of the

xenon on a volume basis will be about 450 uci per liter or
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45 uCi per 100 ml, which may be the maximum volume of the
consumer product%?the incandescent lamp bulb . This quantity of
“activity in this product does not appear to be sufficient for its rejection,
“but further study with respect to/%ermissible dose rate and the feasibility
of further purification should be considered. At the present time,

means may be at hand to reduce 8%Kr contamination to possibly one

percent of the levels indicated above or about 1 to 10 pCi
per liter.
Uses of Xenon and Krypton (4) * .
A "Linde" brochure® on the uses of xenon and krypton

\ ' :
is used to fill tiny incandescent

indicates that kryptén
lamps where high efficiency is demanded. The heavier weight of
krypton gas decreases filament evaporation and heat losses en-
abling hizggr temperd?;r%toperation of the lamps. The introduction
of krypton,as a filling,in fluorescent lamps has increased their
efficiency by 10%. .Krypton is also used in high-intensity, airport

landing-approach lights.
brochure, xenon
According to the / is used in thyratron tubes, where its tempera-

ture insensitivity | is essential. The excellent
spectral characteristics of the xenon arc are utilized in high-speed
photographic lamps. The anesthetic properties of xenon are also

mentioned. Its inertness may provide safety features unobtainable

with some other types of anesthetic gases.

None of the uses described above appears to
contemplate large-scale applications and thus no consideration appears

to be advanced for utilization of the massive quantities of relatively
low cost rare gases obtainable from either the enormous oxXygen pro-
duction plants or from the modest sized fuel processing plants which
are certain to be operating in the near future. The specialty

incandescent lamp industry could probably consume all of the krypton
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obtained from the laige-scale oxyéen industry. The
relatively small quantity of xenon (in additidn to its price)
obtained concurrently could probably not be justified for consideration
in "this appllcatloﬁ.hoﬁg%rfenon recoverable from nuclear fuel pro-
cessing plants could4very likely be considered competitive with krypton

for this same application. ' Xenon's cost should be compdrable

~and its availability should then belsignificant. However the use

of xenon as an anesthetic gas may be an egﬁg)more logical use,

Such a beneficial application mayAsupport a substantially
higher price, especially if it can be used 1n closed or recycle type
systems which, we understand, requiresonly about =zight liters of

gas for a single operation. The selling prices of such gases should,
of course, determine the application and the magnitude of the use.

Thus, for fission-product xenon, there are conceivable conditions
) product
A

the selling price goal ' should be in the range of

., a : s
under which,very-low-cost could be assured., From this source

$0.50 to $1.00 per liter (STP) of purified gas to be competltlve with
P P

he price
krypton; however, for anesthetic uses / may be in the range of $l 50 to

$3.50 per liter.

Although comments . to this point on fission-product
krypton have related exclusively to its removal anc permanent
confinement to avoid discharge of activity to the environment,
8 Syy must be regarded as a unique material, Special applications
for it have been considered and are still appropriate. The proposed
applications relate to the use of its beta activity_in.lighting in assistingbthe

starting of fluorescent lamps and as the activator in spécial phosphorescent

. lamps. Krypton-85 has also been suggested as a

heat source but in this application 1sot%P1c enrichment

from the existing 6% to about 50%,is almost essential. A
low cost enrichment process does not appear to be achievable at present,
Therefore, the prospects for such an application do not appear very

hopeful. However, consideration of the use of the intense beta
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activity of this unique gas should be receiving more intensive

study particularly in view of its future potentially low cost.

Cost. Value, and Price (5)

- The following discussion on cost, valﬁe,and price is
relevant to the p?%ﬁ?%%Sn%ﬁgﬂ?hgﬁﬁiﬁngf fission- product xenon and
krypton. Although,the price of xenon is today reported to be about
$10 per liter (STP) in large (1000 liters) quantitieé, and $20 to $35
per liter In'smaller quantltles, there are few private needs that
can consume much of this gas at these -prices: The few special uses
of xenon, such as in high intensity lamps and electronic tubes,
could probably tolerate even a higher price. However, such uses
cannot possibly consume all of the xenon which could be obtained -

/?ﬁgm the many large liquid air plants now in operation. It is also
conceivable that fission product xenon could be recovered very
profitably at $10 per liter today. HoweVer, as noted aboVe, few
markets exist for xenon of such value or price. 1In 1980)at'the $10
per liter price about $20 million worth of fission-product xenon
will be released from spent fuel reprocessed for the nuclear power
industry. It is inconceivable that the small spec%alty uses for
Xenon could expand to the level that would require ,that quantity or in-
Vesmmnt//xenon. A much more realistic view of the market possibilities
must be taken. For example, at the present time only two uses can be
foreseen wWkith could consume all fission product xenon---in long-
lived tungsten filament incandescent lamps and in human anesthesia.
For incandescent lamps xenon would have to qompefe with krypton.

In this use xenon would be somewhat superior and could command a

higher price, but not much higher --probably much less than
double the price of krypton, since it is better but only can be
expected to be fractionally better. now

Apparently large-scale users are,obtaining krypton

at slightly over $0;50/liter (STP). With continued expansion in
large scale oxygen recovery and competition in the kfypton marketing

field, a lower price can be expected in the future with stabilization
, .



at perhaps in the $0.25 to $0.50/liter range by 1980. Thus to compete
in this large-scale application a price somewhat above the $0.25 to
$0.50 range can be expected to be acceptable. All xenon should then
| be marketable at a price in the range of perhaps $0.50
to $l.00,but,definitely less than $1 per liter. At this price
level, the total fuel processing indﬁstry might anticipate the
revenue from xenon to lie between $0.5 and $2 million in 1980.
Under the unique condition whereby krypton disposal may have to
be restricted, xenon pricing in the above range may be definitely
attractive and significant but not a major‘séurce of revenue. 1In
"the application of xenon in anesthesia, the unique and advantageous
properties of this gas may minimize the competition with conventional
anesthetics. For this use then xenon may justify a higher price,
probably in the range of $1.50 to $3.50 per llte%‘and these prices

would thus be in the range of about one-tenth today s prices.

If one can conceive of a market for'fission—product
krypton, an even more drastic scaledown of price or value must be
accepted. If it is assumed that fission-product krypton with its
6% 85Kkr is indeed a useful material and that it can be used, for
example, in improved fluorescent lighting for general and uncontrolled
use in homes, and with the assumption that only a small fraction of a
curie of activity from this isotope is needed per deviee, then it is

conceivable that such a use could eonsume all that could be obtained.

The present price for fission product krypton

is $22/ci. * At this price thg value of the total
amount available from nuclear fuel reprocessing plants in the U.s.

in 1980 would be about $500 million! It is, of course,-inconeeivable
that uses will be developed in the next twelve years that could
justify such investments in this radioisotope. Large orders of -
tritium (°H) can be had for.fB:l--OO/Citcxlay-l6 } Tritium would
appear to be a more versatile radioisotope with potentially more uses
than ®°Kr. The latter isotope should then be priced lower---

probaﬂy-mudflower. Such prices could be of interest
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in fuel reprocessing only if trapping and indefinite retention of
85Kr were already a requirement for antipollution reasons. If

'the price were as low as $0.08 per curie, the revenue from 85Kr in

1980 would be about the same as for xenon at the upper level of its
lower pricé projection. The concept of distributing the total
production of 85Kr in the form of fluorescent lamps, each contain-
ing a few millicuries of activity, may not be as agonizing a solution
to the disposal problem as first thoughts may seem to indicate.
Although radioactivity is present, it is never directly in contact
with any part-of the human body. Furthermofe)with the apparent
ventilation present in modern homes, offices, and industrial

facilities, the occasional rupture of a bulb containing a few milli-
curies of 85Kr doesn't appear to present a critical hazard. A
statistical view of this situation may indicate that this ié an

acceptable method of 85k disposal.

A However, in either case of fission’éroduct(xenon or
krypton)utilization, the low projected prices must assume that
facilities are required for krypton trapping and retention as a
pollution—control effort. Under such conditions the revenues which

may be realized are attractive but definitely modest.

r
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STRONTIUM-90 HEAT SOURCES (2)
Roberta Shor, R. H. Lafferty, Jr., and P. S. Baker

Supplementary Keywords: energy source; conversion, electric; thermoelectric

system; production, radioisotope; reactor by-product recovery; source preparation;’

production, separation; data compilation; industry; industry, radioisotope;

L safety, container; leak detection; review,
historical; review, technical; economics; bibliography; krypton-85.

Abstract. Current methods of purification of fission product ®°Sr and production
of ®9sr fuel forms are described. SNAP-TA fuel is examined after 5-1/2 years
operation. Excerpts were made from a full-length report on 9Sr heat source

production, source testing, and source properties.

(Introduction)
Compact electrical generators powered by heat from radioisotopes have been
under development in the United States since the early 1950's for space, marine,
and terrestrial uses. Essentially all the generators developed'for marine and

terrestrial uses have been powered by “9sr.1’2

The preparation of ®°Sr fuel
forms, beginning with spent reactor fuel wastes and ending with the encapsulated
fuel, is described in a comprehensive report to be published soon by the AEC
Division of Isotopes Development, Division of Technical Information, and the
Isotopes Infbrmation Center, Oak Ridge National Laboratory. The highlights of

~the report are presented here. The report summarizes the developmental work done

by Oak Ridge National Laboratory>(ORNL), Hanford Atomic Products Operations

(Hanford*), and Martin Company, Nuclear Division, which led to thé production of

*The Hanford Atomic Products Operation of the General Electric Co. was divided
in 1965 and 1966 among a number of contractors. For simplicity and convenience
in this‘report, all the work done at Hanford is referred to as Hanford work. No
effort has been made to identify the particular contractor responsible for the

later work. However, the reports cited in the references are so identified.
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905r heat sources for use in the generators.
‘ The processes discussed include:
1. separation of radidchemically pure ®°Sr from the reactor wastes in a
chemical form suitable for further processing,
2. conversion of the separated 903r to a chemical form that is suitable
for a heat source,
3. fabrication of the separatéd chemical compound into pellets having a
suitable density and purity for a heat source, and
4. encapsulation of the pellets in a metal container that is resistant to
corrosion by the source compound and by the environment in which it is
to be used.
Cenerator design is excluded, except as it relates to the properties of the fuel

forms required in the generators.
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Selection of 90Sr as ileat Source (3)

Several qualities make 2?0Sr attractive as a fuel for heat sources;

1. It is available in large amounts in the wastes resulting

from the processing of spent reactor fuels.

2. Procedures for recovering 305y of high radiochemical purity
with low inert-contaminant levels have heen developed.
Its half-life is 28.5 years.

Fuel forms can be made from fission product wastes with adeguate

power density for applications in power-generator heat sources.
Pure 90Sr has a specific activity of 139 Ci/g and a specific

+ W

power of 0.0067 W/Ci; however, fission-product (FP) strontium

2

contains only 55 at. % 20Sr. Achievable power densities

are limited by the age of the FP 9Sr, the amounts of inert
contaminants present, and the deviations of the fuel materials

" from theoretical physical density.
Several chemical forms.of 30Sr fuel were considered —SrTiO3, SrF,,
Sr0, Sr, and Sr,TiO,. The properties that outweighed all others in the
selection process were the power density, thermal stability, and solubility—
particularly in sea water. The compound offering the most desirable comkbinaticn
properties was SrTiO3, and it has been used in fabricating most of the

3

90Sr heat sources to date. SrTi03 is the least soluble in water and its

power density is sufficient to meet generator design needs for present

applications, being 0.7 to 0.9 W/cm®, depending on the method of preparation.
although SrF, 1s being considered as a storage form.

The only other compound that has heen used as a heat source is Sr0,, Its

power density is ~1.6 W/cm3, but it is moderately soluble in water. Both

compounds can be prepared by simple procedures adaptable to manipulator cell

operations. Handling and storage problems are simpler == for SrTiO3 than

for SrO,but decontamination is more difficult.
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Modern generators employ Semiconducto; materials made into n- and p-type
legs. The legs are thick cylinders bonded to hot and cold 'shoes.” The
heat from the isotope'source (30sr) flows into the hot shoe and moves
up through each element to the cold shoc and into the cold reservoir. The
difference in potential across the p and n elements is proportional to
the difference in temperature between the hot and cold reservoirs. The
maximum hot temperature and the efficiency of the generators depend on
the material used for the thermoelements. The generators now in operation
use lead telluride elements in an Ar-He atmosphere and operate at tempera-
tures up to "530°C. The p and n elements are made from lead
telluride having small differences in composition.1 A 5% efficiency in
converting heat to electrical energy is the highest achieved in the
generators built in the SNAP-7 (Systems for &ucléar Auxiliary Power)
. progranm. Thevexpected maximwn‘efficiency for terrestial application is
10% if GeSi and PbTe thermoelements in a cascade arrangement operate at
750°C with 130°C cold junctions.5

In August 1961 the first 90Sr-powered automatic weather station was
placed on Axel-Heiberg Island in Canada, 700 miles from the North Pole.
The unmanned station, designed to collect and relay data on temperature,
wind velocity, and barometric pressure, was part of a joint project of the
United States and Canadian weather bureaus. It operated successfully until
August 1964 (Ref. 2). )
| The SNAP-7 series of'six generators (Table 1 ] were designed after

demonstration of the Weather Bureau station and were similar to it and to

. : . 1
each other in most respects. The sources for these generators were fabricated

) : : at
by ORNL and Martin from ~1 MCi of %0Sr that had been separated Hanford in 1961.
- - A



Tavle 1. STATUS OF “°Sr-POWERED THERMOELECTRIC GENERATORS (1970)1’2’42€27:8
Power, W Date
Name kCi Thermal Electric  installed Buyer Use Place Contractors Comments
¥* .
Sentry 17.5 110 5 1961 Weather Weather station  Axel-Heiberg HAPO, ORNL, Operated 3 yr:
(Weather Bureau) ’ Bureau Island Martin no ®93r failure
SNAP TA 41 250 10 1962 U.S. Coast Buoy light Curtis Bay, HAPO} ORNL, Gradual power
Guard Md. ’ Martin loss greater
. than design
predicted;
’ disassembled
April 1969
SNAP TB 220 1400 60 1964 U.S. Coast Lighthouse Baltimore, HAPO, * Replaced TF ia
. Guard Md. Martin 1965; still
operating
¢ *
SNAP T7C 41 250 10 1962 U.S. Navy Weather station  Antarctic HAPO, ORNL, Dismantled
Mainland Martin ) Nov. 1967
SNAP 1D 225 1400 60 1964 U.S. Navy Barge weather Gulf of HAPO} ORNL Still operatiag
station Mexico Martin i
Co*
SNAP TE 30 180 7.5 1964 U.S. Navy Scnic beacon Undersea HAPO, ORNL, Failure of
: : near Fla. Martin : pinger 1963
SHAP TF 225 1400 60 1965 Phillips Buoy warning Gulf of HAPO, * Shield failed;
Petroleum and control Mexico Martin sea water ruined
and AEC station thermoelements
URIPS (P1-1002) 7 4s 1 1966 U.S. Navy Deep sea Port Hueneme, HAPO,*ORNL, Still operating at
(P1-10014) 1967 . Calif. AGN stated power
i *
NUMEC (2) 30 200 7 1966 Israel Undersea or HAPO, ORNL,
surface NUMEC
Ul-1001 T 45 1 1967 Jt.venture: Geodetic Pacific Ocean HAPo;*ORNL, First license for
: AGN-BMI- bench mark near Anacupa  AGN deep-ocearn nor-
Bendix Island recovery use
NMEC 100 MK 2.7 0.1 1967 U. S. Navy Deep sea Port Hueneme, HAPOT ORNL,
(2) milli TRACS . . Calif. NUMEC
NUMEC 118 20 1968 U. S. Navy Tidal wave Bahamas HAPO;* ORNL,
TRACS-25A warning system NUMEC

Lt
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ocean depth

Ge

Table L1 (continued)
Power, W Date
Name kCi Thermal Electric installed Buyer Use ' Place Contractors Cormmerts
RIPPLE IIT 4.6 0.7 1967 U.S. Navy Undersea test Port Hueneme, HAPO,*ORNL,
(loan) Calif. UKAERE
*
RIPPLE IV 15 100 2 Submarine cable HAPO, ORNL,
repeater UFAEA, and .
Submarine <
, Cables Ltd. g
) G
RIPPLE IX 30 200 L Aircraft ground HAPO," ORNL, ©
radio beacon UKAEA, and g
Submarine 3
Cables Ltd. a
ol
* -
MW-3000A 20 2.5 1967 U.S. Navy Deep sea HAPO, ORNL, =
Martin 5.
N &
SNAP 21 Lo 200 10 69 U.S. Navy Undersea. Of fshore HAPO, ORNL, _5%
(5 made) : San Clemente 3M =
Is., Calif.. 2
: =]
*
LCG 25A 110 - ThO 25 1966 U.S. Navy Oceanographic Fairway Rock, HAPO, ORNL, &
. instruments Alaska Martin §
~
LCG 25B 25 1967 U.S. Navy Port Hueneme,
Calif. &
B
¥* .
SNAP 23A 200 1200 60 1969* U.S. Navy Terrestrial HAPO, ORNL, e
- Westinghouse
Sentinal 25E 106 T00 25 Mar. 1969* U.S. Navy  Oceanographic H.A.PO,* ORNL,
(11,12,13) . each data stations Isotopes, Inc.
Sentinal 25D 106 25 June 1969" U.s. Navy Terrestrial and HAPO, ORIL,
(8,9,10) each to 1000 ft Isotopes, Inc.
undersea buoys
LCG 25C1 110 L0 25 1968 NASA Interrogation, Puerto Rico HAPO, ORNL, Failure in auxil-
recording, and coast sub- Martin iary equipment;
location system surface buoy reinstalled
R ) *
P1-1003 8 53 1.2 1970 USN Deep ocean Port Hueneme, HAPO, ORNL, Qualified for 35-
~100kL Calif. AGN thousand-'t
-1005
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" The promising experience iith the SNAP-7 seriés led to an ekpansion
‘ in AEC's plans for 905y devices ranging in power from 0.1 to‘ 10 kW(e).
The technology developed in the earlier programs made. it possible to design
a more flexible generator system. The isotopic power program is now organized
to provide power systems in a number of discrete power levels for applica-
tions of a more general nature than heretofore. For example, the SNAP-21
program
[10- to 20-W(e) systems] generator / may be used for various deep-sea
applications, navigational aids, seismological stations, oceanographic
A research, or hydrophone amplifiers. SNAP-23 [25- to 100-W(e)] is planned
for surface applications, such as offshore navigational aids, unmanned
g . seismological stations, microwave repeater stations, aircraft landing

b

systems, and remote communications systems.
United Kingdom Atomic Energy Authority (UKAEA)
The / is designing and building thermoelectric generators using <100-W
‘ 905rTiO; for applications similar to those of the USAEC generators. Four

i to six devices have been completed in the RIPPLE (Radioisotope Powered

Prolonged Life Equipment) program and several more are in various stages

of design or construction (see Table 1.1). Isotopesf" : 3Aerojet-
General, and NUMEC are now marketing commercial generators using 905y

heat sources, and the USAEC is supplying the sources for them as well as for
the RIPPLE generatbrs. Fuel forms /we%Zing fabricated at ORNL

4 (September 1967) from about 8 MCi of 905r that was separated by' Hanford

between 1961 and 1965.

*In 1968 the Martin Company sold its nuclear activites to Teledyne, Inc.,

: Palo Alto, Calif.,
whose subsidiary, Isotopes, / ~will take over the Martin Company contracts

. and programs in this area.
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Operation of Radioisotope-Powered Electrical Generators (3)

Long life and minimum maintenance have been the major incentives for
the development of radioisotopic power sources for marine and terrestrial
uses and for the United States space program. The power provided by suitable
radioisotope sources can be as high as several watts per cubic centimeter
of source material, with a useful life of tens of years. The kinetic
energy of the electromagnetic or charged-particle products of radioisotope
decay is either transformed directly into electricity or is transformed
indirectly through a preliminary conversion to heat. Most of the devices
developed to date use a thermoelectric generator to convert the heat to
electricity.

Radioisotope-powered thermoelectric conversion systems have demonstrated
reliability and maintenance;free lives of >40,000 hr and power levels up to
100 W(e). Their initial capital cost per electrical watt is high, but their
cost on a watt-hour basis compares favorably with that for other energy

and inaccessible
sources for applications in remotq/areas. Even in relatively accessible
regions, the cost of transporting alternative energy supplies can be of
considerable significance, and in inaccessible regions, such as the
North or South Pole, desert, or jungle, the additional costs of transport-
ing materials and of servicing the systems increase tremendously.

A full cost analysis shows that radioisotope power generators are
already competitiQe in price with other power génerators for very remote
regions. As technology develops and the costs of radioisotopes and com-
plete systems decrease, they will become even more competitive.

These thermoelectric devices convert heat from the decay of the radio-

isotope to electricity through the use of thermocouples or thermoelements.

~



28

‘ . - _Separation Processes (3)
Strontium-90 is cne of five long-lived products formed in relatively hich
: _ abundant
yizld in reactors from the fission of vranium, The otheq/fission preducts having

are 997¢,

half-lives greater than 6 months / 1%7Cs, 1%%Ce, and *7Pm. An attractive gosl.
envisioned fcr many years, has been an integrated separations process that would
sepsrate each fission product in turn and result in a reduced amount of radio-
active waste. The goal remains incompletely realized, but most of these fissicn
preducts new can be vurified in megacurie quantity.®

Several processes---PbSQO, carrier precipitation, ion exchange, and solvent
extraction~--accomplished the large-scale purification of 9°Sr‘at Hanford in the
interval 1961-65. No similar scale production has been carried out since that
time. The Hanford Waste Management Program unit of the Atlantic Richfield

Hanford Company now separates a crude SOgy product for storage.

Purity Requirements® ..,

\demands are made on the~
Because of declgn requirements for thermoelectric gonerators, st r*ngent /

®0sr recovery process. Gamma emitters have to be removed tc a level insignificant
in order
in comparison with the associated bremsstrahlung radiation, to take advantage of

the lower biological shielding requirements of 9C5r-9% beta.emitters. Thus the
contain

specifications for the purified product require thateach gram of ®°Sr/less than
0.0015 Ci of gamma emitters with energies greater than 2 MeV, less than 0.015 Ci
in the 1- to 2-MeV range, and less than 0.15 Ci in the 0.2- to 1-MeV range. This
corresponds to separation factors of the order of 10% to 105 from 1%%Ce, 25Zr-®Syb,
106Ru, and most other gamma-emitting fission products.

A high degree of purification from inert contaminants is also required so

. *
that the specific heat-generating rate of ®9SrTiOs; will equal or exceed the design

critericn of the generators (0.5 W/bms). ~ The  contaminants have to be less
. v

than 25 wt % of the total cation weight, and the ¥°Sr content has to be greate:

*Present sources 0.85 W/em®.
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than 36% of the total cation weight.
‘ The waste solutions resulting from the recovex“y of liranium from spent reactor

fuel elements, which constituted the starting material for the recovery of fission

) such as sulfate, nitrate,

products, were highly acidic and contained large quantities of inorganic ions A

iron(III), sodium, aluminum, and chromium (see Table 2 for the composition of

Purex 1WW waste). Decontamination factors™ of up to 2000 for iron, 700 for

lead, 4CC for aluminum and chromium, and 10 for calcium and barium were reguired

at the time of the SNAP-T program.

Strontium-90 is produced as a fission product during reactor operation
along with 893r, which has a half-life of 50.5 days, and other strontium isotopes
(including the stable isotopes ®6Sr and ®8Sr). Yttrium-90, the decay daughter
in secular equilibrium.with 90gr,emits a very high energy beta particle. The intense

high-energy beta activities of 89sr and S0y, as well as the softer beta activity
‘ of eoSr, result in high-energy bremsstrahlung radiation, for which heavy shielding
is required. Unless the strontium has aged sufficiently, the 50.5-day ®9Sr also
contributes a substantial fraction of the heat of the isotopic mixture.

The radioisotopic properties of fission-product strontium are given in Table 3,11

only a
A year of aging is necessary for a heat source with/minor contribution from

893y ctherwise, the source will show a high initial decrease in heat output,

characteristic of the short-lived 8°sr.

Removal of 29Sr stabilizes the generator temperatures ¢ match the

narrow operating renge of PbTe thermocouples.

Strontium, ingested or inhaled, concentrates in the bones of animals. ‘Although

tc man .
less hazardcus/[i.e., characterized by a larger meximum permissibls concentraticn
) other
(MPC) ] than the alpha emitters, it is more dangerous than most/fission

products.

‘ *Ratio of initial fo final weight of con®aminant per gram of 99Sr.
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Table 2, TYPICAL COMPOSITION OF PUREX 1wwW WASTE

Component

Conceniration moles/liter'

)

H+ Lk.,0

50,2 1.0

NOg~ 4.5

na’ 0.6

Fe3* 0.5

FVEM 0.1

o3t 0.01

N12+ 0.01

v0.2" 0.005

sr2* 0.002

cs” 0.003

sm3t 0.006

ce®” 0.003

Ru 0.003

a2t 0.005

7r minute amount

gsi minute amount

EO4“- " minute amount

Solids 10%
Table 3.  RADIOISOTOPIC PROPERTIES OF FISSION-PRODUCT STRONTIUM
Isotope Half-Life. 3;:; igsrgy, GammaMzgergy,
89sr 50.5 d 1.463 0.91 (0.009%)
90gr 28.5 y 0.546 | None
®oy 64.0 hr. 2.28 ' None
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Hanford PbSO,-Carrier Precipitation Process (k)

Hanford
A to recover megacurie

This precipitation process was developed and used at
emounts of crude ®°Sr for final purification}z,la. Initiélly, the process
feed was concentrated Purex 1wW waste (Table 2_ which contained essentially
all the fission products and relatively large amounts of contaminant metals and
sulfate in ~4 M HNOga. Feedvpreparation with shgar-treated waéfé”(STﬁ*f

__ includes a centrifugation step

to remove solids (primarily silica and sulfates) which carry appreciable quanti-
ties of fission pfoducts. These solids are then leached with nitric aéid to re-
cover the fission products, and the leach solution is combined with fhe original
centrifuged.(solids—free) solution for procgssing. In the case of stored alkaline
wastes,the strontium-containing sludge is sluiced from the waste tanks and dissolved
in nitric acid.

A typical flowsheet of this recovery process, which has had several variations,
is shown in Fig. 1. Cerium and other rare éarths are precipitated as the sodium—
rare-earth doubtle sulfates along with the strontium by adjusting the sulfate
concentration to ~1 M and the pH of the solution to 1 to 2. Lead nitrate is added
to carry strontium sulfate, and an iron complexing agent (such as tartrate or
hydroxyacetic acid) is added to avoid precipitation of ferric sulfate. The pre-
cipitated sulfates are metathesized with a mixture of NaOH and NasCOg

carbonate to remove lead (by conversion to soluble plumbite) and o convert the

strontium, along with cerium and the cther rare earths, to acid-soluble carbonates.

_These carbouates are dissolved in nitric acid.

Strontium can be concentrated
by evapcraticn or by precipitating strontiuwm carborate and dissolving it in nitric
acid. The crude
solution ;s'then ready for ion-exchange or solvent—extraction processing.

[V S R R 1 e Sy AR T 1A S T

*3TW is similer to Purex 1WW but contains oznly about 0.5 M HNOs.
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Fig. 1. Strontium and rare-earth recovery from Purex waste by PbSO4~

carrier precipitation.’
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In a series of pilot-plant runsAtestingfthe Waste Management process, recovery
cf strontium was >95%, with overall strontium decontamination factors of 17 %o
L60 frem ireon, 90 to 100 from aluminum, 370 to 50C from manganese; 55 to 90 from

nickel, 7 to 60 from calcium, 23 to 125 from magnesium, and 1 to 8 from lead.14

Hanford Sclvent-Extraction Process (h)

To a large extent this process was based on modifications and further develop-

di(2-ethylhexyl )phosphoric acid (D2EHPA
ment of the solvent-extraction technology developed at ORNL using for re-

n
covery and purificaticn of strontium and rare earths from Purex waste .15716
Many process variations and flowsheets have been devised at Hanford for different

process objectives and for handling different waste compositions, but only the one

used for production is described here.
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3k

The first Hanford solvent-extraction process for fission product separa-

tiOl’lS 10y 13» 17

was developed specifically for use in the Hot Semiworks
Pilot Plant to purify ®03r for SNAP-7 program requirements. Feed is prepared
from crude stroﬁtium product solution, recovered by the PbSO4-carrier precipitation
‘process, by addition of acetate for buffering, sodium
hydroxide for adjusting acidity, and EDTA or diethylenetriaminepentaacetic acid
(DTPA) for complexing the extraneous metals. .This complexant (or an alternative)
suppresses extraction of iron, lead, and cértain»fission products such as zirconium-
niobium and ruthenium. In the process flowsheet (Fig. 2 ), strontium, calcium,
with O.4 M D2EHPA and 0.2 M TBP in hydrocarbon diluert.”
residual mixed rare earths, and some sodium are coextracted / A large portion of
‘the extracted sodium is scrubbed from the solvent at pH 2.6 to 3.0 with sodium
citrate solution. Strontium is stripped selectively in a second contactor with
1 M citric acid at pH 2 td separate it from calcium and rare earths. To obtain
a more concentrated product solution, about one-half of the strip sclution is
recycléd to.ﬁhe extractor. The product is further purified by either an ion-
‘exchange cycle of'a second solvent-extraction cycle.

_ Hanford
Improved ,/ Solvent-Extraction Process

Hanford has devised processes for direct treatment of low-acid Purex wastes

by solvent extraction to recover strontium and rare earths. ® 4

’ftypical*fiowsheetlg is-shown in Fig. 5. The aqueous feed is complexed with
citric or tartaric acid or with DTPA and adjusted with NaOH to a pH of 4 to 5.
Strontium and rare earths are coextracted at about 50°C with D2EHPA (partially in
the sbdiuﬁ sait form) and TBP in a ﬁydrocarbon diluent, and the solvent is scrutbed
‘with dilute formic acid—sodium formaté solution for the reduction of sodium
concenﬁration} Strontiuﬁ;is stripped selectively from the extract with 0.028 M

HNCs, the rare earthns with 1 M HNOs, and the waste metals with 2.5 M caustic

R e

*Amsco, Shell spray base, or normal paraffin hydrocarbon.
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1AW 18P
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~

Fig. . Strontium recovery using one cycle of solvent extraction. °
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Fig. 3. Recovery of strontium and rare earths from Purex PAW.. /Shows the composition
of waste expected at Hanford if the ferrous sultsmate reduction method for
partitioning plutonium is replaced by reduction with U(IV); the waste is
relatively low in iron and sulfate concentrationj
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solution at 50°C. The D2EHPA is then partially convertedvto the hydrogen form
before it is recycled to the extractor.

The Hanford Waste Management Program now uses the PbSQu-carrier precipitation
process or a solvent extraction with D2EHPA or a combination of the two processes
to concentrate and purify 90gr from Purex wastes for storage.2° A typical product
solution for storage is shown in Table 4. From this solution SrFs is precipi-

tated with NaF. The SrFo is dried and stored.

TABLE 4. Crude Strontium Composition

Concentration
Constituent Molarity g/
H "~ 2.85 2.8
Sr 0.096 g.4
Na 0.51 11.7
Ca 0.158 6.3
Mg 0.183 4.5
Ba 0.0016 0.22
Mn 0.201 11.0
Ni . 0.0024 0.14
Al 0.041 ' 1.1
Cr A 0.0055 0.29
Fe 0.011 0.61
Pb 0.010 2.1
144ce.pr (232 Ci/z)
0sy - (705 Ci/2)

Preparation of Strontium Titanate (3)

Purified ®°Sr is converted to SrT7iOs in the next step of making a 20sr heat
source. This and subsequent process steps are carried out at Osk Ridge National
Laboratory in the Fission Products Development Laboratory (FPDL).Z?1

The purified ®°Sr is shipped as the solid carbonate from Hanford to ORNL.Z2’23
A schematic outline of the process steps for converting purified SrCOsz Lo encapsu-

lated SrTiOs is shown in Fig. k.
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Present Procedures for Compound Preparation  (4)

A~

Feed Material (5)

The first step in preparing the feed material is the unloading of the

HAPO II casks by drawing water through the cask under steam-jet vacuum and

9OSfCOAViﬁto'auéollection tank. After most of the 90SrCO is

3 3

removed from the pask} the cask is rinsed with 2 M nitric acid; the acid is

slurrying the

added to the collection tank to convert the 9OSrCO slurry to 9OSr(NO

3 3)2
so as

solution. The.amount of acid used is calculafedAto yield a final solution
~1Min HNO3 for storage. The cask is dried, sealed, leak-tested, decontami-
nated and then shipped back to Hanford.

The 9OSr(NO3)2 solution is 5ampled and stored at the FPDL in stainless
steel water-cooled tanks, which can hold 6 MCi oflgoSr(NO?))2 feed solution.
The radiochemicél éurity of this material is >~99.9% (exclusive of 89Sr,
the amount ofmﬁﬁigh‘is‘dependent on the age of the material); its ma jor

inert contaminant is calcium. Table 5 shows a typical feed analysis.

Table 5. FEED COMPOSITION*

Range of composition, wt %

Cation Maximum Minimum
Sr Al 92
Ca 5 2
Ba 2 0.5
Mg
“One gram of Psr will produce 0.0232 g

of 7y after oune year's decay.
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Strontium Titanate. (5) A slurry of TiOs in a solution of NH,OH and (NH, )2C05

is mixed with Sr(NOs)s solution to form a mixture of SrCO; and TiOp solids. The
solids are filtered off and calcined to form SrTiOsz. This method has been used
to prepare all of the SrTiOs; powder produced at FPDL. The use of NasCOs instead
of (NH,)2COs was the only variation in the production method of Martin Company,

. *
Nuclear Division.

Batches of b0 kCi of 90Sr(NO3)2 solution are transferred from storage
into a 150-liter stainless.steel'precipitation vessel,
i This vessel 1is equipped with an agitator, a heating-cooling
Jjacket, and a bottom-discharge line, as well as the standard instrumentation,
sampling and off-gas lines, an@ other services. The solution is sampled;
‘then it is adjusted, by evaporation and addition of ammonium hydroxide, to a
Psr concentration of ~10 g/liter (~ 750 Ci/liter) at pH 3 to 5. Based on
the total 90Sr content in the batch and the elemental analysis of the feed
solution, tne amount of TiO2 required to form the titanates of the alkaline
earths present is calculated. This amount of TiO2 plus a 5% eicess is slur-
ried into an ammoniacal (NHh)2CO3 solutiog of sufricient concentration to

yield a final precipitation solution 0.7 M in (NHu)ch The 90Sr(NO
)

_ 3 3)2
solution is heated to T0°C; then the (NHu)QCQ3«T102 slurry is added. The

Martin Company, Nuclear Division prepared SNAP-TB and F heat sources in

their Quehanna Pilot Plant.Z*
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slurry is digested, cooled, and filtered through porous A1203 filter thimbles.
( ~r)
No difficulty is experienced in the filtration. The 9OSrCO3—T102 mixture on

the filter is washed with dilute (NHh)2C solution; then it is dried by draw-

03
ing air through the filter, The A1203 filter thimbles have a total
volume of n1800 ml,and the volume of 4O kCi of dried precipitate is ~s1500 ml.

After the filter thimble is removed from the system, the heat generated
by the 9OSr dries the precipitate completely. Since a normal batch has a
thermal output of ~250 W, careful handling of the material is necessary to
prevent damage to manipulator boots and other materials in the cell. When
the precipitate is dry, it is stirred to break up any lumps; then the filter
thimble is inserted into a furnace. . The furnace temperature is
increased at a rate of'lOOOC/hr to a final temperature of 1100°C. This tem-
perature is maintained for 4 hr; then, after the furnace is cooled at a rate
of 100°¢/hr to <400°C, the thimble is removed.

Batches of ~10 kCi each of the calcined 9OSrTiO3'are ground in a

stainiess steel blender to produce a uniform powder. The 9OSrTiO product, which

3
is usually light brown in color} can be handled, weighed, and transferred
using standard laboratory size equipment adapted for manipulator cell use.
The product is assayed calorimetricglly for 90Sr coﬁtent. An aliquot of the
powder is weighed into a brass cup and the heét output is measured by means
of a differential <temperature calorimeter,

Several caiorimétric determinations are run on each powder batzch to ensure

product uniformity.25’26The powder has the approxima£e composition given

in Teble 6.
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Table 6.  TYPICAL SrTiO., COMPOSITION

3

Component Wt % .
Strontium : 36 (~30 Ci of 90Sr per g of pcwder)
Titanium 28
Calcium 3
Zirconium ‘ 5
Barium 0.5
Magnesium 0.5
Oxygen 26 .
Iron, lead, carbon Traces ( <1% total)

After a batch of product is assayed, the powder can be formed into pel-
lets immediately; it may be packaged for shipment as powder; or it may be
stored. Temporary storage is done in stainless steel screw-top cans, which
are loaded with up to T7-kCi lots of powder and stored in dry water-cocled
tubes in an in-cell storage facility at the FPDL. This storage system has

90

a capacity of approximately 2 MCi of “ SrTiO, powder. For long-term storage,

3
welded stainless steel containers are used, each of which holds 3.3 kCi of
powder. These containers also serve as shipping cans for large amounts of
9OSrTiO3; larger or smaller shipments can be made in similar welded containers

of various sizes. A circumferential groove is provided in these containers

so that they can be opened with a2 tubing cutter.

From the feed analysis, the ratio of %

Sr to total Sr, Ca, Ba,
and Mg is calculated, and from these data the heat output of a particular
batch can be related to its chemical composition. When the composition of

a product is outside the range desired, the powder may be blended mecharii-

cally with other products, which vary in the other direction, to produce
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products of the desired grade. Several product batches of varying coyposi-
tiéns may be combined in one blending operation. Standard blending practices
are carried out in a stainless steel blender. Successful blendings have

been made by using powders in which the TiO, was deficient by as much as

2
30% or was 40% in excess of the stoichimetric amount, but most powders

are much closer in composition. When one of the powders is deficient in

TiOe, the blended material is recalcined. No differences have been found

in the pellet-forming characteristics of powders that were prepared from

the same feed solution, even when one powder batch was the result of a

blending operation and the other was a single batch that did not require
blending. Hot-pressed pellets may be made with TiOp-to-SrQ ratios that vary
'ffbm TiO2fih:30%j¢xééé$'of stoichiometric to pure Sr0 by'éﬁéng;§g1pﬁe amount ofb
Ti0s- in the slurry. -

Strontium Oxide (5)

The chemical processing operations for the preparation of 90SrO are
very similar to those for 90Sr‘I'iO3. The precipitation procedures simply
eliminate the TiO2 addition. Calcination of the dried 90SrCO3 to 90SrO is
carried out at 125000 for 24 hr. The 90SrO products are converted tc pellets
immediately after calcination. During the short period between caicination
and pelletization (while samples are being assayed, dies are being loaded,

90 o combination

etc.), the bulk 7 Sr0 is kept at w550 C to minimize,reactions with atmos-

pheric water and carbon dioxide. The possibility of these adverse reactions

eliminates 90SrO as an iﬁventppy form for storage.



L

Analytical Methods (%)

Process control depends largely on calorimeters for the analysis of 2°sr.
Those calorimeters designed and constructed at FPDL measure the rate of heat pro-

duction of the radiocactive material. Two general types are used---one for solid

25126

samples consisting of powder, pellet, or encapsulated source and the other

27

for solutions of radiocactive strontium. Additional analytical methods

employed in ®°gr processing are shown in Table T.

Table 7. ANALYTICAL METHODS USED IN Sr PROCESSING
Quantity .
To Be _
Found Method References
SrTicC, Fusion and dissolution 28
o
9OSr Gross B by proportional counters 29a, 30a, 31
89y Yttrium removal with D2EHFA, 29b, 30b
then Sr absorption study '
Other
fission products Garma spectrcmetry 32, 33
Mass analysis Mass spectrometry 29d, 29
Ca, Ba, Sr Flame spectrophoiometry 29¢, 34

Ti, Z2r, Mg,
Fe, Pb Emmission spectroscopy 30¢c, 35
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Fahrication of Fuels (5)

In the next process step, powdered SrTiOs or SrO is converted into pellets
suitable for encapsulation. Design of the source, shield,‘and generator requires

reproducible physical properties in the pellets, especially accurate

dimensions. o Ideal physical' characteristics
of a source inélude high density, high thermal conductivity, high melting
point, high thermal stebility, and good mechanical properties.

Several methods for fabricating materials (especially polycrystalline
ceramics) into dense pellets are described in the literature.ssisgin
general all these methods consist in the application of heat and/or pres-
sure over a period of time. The heat and pressure may be applied simul-
taneously or in sequence. Forming methods can be divided into three groups:

1. Cold-forming, which usually consists of the application of

pfessure to the material. Cold-forming meﬁhods.includef
slip casting; extrusion; injection molding; die pressing;
isostatic pressing; vibratory compaction. The compacts pro-
duced by pressing may be subsequently heated to yield higher
densities.

2. Hot-forming, which consists in the simultaneous application

of heat and pressure; the-hot-fonming methods are hot-pressing

by uniaxial pressure, biaxial pressure, or isostatic pressure

with gas or liquid medium or with semifluid "sand"; hot

swaging.

" 3. Melt-casting, which consists of the application of heat)Abut

with no pressure applied.
The application of.pressure in any hot- or cold-forming method'sometimes involves
a high energy—rate procedure such as pneumatic impaction, explosion, or
electrical discharge.

A1l the methods of cold-forming,'hot—forming, and melt-casting were
evaluvated for use with strontium fuel forms. The following methods were
tested experimentally: die pressing - heat treating; isostatic pressing -
heat treating; uniaxial hot pressing; biaxial hot~pressing,melt-casting.
The methods of isosvatic hot-pressing and pnéumatic impaction at high tem-
peratures were eveluated by visiting and consulting with other workers,

and other methods were evaluated by a literature search.
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From this study, several general conclusions were drawn with reference
to forming of strontium fuels. With the exception of isostatic pressing (followed
by firing) which requires expensive and complicated equipment, the cold-forming
methods have two primary advantages over the hot-pressing method for SrTiOs: they

out in g hot cel th re i iye.
%hgnge e¥ig§ea01§§§§ S&¥%h cold-pressing are

are simple to carry/However, nsi
and
low, psthe reproducibility and dimensional control are poor.

These factors are difficult to regulate even with closely controlled and
reproducible powders. In the case of strontium fuels, the control of
particle size (a critical parameter in cold-forming methods) is not fea-
sible. 1In the case of isostatically pressed samples, if the pressure
exceeds the strength of the particles, high aafired (green)_densities
can be obtained. The small additional shrinkage on firing allows good

control of dimensions-

The hot-forming method (except isostatic hot-pressing) has two distinct
advantages over the cold-forming or melt-casting methods: improved
dimensional accuracy of the compact formed and adaptability of the method
to a wide variety of materials. The hot-forming method also has the ad-
vantage that two materials can be allowed to react to produce the desired
compound as the compact is being formed (reactive hot-pressing). Isostatic
hot~pressing gives poor dimensional control unless the powder is prepressed
to densities greater than 85% of theoretical; this is not possible with
the 9oSr power fuels investigated. In addition, isostatic hot-pressing
is difficult and expensive for hot-cell operation.

Uniaxial or biaxial hot-pressing can be accomplished readily in a
hot cell with moderate equipment cost.

Melt-casting methods are more applicable to materials that melt be-
low 1200°C than with current strontium fuels having high melting points

(SroTi0s, 1860°C; SrTi0s, 2040°C; and Sr0, ~2k00°C). The melt-casting method was not
considered competitive with hot-pressing. In general the densities ob-
tained by casting are low due to high void volumes and to formation of

casting“pipes.’
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Strontium Titanate  (4)

Both cold-press and sinter and hot-press techniques have been used for
forming multikilocurie SrTiOs pellets, but the cold press and sinter method
failed to produce SrO pellets of adequate density. Since 1966, most of the
SrTi0g and Sr0 pellets were formed with the hot-press technique. A hot press
for radioactive material in a hot cell was designed and fabricated*® for use

at FPDL, as well as a small hot press for laboratory or glove box operation4l

(Figs. 5 and 6).

The initial hot-pressing tests on 8rTiO. were done on nonradioactive
the Oak Ridge 3 _

titanate in equipment at,Y-12 Plant Development Division. These tests in-
dicated that essentially theoretical densities could be obtained on 2-in.-
dia compacts by hot-pressing at 1300°C for 30 min with a pressure of 2500
psi. The densities obtained were 5.00 g/cm3 (calculated density = 5.05).
The SrTiO3 was freshly precipitated and calcined powder. Full pressure
was applied to the press at the start of the heating cycle.

Subsequent tests over a wide range of conditions and with various
powders led to several conclusions. The factors that control ﬁhe densi-
fication ére discussed separately.

While a hot-pressing procedure is relatively insensitive to the history

of the powder, it has been observed that slightly higher densities for given
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pressing conditions can be obtained with freshly prepared powder. The
next highest densities are obtained with aged SrTiO3 powdery and the lowest
with highly sintered or previously hot-pressed and crushed material.
_ In general - the higher the temperature at which the pellet is pressed
the higher the density (up to 100% of theoretical) or the shorter the
time and the lower the pressure to obtain a given density. The tempera-~
ture should never exceed thOOC. At this temperature the pellet rapidly
decreases in density with extensive fragmentation. This is presumed to
be due to a solid-solid phase transition at that temperature. At 13SOOC,
densification of all powders tested was sufficiently rapid for pressing
times of less that 1 hr to be required.

The pressure that can be applied to a die is limited by the die geo-
metry and the strength of the graphite. A pressure of 4 thousand psi is
adequate for a pressing time of less than 1 hr. Die designs for 4 thousand
psi on L4-in.-dia compacts are considered practicable. Pressures in excess
of L4 thousand psi,when strength considerations permit, will reduce the
pressing time required. Sintering of SrTi03 poyder occurs at an appreciable
rate at 200 to 1000°C. For this reason the pressing should be started at
900°C.

Strontium titanate pellets of 2-~in. diameter were hot-pressed to es-

sentially theoretical density under the following conditions:

Maximum temperature 1200°C
Pressure 1000 psi at 1000°C,
' increasing to 4000 psi
at 1200°C
Time at maximum temperature 1 hr

The theoretical density of pure SrTiO3 is 5.11 g/cm3. The calculated den~
sity of fission-product 908rTiO3 with the Mg, Ca, and Ba impurities is
5.05 g/cm3.

Future application of SrTiO3 may require sources with diameters of up
to 5 in. Strontium titanate treated at high temperatures (1200 to lhOOOC,
the temperatures for hot pressing) in a neutral or reducing atmosphere under-
gbes a reduction in the oxygen stoichiometry. Under reducing conditiohs,
_SrTiO3 has the composition SrTiOe.99 (Ref. 41). Pellets of reduced SrTiO

are jet black. If the pellets are of high density and reduced, they are

3

severely strained and subject to cracking. Annealing cannot be accomplished
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at <2000°C. Pellets of SrTiO3 3-in. in djameter have been hot~pressed from
both active and inactive SrTiOs. A1l 3-in.-dia radiocactive pellets have exhibited
.extensive cracking due to thermal gradients. Pellets of inactive
Sr’I:iO3 are highly sensitive to thermal shock, and also frequently crack.
To help maintain the integrity of the pellets, several conditions of the
preparation and fabrication procedure were studied in or%%g g%s%%%%ﬁ?%&?
their influence on cracking. The only significant result is,that low-
density pellets (<h70 g/cm3) are much less likely to crack.
Two methods were tested successfully on l-in.-dia pellets. These
were (1) inclusion of randomly oriented 5-mil wire, l/huin. long, in the
pellets, and (2) jacketing the pellet with platinum wire gauze. The wire
gauze is mechanically held in the surface of the péllet. Further work is

required to demonstrate the applicability of either technique to h-in-dia pellets.
A later technique was developed, using nickel wire screens incorporated in the hori-
zontal plane. This has been used on pellets as large as 4 in. dia (300W) with geed

success. The cost savings relative to platinum are significant.

In the hot pressing procedure the

/ "powder is first pre-pressed and the pellet charge is added incrementally

to the Pt-lined die body holding the bottom punch. After the addition of
each 20% increment, the powder is pressed at 2000 psi with a stainless
steel punch. After all the charge has been added, the platinum sleeve

is folded down and the top punch inserted. (Depending on the height of

the pre-pressed powder, a platinum cap may be placed on top of the powder
before the sleeve is folded down. The top portion of the sleeve is notched
to allow folding of the excess platinum so as to either cover the powder

of hold the cap in place. _

The loaded die body is removed from the pre-pressing assembly and in-
serted into the hot press; _ ' _thé gulde collar and drive punch
(shown at right) are then inserted on top of the die body to align the system.
Thermocouples are inserted through penetrations in the guide collar so that
they contact the die body. The hot press is then raised to the vertical
position and a set of brass shims and mica insulators are placed between

the graphite drive punch and the hydraulic press ram. The hot press 1is
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heated by means of a radio frequency motor generator to llOOOC, then a pres-

sure of 4000 psi is imposed. While the pressure is still on the system,

the hot press temperature is raised to 1200°C and  the pressure and tempera-
ture are maintained for 1/2 hour., The pressure is then relieved and the

hot press is cooled to approximately 300°C. During all periods in which the

‘o o . : .
hot preés is above 300 C,a flow of argon is maintained through the hot press

cavity.

The die body 1s removed from the hot presc and placed into the pre-

pressing E§s§mbly. A steel drive punch is used to extrude the punches and
whic

pellet, A are allowed to drop into a handling tray. The completed pel-

lets are weighed and measured. A ring gage with I.D. identical to the cap-

sule is used to check diameter and roundness of the pellet.

The capsules are degreased and the capsules and caps are wrapped in plastic
for insertion into the cell. Pellets are inserted into the capsules and the
press-fit 1id is fitted. The flat plate and the taper on the cap serve to force
the cap evenly into the capsule, thus forming an even weld area. The loaded
capsules are finally welded, leak tested, and assayed calorimetrically.

Handling tools used in.the cell are made of stainless steel. During
pellet fabrication and capsule loading, no water is used 1in the cell and

no organic materials are allowed to contact the fuel. Since the die bodies
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are made of graphite, some graphite will adhere to the platinum surfaces of
the pellets;_this can be seen as discoloration on the pellets. Pellets
are brushed with stainless steel brushes, but no other cleaning is done on
them. Completed pellets are stored on aluminum oxide trays and pellets and :
capsules are handled with stainless steel tools.

~<«————During welding,the capsules are held in a brass chill block. Cot-
ton swabs are used to clean weld areas and paper smears are used to detect
contamination. Decontamination solutions used for final capsule cleaning are
detergents, weak nitric acid, and water.

Strontium Oxide  (4)

Three 202 W ®°Sr0 heat sources were prepared by hot pressing. Four batches
of ~35 kCi of 9°SrC0s each were prepared, and the dried 2°SrCO; powder was
calcined in air at 1200°C for a minimum of 24 hr. The pellets were of excellent
appearance with'nd change in appearance or dimensions after 10 days.

Experience indicated that most of the densification occurs at less than
800°C. Tests were made with full pressure applied to the die punch, beginning
at room temperature and increasing to 1200°C. If the temperature is increased
at a rate of 100°C/hr from 750 to 850°C, full densification is attained at 850°
C. However, if the temperature is raised to above 1200°C before pressure is
applied, the density does not exceed k4.k g/cm3 even if the temperature is in-
creased to 1600°C. The above experiments were done in a vacuum hot press with
a capacity for up to l-in.-dia pellets. The results of the above experiments
suggest that either a large change occurs in the surface eneréy of the powder
at about 850°C or a sintering aid which exists as an impurity in the SrO powder
.is destroyed at that temperature. The latter is believed to be more likely.
Small amounts of either Sr(OH), or SrCOs could be present and account for the
low-temperature sintering. As a matter of precaution, the pellets are heated
to 1200°C following densification to calcine any Sr(OH)g or SrCOé that might

be present.
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‘ : Estimates from thermodynamic data predict that SrO will not react with
carbon to produce strontium carbide at temperatures of less than ~1500°C.
Since the final procedure does not require a temperature in excess of 12000C,
tests were made on hot pressing SrO directly in graphite dies instead of
molybdenum-lined dies. The SrO pellets were analyzed for strontium carbide
and none was found. No problems of sticking of the Sr0 to the graphite die
and punch material were encountered. The only need for a platinum liner is
to provide protection from moisture when pellets are fabricated in air.

When pellets are formed by hot-pressing in an inert atmosphere (e.g.,
argon), small bubbles of the gas at the pressing pressure can be trapped
in the pellet. The gas may subsequently diffuse into the void volume and
cause an increase in the pressure inside the capsule. With vacuum hot-pres-

sing,this possibility is avoided)and the pellets have a higher density.
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Source Encapsulation and Testing (3)

The final step in the preparation of a heat source is to encapsulate the pellets
in a suitable metal to hold the pellets in the desired location and to prevent .
absolutely -ggread of radiocactive material to the enviromrent. The resulting cap-
sules must be leak free, thermally and structurally stable, and capable of deliver-
ing the designed gquantity of heat to the generator elements. They also must be
resistant to chemical attack by the radicactive fuel and by the environments
encountered during source fabricatioiignormal use, and in credible accidents
after source fabricatiomu.

Source fabrication studies at ORNL include consideration of the heat flow
and the temperature distribution within the source. The designers of a generator
generally require that a specified heat flux be delivered at a given temperature.
These requirements must be met without creating excessive temperature anywhere
in the source. High temperature reduces the strength of structural materials and
increases corrosion rates. It cah alsc cause melting or movement of the radio-
active fuel by volatilization. Extremely high temperatures could occur in
heat sources of poor design.

Large temperature drops?agevelop at interfaces between layers of encapsulatAA
ing material and at the interface between the fuel and the capsule. The number

\
of interfaces should be minimized,and calculations must show that the maximum

possible temperature is not excessive.
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Large temperature differences can exist between the surface and the interior

of the radiocactive fuel (with or without a diluent or matrix material) in heat
sources. These gradients are created by the flow of heat, generated
throughout the radioactive material, to the surface. Very high internal tempera-
tures can result. -

At the present state of generator development, the maximum temperature designated
for the surface of the strontium titanate capsules is <«1000°C. 1In SNAP-7 generators

it is ~500°C. The meximum internal temperature can be lowered by the configuration

of the capsule, by dilution with a good conductor (cermets), or by the introduction
of metaliic laminars into the SrTiOa;.

Welding of 2°Sr Containers*Z (%)

Inert-Gas, Tungsten-Arc Welding (5)

The primary fuel container for present-day ®°Sr sources is a

Hastelloy alldy C capsule,‘ welded by the %Sﬁig;gas tungsten -arc pro-
cess. The main reasons for the choice of HastellquC as the primary container
are its excellent seawater corrosion resistance and satisfactory weldability.
<= However, in one case, a source prepared for a Si-Ge thermoelectric con-
verter was encapsulated in a TZM (99% Mo, 0.5% Ti, 0.1% Zr) inner capsule and
Hastelloy X outer container. Other than for the common choice of Hastelloy alloy
C as an encapsulating material, there has been no standardization in capsule—
weld design. The joint design and the weld penetration requirements have
been set largely by the particular application rather than by limitations
in source fabrication technology. no gas builds up in the capsule and
Since 9OSr is not an alphaQemitter,/é full -penetration, pressure-vessel
type of weld is not generally required. Thus, the characteristic of 9OSrT103
containefs has been a partial penetration weld produced by the inert-gas
tungsten-arc process. In most cases the weld-joint design has been some
modification of the edge-type of "trepanned" design (Fig. T). This design
is employed for several reasons. First, it is a relatively low-restraint
joiﬁt which minimizes any tendency toward cracking due to shrinkasge as the
weld cools. This is particularly important if the cap and capéﬁle body are
fairly massive. 1In this case, a partial penetration weld in a plain butt-
type joint would almost invariably crack due to the restraining effect of the

relatively cool and therefore strong.material surrounding the weak weld metal



i P - 7t et e AWl .- . P I L L
. G s MRS s e M A SR Sem @ LAV & S . s 'll’,’lllli\otllvlf‘lv.Ol.’"..L Fglf‘ 'lu.l.b-.ll.b-v.-\- ettt sl

o7

Edge-type weld joint.

Te

Fig.



58

as it attempts to contract during cooling. This tendency is aggravated by
the presence of the unwelded portion of the joint which acts as a buili-in
crack starter at the root of the weld. '

The second reason for use of this joint design is that the shape of the
weld bead can be observed easily. From this, the experienced welder can judge
the amount of weld penetration being ¢btained, which in turn allows him to
control the process during the operation.

The third reason for preference of the edge-type weld joint design
is that no filler-metal is required. Compared with a flat butt-type joint,
the edge-type joint can be thought of as providing its own filler metal.

Open groove-type joints which require filler metal are not generally desir-
able for this application because the added complexity of the wire feeding
equipment and wire handling adds to the difficulty of welding in a hot-cell
and requires additional space. The chief reason for considering such a weld
would be the need for additional weld metal penstration. However, if a
weld of great depth is to be obtained by one of these methods, the weld must
also be quite wide. Thus a tremendous amount of weld metal would be reqpired
on a comparatively small weldment (the capsule) and the result would likely
be sunacceptable distortion.

When the welding gas must be of known composition,.purity, and pres-
sure, a cloced-chamber welder is used, which has provisions for évacﬁating the
éystem, introducing the gas, measufing thé tembexature and pféésufe, rémdtél&_:

'“bositipning the elecﬁrode, ﬁiewing the welding operationsgvand cboling the
source. (A typical assembly is shown in Fig. 8.)

If the welding atmosphere need not be closely controlled, open tungsten —
inert-gas (TIG) welding can be used. '

v e e e ' MOSt remoOte welding techniques employ a fixed
electrode with the source being rotated in a chuck. Sources with very low
radiation and many alpha emitters can be welded with a hand-held torch in

a glove box. o | inerg— .

In welding these sources by the conventionay/gas tungsten-arc process,
it has been found useful to have the welder maintain complete control over
the welding current. This is very desiraﬁle if)for some reascn, an inaccu-
rate estimete was made of the preheating effect of the fuel pellets. How-.

ever, 23 greater assurances of weld penetration and overall gquality are

required becauvse c¢f a developed welding procedure which adequately takes
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into account the effect of capsule preheat, operator "control” can become
an uncontrolled varisble. Thus, the trend is toward a welding procedure
developed and carried out semiautomatically on a Program~-controlled welding

power supply. By this method, a greater assurance of weld quality can be
obtained.

In addition to the leak-testing procedures,
other inspection procedures are used to better assure the quality of

the welded capsule. These include the inspection of "quality assurance
samples,"” one of which is welded immediately prior to the fueled capsule
or capsules and another immediately after. These sample capsul-e welds are
normally of the same joint configuration as the actual capsule, but do not
always mock up the fueled capsule completely. For instance, the sample may
not be of fuli height nor be completely machined.

The examination of these samples usually includes dye or fluorescent
penetrant inspection of the weld area for cracks cr pits, and a leak test.
They are subsequently sectioned for metallographic examination of the welds .
This is done to‘verify the weld penetration and quality at either two sections
of weld 180° apart or four sections 900 short. This procedure can give rea-
sonable assurance of the fueled capsule weld quality if the sample welding

adequately mocks up the fueled capsule.

Electron-Beam Weldigg (5)

If welds are needed with penetration significantly greater than that
which can be obtained by the techniques described above, electron-beam
welding is adaptable to hot-cell use. Electron-beam welding is preferred CVeEr

"adding filler wire to conventional weldsbbecause of the drawbacks cited
above for filler-wire additious and because the electron-beam process is very
amenable fo remote operations. Since the beam can be manipulated electro-
magnetically, no mechanical devices are necessary. Figure 9  is a photo-
graph of the electron-beam welding equipment; the chamber, vacuum system,
and electron-veam gun (left side of picture) wo&ld be positioned in-cell
and the control console and power .supply would be positioned out-of-cell.
A typical weld on a Hastello?%}ogéégule is shown in Figf 10 joining a
0.300-in.~thick cap to a 0.250-in.~thick walled capsule. The depth and
continuity of the electron beam weld are inspected by a pulse-echo ulira-
sonic method. The method shows defects in the weld of the order of the

size of the reflected sound wave length.
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Leak Testing (&)

Radioactive materials for use as radiation or heat sources must be en-
capsulated in a manner which will prevent the release of radioactivity during
normal operations or under potential accident conditions. Most sources are
encapsulated in welded metal contéiners and an important requirement is a
demonstration that the welded closure is free from significant leeks. Methods
of leak testing at FPDL are usually limited to those procedures which can
be performed by remote means using manipulator-operated equipment. These
methods “involve immersion in some type of liguid; however, in
cases where immersion methods are unsuitable because thé source has a high
thermal output or the encapsulating method is incompatible with the test
liquid, a 85Kr leak-test procedure is used.*>

Examination of Used Sources (3)

The SNAP-TA generator fueled with 9°SrTi03 was received in 1967, after 5-1/?
years of service, for defueling and inspection from the U.S. Coast Guard Station
at Curtis Bay, Maryland, where it had been in operation since December, 1961, in
44

a navigational buoy. The outer case was unchanged except for a thin film of

rust deposited evenly over the surface. Radiation readings of 20 mr/hr beta-

gamma, were measured at 5 in. from the top of the shielding case. The maximum

power output measured was 4.2 W(e) as of April 20, 1967 Joriginal design, 10 W(e)7
The internal pressure of the generator as determined during periodic servicing

was 18.5 psia in April, 1967, compared with 15.9 psia in March, 196L4. Two

samples of the generator fill gas were analyzed by mass spectrometry. The re-

sults of the analysis are given in Table 8.
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‘ Table 8.  MASS SPECTROMETRIC ANALYSIS
OF SNAP-TA GENERATOR FILL GAS

‘Amount, vol %

Compound Sample 1 Sample 2
Hydrogen 0.0k - 0.02
Helium ' Th.5 75.3
Methane 0.1k 0.01
Water 1.45 1.17
Hydrocarbons <0.01 <0.02
Nitrogen and carbon monoxide 0.51 0.42
Oxygen 0.28 0.16
Argon 23.1 22.9
Carbon dioxide : <0.004 0.02

The weld on the generator casing cover was ground off, and the genera-

tor casing was separated from the biological shield, which was a large

‘ alloy

uranium cup completely encased in 1/hk-inrthick Hastelloy,C plate. The

generator with the casing was lifted out of thecshield and examined. There
alloy

was no visible evidence that the Hastelloy n'generator casing had been amal-

gamated by the mercury heat-transfer medium in which the casing had floszted

for 5 years.

The mercury was removed from inside the biological shield and the Hastelloy alleoy C
shield liner was examined visually. There was no evidence of amalgamation.

The generator was defueled in one of the FPDL cells on April 25, 1967,
and the fuel capsules were inspected. The insulation block was found to be broken,
o but no ] "other physical damage to the
generator was noted. INo radicactive contamination was detected during the
removal of the top plate. The maximum radiation reading at the top of the
biological shield was 750 mr/hr. When the defueled generator was removed
from the cell, a smear test of the outsidé lip 1read 1200 d/min, and all

inside smears read 4500 d/min. lio 9OSr was detected on any of the smears. .
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A core section of the biological shield was examined microscopically.
It was found that the Sgﬂ‘3§ (50% Pb - 50% Sn) which had been used to bond
the uranium and Hastelloy,C to form a heat-transfer path had only ~l-mil
penetration on the side exposed to mercury and on the side exposed to the
marine atmosphere. The solder was well bonded to the uranium, but there
was no bond to the Hastelloy alloy C.

The nickel-plated uranium top plug of the biological shield was sub-
jected to a standard AEC water-vapor corrosion test. The test consists
of exposing the plated plug to saturated water vapor at 92.5°C for 20 hr.
The test was performéd five times for a total exposure of 100 hr. There
was no evidence of corrosion or penetration of the nickel plate.

Each SNAP-TA fuel capsule contained six 50 SrT103 pellﬁfs and a number
of Hasteligyfg'spacers encapsulated in a welded HsstelloyACogépsule. The
capsules were essentially identical in fuel content and arran-
gement. All the 90SrTiO used in these sources was prepared
during August, 1961, from the same é Sr(NO3)2 feed material. Portions of
three batches of 9OSrTlo3 with power concentrations of 0.231, 0.233, and
0.219 W/g were used. The calculated compositions of these fuel batches,
based on the original feed analysis and decay to August, 1967, are given
in Table 9. A1l the pellets used in the SNAP-TA sources were made by
the cold-pressing and sintering method. Two 9OSrTiO3 batches which were
deficient in titanium dioxide yielded pellets with an average power density
cf 0.73 W/cm3; the T% excess TiO2 material yielded pellets with an average
power density of 0.92 W/cm3. Al1] pellets were intact when loaded into ‘the

capsules.

Capsule Inspection (%)

~ Each of the four capsules was removed from the generator and given a
smear test; no §1gan1canu contamination was detected. All the capsules
appeared to be in excellent condition; all were discolored to a dull grey.

No defects in the weld areas could be detected by visual inspection. The
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Table 9.  CALCULATED COMPOSITION OF 995rTiO, FUEL

Batch Constituent, wt % Power toncen- Ratio

No. Sr Ca Ba ir Ti 0 tration, W/g Sro0:TiOz YOBr: Sr
17 38.1 2.9 0.2 6.0 26.2 26.6 0.199 0.95 0.47

18 38.5 2.9 0.2 6.0 25.9 26.5 0.201 0.93  0.47

19 36.1 2.7 0.2 5.7 27.9 27.4 0.189 1.07 0.47

diameter of the capsules was measured by passing them through 1.900 in. (original
1.872 in.) ID ring gages (1 and 4 in. long). The maximum height measured 5.21 in.
(original 5.198 in.).

Leak Tests  (4)

The capsules were individually leak tested by the hot-water air-bubble
method; no leak58were detected. Two capsules at a time were leak tested
with PKr. The “Kr leak tests revesled no leaks (limit of detection,

-7 .3 originally : :
1 x 10 cm /sec). The capsulegAhad been welded in helium at 3C psig..

Heat Output ()
The water-jacketed calorimeter was used to determine the heat outputs of the

four capsules. The calculated heat contents (based on original

loading data and corrected for decay from September, 1961) are compared

below with those experimentally determined (on April 27, 1967):

Calculated heat output, W Experimental heat output, W
54.9 ; ' 56.6
5k.6 o 56.6
55.0 56.7
54.8 56.6
219.3 A 226.5

The 3% difference in total heat output is probably due to overcorrec-

tion for 89Sr contribution.
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Inside Capsule and Pellet Examination (&)

Figure 11 Zshows the unopened capsules with the weld made in the hot
cell. ‘ ' '
Each capsule was opened by cutting through the wall at a point
1 cm below the end welded in theh?;iﬁigkdpsule was inverted and the_ capsule
body was lifted off to expose the spacers and the fuel. SpacgggAgiiéegzrked

for identification as they were removed from the capsule.

After the pellets and spécers were removed, the capsules were brushed
. to remove any loose material. A 2-cm-high ring section was cut from the
center of the capsule body. The other (shop) weld was cut off the capsule
1 cm from the end. The two weld sections, center section, and selected
spacers from each capsule were transferred to the High Radiation
Level Examination Laboratory (HRLEL) for metallurglcal inspection.

There was no visible evidence of mechanical damage or chemical attack
on the inside capsule surfaces or on the spacers. The fuel pellets and
spacers were easily removed from the capsules. No residual fuel could te
seen on the disassembled capsule parts. The maximum radiation reading on
the package, with specimens shielded only by the thin metal walls of the
package, was 300 mr/hr; this reading indicates that relatively little 90Sr
was retained in the specimens. -

Of the 24 pellets (Fig. 12), 15 were completely intact, 7 were cracked

across the diameter, 1 was slightly chipped, and 1 was broken into several
pleces. One half of the broken pellet was intact and the other half was broken
up (this pellet had initially cracked diametrically as had the T other pellets).
There was no detectable change in the color of the pellets.

No significant dimensional changes in the pellets could be noted. The total
weight of fuel material recovered was 1127 g, of which 1123 ngas as pellets
(or individual pieces) and 4 g as loose powder as compared with 1124 g original
loading.

Metallurgical Examination of Capsules (%)

Visual examination of the four disassembled SNAP-TA capsules (with the aid

of a remote stereomicroscope) disclosed no evidence of gross incompatibility
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or weld defects.

The éomponents of capsule No. 4 were selected for metallographic examination,
which included a typical section through the bottom and upper closure welds,
as well as a section taken through the wall of the capsule at about midlength,
and through séveral spacers that had been placed between the 90SrTi03 pellets;

Examination of the closure weld revealed a minimum penetration of 0.085 in.
A minimum penetration of 0.180 in. was measured on the bottom weld and there
was no evidence of any microstructural defects.

Metallographic examination of the capsule wall disclosed no evidence‘of
incompétibility; the inner and outer surface regions appeared to be identical.

Examination of the spacers yielded similar results.

Summary  (4)

There was no serious deterioration of these sources during their 5—1/2—
year life. vThe distritution of the broken pellets acéording to fuel batch
in interesting: 6 of the 9 high-density, titanate-excess pellets brcke,

‘while only 2 of the 15 low-density, titanate-deficient pellets broke (ne-
Electing the pellet that was only chipped). Similar effects have been noted
‘previously toth with cold-pressed, sintered pellets and, more markedly, with

hot-pressed pellets.



PHYSICAL AND CHEMICAL PROPERTIES '

T1

Propertya Sr metal SrTiOg Sro SrFo SroTiO,
Specific power
100% Sr (55%)°°sr
W/g 0.513 0.247 0.435 0.360 0.315
Ci/g 76.5 36.8 64.8 53.7 47.0
95% Sr & 5% Ca
Mg, Ba
W/e 0.487 0.235 0.h11 0.336 0.29h
Ci/g 2.7 34,1 61.2 50.0 4=z.8
Density, g/cﬁ?
100% Sr (55%)°°sr 2.6 5.11 L.975 L.29 L.99
95% Sr & 5% Ca, Mg, Ba 2.5 5.03 L.63 L.20 4,93
Power density, W/cm®
Theoretical 1.33 1.26 2.17 1.54 1.57
Actual or estimated - .0 1.6 (l.h)b (l.h)b
MP, °C T72 2040 oks57 1463 1860
Thermal conductivity
at 500°C,
cal/cm-sec-°C x 102 250 9.2 5.5 Lo 7.6
Specific heat
(500°C), cal/g-°C 0.0719 0.157 0.12k4 0.167 0.1k2
(at 25°C)
Coefficient of
thermal expansion/°C
x 10° 2.0 1.21° 1.13€ 1.63 1.17°€
(at 25°C)
2,44
(at 30°C)
Solubility in HZ0, Reacts
m/1 x 10% vigorously 9 1.7
Leach Rate

s5r0:1.49 g/em?-day (@20 at 4.4 cm/min)
SrTiOg: £nR = -0.5235 fnt - 2.5987

R
t = time days

leach rate, mg/cm®-day

a)The values in the full report are referenced; b)

density; ¢) 0-1400°C.

195% ©93r, 90% theoretical
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Biological'ToleranceSASOSr

A

-

Maximum Permissible Body Burdens and Maximum Permissible Concentratiens

for Radionuclides in Air and in Water for Occupational Exposure

Organ of reference Max. permissible Maximum permissible concentrations, uCi/fcp3
(critical organ burden in total For 40-hr week For 168-hr week
underscored) body, q(uCi) Water Air Water ©Alr

Bone 2 4 x 1078 3 x 10710 1078 10719
(So1) {Total Body 20 10-3 x 10710 4 x 1078 3 x 10-10
GI (LLI)* 1073 x 1077 5 x 1074 1077
. Lung ’ 5 x 1079 2 x 10'?
(Insol) ter (LL1)* 1073 2 x 1077 4 x 1074 6 x 1078

*Abbreviations GI and LLI refer to the gastrointestinal tract and lower large

intestine, respectively.



COMPATIBILITIES OF

[P,

”

INACTIVE STRONTIUM COMPOUND WITH CONTAINER MATERIALS

Source material Container material
and Superalloys Refracicry mecals
exposure Hastelloy,X Haynes,25 Ni-o-nel N-155 Mo Nb Ta W TZM
' Y Fllo

Strontium metal (Sr) alloy Noy
- 1000°C, 1000 hr SR NR ° SR MR NR SR NR NR

1000°C, 5000 hr MR MR SR NR

1000°C, 10,000 hr MR MR Mk NR SR SR
Strontium oxide (SrO)

1000°C, 1000 hr SR SR SR NR NR SR SR

1850°C, 168 nr SR MR SR SR
Strontium-9% beryllium
oxide (Sr0-9% BeO)

1000°C, 1000 hr . MR .- MR SR NR NR NR
Strontium fluoride (SrFz) . .

1000°C, 1000 hr SR SR SR SR NR SR SR
Strontium disilicide (SrSiz) .

1000°C, 168 hr DR IR - DR DR DR DR DR DR
Strontium titanate (SrTiOga)

1000°C, 1000 hr SR SR SR SR NR NR NR NR

1850°C, 1000 hr . N SR SR NR “MR
Legend: NR — Negligible or no reaction (compatible) SR — Slight reaction

PN
\alloy

DR — Destructive reaction (mcompal,lble)_ MR - Major reaction

(alloy —ZT\

Jo

A number of reactions were dependent on time and tempera-
ture; for example, HayneoA25 with strontium metal showed
no attack at 10CO°C up to 1000 hr but fell intco the major
reaction classification after 50C0 and 10, 000 hr at lOOO

This indicates that Haynes[’s should probany ot "be con-
sidered for use with strontium metal at temperatures >1000°C

and times >5000 hr.

-~ - - JOT PO

After exposiure of 2036 hr at 925°C to inactive liquid
strontium metal, it was found that molybdenum and
stainless steel 321 showed good compatibility with

c. ~ . TN

-w"*alloy No._'
e

liquid strontium metal; that wrought iron and Haynes alloy No. 25

were worthy of further study; and that Hastelloy C,

Hastelloth Hastelloyxx and titanium had dlssolved
and were 1ncompat{3£e/w1th strontium metal.

i
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FLOW MEASUREMENTS WITH RADIOISOTOPES (2)
Robert H. Lafferty, Jr.

Supplementary Keywords: tracer; flow measurement; ionization of gas; industry;

industry, electric; hydrology; isotope dilution; activation analysis; activable
tracer; instrument; comparison; apparatus; bibliography; hydfogen-B; sodium-2k4
chromium-51; cobalt-60; bromine-82; krypton-85; iodine-131; iodine-132;
xenon-133; gold-198. '

e

% Abstract. Methods of measuring flow with radiolsotopes are reviewed. Various

E nonradioactive flow meters are reviewed in an int;oductory section to put the
methods using isotopes in the proper perspective. The advantages, disadvantages,
and relative costs of various methods are compared. Radioisotopes may be used
to measure flows of liquids or gases in a variety of ways: as tracers;to
ionize a gas and then measure the flow rate of the ionsj or with various mechani-
cal flow meters to indicate the movement of the flowing material. The precision

and accuracy of flow measurements using radioisotope tracers is also discussed.

— Author's note: In Isotopes and Radiation Technoibgy L(2): 93-108 (Winter 1966-

1967) is an excellent review article by C. G. Clayton on the measurement
of flows of liquidsand gases using radioisotopes. The author of the present
article acknowledgés that he received considerable help from Clayton's article

and other publications by Clayton and his associates at the UKAEA.
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The measurement of flow of liquids, gases,‘and solids is a very
important factor in industry, commerce, and in our everyday life.
These measurements range from relatively simple small-scale application%‘
such as the water flow to our homes or the gasoline into our automobile
or the measurement of the flow in a 36-in.-diameter,;1,500-mile-long
petroleum pipe line. Obviously most of these measurements are made
with permanently installed indicating or recording meters.

will probably

Measurement of flow with radioisotopes / never be competitive
with conventional flow meters in most routine applications. However,
under the following situations,a radioisotope technique /fggasuring flow
is the prefefred method:

(a) when precisg flow ‘rates are needed

(b) when an occasional measurement of the flow in a pipe

is needed and no permanent flow meter is available (i.e., for
research on a process)

(¢) when calibration of a conventional, permanent meter is required.

This paper describes isotope methods for the measurement of flow
of liquids, gases, solids, and slurries,with the primary emphasis on
liquids and gases. It covers flow measurements in both closed conduits
and open streams. The majority of radioisotope methods for flow
measurement use the isotope as a tracer, but a few other nontracer techniques,

such as gas ionization or use of the isotope in a

mechanical device, are also discussed. The use of isotopes to follow
the movement of sand in rivers aﬁd harbors and of ground water is not

thoroughly 1.2
included. These subjects have been coveredﬂin several recent conferences. ’
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Although flow measurements are frequently made in ventilation and leak-
detection studies, such studies will not be discussed here since they also

have recently been reviewed.3’h

Survey of Flow Measurement Technigues (3)

The use of radioisotopes is only one of a large number of

techniques available for measuring flow. Most
of the other techniques have been discussed in detail in standard works

5,6

on measurement systems,”®  but the main methods are summarized here

to put tracer and isotopic methods int%he proper perspective.

To simplify this discussion, techniques of measurements are separated
into 5 main types: (1) meters that measure the velocity of the fluid
directly; (2) meters that measure the fluid flow by noting the pressure
drop obtained when flow is constricted; (3) meters that measure the flow

by observing the area required for a given flow to take place; () meters

that are suitable only for open streams) and (5) tracer methods.

Direct Measurement of Velocity (4)

The most direct way to measure fluid flow is to use
actuate
the moving liquid to , some type of measuring device. The simplest
of these devices is a vane that hangs by a pivot from the top of a pipe and
is immersed in the flowing liquid. The greater the fluid flow the

v the
greater the displacement of the vane from,perpendicular by the force of

. However, because
the flowing liquid. / of the obstruction the vane offers the
stream, there will be an appreciable pressure drop across the meter.
To overcome the pressure drop of the fixed-vane meter, a number of

vanes on a wheel can be substituted so that the flow causes the vane

paddle wheel to rotate. With a device such as this, there is very little
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pressure drop involved, and translating the motion of the wheel into
flow rate is simpler than with a fixed vane.

For larger flow rates, a flat vane wheel will not be suitable, and

the flat vanes are replaced by helical vanes or a turbine rotor with

their axes parallel to the direction of flow. Such meters have low
pressure drop and can measure very large flows. For the turbine-type
rotor, the flow rate is frequently determined by placing a magnet in the
rotor and measuring the alternating current generated in an ext=rnal coil.

The magnetic flow meter is a rather special type of a velocity flow
meter which reguires that the liquid whose flow is being measured be
a conductor of electriecity. . This meter uses the principle that
the flowing liquidvcut the lines of force of an electromagnet, thus
generafing an electric current; the electric current so generated is
proportional to the flow rate.Such a meter will not measure very low
flow rates. Faraday unsuccessfully attempted to use this principle

with the Earth's magnetic field to measure the flow of the River Thames
in London.

Pressure Differential Methods (4)

Probably the most common types of flow meters are those meters
in which some type of,constriction is placed in the line where the
liquid is flowing and the resulting pressure drop is measured. The
flow rate can be determined from the pressure drop by a suitable
calibration. The flow may be constricted by an orifice plate, a Pitot-

static tube, a Venturi tube, or a flow nozzle.

The oldest and most common form of pressure-differential device
is the orifice plate flow meter. It has been estimated that 85% of all

meters installed are of this type. Even the Romans of Caesar's time used
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this device for controlling the amount of water delivered into the

various channels'of the water supply system and to householders.

Because of its simple form, the orifice plate is easy to manufacture
accurately, and therefore it is cheaper in comparison with other devices
involving pressure differentials. Its chief drawback is that it
causes a higher pressure drop in the flowing liquid than any of the other
devices, and it cannot be used when the presSure head causing the
flow is already low.

The Pitot-static tube flow meter is an L-shaped tube that is inserted
into the fluid flow with its open end facing into the stream of the fluid

(Fig.1). The fluid impinging on the tube results in an increase in

in the Pitot tube
pressure,that can be compared to the average pressure of the stream; from
the pressure difference, the flow can be deduced. The pitot tube actually

a
measures the velocity of the fluid at /boint) but by traversing the stream

with  the tube
and measuring the velocity at several points, one can obtain the average
velocity. From this and the cross-sectional area, the flow can be derived.
The Pitot tube causes essentially no pressure drop in the flowing fluid
but can only be used at fairly high flow velocities. It is usually
used as a temporary device to determine the range of flows of a system prior
to installation of a permanent metering system.

(rig. 2)

The Venturi tubejpconsists of 5 parts: an inlet ring of the same
diameter as the upstream.pipe)with a side hole for measurement of the
static pressurej an entrance cone which includes an angle of 2l°)joined to
the inlet by a smooth curve; a short cylindrical throat fitted with a

and '

single hole to measure throat pressure,joined to the entrance cone by a

smooth curve; an exit cone which includes an angle of 10° to 30°; and an



Fig. 1.
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outlet flange. The Venturi tube has a much lower pressure drop fhan
orifice plates or nozzles; however, because of its length,it cannot
always be installed in existing lines, and it is the most expensive of
all the pressure-differential devices.

The flow nozzle is essentially a very short Venturi tube having a
bell-shaped entrance cone and no exit cone. It is cheaper than a
Venturi tube and may be installed in an existing line with very little
trouble. Since the nozzle has no exit cone, it causes a high pressure

drop, although not as high as that from an orifice plate.

Variable-Area Meters (L)

The mostifamiliarbform of a variable -area flow meter is the
rotameter. In this type of flow meter, a float or bob is suspended in
the flowing liquid and the flow is through a tapered tube with the wider
opening at the top. As the fluid flow increases, the position of the
bob rises since this will increase the area of thé annular space open
to flow. Rotameters are available for measuring a wide variety of
flows of both liquid and gases.

A modification of this type of flow meter is the orifice and
plug meter in which the gas flows through an orifice that has a
tapered plug seated in it. 1In this case also)the higher the flow rate,
the higher the plug will rise, thus opening a larger annular space to the

flow.

Open~Channel Flow Meters (4)

The two most widely used forms of measuring open-channel flow

are the weir and the Venturi flume.
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The weir is one of the oldest flow meters known to man.

It consists of a dam that is built across the open channeli?%he water to
be measured flows across the top. The depth of flow over the top of the
dam is a measure of the flow rate. Weirs are usually classified by the
shape of the channel through which the liquid flows and are usually
reéta.ngula.r or triangular.

(Fig. 3)

The Venturi flume,consists of a contraction in the cross-sectional
area through which the liquid to be metered is flowing. A contraction
of this description can be constructed in a channel with any cross-sectional
form, and various types of contractions may be used to suit individual
practical conditions. Thus, the plan of a Venturi flume is similar in
appearance to a rectangular Venturi tube with the top open. It
has a gradual contraction to the narrowest or throat section and a gradual
expansion to the full width of the channel. As in the case of the
Venturi tube, the downstreém expansion éllows for head recovery.

By careful 'design‘of the flume, the actual instrument required
to indicate the flow may be simplified. If the channel is designed
in such a way that the depth in the exit channel at all rates of flow is
less than a certain percentage of the depth in the entrance channel, the
flume will function as a free-discharge outlet. Under these conditionms,
the upstream depth is independent of the downstream conditions, and the
depth of water in the throat will maintain itself at a certain critical
value at which the energy of the water is at the minimum,whateQer the

rate of flow. When this is so, the quantity of water flowing through

“the channel is a function of the upstream depth only.
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Fig. 3. Semicircular-type Venturi flume.
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Tracer Methods (4)

Probably the first person to use a tracer methodbto determine flow
was the caveman who threw a stick in the river to see if the river
was flowing too fast to wade. Since this time, man has put many different
substances in flowing channels to find out how fast they are moving.

The requirements‘for a good flow tracer are:

1. It should not be preseht in high or variable concentration in

the stream.

2. It must be stable to dissolved substances or gases; to suspended
solids, to light, and to materials forming the stream banks and
bed. |

3. The toxicity must be low.

4. It should be capable of accurate determination at low
coﬁéentration.

5. Jts solubility should be high.

Among the materials that have been used as tracers to measure flow
are soluble salts of sodium, potassium, and lithium; dyes, particularly
fluorescent Oness'bactéria; and radioisotopes. Although radioisotopes
are frequentiy thought of as being the only useful tracer for flow
measurement, this is not so. In a recent bibliography8 on measurement
of flow by salt-dilution and salt-velocity techniques, only about 70O
of over 200 references involved radioisotopes as the tracer. The salf-

9

dilution method for flow measurement was originated” in 1863; the salt-

velocity method was developedlO in 19223 the first proposalll to use
although

an isotope was made in 1922’ o the isotopic method was not actually

tested12 until 1943.
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two
The A basic methods. of measuring flow of fluids with tracers are

the salt-dilution method and the salt-velocity method. These two
general methods are discussed next without reference to the tracers that
might be used.

(5
Salt~-Dilution Method. )Fluid flow by the salt-dilution method may

be determined in two basic ways. In the constant~rate injection method,
a soluble tracer solution is injected into the flowing stream at a rate g
and a concentration C;. Downstream at a point where the tracer has been
completely mixed, the concentration, C;, of the tracer component in the
stream is determined. The rate at which the tracer is injected is
equal to the rate at which it passes the sampling point.

aC; + QCg = (@ + q) C (1)

where Cy is the initial concentration of the tracer in the stream and Q
is the flow rate. Thus

=0 =Cy
Q=5 =0, @ (2)

Usually C;>>C, and C,>>Cp so Eg. 2 reduces to

Q = q%JZ- (3)
If the flow is turbulent and complete mixing has resulted,
this method is completely independent of conduit dimensions or any
variation in these dimensions. BSince only the concentration of the
tracer at the sampling point is needed, the sample can be taken from
a branchApipe.
The other method used to determine flow by the salt-dilution method
is to suddenly inject a volume, V, of tracer into the stream as a
cloud. Then downstream at a point where the tracer is completely mixed,

/N)

a concentration—time -curve is obtained for the entire cloud as it passes.
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The flow can then be calculated from the relationship

[7(c, — cglat

where C,, C;, and Cy have the same meanings as in Eas. 1 to 3. The
integral represents the total area under the time-concentration curve
with the background subtracted and can be obtained from a graphical
integration of a continuous record of time vs concentration.

There are several '

2 advantages of the sudden injection method over the constant-rate
injection method:
no

1. It is more economical of equipment since,apparatus for continuous
tracer injection is - required.

2, It is less sensitive to sampling position provided that adequate
mixing is obtained,since the requirement of operating in a
region of constant concentration no longer applies.

3. By mixing samples removed during the transit period and analyzing
a single composite sample, only one measurement is required.

4., Operation of the constant-rate injection method depends criticaliy.
on removal of samples during the period of constant concen-
tration. No such restriction applies to the sudden-injection
method; only an approximate knowledge of the tracer distribution
is required.

(5) . . . .

Salt-Velocity Method. The basic principle of this method, sometimes

referred to as "peak-to-peak timing," is simpler

than any of the other tracer methods. A cloud of the tracer is suddenly

>

injected into the flow, and then the time for the cloud to pass between

1
two detectorsdownstream . is measured. Allen’O in proposing the methoq)
originally detected the passage of a salt cloud in the pipe at two

locations by measuring the electrical conductivity of the solution.
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The method has the main advantage that ususally simpler detection equip-

ment can be used than that required for the salt-dilution method; however,
principal ) .

its A disadvantage is that it depends on an accurate

knowledge of the cross-sectional area of the conduit.

Radioactive Tracer Measurements (3)

As was discussed in the last section, the use of chemicals to trace
flow of streams is a technique that is well over 100 years old. One of
the major drawbacks of this method is the extremely large amount of
chemical that must be added to a stream so that it can be detected by
chemical or physical methods. Because of this objection, Joly, in 1922,
suggested 1l thatjfadioactive solution could be detected at much lower
concentrations than other chemicals and its use should be considered in
the salt-dilution methods.‘ Joly calculated that 300 g of pitchblende
dissolved in nitric acid would provide.sufficient radium to be detected
in measuring the flow rate of an average stream. He never tried his
suggested method. In 1943, Hess tried the method with radium and
found that it worked, although he found that he had to use more
radium than Joly had calculated.

used

The first artificial radioisotope wasAin 1946 when Karrer, -
Cowie, and Betz'3® used ®%Na, prepared with a cyclotron, with the salt-
dilution method to measure condenser water flow in a power plant.

The special advantages of radioisotopes as tracer for the measure-
ment of flow rate are

(1) nigh sensitivity of detection. Very small amounts can be de-

tected 1n situ and can be accurately measured in the field or

laboratory.
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(2) Hccurate measurement. Measurements are equally accurate in

clear, turbid, polluted, or saline waté;:é;ovided that elementary

precautions are taken against losses by adsorption.

(3) Xow background levels. The natural radioactivity of

- water is negligible for flow measurements involving gamma-active

tracers.

(k) Fasy measurement. Measurements can be made on existing equip-

ment with a minimum of modification. Frequently the measurement

can be made from outside the conduit or pipe.

(5) Xow pressure drop. Since injection devices and measurement

equipment are simple, essentially no pressure drop is induced in

the flowing liquid.

The d;sadvéntages of using radioisotope tracers include

(1) Health considerations. These would probably be analagous to

toxic problems encountered with chemical tracers.

(2) HMandling problems associated with gamma-active isotopes. These

become serious only ‘ when making flow measurements at rates

above 1000 ft3/sec.

(3) Zﬁcensing. In the United States,a license to use isotopes may

be needed from the USAEC.

measurements.

(k) _NWécessity for discontinuous /  This is true of all salt-

dilution and salt-velocity methods.

Radioisotopes can be used as tracers with any of the tracer methods
mentioned in the previous sectioéﬁzé.e.)constant-rate injection, sudden
injection, or peak-to-peak timing. In addition to these methods, there

is another method that is only usable with radioisotopes as tracers;

this is the total-count'* or total-sample method . 1>
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Total-Count Method (&)

The total-count metho&euses a sudden injection of the tracer, but
being measured
instead of the tracer concentrationAby evaluation of the
integral~Jr?Cg -Co) dt (see Eq. 4) only the totél count méasured by a
o
detector downstream from the injection point is determined. The de-
tector may be in the stream in the case of an open channel or on the
edge in the case of a pipe. For any given amount of tracer, the
number of counts recorded is inversely proportional to the flow rate,
expressed mathematically as
Q = F/N (5)

where Q is the flow rate, N is the number of counts recorded, and F is
a proportionality constant which is characteristic of the isotope, the

relationship
counter, and the geometrical A between the counter and the stream.

In practice, F is determined by measuring the number of counts
obtained on the counter from a known concentration of the tracer under
the same geometric conditions as those under which the flow measurements
are made. Since reproducing the geometry of the counter and stream is
difficult in making measurements on open streams, often it is more con-
venient to pump a sample into a bucket in which the counter is placed
and then return the sample to the stream.

The total-count method has several advantages over other flow
measuring methods.

(1) No equipment need be installed inside the piping or the flow

system.

*The total-count method has been patehted by the California Research

Corporation.t®
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(2) 1In comparison to the salt-dilution method,much less isotope

is needed to make a measurement.

(3) The specific activity of the tracer solution does not have

to be known.

(4) An instantaneous reading is obtained and if the calibration

factor, F, is known,the system can be arranged to measure flow

rate directly.

The principal disadvantage is that the counting time is limited to
the time required for the tracer to pass the detector, which also limits the
statistical accuracy with which N can be determined.

Resumé of Radioisotope Tracer Methods (L)

Clayton and coworkers®”’ have classified radioisotope tracer methods
into the following system:

Constant-Rate Injection Method. This method is the same as the

salt-dilution method in which a radioisctope is continuously
injected in the flowing stream and then further downstream the
concentration of the isotope is determined.

Sudden Injection Methods. In these methods the isotope

is introduced rapidly into the flow as a wave  and then the wave
is determined at a point downstream. There are four different
ways that the wave can be measured, each characterized by the method
of measurement:
Tiébntinuous—Samplg_MthQd. Samples are withdrawn at regular intervals

s le
and counted. The counts for each are plotted against time and

the concentration is determined by measuring the area under the curve.

; Total Sample Method. A single sample is withdrawn over a long

s

: enough period of time to cover the passage of the tracer and then
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by taking
the average concentration is determined A2 sample from the large

sample.

Total-Count Method. A counter is placed in the flow or on the edge

of the stream and the flow is determined by the total counts regis-
tered on the counter.

Isotope-Velocity Method. This is the radioisotope equivalent of

the salt-velocity method in which the flow is determined by meas-
uring the time it takes the pulse to move between two counters. Use

requires a knowledge of
of this method/the cross-sectional area of the conduit.

Clayton18 has summarized the characteristics of the main methods of

measuring flows in Table 1.

Table 1. A comparison of Methods of Flow Measurement

Operating
Method Accuracy (%) Range Comments

Current meters $1-2 >2 ft/sec Delicate. Requires

calibration. Pipe
diameter required.
Continuous measure-
ment for short time.
No head loss. Pro-
portional to velocity.

Pilot traverse £2 >2 ft/sec Tedious. Involves

accurate traverse
of pipe along a num-
ber of diameters.
Diameter required.

Standard orifice +1.5 No limit pro- Inexpensive. Clean

plates

viding pressure fluids required.

Calibrated orifice Up to calibra- difference can Targe loss of head.
plates tion standard. be monitored Mostly used in smaller

pipes (up to ~32-in.
diameter — usually
less). Continuous
measurement .
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Method

Accuracy (%)

Operating
Range

Comments

Venturi flume

Gibson method

Chemical dilution

Chemical velocity

Isotope dilution

Isotope velocity

1.5

Determined by
application

No limit

No 1limit

No 1limit

No limit

Expensive, small
ioss of head. Can
be used for "dirty"
fluids. Continuous
measurement.

Pipe dimension along
test section required.
Involves emergency
closing of pipe flow.
Intermittent measure-
ment.

Intermittent measure-
ment. No loss of
head. Not dependent
on cross-sectional
area. Sufficient
plpe length required
to give complete mix-
ing of an injected
tracer. Not appli-
cable to salt water.

Intermittent measure-
ment. No loss of
head. Depends on
knowing cross-section
area. Sufficient pipe
required for mixing.
Not applicable to

salt water.

Same as

p for chemical di-
lution but much smaller
injection volume re-
gquired. Applicable

to salt water.

Same as

» for chemical ve-
locity but smaller
injection volume re-
quired. Applicable

to salt water.
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Accuracy and Precision (3)
mentioned
A that radioisotope tracer methods

In the introduction it was
shouldkbe used when precise flow rates are needed or when a method is
needed to calibrate another flow meter. This implies that radioisotope
tracer methods are both precise and accurate. Clayton and coworkers have -
tested this assumption under a number of conditions and have found that
it is true.

Closed Conduits (4)

The first test made by Clayton'® and his coworkers was onthe isotope
dilution method. For this test they used a recirculatiﬁg system at the
National Engineering Laboratory, East Kilbride, Glasgow. This system
has a 700-ft-long, 20-in.-diameter pipeline in which the flow can be
varied from 1 to 20 ft3/sec, and the flow can be diverted into a tank
suspended from a weighbridge so that the mass flow rate can be measured
with an overall accuracy of *0.15%.

For the isotope dilution test, 24Na was used as the tracer and was
injected into the center of the pipe at a constant rate with a special
pump that will be described in a later section. Samples
were taken at the pipe axis and collected in 2.5-liter polyethylene
bottles at 100 ft (60 diameterg, 183 ft (110 diametew), and 366 ft
(220 diameter§ from the point of injection. For each tesy,S injections
were madevand 5 samples were obtained from each sampling point. Flow rates
tested were between 5 and 18 ft3/sec, and the results from the isotope
dilution method were compared to the values obtained by weighing. Since
it was found that mixing was not adequate at the 60—diameter$§:ﬁpling

point, sampling at this point was discontinued in the later tests. The

mean error of the results with samples taken at 110 diametergwas 1.50%,
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the standard deviation *1.15% and the spread in the errors was from +0.55%
to -2.26%. With samples taken at 220 diameters, the mean error was 1.56%,
the standard deviation was *1.68% and the spread was from +1.59% to
-2.14%.

In a second test at the National Engineering laboratory, Claytonao
determined the accuracy of the isotope velocity method using a 20-in.
"pipe having a 180° bend in it. This loop was also designed so that the
water flow could be measured absolutely by diverting the flow into a
tank on a weighbridge. In this test,an injector (to be described
in a later section) was used to give an instantaneous pulse of isotope
into the center of the pipe. Sodium-24 was used as a tracer and in most
of the experiments the two detectors were separated by 125 ft (75'diam-
etery) and the first detector was 190 £t (115 diameter§ from the point
of injection. Clayton®° reports that at low fﬂxﬁ?f%% to 7 fts/sec) the
means of the three experiments were within 0.2% of the absolute flow rate,
and that at higher florwaie(sls to 18 ft3/sec),the means deviate by 0.8%
from the absolute floﬁrft%%ese accuracies were achieved when the flow rate
was measured by timing the peak from one detector to the other, and it
did not matter whether the deteétors were separated by the 180° bend or
not. When expefiments were made in which the fl;$T§;s determined by
measuring the time it took the peak to get from the injector to the
first detector, the error rose to about 4%.

Cla.ytona1

made anqther series of tests using a 4-in.-diam pipe

loop and a weigh tank for absolute calibration. In these tests at flow rates
from 0.12 to 0.26 fta/sec, he found that the constant-rate-injection,
total-sample, and isotope-velocity methods all showed accuracies well

within *0.5%. The accuracy of the total-count method was slightly

inferior to this.
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Schuster and‘Hansengg’23 of the U.S. Bureau of Reclamation}in work
sponsored by the USAEC Division of Isotopes Development)have megsured

rates :
flown'of about 300 fts/sec by isotopic methods in 6- to T7-ft-diameter

rates
penstocks gnd have compared them to flow,‘determined by an orifice flow

used
meter. These workers 82Br and the isotope-velocity, continuous -

A
sampling, isotope-dilution, and total-count methods. The percent
average deviation between these isotope methods and the orifice flow
meter,as well as the standard deviation of the isotope methods)are given
in Table 2. 1In géneral the isotope methods deviated by 2% or less from
the flow meter. The injections were made at four points on the pipe's
circumference, either at the wall or 8 in. from the wall in a device to
be described in a later section. Samples in the continuous-sampling and
isotope-dilution methods were taken either from four points on the cir-
cumference Szagfsingle tube at 0.54 or 0.04 of the radius from the pipe
wall.
Open Stream  (4)

Fewer tests to determine the accuracy and precision of radioisotope
methods for open stream flow measurement have been made than those de-
scribed above for pipe flow. Smith and coworkers®* at the UKAEA Wantage
Research Laboratory used 24Na and compared the flow measurement using
this isotope in the continuous saﬁple method with the flow ratg mea,sured
with a weir. At flows up to 6 ft°/sec they found that the limits of
accuracy were between *0.3% and *0.6%.

Clayton and Smith®> compared the isotope-dilution and continuous-

rates
sample techniques for measuring the flow,of four streams with 24Na and

82pr as tracers and found that both methods were reproducible and differ

systematically by 3.1%.



Table 2. Deviation between Isotope Methods and Orifice Flow Meter

Method Velocity* Continuous Sampling Total Count
Mixing Length, dia. 1k 45 82 36.5 105.5  105.5 105.5 105.5 919
Sample Location 4 points O0.54R 0.0MR  O0.54R O.O4R Turbine
Number of Measurements 8 17 8 T 8 8 7 ' 7
Average Deviation, % 1.6 2.0 2.4 2.4 1.5 1.6 2.1 3.6 1.5
Standard Deviation,% 1.6 1.8 l.2 2.6 1.8 1.9 1.7 2.2 1.6

x
In the velocity method the mixing length gives the distance to the first counter; the
distance between the first and second counter was 22 diameters in all~¢ases.

TOT



102

Hull 14,26,27 pag compared results of flow measurements made with the
total count method with measurements made with traditional flow meters

and finds that the two methods are usually within about 5% of each other.

Choice of Radioactive Tracer (3)

In an earlier section,the general requirements for any tracer were

reviewed: it should not be present in the stream being meas-
it should be ’ it should have
ured;,stable to other materials in the stream being measured;Alow toxicity;
it should be it should have '

areasy to determine accurately; and,high solubility. All of these requirements
are involved in choosing a radiocactive tracer, and the
following additional factors must be considered: +the radiocactive half-
life, the type and energy of emitted radiation, the maximum permissible
level in drinking water (this is a special form of toxicity), and the
availability and cost. Since radidisotoﬁe tracers are usually used in
sﬁaller concentrations than other chemical substances, the sorption
of the isotope by other materials in a stream can cause trouble and
should be observed carefully. |
The isotopes that are most frequently used as tracers in measurement
of liquid flow are 2%Na, ®2Br, 1321, 1311, Sicr, '°%pu, and ®H. 1In gas-

133Xé, and ®2Br as methyl bromide are most fre-

flow measuréments)asKr,
quently used. Tables 3 and 4 give the radioactive and radiotoxicity

properties of these compounds.
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Table 3. Isotopes Most Frequently Used as Tracer for Liquidsza’z9
‘ Decay Scheme MPC*
Isotope Half-Life B, MeV 7, MeV uci/cm>
24Na 15 hr 1.39(100%)  1.37(100%) 2 x 1073
2.75(100%)
0.51(99%)
82pp 35.4 hr 0.44(99%) 0.55(72%) 3 x 1073
Others 0.62(L44%)
0.78(83%)

and others up

to 1.L7(7%)

13171 8.06 days 0.61(90%) 0.36(82%) 2 x 1073
Others Others
1321 2.3 hr . 0.72 to 0.52(16%) 6 x 1074
2.12 0.65-0.67(112%)
Others 0.77(76%)
’ Others
Slop 27.8 days 0.32(10%) 0.02
X-rays
' 198y, 2.70 days 0.97(99%)  0.41(96%) 5 x 1074
% 12.% years 0.018 - 0.03

*
The MPC (maximum permissible concentration) is given for exposure
for 168-hr week.

Table 4. Isotopes Most Frequently Used as Tracer for Gasess8229
Decay Scheme MPC
Isotope Half-Life B, MeV y, MeV uCi/em
85Ky 10.7 years 0.67(99%) o.51(o.u2%) 3 x 107°
133ye 5.3 days 0.34 0.081(36%) 3 x 10°6
82pr See Table 3 above L x 1077
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.The choice of the best tracer for any application will usually involve
a compromise of various factors. The pros and cons of the isotopes listed
above and in Tables 3% and 4 are discussed below.
Sodium-2Lk (L)

The 2.75-MeV gamma emitted by sodium-24 makes it very easy to determine
in the field by counting; however, when the isotope is injected into a

of the injector sample

stream or pipe)considerable shielding,is required because of these hard
gammas. Clayton and coworkers used this isotope successfully in pipe-—
flow measurements using both the isotopeodilution19 and isotope-velocity2°
methods. In work with stream flows over long distances, they found that
24Na, was sorbed over a 2- to S-Hr period if inert NaCl was not added.
Bromine-82 (4)

The short half-life and high -energy- gamma eﬁission (1.47 MeV) of
this isotope makes it very useful for flow tests that can be run quickly.

Schuster and Hansen®2223

used it in most of their work with turbine pen-
stock flows and Clayton® used it and compared it with #*Na, 3P, and *H
in open-stream flow measurements. It can also be measured
easily in the field.

Todine-131 (k)

This isotope in the form of the iodide is reported as having uncer-

sorption
tainﬂbehavior at very low concentrations. However its half-1life is ex-
tremely convenient for stream discharge measurements. It requires less
shielding on injection into a stream or pipe than %Na and ®2Br.
Todine-132 (%)

For very short experiments measuring flow, 1321 (T1 = 2.3 hr)

2

has been suggested by Clza.yton‘g5 and used by Smith and

Clark.3° This isotope is conveniently obtained in the field by elution
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from 132Te (T%_= 78 hr) " adsorbed on an alumina column. The short
half-1life of thig isotope permits consecutive experiments without inter-
ference‘from previous injections.

Chromium-51 (%)

This isotope .is frequently used as the ethylenediaminetetraacetic
acid (EDTA) complex, ‘a  form of the isotope suggested by Lacy and
de Laguna.31 In a double-tracer experiment testing groundwater flow,

Knﬁtsson, Ljunggren, aﬁd Forsberg32 showed that the flows of the EDTA-S1Cr
complex and tritiated water (HTD) were identical. Heemstra, Watkins,
and Armstrong,3® on the other hand, showed that the EDTA-S'Cr complex
was not a good tracer to use in studying the flow of brine through per-
meable sandstone.
Gold-198 (k)

The 0.41-MeV gamma ray from this isotope makes it particularly
suitable for flow measurements of open streams by the total-count method.
- Hull®7 3pg Temblin and Peterka®% have used this isotope in this way.
It is usually used in the form of gold chloride. Temblin and Peterka®*
reported some evidence in their experiments that the gold was

sorbed on fhe équatic weed in the channel where they were

measuring flow rates.
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Tritium (Hydrogen-3) (k)

Hydrogen-3 in the form of HTO should be an ideal tracer for water
because it is éssentially the same as water and practically is not subject
L 2 . .
to sorption. Clayton and Smith > compared it with 21+Na, 82By, and
found
32p in open-stream flow measurements and ,that it was convenient to inject
in the field because of the weak beta radiation; however, the chief

the
drawback is that it cannot be determined in the field because,K of weak beta

A
radiation and must be taken to the laboratory. Knutsson, L junggren, and
Forsberg32 tested HTO and °!Cr-EDTA together in a double-tracer experiment
on the flow of groundwater and found that the movements of the two isotopes
were identical. In this case they considered the tritium
as the standard that was proving that S1Cr-EDTA could be used.

The most serious objection to the use of tritium in streamflow
measurements is its possible interference with the dating of groundwaters
by-cosmic;ray—producéd tritium. This objection is not too serious because
generally the hydrasulic connection between rivers and groundwater systems

is in the opposite direction, i.e., groundwater feeds the rivers and

constitutes their base flow.

Activable Tracers (k)

In some instances it will not be convenient or possible to use a
radioisotope as a tracer in the measurement of flow rates. This may be so,
particularly if the stream in which the flo;ff: being measured is used as
a source of drinking water. In these cases it may be possible to use
- a stable isotope or compound and then determine the amount of the tracer
that is present by activation analysis. In two recent articles, Greene
reviewed this technique; in the first paper,35 he dealt with general

aspects of the technique and its use in medicine and pollution studies.

. 36 ' .
The second article,” discusses uses in hydrology.
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Two papers reviewed by Greene are particularly pertinent to flow
measurement work, Gardner and Dunn37 used sodium and manganese.salts
and then determined them by activation in the Oak Ridge Graphite Reactor.
In the activable tracer tests they used the total-sample techniques
and checked the method with the total-count method}using 198py as the
tracer.

The second paper on flow measurement was by Kobayashi and Nukazawa3®
who used a double-tracer technique for measuring river flow. In this
study, these workers used 24%a as a tracer to indicate when the non-
radiocactive NaBr or NH,Br was about to arrive at the sampling station;
then they would take continuous samples and analyze the samples by
neutron activation of the 82Br. By using a combination of ‘a radioactive
and nonradiocactive tracer they were able to inject very small amounts of

radiocactive tracer in the stream ahd limited the number of activation

analyses that were required for the determination of flow rate.

Krypton-85  (4)

This isotope is used more frequently than any other in determining
flow rates of gases because of its high specific activity, ease of
handling and storage, long half-life, and low toxicity. Itvis almost a
pure beta emitter and therefore the counter ' must be
placed in the gas flow stream or a sample must be removed from the

39

stream for counting. Berry, Claytoh, and Webb have used this isotope
and the total-count method to measure the flow of gas in a high-speed
gas reaction vessel, and Fries has used it, also with the total count

method to measure the flow of noncondensible gas ‘in a synthetic

ammonia plant.
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Xenon-133 (k4)

Althdugh 133%e has not been used as frequently as 85r in many
ways it is a better tfacer for gas flow measurement work than is 85Kr.
Specifically it has a shorter half-life and is a gaﬁma emitter so
that it is easily counted in the field.

Johnsonhi used this isotope with the dilution technique to determine
flows in a chemical plant. 1In soﬁe of his tests he determinéd the
i33Xe by direct on-line counting and in some he concentrated the 133Xe
by condensing it in a liquid nitrogen trap and then counting the trapped
xenon. ‘

Bromine-82 (1)

.

To take advantage of the good radiation Drogerties of 82Br some
of ethyl bromide )
workers have used this isotope in the formp Johnson 1 reports that he has
had trouble with this material in a wet stream because of hydrolysis and
Cla.yton18 chose 8%Kr rather than ethyl bromide because the 85%r was

available at much higher specific activity.

Injection of Tracer (3)

One of the most important factors in achieving accurate flow measure-
ments with tracers is to injéct the tracer into the flow in such a way that
complete mixing of the tracer with the stream is achieved. If mixing of
the tracer and the stream is not achieved, obviously, the measurement of
the flow rate will either be too high or too low. This requirement for
complete mixing applies either to constant-injection or sudden-injection

methods)although it is much more important in constant-injection methods.
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In this section, the effects of various methods of injection on mixing
distance are discussed first; a description of
methods for the continuous injection of a tracer into a liquid flow follows; a
discussion of methods of instantaneous injection of tracers to a liquid
is then given; and the section ends with a description of some methods
that are used to inject a tracer into a gas. Most of the injection
methods are intended for injection into closed pipes and conduits}since
injection into open streams is usually as simple as pouring a bottle of
tracer into the stream or releasing the tracer from a Mariotte flask or
other simple devices. OSometimes in a wide stream the injection is made

injected into
using a trough device so the tracer can bey the full width of the

stream at the same time.

Mixing Distance (%)

Many workers have attempted to calculate the minimum distance re-
guired to achieve complete mixing of tracer and the flowing medium both

in streams and pipes. Taylor has made a very complete theoretical analysis

of diffusion of tracers both in the case of la.mina.ru2 and turbulentuB flow.

Hull27 has proposed the formula for calculating the minimum distance re-

quired for complete mixing as

- 1/3
Lin = °0Q (6)
where Lhin is the minimum length in feet required for complete mixing

rate
and Q 1s the flow,in fts/sec. In stream flow measurements made by Hull

this formula seemed to work. However, Clayton and Smith25 and Timblin

3l

found that it was not very satisfactory. Most workerslL
expect to

in the field now feel that toAaccurately predict mixing lengths to

and Peterka
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a factor of less than 2 is probably overly optimistic. The only way to
be sure that proper mixing has been achieved is to take several samples
across the stream and check that all the analyses agree within experimen-
tal error.

Clayton, Ball, and Spa..ckmanu5 have made tests of various methods of
injection of the tracer to aid mixing. 1In these tests, they were working
with a 10-cm tube and constantly injected the isotope. The injection
positions chosen were (1) single orifice at the ﬁipe wall) (2) single ori-
fice on the pipe axis; (3) four orifices at the pipe walliand (4) four
orifices at 0.63 the radius of the pipe. Ten samples were then taken at

different positions in the pipe and each sample was counted and
the differences in counting rateswere compared. In every tesgigi all flow
rates, the injection at 0.63 of the pipe radius achieved the fastest mix-
ing.. The results of a typical run are shown in Fig. 4.

In another e#periment, Clayton tested the effect of mixing efficiency
by injecting the isotope into the intake of a mixed flow (part centrifugal,
part axial) pump. 1In fhis tesﬁ)a 20-in. pipe was used and the flow rate
was 8.2'ft3/sec. vSamples were taken across 2 diameters of the pipe at
90° to each other just beyond the discharge of thé pump and showed that
even in this short distance the tracer was completely mixed. Clayton
warns, ﬁowever, that these results cannot be extrapolated to othgﬁfg;pes.

Constant Injection Methods (4)

For the most accurate continuous injection of traceg a precision

19

single -stroke displacement pump is required. Clayton ~ and coworkers
have described such a pump and have tested it extensively (Fig. 5). This

pump operated with a synchronous motor and has an accurately machined
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cylinder. The measured error in the injection rate of the pump is less

than t0.0S%; other specifications are
Diameter . 2.751 + <0.001 in.
Volume L6 in.S
Linear velocity of piston 0.804 in./min
Maximum permissible back preésure 200 1b/in.?
Output - k.78 in.®/min

(1.30 ml/sec)

Clayton and Evans have described a more recent version of this pump
(Fig. 6) that has a carrying handle, portable lead shielding)and a gear
selector to provide the option of three different injection speeds.

A common practice in water flow measurement using radiocactive tracer
techniques is to inject the tracer into an intermediate pipe containing
water that is continuously pumped into the conduit. This "secondary"
circuit has a flow rate several times . that from the injection
pump and thus provides a carrier fluid for the small volume of tracer.

The water in the secondary circuit can be supplied from an independent
source, or dra&n from the main conduit by means of a "secondary pump” and
then reintroduced into the conduit. Variations in flow rate in the secon-
dary circuit are not important,provided that.the transit time of the tracer
in the secondary circuit is short compared with the transit time in the .
main fluid.

The use of a secondary circuit has several advantages. Principally,
the larger flow rates avoid the possibility of small orifices becoming
blocked and the increased momentum available at the point of injection

into the main flow enables the tracer to be injected well away from the
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wall. The dilution of the tracer which occurs in the secondary circuit
(~1/1000) and the increased momentum also help to reduce the mixing
distance.

The use of high-velocity jet injectors with the secomlary circuit
can be used to sPread the tracer laterally and consequently reduce mixing
distance. Two designs are illustrated4?n Fig. T. Each jet is arranged
so that the amount of tracer which is injected is proportional to the flow
in the entrained region at the end of the jet.By use of rectangular ori-
fices with the long sides about 20 times _ the short sides,
and by arranging the long sides to be in the.plane of flow, a large jet
range can be obtained. By directing the jet upstream, impact mixing can
be achieved. The design in Fig.Tb hés the advantage of being subjected
to only a small force from the fluid in the duct, but satisfactory opera-
tion is more difficult to achieve than in that shown in Fig.7a because
some of the jets are directed through regions of increasing and decreas-
ing velocity profile. When jet injectors are used)it is most convenient
to inject the tracer into the secormdary circuit which is then used to.
drive the jets; in this way a high momentum can be obtained. 1In the
designs of Fig. 7,the secondary flow is obtained from the main fluid
using an annular channel outside the jet probe.

Rather than inject the tracer with a motor, Schuster and Hansen25
used compressed nitrogen and the system shown in Fig. 8 in their studies
of flow rates through penstocks. The penstock pressure at the injection

location was ~35 psi and they did their injection using about 70 psi

nitrogen pressure. To make a measurement)they put a measured amount of
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tracer in the steel cylinder through valve A, and filled the cylinder
with water. They then pumped air with a tire pump through the sight
glass and water tracer mixture by opening valves B and A and closing
valves C and E. Two to three minutes were sufficient for good mixing.
The capacity of the cylinder was 3.7 liters and it was usually filled
with about 3 liters of tracer—water mixture. The cylinder was volu-
metrically calibrated and provided with a gage glass scale for deter-
mining the volume injected. Timing was done with a stopwatch. To make
a tracer injection they applied nitrogen pressure fhfqugh valve C and a
regulétor while valﬁes A and B were closed and vaives E and D were open.
The solution of tracer was.injected at about 5 ml/sec through a four-way
manifold into the pen;tock flow.

Instantaneous Injection (L)

Any of the devices described above for continuous injection may also

be used for instantaneous injection if the injection 1s made for a very

{

short period of time—say 1 or 2 seconds. Injections such as this are

v )

suitable for flow determination by the total-count method but may not be
satisfactory for the isotopewvelocity method. Anothér injector that_has
been used successfully in the total-count method is a modified sparklet
bottle (Fig. 9) that is designed for making carbonated water. The bottle
was modified by adding a valve and pressure gage to the outlet after
filling with the tracer. The bottle is then connected to the line, a

COo cartridge is screwed down to admit the gas, and the valve is opened;

a drop in the pressure gage indicates when the injection is complete.
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Fig. 9. Pressurized injector for liquid tracer

If faster injections are needed than those that can be obtained.with
the above- methods, Claytoneo has described a device that will inject the
tracer solution in 15 millisecondsL(Fig.lO)o The radioisotope is intro-
duced into the side arm either as a liquid from a separate container or
in a small glass ampoule which can be broken by the striker. The volume
injected is ~1 ml.

Once the radioisotope has been introduced the instrument is actuated
by raising the cocking handle until the trigger engages. The cocking
handle is then pushed down and the spring compressed against the bottom
.of the spring compartment which is held in position by the trigger.
Rotation of the lever through 30° retains the lever in this cocked

position by means of a bayonet socket.
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To eject the solution into the pipe, the trigger is pressed, the
spring drives the piston down and this in turn rapidly drives the volume
of liquid out through the injector valve (which is normally closed by a
small compressionISPringl As soon as the liquid has been expelled, the
valve closes, the tension of the return spring being chosen to complete
the operation of injection in approximateiy 15 milliseconds.

When the injector is re-cocked5 radioactive solution again fills
the reservoir so that a second injection can be made. The operating
parts of the injector and those coming into contact with liquid are
made of stainless steel to minimiz; corrosion.

To measure flow in different diameter pipes it is necessary to
chaﬁge only the injector end, so that the injector valve is always on
the center line of the pipe.

Gas Injection (4)

is difficult,
Since continuous injection of gases into a flowing gas, most

determinations of gas flow are made by either the isotope-velocity or
total-count method. Both of these methods require sudden injection of

the gas tfacer into the gas stream. A typical injector for gas-tracer

to measure natural gas flow in a pipe line is that described by Kniebes,
Burket, and Staam?%Fig. 11). The injector holds the tracer gas in the

50 ml central portion and the two check valves, which operate with a 50-1b
pressure differential allow the tracer to be blown into the natural gas
flow but prevent flow in the other direction.

G»Mm—Claytonl8 points out that such an injection can introduce a shock

wave in the flowing gas if compression ratios greater than 10 to 1
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are used in the injector. He has suggested an injector that introduces
no shock wave (Fig.lE) into the flowing gas. This injector is similar

L
to an injector suggested by Taylor > for liquid injection. A piston
| -
. e
perpendicular to the direction of gas flow contains two chambers —each
A,
having the diameter of the pipe. The upper chambermis filled with the

tracer gasyand when the trigger is released the spring propels the chamber
replacing chamber B.
containing the tracer into the gas flow)A With this method the 3 ml of gas

in the chamber is inserted into the gas flow in 2 to 3 milliseconds.
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proposed by Blake
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Gas Flow Measurements by Induced

The ions are detected by putting 2 electrodes in the gas flow,

current flow caused by the ionized gas.

50

This method was originally

Another radioisotope method for measuring gas flow

the movement of a cloud of ions produced in the gas by alpha or beta
impressing an electrical potential on the electrodes, and observing the

in 1928 and a number of patents and papers have been

Jonization

is to observe



124

published on different variations of itj; but at the moment)no commercial
instruments based on it areiavailable and it is little used industrially.
This.lack of commercial acceptance seems odd when one considers a few
advantages that this method has over tracer methods:

(1) no radioactivity is added to the flowing gas}$
(2) measurements may be made continuously$ and (3) instantaneous changes
in flow can be detected. Compared to most conventional flow meterg)it
induces much less pressure drof in the flowing gas. Methods based on the
- ionization of gas may be of the continuous-lonization or the pulsed-ionization
type.‘ In 1968, Toudoire51 published & PhD thesis in which he
made a rather comprehensive theoretical and practical study of both types

52

of methods. Clayton and Webb have also published a similar study of

the continuous-ionization method.

Continuous Ionization Methods (4)

The basic design of the continuous ionization system in which the

ionization source is upstream of the detector as proposed by Blake50 is
shown in Fig. 15. At low flow rates the ions move toward the detector but

VETALLIC FOIL recombine before arrival. As the flow rate

CONTAINNG . D-C AMPLIFIER
B EMITTER —7 T .
| 5 increases, ions start to reach the
P~ 1' FORT Sy N\ ]
== i — ‘ - detector and current starts to flow.
sas v U\ !)L ‘. i S |
\J \ ‘*"{j~“ J J The collector current then continues
gggﬁ& to increase as the flow rate increases.
. . 53 .
Fig. 13. Basic diagram of flow- Mellen received a patent on a flow

measuring system with ionizing ,
source upstream of the detector. meter that had 2 detectors, one on each

side of the source. The detectors were
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close enough to the source that when there was no gas flow there was a
small current flow in each detector. This type of flow meter
obviously measures both amount and direction of flow.

Lovelock and WasilewskaSh have described an omnidirectional anemometer
which measures both speed and direction of the wind. This device consists
of 2 conceﬁtric spherical, open,work cageé with a central spherical electrode

coated with 210po., It will measure wind velocities of 0 to
1000 ft/min.

55

Obermair described the system shown in Fig. 14 in which the source

and detector are located at the same place in the gas stream. In this type

l v of flowmeter, the faster the gas is

4
—_— T_{S;Fj;] e flowing, the smaller the current indicated
___'?if- ;L- 'J; by the ionization chamber because

more of the ions will be swept away

ALPHA " RADIOACTIVE b, before they can conduct a current.

PARTICLES MAalERsAL i

Tig., lb. lleasurement of gas flow
by induced-ionization system with
ionizing source and detector at the
same point.

Pulsed-Ionization Method (L)

previously described
The principle of this method is the same as the,isotope-velocity method

except that, instead of the time for an isotope to move between two points

measured, . .
being / the flow time of a cloud of ions is measured. The method as

was :
originally suggested56nwith a spark source being used to give the pulse of

ions; however, radioisotopes are just as satisfactory and much safer if the

a
flow ofkflammable gas is to be measured.
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The apparatus used in this method is shown in Fig. 15. Toudoire51
in his work on pulsed ionization methods studied both mechanical modulation
of the ion beam as shown in Fig. 15 and modulation of the beam by putting
another pair of collector electrodes in the gas stream between the source
and collector and varying the current to discharge all of the ions part

of the time.

+HT
RADIATION
BEAM

FLOW ——

(T =1

C T— -

A # 8
o J EMITTER AMPLIFER
MOTO
TRANSIT-TIME |
FEEDBACK TO MEASUREMENT

MOOUL ATOR

Pig. 15+ DPulsed ionization method of
gas—-flow measurement. -

- Nontracer Uses of Radioisotopes for Flow Measurements (3)

Radioisotopes have been combined with more conventional flow measurement
methods such as deflecting strips, hinged gateﬂ rotating propellers, or
rotameters to measure flow. Most of these applications have been in
systems where high temperatures, pressures, or corrosive nature of the

liquid made transmission of a conventional signal difficult.

Source on an Elastic Sheet (h)

One of the simplest of these mechanical-radiation measuring devices
was described by Shumilovskii and Mel'ttser®’ and is shown in Fig. 16.
The source (3) is suspended on a sheet in the fluid flow. As the
flow rate increases the source moves along the path;indicated by the dotted

curved line at the bottom until it reaches a point on the axis of the
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collimator (4)and the detector (5} At this point,the reading of the radiation
intensity will be at a maximum. Further increase in flow will result in

a decrease in radiation intensity. The output meter is calibrated in terms

of volume flow.
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Fig. 16. Measuring the volume flow of a liquid from
the position of an elastic sheet.

Hinged Gate with Radioactive Source (L)

Clayton and Webb58 have established the general characteristics of

a flow meter based on a hinged gate and radioactive source (Fig. 17).

The gates in these devices may be solid or have various sized holes in

them depending on the flow rate. The radiation detector used was a small
cadmium sulfide crystal. I§f¥;nge of flow rates to be measured varies
widely, two detectors may be used as shown. For the lower end of the rangé,
detector B should be used; at the upper end of the range detector A would

function. Clayton and Webb estimate that such a meter could be used in

measuring gas flows between 1 and 1000 ft3/hr.
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RADIATION
DETECTOR (A)

. \
RADIOACTIVE SOURCE ~ RADIATION
DETECTOR (B}

Fig. 17. Hinged-gate method of flow

measurements.

Rotating Propellers with Sources (4)

Another type of mechanical flow meter that used radioisotopes to

extract the signal is a rotating propeller with a source embedded in

one vane. Such a flow meter has been described by Shumilovskii, Gushchin,

and Tolokonnikov59 (Fié. 18). 1In Fig. 18 the measuring device(3)is a

frequency meter that counts the number of pulses of radiation

Tig. 18. Block diagram of a frequency- type
flow-meter.

1

'seen" by the
counter(2) these counts are
recorded on meters(B)and(6}

One of which is graduated in
units of instantanous flow rate
and the other as total volume
flow. This meter was designed

to operate in corrosive atmos-

‘phere or high pressures.

Carlson, Cederberg, and

.. 60 -
- Ljunggren =~ use a similar

propeller device to measure the
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flow of water in the downcomer of a boiler operating at 2000 psi ahd
520° to 540°C. They imbedded two 60co sources one of 10 mCi and the
other of 3 mCi displaced 120° realtive to each other. By recording the
pattern of radiation that appeared on the detector they were able to
determine not only the rate but also fhe direction of flow. An
interesting part of this study was that they used an isotope-velocity
method with 82Br as a tracer to check the flow rate determined with the

propeller.

Rotameter with Radioactive Float (4)
Cameron, Berry, and Taylor6l used a traditional glass rotameter
enclosed in a stainless steel tube and a float with 80 uCi of 60co
rates

embedded in it to measure low flowﬁ at 300°C and 2000 psi. They placed

a scintillation counter at the bottom of the flow meter and thus as the

rate ,
flow,increased and the float rose, the radiation recorded by the counter

fell. This meter could measure flow rates from O to 100 cm3/min and

at a flow rate of 50 cm3/min had an error of * 1 cm3/min.
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THE APPLICATION OF NUCLEAR TECHNIQUES TO THE
RECOVERY OF FADED. PHOTOGRAPHS (2)

By R. M. Chatters and Camille Jacobs¥

‘Supplementary Keywords: ( INDUSTRY, REPRODUCTION / CHLORINE-36 /

ACTIVATION, NEUTRON / ARTIFACT / AUTORADIOGRAPHY / REACTOR / SILVER-110M /
NICKEL-63 / COPPER - 64 / SILVER-108 / IODINE-131 / MERCURY-203 )

Abstract. Faded paper photographs, tintypes, and glass-plate negatives

can be upgraded through neutron activation of the resi@ual silver in the
faded objects and subsequent exposure of photographic film or paper to the
radiations from the long half-life llomAg so produced. The nuclear technique
is presented as one method of faded photograph recoVery——-not as the only

or necessarily best method for so doing.

(Introduction)

Through chemical action and the ravages of time, many photographs have
been threatened with discarding aﬁd destruction because the images have
faded. The causes of fading are legion. Vesta_l,l in a recent paper,
lists hydrogen sulfide, sulfur dioxide, rubber cement, water—absérbing glues
and pastes, plywood, composition boards such as Masonite and Prestwood,
newsprint papers, and sodium thiosulfate (hypo) among the chief culprits.

Fortunately, a number of techniques have been developed to recover
endangered materials of archival value. Recovery by direct photography

and chemical treatment2’3 has long been practieed; however, chemical recovery

¥Radioisotope and Radiation Laboratory, Collegé of Engineering

Research Division, Washington State University, Pullman, Washington 99163.
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methods cannot always be applied without damage to the photographs. Thus
a "nondestructive" technique was needed that would permit treatment without
degradation or total destruction of the photographs . requiring recovery.

3,4,5

Ostroff ” has reportéd that neutrons from a reactor weré used to produce
radiocactive silvér'in photographic imagés and that autoradiographs were made
from the activatéd photpgraphs; Thé'radiation émitted by thé activated
silver sérved the same purposé as othér artificial radiant energy sources or
sunlight~---to expose x-ray film from which a new negative was obtained.
Ostroff reported that his samples were activated for periods from only
seconda to minutes and the exposure to the film was iimited to several
minutes, with the exposure to film being made as quickly as possible after

irradiation. With ‘the assistance of Sa.yre,6’7

a number of rare old

(ca. 1835-L0) photographs on which images were nearly completely gone

were subjected to the neutron treatment. The clarity of the resulting new
photographs was quite spectacular.

More recently, Houtman8 in the Netherlands has investigated the advantages
of treating the image silver in photographic prints with radioactive solutions.
He has reported that he obtained good results when he used solutions
containing 203Hg, 1311, 63Ni, s“cﬁ, and 3%C1. Some of his experiments
showed that combinations of isotopes such as 203Hg and 131T lead to better
results than either of the isétopes when used alone. Houtman felt
that there were several advantages to his technique, i.e., "contaminants
of the photograpﬁs>have no influence and other isdtopes than those of
silver (hard B and y emitters) can be used." Additional advantages lie
in the fact that the investigator can more easily control the amount of

4

radioactivity which is applied to the photograph.
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The above method has the same disadvantage that accompanies chemical
recoVery of photographs;—-thrOugh Wétting, it may damage the papér print,
cardboard backing, or, in théICasé of tintypes, thé'enamel coating.9
HowévérQ thé’méthod should‘béﬂVéry good for thé récovéry of large, faded
, glass-platé negativés, which do not fit well into all réactor irradiation
tubes.

For the past séveral years, Wagnerlo and his associatés at Ohio
State University have been experimenting with methods for thé restora-
tion of vintage 35mm cellulose nitrate motion picture film. The task
is a formidable one. Wagner has considered the use of neutron activation
recovery.of the film but because of the bulk of material to be treated
rejected the technique on the basis that "neutron activation would necessitate
working with a mass of radiocactive material beyond the iimits of safety,
time, and economic feasibility." .For individual frames, the technique
would doubtless be of real service, but for full cans of film it

appears at the moment to be impractical.

Long Exposure Method (3)

The épproach to the problem of recovery of faded photographs by
the present author59 differs essentially from that described by Ostroff
in the length of irradiation and exposure times. Also, the Washington
State University studies were extended to include tintypes, glass-plate
negatives, and old documents. The results of research on old documents
are not included in the present report, but preliminary results show
~ great promise.

Instead of a short irradiation time of the tést photographs
followed by immediate short exposures of photographs to film, optimum

results on paper photographs (Figs. 1-4) were obtained when photographs
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were irradiated for periods up to 15 min.at.1013'h/cm2°sec; This was
followed by storage of the "hot" photographs for up.to.8 days and
exposure of the film to the irradiated photograﬁhs'for 2hihr; The

most safisfactory film was Kodak Industrial X-Ray Typé M. The principal
réason for the différenéé in procedure was that wheré Ostroff had his
photographs exposed to the short-half-life (2.ﬁm;3vlpBAg, in this work
this short-half-life isotope was allowéd to décay completély. Then

the longer-half-life (260 day) 11OmAg was used for éxposure of the X-ray
film., This delay procedure also eliminated the short-half-life
radioisotopic forms of chlorine,_bromine, and iodine which were a
matter of concern to Ostroff because.of their presence in some photo-
graphs. These elements decayed very early and were not a problem in

the Washington State University research, whereas, with the
immediate-exposure technique of Ostroff and Sayre, they might affect

the final product.

For most of the experimental work, old stereographic views, popular
at the turn of the century, were found to be very useful because |
one of the pair of photographs served as the "control." The other photograph
was irradiated in the reactor and used for making a new photograph.

Thus, comparison between a treated and an untreated phbtograph becamev

more méaningful. Several examples of stereographs, even though not

faded, were copied by means of neutron activation (Figs. 25 3, 4, and 5).
Fach was activated at a flux of 10!3 n/cmz'sec for 15 min and then

exposed to x-ray'film for 4 hr before developing. The activated photographs .
used to produce Figs. 1, 2, and 5 wS;restored for 7 days and that for

meking Fig. 3 for 8 days and Fig. L for 119 hr before exposure to the film.
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Fig. 4. "Basalt Field." Stereograph (left) irradiated to produce
photograph at the right.
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Fig. 5. "For heaven's sake, Maria, give us a rest!" Stereograph
(left) irradiated to produce photograph at the right. Resulting
photograph not equal in quality to the original.
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In each figure in this paper, the photograph at the left shows the
appearance of the original untreated photograph. With thé'exception of
the tintypé, each was a brown:tone.

The most striking results (Fig. 6) of the research were obtained
on a small tintype photograph from which the image had become almost
completely obliterated due to having beén wetted and scratéhéd; This
photograph was éxposed in thé nuclear reactor at a flux of 1013 n/cm?+sec
for a period of 180 min, but becausé of the activation of thé iron backing,
the photograph was stored for 15 days before exposing the x-ray film to
it.for a period of 48 hr. This tintype was made about 90 yeafs_ago, as
the subject of the photograph is now 94 years old. When presented with
a copy of the upgraded photograph, she expressed her pleasure at seeing
herself again in her "favorite dress." |

The negatives produced from irradiated paper photographs are
positive prints on film and require absecond negative to be produced
from them before preparing paper prints. On the other hand, a negative
obtained following exposure of the film to an activated tintype is a
true negative and can be used directly to produce a paper positive print.
(The difference is that in a positive print, the dark image is silver,while
in a tintype the dark image is the black enameled iron since such pictures
are made by a reveréal process:)

When preparing prints, it was impossible to predict in advance
what the autoradiograph contrast would be. Each picture was a
separate experiment in itself and required individual handling during
exposure to photographic papér and subséquent dévelopment.

Further, as is shown in Fig. 2, intimate contact between all parts

of the neutron-activated photograph and the x-ray film was often difficult
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. LABELING OF COPPER WIRE WITH 110Mps FOR SUBSEQUENT IDENTIFICATION (3)
* *
L. C. Bate and F. F. Dyer

Supplementary Keywords: forensic investigation; tracer; material tracing;

differentiation.

Abstract. Labeling of copper electrical cable with ''°Mag was demonstrated
as a suitable technique for use in subsequent identification of such cable in
,in solution,
case of theft. The 1lOmAghis applied inside the cable, i.e., on the surfaces
of the wires that are twisted together to form the cable, with a hypodermic
and allowed to dry.
needleA The label is not removed by several years of simulated weathering and

can be detected by monitoring with a survey type radiation meter. The tech-

nique can be carried out by a semiskilled person with a minimum of training.

‘ (Introduction)

Copper wire stolen from storage areas of power companies and remote power
lines is difficult to identify even if subsequently located. The stolen wire
may even be cut into pieces l-l/? to 3 ft long, burned to simulate.scrap, and
sold to a junkyard. Therefore a permanent label, which will not be detached
under weathering conditions or when the wire is burned, is needed together
with an easy, rapid identificgtion method for the label at such time as the
labeled wire may be located.

A radioisotope.that may be readily attached to copper wire and later
identified by a survey meter appeared to offer promise as a label. The technique
of applying such a label, its permanence after being applied, and a method for

identifying it later were thus investigated.

*Analytical Chemistry Division, Oak Ridge National Laboratory.
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Procedure (3)

Since copper wire may ?ot be stolen for some time---several months to a
year after being labeled-——the half-life of the radionuclide used should be
fairly but not excessively long, and a radionuclide with a half-life of about
1 year was decided on. For detection of the radioactive label in a pile of
scrap, the radionuclide should be one that emits energetic gamma rays and
preferably a large number of gammas per disintegration. The nuclide 11°Mag
was selected because it (1) has a desirable half-life (t1 = 270 4), (2) emits
eight gamma rays with energies exceeding 600 keV and branchlng ratios exceeding
10%, and (3) has chemical properties such that its ions tend to be readily

reduced and form a stable deposit on copper. The nuclides 1°96Ru and 1921r were
also considered but thought to be less suitable than 110Mp o,

Because size 000 wire---37 strands of wire twisted into a 3/h—in.-dia
cable---is the most often stolen, work was concentrated on this material. A
few tests were made on single-strand wire of 1/8 in. dia.

Labeling Technique  (4)

About 0.2 ml of solution is placed between the strands of a copper cable
so that the liquid flows into the air space inside the cable. The rate of pene-
tration of liquid between the strands was found to depend on the acidity of the
solution. A solution of 0.5 M HN03 appeared to give optimum deposition.
&——— The radicactive tracer was diluted to 100 pCi/hl and adjusted to 0.5 M
acidity. This solution was introduced between the strands of the cable with
either a disposable pipet or a hypodermic needle. Usually the solution was simply
allowed to dry in ordér to deposit the 1'°™Ag, but sometimes formaldehyde was
added to enhance deposition. Electrodeposition was also tested, the electrical
potential being applied by attaching the negative terminal of a 6-V battery to
the cable and the positive terminal to a wire in contact with the solution

_ being

inside a disposable glass pipet, the solutionjallowed to run gradually
between the cable strands. In labeling a large amount of cable, injection of

the labeling solution would be repeated at specified intervals along the wire.

After the solution had dried, the cable was lacquered with Sherwin-Williams

clear lacquer #AA 13505, which is'specifically made for coating copper and is
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phosphorescent under certain type of light. The radiocactivity in the cable
was measured, the caﬁle wiped with a damp cloth, and the radioactivity re-
measured to determine the amount removed. When thoroughly dry, the cable was
flushed with water again and recounted. To test the permanence of the label
under simulated field and weafhering conditions, the cable was placed in the
south window of a laboratory, where it stayed in the sunlight for a year and
a half, after which i1t was wiped, and both wipe and cable were recounted. To
simulate burning, the cable was then flamed with a burner and flushed with
water, radioactivity measurements being made after each of these procedﬁres.
In the field tests, a Victoreen survey meter 3 ft from the cable in a

scrap pile was used for detecting 45 pCi of 110Mag,

Results (3)

In five tests (as described above) on 3T-strand copper cable, . 110Mag
losses’averaged 4.5% (7.6% if the high values for test C are excluded) (Table 1).
Sunlight, by reducing the llomAg ions to metallic silver, should improve the
bonding of the tracer to the cable. An HNOsz concentration of 0.5 M in the
deposition solution resulted not only in better deposition but in better retention
than did 0.1 M. _

Turning the cable on its horizontal axis, with the same side of the cable

resulted
facing the detector,A in changes in the count rate (Table 2). This apparently
is due to changes in the amount of radiation that can be "seen" by the detector
through the cracks between the strands, since aft:::ggating the cable tends to
unwind slightly, leaving larger cracks between the strands than before. Because
the tracer is coated on interior surfaces, the angle to the counter apparently
has a large effect on the count rate observed.

In a few tests on single strands of wire, after deposition of the tracer
on the surface of the wire under several conditions, the wires were damp wiped

to determine the amount of 11°MAg that would remain after handling, as would

occur in installation. As would be expected, retention was rather poor but
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Table 1. PERMANENCE OF 1!9Mpg LABEL ON COPPER CABLE

110Mpy remaining, % of deposited

M:Ziiigl NOs come. Rfter  After  After  After
solution, tf ' lst wash 2nd wash burning 3rd wash

Cable A 0.1 % R 9 85 o
Cable B 0.1 99 oh o 89 8 g
Cable C 0.5 106 105 109 108 % a
Cable D 0.5 93 ok 9% 96 ﬁg
Cable E 0.5 9% % 99 98 M w
Average** 98t% 96t2 98t%l 95t%8 “Erg

*
Values consistently >100% probably due to errors in positioning the
cable 30 cm above the detector {'see Table 2).

Error values show the range for the five cables.

Table 2. COUNT RATE VARIATION WITH HORIZONTAL ROTATION OF COPPER CABLE

Change in angle, - Count rate, Change in angle, Count rate,
degrees ¢/min degrees ¢/min
0 37k, 579 100 332,225
20 361,995 120 358, 588
L0 . 347,170 140 379,285
60 ' 306,076 160 378, 384
80 322,701 180 377,301

Table 3. RETENTION OF 11OMAg ON SURFACE OF SINGLE
STRANDS OF WIRE AFTER DAMP WIPING

110Mps remaining after wiping,

Wire % of deposited

No lacquer Lacquered
As is _ L34 68.7
Sanded 63.9 83.6

Formaldehyde used in 1!°MAg deposition

As is 46.8 83.6
Sanded 68.2 82.1
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was markedly imprdved by application of a lacquer coating (Table 3). The
"gs-is" wire.had an oxide film, which was in some cases cleaned by sanding.

In half the tests formaldehyde was added to reduce the silver ion on the copper
wire and improve the bonding.

Field Test (4)

A field test using 45 uCi of 1%Mpg plated on a copper wire was performed
to demonstrate the ability to locate the radioactive label in a pile'of copper
scrap. The 1'°MAg source was placed under a pile of copper scrap. When the
area was monitored with a Victoreen radiation instrument, it was possible to
detect the radiocactive material at about 3 ft. This should be an extreme
case since in actual practice the labeled material should be distributed through-
out the pile rather than at the bottom. Each label would contain 20 pCi of
llomAg, and a pile of scrap would likely have several labeled pieces. Of

probably
course, scanning at a distance closer than 3 ft wouldAbe possible. With care-
ful monitoring of a scrap pile, the presence of one piece of labeled scrap
should be detected.
safety  (3)

The radioactive tracer can be applied to the copper by a person with a

minimum amount of training in the handling of radioactivity, the proper solution

being made up in the laboratory prior to the labeling operation.

(MG)
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RADIOISOTOPIC X-RAY GAGE FOR DETERMINING PARTICIE-SIZE DISTRIBUTION* (2)

Supplementary key words: measurement and control system; measurement, other;

industry; source, x-ray; promethium-147.

A radioisotopic gage for determining weight-size distribution of particles
in the solid phase of & suspension has been designed and tested. Such an
instrument 1is needed for use in powder technology to give the weight distri-
bution of powder samples in suspension quickly and reliably. The new instru-
ment, which is simple to operate and economic in cost, hopefully will fill
this need for a wide variety of powders. Because of the constancy of the x«-
ray beam, corrections do not have to be made for source intensity variations
during operation.

The instrument (Fig. 1) contains a l)"7Pm Xx~ray source and a proportional
counter, located on opposite sides of a settling tank. The inténsity of the
transmitted x-ray beam, determined by the counter, is proportional to the
weight fraction of particles smaller than the Stokes' diameter applicabie to
the time and depth of fall. Hence the cumvlative weight percentagze of unisr-
size particles is obtainablé from the intensity readings. |

In opefation, the intensity of the transmitted beam is determined first
with clear liquid in the tank, and then the powder under study is added and
the suspension stirred. The sedimentation rate is determined by scanning the
tank, moving the source and counter upward (by a small electric motor) during
a preset time, which depends on the material under study. Tﬁe graph obtained,
of time vs. intensity, is converted to x-ray density (i.e., log of intensity),
which is proportional to the powder concentration. The x-ray density for

several materials with particles of micro-meter dimensions was shown to vary

*Summary of "A New X-ray Sedimentometer" by T. Allen and L. Svarovsky,
J. Phys. E. (London) 3: 458-60 (1970).
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linearly with concentration of the material in the range O to d.i vol %

(Fig. 2). Values were reproducible with bronze powder in cyclohexanol and in

50% glycerol-water.
In the experimental set-up used, the sedimentation tank was made of PerspeX,

and the windows (for beam definition), of lead. Except for the brass source and
detector holders, the rest of the wgnipment -ms of stalnless steel. The
proportional counter (1300 V) was xenon-filled.

The principle of this gage is similar to one developed under contract
to the USAEC's Divisidn of Isotopes Development for determining the amount of

sediment suspended in a flowing stream (Isotopes and Red. Technol. 4. 358-62

(1967).
‘II | ! . (M.Go)
|
i
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SEDIMENTATION |
TANK ~  —
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|
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X-RAY SOURCE = - |- o~ Fig. 2. Dependence of x-roy density
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fetermining particle sizes of
suipended parvicles.
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130 Helps Reveal Carbohydrate Structure

Supplementary Keywords: chemistry, organic; biology; tracer; molecular stiucture;
reaction mechanism; data handling; enriched stable isotope use; economics.

Carbon-13 nuclear magnetic resonance (NMR) spectroscopy is being
used to study carbohydrate strﬁcture. A. 3. Perlin with B. Casu and
H. J. Koch at MéGill University, Montreal, are pioneering the work.
Improvements in instrumentation have_overcome problems assoclated
with the low natural abundance (1.1%) of *3C. This stable isétope
is a valuable tracer for organic mechanism and biological studies,
and *3C-NMR data are an important addition to proton-NMR data. If
the demand increases for *3C-enriched chemicals to be used in such
work, their current high‘cost may decrease.

‘The aspects of carbohydrate 13C-NMR spectroscopy being studied by
Dr. Perlin and associates include chemical shifts, delocaliiation,
substituent effects, interaction energy, chemical reactivity, and
orientation of substituents. Spectra are measured at 25.15 Miz and
are time-averaged by computer to obtain average signals from many
scannings of 130 in its natural abundance.

In studies of chemical shifts typified by work with the anomers
Q- and B-D-glucopyranose (glucose), it was learned that change of
OH-1 from an equatorial orientation in the P-anomer to an axial orien-
tation in the a-anomer causes increased shielding of most carbons in
the molecule, an effect that is accompanied by decreased shielding of
the appended protons. This interaction causes changes in bond polar-
ization throughout the molecule.

These readjustmen?s of electrpn density delineate a strain-de-

in :

localization process / response to steric compression caused by the

axial hydroxyl group. The NMR spectra reflect the result as a change
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in the 3¢ and proton chemical shifts on going from the equatorial
to the axial orientation. The data taken for carbohydrafes indicate
that the dependence of chemical shift on structure follows generally
understandable patterns and corfesponds closely with the findings

by others of 13¢ shielding and 11 deshielding effects for isomeric
cyclohexane derivatives.

Pérlin's study.of the influence of numerous functional groups
and substituents on 13C-chemical shifts of carbohydrates showed that
electronic effects are very prominent and generally conform to those
expected from the behavior of other classes of compounds.

In considering interaction energy, Perlin proposes that the rel-
ative stabilities of isomeric compounds should be reflected in their
13¢ chemical shifts, that is,/%gerriding polar influences are absent,
the experimentally determined shifts should be a measure of energy
differences of steric origin. He and his associates have shown for
a number of sugars that energy differences between anoméric and
diastereomeric sugars,.or between geometric and positional isomers
of cyclohexanes, parallel the relative overall shielding states of
their 3¢ nuclei. He suggests that 13¢ and other ghemicaleshift data
may aid in assessing the relative contributions of repulsive and
stabilizing interactions within molecules.

.Electron-density and bond-polarization changes revealed by
13c-MvR spectroscopy should permit comparison of sugar chemical
reactivity as a function of thelr electronic ground states.

Proton spin-spin splitting of 13C is found to depend markedly

on orientation of substituents. For éxample, the axial H-1 B-glucose
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couples only with the appended‘lsc—l; whereas the equatorial'H;l
of the (-anomer coﬁples to at least tﬁo other 13C nuclei. Theré-
fgre, long-range C-H coupling may be an independent cfiterioh for
conformation. |

It appears that 13C-NMR spectfoscopy should becéme'increasingly
important in the study of the structure and stereochemistry of carbo-

hydrates.

(HPR)

" -
Condensed from "Carbon-13 NMR Gives Sugar Stereochemistry," Chemical

and Engineering News, June 8, 1970, pp. 78-79.
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A Simple Neutron Radiography Set*

Supplementary keywords (source; neutron; californium-252; economics;

industry)
Successful neutron radiography with a very small neutron source
of #2cf (140 pg) has been announced. The USAEC, who sponsored its
"development, hopes eventually to provide such sources for about $70.
The ancillary equipment is simple--a bucket of tap water, some small
sheets of metal foil, a cassette, and a box of x-ray film.‘ Radio-’
graphé of shells taken through a lead box of 6-mm wall thickness
(Fig. 1) and of a combination lock (Fig. 2) aré typical. The radio-
graphs show clearly‘the powder contents of the shells and the com-
bination mechanism of fhe lock. Coarse-grained radiographs require
only a 20-min exposure; fine-grained'radiographs may require over-
. " night exposure. With a szﬁall investmenf; (< $300), any manufacturer
should someday soon be able to have his Qery own rgdiography set-~-
one that is simple, safe, and aufomatic and that requireé little
attention.

(HPR)

Fig. 1. Radiograph of shells. Fig. 2. Radiograph of a combination
' lock.

* o . '
. From J. P. Barton and M. F. Klozar, "Your/Own Personal Neutron
Radiography Set," Materials Evaluation 27(12): 124 (1969).
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The Carbon-14 Dating of Iron

By N. J. van der Merwe
Assistant Professor of Anthropology
State University of New York, Binghamton

The University of Chicago Press, Chicago, 1969(13Tpp., $7.00, hardback)

" Supplementary keywords: metallurgy, ferrous; artifact; geophysics;

tracer; material tracing; technique; history; theory, applied; textbook;
thesis; bibliography.
Not often is the interrelation of diverse disciplines presented

so intriguingly as in The Carbon-14 Dating of Iron. The isotope 14¢

binds together archaeology, history, metallurgy, and chemistry in this
short and fascinating account of Professor van der Merwe's doctoral
thesis research at Yale. By text énd chart, the significance of the
role of carbon in iron metallurgy is presented vividly. The reader
comes to feel conversant with the differences among bloomery iron,
wrought iron, cast iron, and steel and then to understand how treasures
came to0 be--such as Merovingian and Viking swords whose surface texture
creates an impression of light and dark bands, or Damascus blades,
which have a surface like watered silk. Interesting historic facts
are revealed--one of man's earliest sources of iron was of extrater-
restrial origin (meteorites); iron was once forty times as valuable
as silver.

The significance of Dr. van der Merwe's research is that it
resulted in the successful development of a method for the **C dating

of iron artifacts prepared with charcoal (coal contains no ¢) and
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also demonstrated the applicability of *C measurements to the dating
of iron slag and of copper slag as well. The technigue 1s a means to
knowledge about the types of ores, fuels,and reducing agents used
throughout history in iron metallurgy. In lieu of a charcoal specimen,
an iron specimen may be equally valuable to an archaeologist; in lieu
of both, a slag specimen may be just as useful. For the metallurgist,
knowledge of the fuel and flux involved in the smelting operation, as
well as of the slag produced from it, is essential in reconstructing
the metallﬁrgical process. For the historian, the history of fuels
used in iron metallurgy and the history of charcoal production can be
deduced from the *C data.

Professor van der Merwe describes the method in detail and, among
his data, presents interesting results from Iron Age archaeological
sites.

(HFR)
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*
Radiography Using Photo-Nuclear Reaction (3)

Supplementary Keywords: autoradiography; activation, photon; comparison; Japan.

A method of radiography developed at the Radiation Center of Osaka Prefecture
- using the photonuclear reaction eliminates the scattered photons generated in the
sample. A metal plate is placed at the position occupied by the x-ray film in
ordinary radiography, and the object is irradiated with high-energy gamma or

x rays. The metal plate is activated only by the components of higher energy

than the photonuclear tﬁreshold, and scattered photons do not affect the metal
plate. After the irradiation, a film is placed in contact with the metal plate
for a time and developed by autoradiography technics like those in neutron
radiography. The contrast and definition of the picture were shown to be much

better than those in ordinary radiography. - (1G)

X . ‘
Abstract of article (in Japanese) by Junichiro Furuta and Eiichi Hiraoka
in Journal of N. D. I. (Hihaki Kensa) 17(3): 99-104 (1968).
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AEC PARTICIPATION IN THE DEVELOPMENT OF WOOD-PLASTIC COMPOSITES (2)

By Ralph E. Greene

Supplementary Keywords: industry; industry, wood; industry, pléstics; review,

technical; polymerization; physical property; modification, material; economics;
review, historial; pilot-plant scale; plant scale; comparison;

cobalt-60.

Abstract: The sponsorship of USAEC's Division of Isotopes Development in the

development and evaluation of wood-plastic composites (WPC) is reviewed. Partic-

ular attention is given to the industrial evaluation program, conducted under

AEC contract to Lockheed-Georgia Company; and process problems including veneer

technology, shell (surface) loading technology, surface depletion, and nonuniform

impregnation are discussed. The final AEC contracts, which were for the precise

evaluation of improvement in physical properties of WPC, are also reviewed briefly.

(Introduction)

At the time of the writing of this review, there are four United States
companies (American Novawood Corp., ARCO Chemical Co., Radiation Machinery
and Radiation Technology, Inc.) '
Corp.,Aactively engaged in producing wood-plastic materials. Although the U. S.
Atomic Energy Commission was highly instrumental in the development of this
new industry, the state of the art of the production of this new material had
evolved to such an extent that further developmental support was not warranted
have been
and would possibly ,/ competitive with research sponsored by private capital.
Undoubtedly, commercial refinement of both the process and the product has gone
well beyond the state where AEC-sponsored development had progressed, but,

since this is proprietary information, the latest techniques of production will

not be found in the literature until and unless protected by patents.
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Nevertheless, Importance of the role played by AEC in the development of

wood-plastic composites must not be underestimated in the starting of this new
helped

industry. Not only has the AEC,sponsor- the development of the product, but
it_has also conducted studies to evaluate both the physical properties of the
material and the economic possibilities of the process. This report will attempt
to review the AEC's paftiéipation in the entire program.

The preparation of wood-plastic composites (WPC) is basically a simple
process~---the air in the wood is removed by evacuation, then the wood is impreg-

. finally
nated with a monomer, and A the impregnated wood is irradiated, usually with

6000, for a time sufficient to completely polymerize the ménomer. This giveé
a new type of product with many enhanced physical properties.
The first mention in the literature of AEC-supported work in this field
’ and probably the first work in the United States, was
a brief mention in a 195 Brookhaven National Laboratory report.! This report
described a brief attempt to obtain an impregnated wood with increased resistance

to moisture and improved dimensional stability. Birch wood was impregnated with

. *
methyl methacrylate and irradiated to a total dose of 4.1l Mrad. The treated

*Original reference listed dose in the now obsolete Mrep units. Conversion
. based on 1 rad = absorption of 100 ergs of radiation energy/g absorbing material,

one rep = absorption of 93 ergs of radiation energy/g absorbing material.
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samples contained 30% polymer and swelled the same amount as untreated samples.

These workers speculated that if a water-soluble monomer,>capable of penetrating
the cell walls, were to be polymerized in place to a water-insoluble polymer by

gamma radiation, a truly water-insoluble product might be obtained.

In the early 60's,work on the development of wood-plastic combinations was
under way at the Engineering Fxperimental Station, West Virginia University,
Morgantown, under the direction of J. A. Kent. 1In 1961, L. T. Harmison, also
at West Virginia University, published a thesis® entitled "Gamma Irradiation of
Wood: Development of Wood-Plastic Combinations" and work began under Kent on a USAEC

Division of Isotopes Development (DID) contract for the preparation of fwood—
plastic combinations using gamma irradiation to induce polymerization. Kent et al.

reported on this work at an AEC-sponsored symposium3

on radiation-induced polymeri-
zation and graft polymerization held at Battelle Memorial Institute in November
1962. 1In March 1963 Kent et al. published a report? covering the period

Nov. 1, 1961 to Oct. 31, 1962 on the DID contract work. Ballantine® reviewed this
work in Isotopes and Radiation Technology. This report covered

four phases of the development of WPC: (1) physical testing of WPC; (2) impreg-
nation of wood with monomers; (3) chemical aspects including polymerization

rates, dose-rate dependence of polymerization rates, effects of additives, etc.;
and (4) the effects of gamma irradiation on certain physical properties of wood.

In September of that year (1963) an' interim report® of contract work was pub-
lished. This work continued to demonstrate the enhancement of physical properties,
shear strength, static bending strength, hardness, compression strength, and the
reduction of water absorption and dimensional changes. Extraction of polymers

from WPC indicated little if any grafting to the wood substrate in tests up to that
time,but the molecular weights of polymers formed in the wood were higher than

those in ordinary bulk polymerization. Two other publications by Kent et al.”’®

also appeared in the 1963 literature and described the preparation of WPC with

a variety of woods and monomers.
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The work to that time left no doubt as to the improved properties of this
untreated

new material over,wood; however, the economic aspects of the production of WPC
had not been evaluated.. Therefore DID contracted with
Arthur D. Little, Inc. to study the technical and economic considerations for
irradiated wood-plastic materials. The findingéaof this study were published in
September 1964 and showed that WPC should find utility in high unit-cost products
whoée raw-material cost is a small segment of the overall manufacturing cost.
These potential applications were identified as those in which the aesthetic
qualities of wood constitute an important property in the final application ---
for example, specialty flooring, commercial and institgtional seating, fabricated
units for construction (window sashes. and dividers, doors, stair treads, counter
tops, etc.), furniture, sporting goods (golf club heads, gunstocks, etc.), and
specialty items (cutlery handles and salad bowls). The portion of this total
market (about a $1-2 x 10°/year) that WPC items would be likely to capture was
expected to be relétively small and would depend on cost-performance character-
istics. This report recommended both a commercial development program and an
épplied research program to establish the commercial utility of the product.
To facilitate end-use testing, Arthur D. Little, Inc. suggested solicitation of
possible sample products from manufacturers, treatment';f;:§;les with the most
promising monomer at the optimum level of loéding, and return of the samples to

the potential manufacturer for testing. (This was later done.) A condensed

version of the Arthur D. Little report is given in Isotopes and Radiation

Technology. 1°

Closely following the Arthur D. Little, Inc. report was a contract report '?
of Air Reduction Company, Inc. on laboratory-scale production of WPC uéing
vinyl chloride liquid monomer both under pressure at room temperature and at
-78°C without the use of a pressure vessel. The radiation-processed wood--poly

(vinyl chloride) composites showed improved properties in comparison with untreated

wood and measurements of several physical properties were made.
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Kent et al.!® in May 1965 again reported on work progressing at West Virginia
University exploring additional polymer systems, refining the data on dose rate.
deﬁendence of the polymerization reaction, incorporating studies of additional
species of wood into the program, and continuing the measurement of mechanical
properties, including toughness and abrasion resistance, neither of which was
previously investigated.

Further studies with carboﬁ tetrachloride as a promoter for the radiation
polymerization of methyl methacrylate showed that important reductions in radiation
requirements were possible*and a number of polymer dyes were investigated to
determine their effects on the appearance of wood-plastic combinations. It was
found that many dyes accentuate the wood grain while at the same time imparting

attractive colors to the wocod.

Industrial interest continued to grow and in September 1965 the Atomic Indus-
trial Forum in cooperation with the U. S. Atomic Energy Commission sponsored an
information meeting at Chicago on irradiated wood-plastic materials. Proceed-
ings *2of this meeting were available in March 1966. In addition to reviews of
AEC-sponsored work, papers were presented by representatives of plastics, furniture,
plywood, sporting goods, engineering,and wood-plastic manufacturing companies.

Between December 1965 and June 1966 three AEC contract reports on commercial-

ization studies in the Northeast, 14 South, 15 and Pacific Northwest and

‘Great Lakes Regions?® of the United States were published. Another contract for

an engineering study and cost analysis leading to a conceptual design for a

small-scale pilot plant for the processing of plastic-impregnated wood was completed17
in June 1966.

Industrials Evaluation of Radiation-Processed WPC  (3)

While these studies were going on, DID had contracted (on the basis of competi-

tive bids) with Lockheed-Georgia Company to conduct a cooperative Goverhment-industry

*Physical properties of WPC prepared with CCl, promoter were not given.
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program for the evaluation of radiation-processed wood plastics in a variety of
end-product applications. This contract was what might be termed a '"proof of the
pudding" project.

On July 16, 1965, the AEC isséed an invitation to the wood-products industry
to evaluate radiation-processed wood-plastic materials. Responses to this announce-
ment and requests for participation in the program were received from 181 companies.
The responses were classified into 24 categories, and companies were selected to
allow representation in the program,for the largest possible cross éection of
pfoduct applications. Of the 78 companies selected by the AEC (see Table 3 at
the end of this review) for participation, six elected to withdraw, three did
not send wood for processing, and one submitted a nonwood material that was not
processed because of technical difficulties; therefore, 68 companies participated
in all phases of the program. Each of these supplied wood to be processed into
WPC, which was then returned to the suppliers. Participants, in turn, returned
to the Lockheed-Georgia Company an evaluation of the products, based in many
instances on results obtained by applying the same standard production techniques
as for untreated wood of the same or similar species. TheAfindings of this evalu-
ation'® are presented in some detail, and process problems and the technology
needing further deveiopment are discussed.

In the Lockheed program, methyl methacrylate was used exclusively as the
monomer and all wood was givenp a full impregnation, which results in a high
plastic content in the resultant WPC. Background information was not adequate
to allow changes in the impregnation process to control monomer loading, and the
large quantity of wood processed required treatment of several species from several
companies in each process run.

Over 8000 1b of WPC, involving 4l wbods, was processed in this program. Wood
forms treated included rough and planed lumber, dimensioned parts, plywood, multi-

layer laminates, and veneers. Wood sizes ranged from 5 in. by 7 in. by 5 ft to

3/32 by T/16 by 2 in. Approximately 20 board feet
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(or equivalent) was processed for each participating company. Participants
vere asked to supply kiln-dried wood so that at least one processing
variable could be eliminated from the program analysis. For all processed
batches, selected sampies vere weighed at Lockheed before and after treat-
ment to provide estimates of process quality control. No work waé dcne on
the treated material by Lockheed except that a number of pieces were planed
after processing to remove surface variations so that the treatment could
be evaluated visually. All treated material was returned to the respective
participants for their evaluation. No épecial equipment was used in
processing any wood; special equipment was indicated for only one
material---vencers less than 1/16 in,thick. Few data were
available for processing veneers at that time, and no work had been dcne
. participant

with sizable pieces. However, / demand for these materials precluded
their exclusion from the program.

The results of the evaluation progfém are briefly summarized in
Tables 1 and 2. In Table 1 an entry under the "Yes" column for "Material
Acceptable" indicates that the WPC material showed properties that would be
suitable for the spe01flc application of the paﬁ%ﬁgifgitggmggngﬁTb%%é
"Partly” column shows companies that found the material acceptable for
limited use in their product or that felt some problem must be solved

could |
before the material become acceptable. The "No" column obviously indicates

A
companies that found the material unsatisfactory for their specific applica-
tions. An entry under the "Yes" column for "Cost Acceptable" indicates

that a cost of $1.50 per full board foot for WPC can be tolerated in the

specific application.
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Table 1 Suitability of Wood-Plastic Combinations for Product

Applicationsf
Material Acceptable st Acceptable luati
Product 7.50 bd ft) lqu uc:'aon
Yes | Partly No | Yes| Maybe No ncomplete
Cabinets
Bank & store fixtures ' 61
Store display 60 60°
T.V. &stereo 40 40
Flooring
Solid lumber 62 49 62, 51,49
Truck decks 14 14 49
Veneer 77 77
Furniture .
Household, case goods ‘ N 11
Househoid, juvenile ‘ 18 18+
Household, solid wood 11,24,8 24,11 8
Laboratory 33 33
Office ' 39 39
OQutdoor tables 36 36
Restaurant : 56 56* '
School, tabiet arms 43 43 -
Stadium seats 3 3*, 62 . 3,62
Veneer overlays & inlays 11,36 36 11*
Gift Items 48 76 48*,76*
Gunstocks 55 55% 69
Hondles
Brush 44 ' ‘ 44*
Cutlery 35° 35
Garden tool, small &7 ' 67
Putty knife 50 50*
Shovel 66 66
Striking tool, ax, hammer - 66 4] 41,46
Millwork
Furniture parts 78 78
Stair treads 49
Windows 52 52
Miscellaneous ,
Architectural grilles 16 16
Beverage cases -t - 59 . 59*
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Table 1 {continued)

Moterial Acceptable

Product (%‘]’_s' c%agfo t|3 Evaluation
Yes | Partly No | Yes Maybe No Incomplete
Miscellaneous (Continued)
Casket parts 64 64*
Cooling tower parts 21 2]
Concrete forms 49 49*
Cutting boards 5 5*
Door knobs 55,57 55*%, 57*
Drop hammer boards 17
Dry kiln spacer sticks 49
Ladder rails 25 25*
Picture frames 7 7
Printing plate mounts 54 54
Railroad crossing timbers 6
Rules, log & cordwood 71 71 71
Signs, carved outdoor 71 71 71
Shoe heels ' 75 75
Shoe lasts 68 68*
Suction box covers : 47 47*
Templates, carving machine] 42 42+
Trusses, structural 43
Yach? parts 53 53*
Musical Instruments
Clarinet bodies 13 13*
Guitar parts 27 27* 27
Qrgan & piano parts . 34
Reccrders (woodwinds) 72 72* 72
Plywood & Veneer
Plywood panels 30 26,70 30*, 26*,70
Veneer, moulded 38 32 38 32+
Veneer, loose 9 26,70 9, 26*, 70*
Sports Equipment
8aseball bats 1 1
Billiard equipment 12 12
Candlepins 2 2*
Golf club heads 15 15*%
Water skis 73 73*
Textile Machinery
gobbins 45 45%
Picker aprons 10 10* 10
Picker sticks 29, 65

T Numbers designate individual companies listed in table 3 at the end

of this review

%*.Did not comment on cost of material

[
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EVALUATIONS OF WPC CHARACTERISTICS

» = o ; -

LSS B iTER

Number Of Companies

M AT LTNC A SRAESY

Characteristic N Partly Not No
P Acceptable | Acceptable | Comment
“Machinability
Sawing 27 2 0 39
Planing 21 1 0 46
Sanding 31 0 2 35
Turning, carving, etc, 25 6 2 35
Drilling 1 4 3 50
Adhesive Bonding 12 0 2 54
Compatibility* 9 0 7 52
Wzight Increase 3 12 14 39
Moisture Absorption
And Stability 15 6 3 44
Uniformity Of :
: . 0 | 10 57
Plastic Loading
Warpage 3 0 8 57
Stoin Resistance 3 0 8 57
Cost 5 6 16 4]

@Y aTarna . a ~r. rue

* Compatibility of WPC processing with conventionally bonded materials.
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Properties Evaluated (%)

Pertinent properties common to many evaluations are shown in the first
column

of Table 2. The figures give the number of companies that found a
particular property acceptable, partly acceptable, or not acceptable, or
offercd no comment. Considerable interpretation by Lockheed was necessary

to classify the comments on properties affecting fabrication.

>
MachiningﬁPropertieé{ Most participants found the machining properties

of WPC satisfactory and in some cases, excellent. Some adjustment in

normal woodworkiﬁg procedures was frequently necessary. Greater power

was required; sharp cutting edges were essential making carbide tools
highly desirable; and slower feed rates were required because of the
increased hardness of WPC, Greatest difficulty was experienced in drilling
because %he bit became clogged with WPC drillings. Heat softened the
piastic, Turther accentuating the clogging. Changes in feed rate and type
of drill bit helped to decrcase the problem so that WPC could be success-
fully drilled. Over 90% of the participants who commented on sanding were
able to sand WPC satisfactorily; however, some found that results were best
with sharp abrasives (silicon carbide) and thatbadjustments in feed rates
and depth of cut were.desirable, expecially for drum sanders.

(5)

Adhesive Bonding. The principal difficulties associated with adhesive

bonding vere experienced with materials that were honded or laminated before
being converted to WPC; many participants reported delamination, splitting,
or cracking at the glue line. Results suggest that, for this type of con-
struction, bonding must be performed after the wood is processed.

Most participants reported success in.obtaining good adhesive bonds
to the processed material; hovwever, these successes were accomplished
with epoxy, phenol-resorcinol, and polyvinyl acetate adhesives; melamine

and urea adhesives gave generally poor results.
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Loos and Kent,® in work subsequent to the Lockheed evaluation, studied the

fastening of wood=plastic combinations by both adhesives and mechanical fasteners.

They found that resorcinol-based adhesives gave the best results of the glues

tested; poly (vinyl acetate),urea--formaldehyde, and casein adhesives formed

satisfactory glue bonds with WPC as long as the polymer loading was not too high.

Poly (vinyl acetate) and urea--formaldehyde formed a better bond when the moisture

content of the WPC was low, and the authors suggest that some formulation adjust-

ments to match the moisture diffusion rate of the glue to that of the WPC would

probably improve bonding properties.

(5)

Mechanical Fastenings. Standard wood-fastening techniques must be

modified vhen used for WPC. The taper of a conventional wood screw requires
a matching pilot hole; otherwise the straight unthreaded por-

tion of the shank tends to split the WPC. Results were best with straight-

shank sheet-metal screws, although close control of the pilot-hole size

was required, Several participants reported that the screw-holding power

of WPC was superior to that of wood. Nailing of WPC was unsatis-

factory because of splitting, but only two participants stated that the

lack of nailability would be a primary consideration.

Loos and Kent1®

also found mechanical fasteners, i.e., wood screws and other

threaded fasteners, quite satisfactory for WPC. They, too, did not advise nailing.

Three threaded type inserts as well as a standard tapped hole and bolt were

evaluated, and all gave high performance in fastening WPC.



175

(5) |
Weight Increase. Somewhat more than half of the participants offered

no comment on the greater weight of WPC. About 404 thought that the in-
crease in weight waé either not acceptable or only partly acceptable, while
less than 5% found the weight increase acceptable. One of the main object-
ions to the grecater weight was the related increase in shipping cost. Some
other objections were that for some hand tools and sporfing goods the item
was too heavy for easy handling or the balance was changed. Two rather
amusing comments were received from manufacturers of bowling pins and

water skis---~the WPC candlepins were almost too heavy to knock over and the

)

water skis were too heavy to float.
(5)

Other Properties. The majority of comments on moisture resistance

indicated it to be satisfactory. Of the three participants who disqualified
the material because of moisture absorption, two could tolerate essentially
no moisture absorption in their product. It should be mentioned, however,

that the moisture absorption rate for WPC is less than that for untreated

wood.
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Data on chemical and stain reéistance of WPC materials were reported
by three participants. A labofatory;furniture manufacturer reported that
the effects of ghort exposures to common laboratory dhemicals, eicépt for
strong bases and some strong acids, were easily removed by light sanding
and buffing. Two companies who evaluated the resistance of WPC to long
exposures to 30 common materials found it to be unaffected by
21 of these materials but stained somewhat by nine highly colored materials.

Warpage was reported by a few companies; however, experience indicates

that warpage in solid stock generally is not a problem.

Veneers ()

Interest in veneers ﬁas high)but the 13 companies who submitted veneer
samples for processing almost all reported the processed.veneers to be
unsatisfactory. Most veneer was submitted as a single sheet for process-
ing, but some manufacturers submitted the veneer already bonded to a back-
ing material. Those companies that were able to bond and work the veneer
successfully reported favorably on the increased hardness, strength, and
abrasion resistance. The most frequent comment was that the veneers
warped, curled, or split during working. Surface effects---variations in
moncmer loading at the surface on venecrs less than 1/16 in, thick--- were

difficult to remove,and some participants reported sanding through

)
the veneer in attempts to remove these surface blemishes, Bonding of

vencer to core material gave some trouble: resorcinol adhesive bled through
the veneer, and urea and melamine adhesives caused swelling and blistering.
Hovever, epoxy adhesives gauve good results. Some participants, by modilying

standard techniques, were able to fabricate the more rigid WPC veneers;

for example, one participant used a hot press to soften and flatten the
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veneer, and another used heat to edge-bond a circular surface with WPC
veneer and to mold the vencer into an irregular shape.

It must be realized that there has been little development in the
technique of working with the thin and fragile WPC veneers and no attempt

was made to provide special devices for handling these materials in this

program,

Cost (h)

foot
In the Lockhecd evaluation, a cost of $1.50 per full voard/was used.

This cost is the same as the minimum developed in the Vitro Engineering
evaluation.17 The Vitro economic evaluations of product costs based on

a BOOO-lb/hr production facility indicate that the impregnation and
radiation costs for the methyl methacryiate would be ~$0.035 per pound.
Monomer costs for methyl methacrylate formulations would be ~$0.086 per
pound of product. Total conversion costs (excluding wood cost) would

be ~$0.121 per pound, resulting in a cost per board foot (5 1b/bd ft),
for methyl methacrylate-wood combination, of $0.60 (excluding wood cost).

average wood costs are
With the assumption that / $O.35 rer board fOOt, the total product

cost (less marketing cost and profit) would be $0.95 per board foot. The
additional costs for marketing and profit are, of course, related to the
individual processor's traditional method of accounting, but for estimat-
ing purposes the projected costs ranged between $1.50 and $2.50 per board
foot for a broad range of wood species.

Kent et al.2°’2! have examined other polymer systems, the incorporation

of additives into the monomers, and the relation of dose rate to total dose
required for complete polymerization in order to obtain possible reductions
in the cost of WPC as well as to achieve other advantages. They found that
in the systems studied the radiation dose required was a function of the

0.3 power of the radiation intensity. They also found that using some
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different monomer additives could reduce some costs; however, the physical
properties of such systems have not been evaluated.

Process Problems (3)

As a result of the evaluation program conducted by Lockheed, it becomes
apparent that widespread application and commercialization of the WPC process
depends heavily on the reduction of two factors which are integrally related---
cost and weight. Since one board foot of WPC costs, with marketing and profit,
between $1.50 and $2.50 and contains 2 1b or more of plastic, both weight and
cost ‘would be significantly'reduced if only the outef 6r top gurface of the
wood were impregnated with plastic. Development of two technologieé---veneer

and shell loading (fully impregnated wood surface)-~-offers a solution to

this problem.
WPC Veneer Technology  (4)

Both the weight and cost would be significantly decreased in a veneer or

paneling with only a top layer of WPC.

Although the cost would not be decreased in direct proportion to the
thickness of WPC veneer used, the cost should be much less than the $l.50
per bhoard foot. Rohrmannlsestimated the cost of WPC veneer using a more

expensive monomer, isobuﬁyl methacrylste, to be $0.12 per square foot

for a 1/24-in. thickness, exclusive of the cost of the veneer. Also,

the finishing costs for WPC veneer would very possibly be less than those for
conventional veneer. He also reports that quality furniture producers who
were contacted stated that if the color, hardness, and general improved dur-
ability of the WPC could be ensured throughout the veneer sheet, an additional
cost of $0.10 to $0.20 per square foot could be tolerated.

Boyle et al.®2 have recently demonstrated ability to produce veneers by
irradiation of a stack of impregnated veneer sheets separated by Saran Wrap.
The stack was clamped between sheets of glass during the irradiation. The
treated veneer was stiffer than untreated stock and somewhat more brittle
across the grain; however, surface depletion was slight and a good surface

luster could be obtained with light sanding.

The weight increase from a thin WPC surface layer of veneer, i. e.,
1 to 2 oz/ft2 would scarcely be noticed. Not only does the use of a
WPC surface veneer make the product less costly to fabricate as compared

to clear-through impregnation, but also the lighter weight maintains

shipping costs comparable with those of conventional products.
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Still another advantage of WPC surface veneer is that fewer conven-
tional woodworking techniques would need to be changed. The thin WPC surface

should
layerl\not dull tools as quickly as solid WPC during cutting, and meny of
the fastenings and bondings would be made on the untreated side, where

conventional practices could still be followed.

Shell Loading Technology (&)

In preparing irregular shapes of WPC materials, some of the same
advantages of WPC-surfaced veneers could be achieved if the impregnation
of wood shapes could be limited to a 1/8- to 1/k-in. surface layer. This
would, of course,.decrease the welght and cost of monomer as compared to
fully impregnated WPC items; yet the product would retain many of  the
advantages of fully impregnated WPC, e. g., surface hardness, abrasion
resistance, and depth of finish. The participants that submitted gun-
stocks for treatment were concerned about either the total weight or the
uniformity of the weight increase. Shell-type monomer loading should
find‘application in some solid furniture pieces, sporting goods (baseball
bats, bowling pins),and othef pre-shaped wood items.(scroll work, salad

bowls, or door knobs).

23 ‘
Kent et al. at West Virginia University have done some development
on shell loading. They find that some polymer should be in the core to
prevent the more heavily loaded outer layers from "shelling-off," which
has been observed in the use of thermosetting plaétics for the shell treat-
shell-loaded
ment of bowling pins. Polymer distribution in ahloblolly pine sapwood

specimen is shown in Fig. 1.
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Surface Depletion (L)

Although the WPC process is quite satisfactory for many items made
from solid lumber and finished to dimension after processing, there still
remainé a problem of surface depletion of mcnomer that is particularly
noticeable and destructive to veneer aﬂd preshaped solid pleces of WPC.
This layer is lighter in color and lower in density than fully impregnated
wood and usually extends 1/52 to 1/8 in. into wood surfaces parallel and
tangential to the grain direction, and from 1/8 to 1/2 in. into surfaces
perpendicular to the grain direction (end grain). This depleted layer
must be removed to reach the fully impregnated wood, and in some cases
with veneer, the top layer may be sanded through before fully impregnated
material 1s reached.

This surface depletion effecﬁﬁ—lais undoubtedly related to the
vélatility of the methyl methacrylate monomer (b.p. ~212°F). The heat of
polymerization contributes to this problem, and Vitro Engineeringl7made
rather extensive studies of temperature increase during polymerization,
probability of a runaway reaction, control of temperature, and heat trans-
fer analysis.. Unpackaged wood presents the best possible arrangement for
heat transfer; this arrangement.is unsatisfactory, however, because monomer
transport from the wood to theAirradiation cell can result iﬂ a depoéit of
polymer on all surfaces within the irradiation chamber. The Vitro con-
ceptual designs of both a pilot fgcility and production facility recdmmend
metal product containers cooled by a water spray as they pass the
source . To confirm their engineering conclusions, Vitro

had Lockheed-Georgia perform four large-scale experiments wiﬁh a product
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carrier typical of the size considered in the Vitro report so that the
expeririental data could be directly related to the Vitro facilitj design.
In all four of the tests the maximum temperatures reached were in excess
of 200°F (from 230°F to a high of 277°F). The conclusions about heat
release préblems and the resulting plant design were substantiated by
these experiments, and Vitro concluded that a zoned radiation source
using water cooling is the best possible choice for a plant design.

One problem related to cooling the product carriers with water while
-in the radiation zone is whether or not some of the monomer, volatilized
from the impregnated wood by the heat of polymerization, will condense on
the water-cooled surface, and{ being in the radiation zone, polymerize
on this surface. With repeated use any buildup of polymer

' product
would seriously alter the heat-transfer characteristics of the / carriers;
therefore, routine maintenance procedures will be required to remove polymer
buildup. This problem will probably exist with volatile monomers where
any type.of cooling may be used in the radiatibn zone,

Rohrmann}esuggests the use of a less volatile monomer, for example
isobutyl methacrylate (b.p. ~311°F as compared to ~212°F for methyl
methacrylate), for veneers and preshaped pieces. 1In a single small-scale
test at Battelle-Northwest,uSveneers were'processed in a simple manner
with radiation, using isobutyl methacrylate to prepare specimens of fully
impregnated l/2h-in.-thick veneer with essentially no surface or end-grain

depletion; however, Rohmmann emphasizes that this was a single small-scale

test, and the process cannot be claimed as suitable for veneers.

Kent et al.2° have shown that certain additives (plasticizers) can lower
the heat of polymerization in some monomer‘systems and in some systems may
significantly reduce the radiation requirements. However, they indicate
that the physical properties of a WPC with high plasticizer concentration

need to be evaluated.
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. Nonuniform Impregnation (h_)

Another process problem mentioned by many participants was inadequate
bimpregnation'of wood pieces---either the weight gain was too small or the
wood was not uniformly impregnated. Currently available research and
development results do not, for ell species of commercial interest, provide
adequate data for (1) impregnation characteristics of each wood species
with respect to uniformity of monomer distribution, (2) range of plastic
loadings characteristic of full-cell impregnation for each specles, (3)
processing cycles tailored to each wood species for thermoplastic monomers,
and (k&) estimateslof the percentage of adequately treated material normally

aechieved in processing randomly selected woods of each species. Undoubtedly,

commercial producers are acquiring these data as needed.

Recommendations and Conclusions from Evaluations . (3)

. The one single factor common tomt:ny ﬁfe reports.l“-laas the recognition
and interest, especially by furniture manufacturers, in the development
of WPC veneer. Many of the furniture workers feel that this is the econom-
ical way of applying WPC to their products. Once this technique is
developed, the use of WPC for edging strips, legs, etc. will probably be

accepted. _ .

more wideLx/ Although these reports indicate that much is still to be
done in developing WPC veneer techniques, the possibility exists that'the
art of producing these veneers is more advanced than reported. In any
case the true state of veneer development is difficult to assess because

some of this work is undoubtedly being done by commercial WPC producers

and the results are therefore unavailable.:

was
The use of WPC for flooring // considered in all three regional com-

. mercialization reports™ *© as well as in the Arthur D. Little, Inc.,

report.® WPC appears to have good physical properties for



184
flooring, and there are no apparent.tecﬁnical problems in manufacturing and in-
stallation. Cost appeared‘to be the main deterrent to its widespread use.
Obviously‘the problems of cost, surface depletion, ' nonuniforﬁ impregnation,and
weight have been soived for the production of parquet WPC flooring, since.four
companies are now commercially producing ﬁhis product. These companies with the
trade names of their ﬁroducts are: The American Novawood Corporation (Gammapar);
ARCO Cheﬁical Company---a, subsidiaiy:of Atlantic Richfield Company (PermaGrain);
Radiation Machinery Corporation (Gammite); and Radiation Technology, Inc. (Radwood).

Vitro concluded from their study that there are sufficient research data
available to proceed with the design and construction of a pilot-plant WPC facility.
The plant of their conceptual design can accommodate a five-fold increase---from
200 to 1000 lb/hr. They believe that a production plant of 3000 lb/hr capacity
or larger is also feasible, bu£ there was no indication of such a need at the time
of their investigation. How much, if any, of Vitro's engineering went into the
four commercial plants how in existence 1is not.generally known, but undoubtedly
the Vitro report was examined. One company, The American Novawood Corporation,
actually started commercial production ' with ©°Co before
the Vitro report? became available in June 1966.

Lockheed éoncluded that duplication of the evaluation program with different
partiéipants was not‘indicated at the time their report was published because the
technology of WPC had not advanqed sufficiehtly to ensure that such evaluations
would produce anything other than the same camments and data derived from the first
program. Almost half the companies expressed interest in participating in a
"follow-on" evaluation, and worthwhile data couldvprobably be derived from such
a program with a limited number of companiesvfrom the present program. Lockheed
recommended thaﬁ such a program be conducted, oriented toward the reduction of
surface effects, production of‘WPC veneers, and improvement of impregnation

technology.
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Pinal Contracts (3)

Thé USAEC Division of Isotopes Development concluded its sponsorship of WPC
development with two contracts awarded to Research Triangle Institute and West
Virginia University, respectively, to conduct a study that would more precisely
evaluate the improvement in the physical and mechanical properties of wood-plastic
combinations as compared with untreated wood. Research Triangle Institute sub-
contracted part of this cooperative effort to North Carolina State University.

For this physical-mechanical property evaluation North Carolina State
University both collected and tested the specimens, West Virginia University

22

did the impregnation and irradiation, and Research Triangle Institute performed

the data analysis.®%

The basic objective of this research was to assess the nature and magnitude
of the changes 1in a selected group of physical and mechanical properties measured
on certaln wood-plastic combinations as a funétion of the polymer loading, i.e.,
the amount of polymer in the wood relative to the maximum possible amount.

The scope of this study was intended to be as comprehensive as possible by
including as many monomer systems and tests of the physical and mechanical proper-
ties of wood as seemed feasible.

The four monomer systems selected were methyl methacrylate (100%), methyl
methacrylate (88%) - Phosgard*(lE%), styrene (60%) - acrylonitrile (40%), and
ethyl acrylate (80%) - acrylonitrile (20%).

Four nominal loadings of each of the four monomer systems were used in treat-
ing the specimens. Based on the theoretical void volume available , the desired
monomer loadings were 0%, 33%, 66%, and 100% of maximum loading. In addition,

were included.
unimpregnated, unirradiated controls, A 80Co source was used to effect polymeri-

and
zation. The tests (including many standard testsAselected to give as much informa-
tion as possible about the changes in the properties of wood with the addition of

the plastics) were static bending, vibration (dynamic modulus of elasticity),

compression perpendicular to the grain, tension perpendicular to the grain,

*Flame retardant organophosphorus compound.
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and
toughness, hardness, abrasion,/ dimensional change in water vapor (anti-swell

efficiency and rate of change).

In theAselection of species for this study, consideration was given to woods
that were well known and commonly used, represented both the hardwood and softwood
groups, possessed different density ranges, varied in penetrability, and possessed
the pbssibility of being upgraded or improved by the addition of a plastic. The

species selected were loblolly pine (Pinus taeda), eastern white pine (Pinus

strobus), yellow poplar (Liriodendron tulipifera), and northern red oak (Quercus
rubra).

Compared with earlier work, this series of tests was much more comprehensive.
More species of trees, more monomer formulations, and a broader spectrum of physical-
mechanical tests were investigated to provide a basis for the comparative evalua-
tion of the influence of wood species, monomer formulation, and polymer loading
on mechanical and physical properties of wood-plastic combinations. It is recog-
nized and emphasized, however, that the series of tests and comparisons was not
all inclusive---others could have been proposed that would be guite valuable
for particular applications.

A statistical analysis of the results of these tests established trends of
the modification of mechanical properties as a function of loading.

Properties tested were of interest in a wide variety of applications. The
static bending tests indicate the stiffness and breaking strength in bending of
the various wood-plastic combinations at different levels of loading. This infor-
mation is of particular value in structural and furniture design. Increase in
toughness is of value where impact strength is important, e.g., sporting goods,
tool handles, etc. Abrasion resistance and hardness are of particular value in
flooring, furniture, and paneling. Compression perpendicular to the grain is
important in structural design and general utility and tension perpendicular to
the grain is related to the ease of splitting of the material. The results from

the rate /dimensional change in water vapor tests should be of interest to most

users of wood, especially those in flooring and furniture manufacture. The
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relatively poor dimensional stability of wood (with respect to moisture) is one
of its most limiting characteristics. The vibration test is not presently in
wide use, but it reveals information that may be useful in nondestructive testing
of wood-plastic combinations. The particular combination of properties obtained
in wood-plastic combinations may also suggest’applications for the material for
ﬁhich wood 1s not now used. |

The greatest improvement in properties of wood polymer as compafed to untreated
wood was achieved for the following: side hardness (up to 11-fold increase),
abrasion resistance (up to 7-fold increase), and compression perpendicular to
grain (up to 6-fold increase).

Perhaps the most interesting results were the high anti-swell efficiencies
of the wood-styrene and acrylonitrile combinations. The efficiencies were up to
60-70%---100% would indicate no swelling of the wood polymer.

It is apparent from the results of this study that wood-plastic composites
possess a unique set of properties in comparison to other improved wood products.
Perhaps the most salient feature of the composites is that strength increases,
together with excellent dimensional stability, can be achieved without reduction
of toughness. or abrasion resistance which is found in most other forms of improved
wood. In fact, in certain specific composites, toughness and abrasion resistance
can be enhanced.

A disadvantage of the wood-polymer composite systems, of the type studied
in this investigation,®2’2%4 is the high added polymer content which is required
to attain the maximum property value. -In this regard, except for surface hardness
and related properties, the enhanéement of mechanical strength and stiffness is

not especially efficient in terms of the amount of added polymer required.
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This disadvantage again emphasizes that commercial exploitation of WPC will

have its greatest potential with the development of technology for production of
veneers, surface-treated (shell-loaded) materials, or where only thin sections of
WPC are required---for example, /lglooring where the total thickness of the parquet
tile is about one-fourth inch. Fully loaded, massive shapes will probably be'
economically feasible only in special applications. Nevertheless, the fact that
four companies ére now commercially producing WPC attests to the merits of

the product. Again 1t is stressed that the technology developed by the commercial

manufacturers, which 1s of a proprietary nature, probably far exceeds that developed

under AEC sponsorship.
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Table 3 COMPANIES SELECTED FOR PARTICIPATION

No.

B PAIRTO T TS EPT IT  LKANAL

Company

~No.

Compuny

No. Compony

! Adirondack Bots, Inc.
Dolgeville, N. Y.

2 Americun Products, Inc,
Central Folls, R. 1.

3 American Scating Co.
‘Grand Rapids, Mich,

4 . Andersen Corporation®
Bayport, Minn,

5 Andcrson—Tull?' Company
Memphis, Tenn,
Atchewn, Topcka And

6 Sante fe Railroad
Chicogo, Il

7 Bossons Picture Framing Co.,
Pecth Amboy, N. J. '

g Baumritier Corparation
New York, N. Y.

Boise Cascede Product

9 Development
Boise, ldaho

10 Bowmon-Dunan Mfg. Co.

Charlatte, N. C.

1n.
12
13

14
15

16
17

18
19
20
21
22

23

Otis L. Broyhili Furniture
Company
Marion, N, C.

Brunswick Corporation
Muskegon, Mick.

C. G. Conn, Ltd,
Elihart, Ind.

F. C. Cook & Co., Inc.

Buckhannon, W. Va.

Charles Cox Corp.
Merphis, Tenn,

Customwoad Mfg. Co.
Albuquerque, N, M.

Detroit Drop Hammer
Bocird Company
Detroit, Mich.

Eisen Brothers, Inz.

Hoboken, N. J.

EKCO Houscwares Co 1

Franklin Park, 111,

Excel Corpuration T
Elkhart, Ind.

Fluor Products Co., Inc.
Santa Rota, Colif.

Foldaor & Surfaces, Inc.®

Cleveland, Ohio

Forest Lumber Compuny'r
Pitiskurgh, Pene.

24

25

26

27

28

29

30

31

32

33

34

- e A, VL LY TS e ey 2,

Founders Furniture Cz.
Pleasant Garden, N. C.

Gomble Brothers, Inc,
Louisville, Ky.

Georgia-Pezific Corp.
Savannoh, Ga.

Gibson, Inc.
Kalamazes, Mich,

Goshen Mig. Co.T
Goshen, Ind.

E. H. Jocobs Mfg. Co.
Charlotte, N. C.

Jamestown Yencer &
Plywood Corp.
Jomestown, N. Y.

George O, Jenkins Co.
Bridgewater, Moss,

Keller‘Products, Inc.-
Manchester, N, H,

Kewaounee Technical
Furniture Company

Statesville, N. C.

W. W. Kimball Co.
Jasper, Ind,

Kirwick Industrics

Wickliife, Ohio

%k



190

Table 3 (Cont.)

i

No. Compai No. npas
ompaay 2 Company No. Company
36 Knoll Products Division &) Rotbins Flanring Conipany 66 Truz Temper Corporation
Eost Greaaville, Penn, White Loke, Wisconsin Clevelend, Ohio
37 Leisters Furniture, Inc ¥ 52 Ro:scrccn Cowmpziy 67 Union Fork & }:loe Co.
HonoVerl PQ_ Pe I-;)‘ lov.'q Columbus, OhIO
Wilheln G. Lloeffler & % Rybovich & Sons Boa: !Jnited Shee Machinery
38 Associates >3 Works, Inc. ¢ Corporation
Albuay, Ore West Palm Beach, Fla, Beverly, Mass.
Y, .
be wfac ori g ’
39 Lycoming Industries 54 é?:jd:“.lg '|‘/|‘| whosturing Co. 69 go : I?rmj A !
Williamsgort, Penn reagos T bl
gort, . Rock Islond, 11,
The M ‘ .
40 Ft. w(f'g::VC;:dCOmpony 55 Savage Arms/Emhart Corp. United States Piywood
yné : Waestficld, Mass. 70 Corporation
- '
41 Marion Handla Mills New Yore, N. Y.
loudo:
udon, Tenn. 56 Schaler Bros., Inc. 71 Vinyards Shop
Carlton McLendon . Los Angeles, Calif. West Milan, N. H.
42 Furniture Compc
pany Schlage Lock C
Mont . chlage Lock Company . g o
ntgomery, Ala. 57 Son Francisco, Calif. 72 ::;«:’r;i;h V:: :1ucr.e
~ 3, CSE .,
Herman Miller .
43 Zeelo:d IMiecl: Inc, 58 T. Shriver & Company, Inc.}
‘ . Harrison, N. J. 73 Western Woad Mfg. Co.
Noshua V! b Portland, Ore.
44 Nosh:J»: 'I'ri?dedUCts’ Inc 59 Southern Wooden Box
« N.H. Jenesboro, Ark. 74 Weyerhesuser Company
New England Bobbin & - Seatile, Wesh.
45 Shuttle Company ' . wil ! Prod
Nashua, N. H &0 Store Kraft, Inc. 75 ilner Wood Products Co.,
£ ‘Beatrice, Neb. Norwoy, Me.
46 Northern Engraving Cot et .
Sparta, \isconsin 61 :i»p.,.gr.l(ﬁohmet Works 76 Woodland Studios
P' ew } eo-"ls, LG- Perfyvi“el 'AO.
unkett-Webster Lurb
47 Company, Inc. reer 62 Temple Industiiss
-New Rochelle, N. Y Diboll, Texos 7 {voo.d'.’l'}:]SQilC Corporation
Y. ouisville, Ky.
Polan Induste: 63 Timber Sicuctures, Inc,
48 Hunﬁngtolrj\s r{;;s, \;nc. Portland, Ore. W. R. Wrape Stave Co.,
« W. Va, 78 Incorporated
4 Potlatch Forests, Inc, Y Toccon Casket Company . Little Rock. Ark.
Lewiston, Idcho ~ loccoa, Ga. ¥ Did not submitl material
for processing
" ' * *Technical problems
] ked Devil Tools 45 ]"'”‘?wf lb“‘_': R delayed evaluation
50 Union. N. J. Travelers Rest, S, C. ‘+ Elected not to
e S """':":--“ e Tt T DL DO LLL W, TCERY SRy, 14 = S F_ I3 0 pa,rtiCipalc









Iv. 1ISOTOPIC HEAT AND POWER DEVELOPMENT

DTIE: This will be updated - 193
before publishing.

ORNL ISOTOPE KILOWATT PROGRAM (2)

A. P. Fraas*

Supplementary Keywords: energy source; conversion, thermoelectric.
1

In April 1967 a conference~ in Washington, D. C., on energy sources
included discuséions on radioisotopic power sources. The energy output
of sources then available was less than 0.1 kW, although:higher power
sources were even then under development.

In 1968 Oak Ridge National Laboratory started work on a program** to
evaluate various types of radioisotopic energy conversion systems for the
production of 1 to 10 kW of electric power for terrestrial and undersea
applications. The first phase of_the program---a parametric and engiheer-
ing analysisvgomparing'the principal isotopic fuéls and the principal types
of energy conversion systems plus preparation of conceptuai designs for the
more attractive systems---was completed® in the summer of 1969.

In October 1969 ORNL was asked to proceed with a detailed engineering_
study of the three most promising systems developed in Phase I, i.e., a
S-RWé organic Rankine-cycle system, a 3-kW, steam Rankine;cycle system,
and a 2-kWé thermoelectric system. A program for a 3-year effort for
calendar years 1970 - 1972 was planned, followingvreexamination of the
conceptual designs presenfed in the Phase I report and consideration of
possible improvements. The objective.is to evolve by December 1972 a set
of designs for two prototype power plants with a clear delineation of the

development required in each case, including the cost and time for the

*Program Director, Reactor Division, Oak Ridge National Laboratory.
**For the U.S. Atomic Energy Commission Division of Reactor Development

and Technology and the Naval Facilities Engineering Command.
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various program steps. Becéuse of limited funds and the desirability of
narrowing the field to a single Rankine cycle system, particular attention
was given to the relative merits of the organic and steam Rankine-cycle

systems.

Organic Rankine-cycle System (3)

The Rankine-cycle system under study (Fig. l), except for thé regene-
rator, is a conventional system with the turbine, generator, and boiler
feed pump on é éingle shaft. The regenerator increases the system effi-
ciency by'recovering-the enthalpy difference between the superheated and
saturated vapors.

Review of availéble information on organic working fluids indicated
that Dowtherm A was the only‘organic fluid that had been studied suffi-
ciently at various éperating temperatures in the U.S.A. to be used without
extensive testing. Most of the work on Dowtherm A Rankine-cycle systems
has been directed toward the spacebpower plant, where the fluid must with-
stand temperatures of at least 650°F and preferably T700°F. Howevér, naval
power unitsvencounter lower temperatures, and the design sﬁudy wa.s direéted
toward the‘use of bowtherm A at about 600°F. At this temperature,thermal
degraaation should not be serious even for periods of és'long as 5 years.

To decrease the overall size of the power unit, a new system configu-
ration was evolved.® It appears that both the cost of fabricating the
isotope capsules and the size and weight of the heat block--shield assembly
can be decreased by increasing the diameter of the fuel capsules and the
length with a corresponding decrease in the number of fuel capsules from
19 to 7, compared to those in the Phase I design. Low-carbon iron was

selected as the shield material, and a heat block--shield assembly was
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Fig. 1. Organic Rankine cycle system: (a) flow diagram and (b) preliminary
design.
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evolvedl(Fig.‘2) that will satisfy not only the requirements of the organic
Rankine-cycle system,»but also those of the steam Rankine-cycle and thermo-
electric systems. |

An initial investigation of the thermal insulation--thermal fuse
problem led to the hope that s ceramic foam type of thermal insulation
could be chosen to give good thermal insulation at normal operating temp-
eratures and yet melt out if the temperature should be increased to 200°F
above the design temperature. Tests of this material showed that this
approach was not satisfactory, and a different concept---the use of a
large number of layers of aluminum wire screen---was iﬁvestigated.
Preliminary results indicate that this screen should satisfy both the

thermal insulation and thermal fuse requirements.

Steam Rankine-cycle System (3)

The principal problems,other than the tgrbine generator associated
with the steam Rankine-cycle system presented in the Phase I study} appear
to be those of system control and the detailed performance characteristics
of the reentry tube boiler. Preliminary studies indicate that there is a
good possibility that an exceptionally simple but unorthodox control sys-
tem can be used with a very high degree of reliability. One such system
(Fig.IB) contains a thermostatically coﬁtroiled valve in the line between
the feed-water puﬁp and the once-through boiler. Connections woﬁld be
such that as the radioiSotope decays and the heat generation rate decreases,

the valve would gradually close, decreasing the feed-water flow rate.

Thermoelectric System (3)

All the thermoelectric power unit configurations presented in the

Phase I study have serious shortcomings-~-they are either too large and
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Fig. 2. Heat block-shield: (a) diagram and (b) preliminary design.
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Flow diagram of a small steam power plant with a radioisotopes heat

source, a once-through boiler, and a very simple control.
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DUAL-RADIOISOTOPIC METHOD FOR DIAGNOSIS OF PULMONARY EMBOLISM*

supplementary Keywords: lung; medicine; ventilation; scanning; differentiation;

flow measurement; xenon-133; iodine-131l; indium-113m

A simple and sensitive method to aid in the diagnosis of pulmonary embolism

by distinguishing it from other causes of perfusion abnormality
consists in determining both pulmonéry arterial blood flow with 31T or 13301y
and ventilation rate with 133Xe. That the dual procedure is more accurate than
determination of blood flow alone was indicated by results of tests on 20 subjects.
Ten of these subjects had documented pulmonary embolism in which the embolic
lung was under-perfused and well ventilated, while in 5 patients with other
pulmonary diseases, abnormalities of ventilation equaled or exceeded those
of perfusion. Five were controls. The method is simple to perform and
gives a low radiation exposure to the patient so that it may be repeated to
follow the course of disease or the efficacy of treatment. The total time for
perfusion scanning is 45 min and ventilation scanning 30 min or less.

_ The pulmonary arterial blood flow is determined from a perfusion scan.

purpose,

For this , 300 pCi of 1317_labeled human serum albumin macroaggregates or 3 mCi
of 113MIn-labeled iron hydroxide particles of 25 to 50 i dia is injected intra-
venously. These particles are temporarily trapped in the alveolar capillaries
and precapillary arterioles, and_perfﬁsion images ére made, requiring 3 to 8 min
(10® to 3 x 105 counts). The regional ventilation is estimated with 133Xe. The
patient breathes out to residual volume and then breathes in to total lung
capacity from a spirometer containing 50 mCi (5 mCi/liter) of '%Xe gas in air.
Since most patients inspire 2 to 5 liters of the radioactive mixture, 10 to 25

mCi of 13%Xe is transferred temporarily to the lungs. The patient holds his

breath for 5 to 15 sec, and images are obtained with 10° counts.

*Abstract of paper by G. L. DeNardo, D. A. Goodwin, R. Ravasini, and P. A. Dietrich,
The Ventilatory Lung Scan in the Diagnosis of Pulmonary Embolism, New England

J. Medicine (in press).
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The patients, either sitting up or lying down, were scanned with an Anger
scintillation camera, using a diverging multichanneled collimator. A posterior
and both lateral views of the chest were obtained and, in some instances, an
anterior view.

In all ten patients with embolism the perfusion pattern was less normal and
uniform than the ventilation pattern (Fig. 1). 1In the five patients with other
pulmonary diseases---primarily chronic obstructive pulmonary disease---the
abnormality in the ventilation pattern was equal to or greater than that of the
perfusion pattérn. The ventilation lung scan thus indicates whether the
regional perfusion defects are associated with abnormal ventilation, while in
embolism without infarction the embolic lung area appears under-perfused but
well aerated. This is reflected on lung scans by relatively normal ventilation
associated with significant perfusion abnormalities. In other pulmonary diseases
the ischemic regions are also poorly ventilated. Although other conditions that
might produce the pattern of normal ventilation with abnormal perfusion have not
been precisely defined, theoretical considerations and limited empirical

observations suggest that this pattern may be specific for pulmonary embolism.

(MG)

ISCHEMIA HEART HEART HEART

Fig. 1. Sketches of anterior views of three patients showing (a,b) perfusion
and (c) ventilation scans.
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RADIOISOTOPES AND RICE (2)
textbook; material tracing; comparison; tracer;
Supplementary Keywords: ,mutation; grain; agriculture; X-ray machine; accelerator;
conference; worldwide; cobalt-60; nitrogen-15; phosphorus-32.
With rice the staple diet of about half of mankind, the importance

of any measures taken to increase crop yields and decrease production
costs cannot be overestimated. Two recent publications of the TAEA
(Vienna, Austria) describe projects in this field:

Rice Fertilization, A 6-year isotope study on nitrogen and phos-
phorus fertilizer utilization, Tech. rpt. No. 108 (177 pp. $5.00).

Rice Breeding with TInduced Mutations. II, report of meeting in
Oiso, Japan, 12-14 August 1968, Tech. rpt. No. 102 (124pp., $4.00).

Both projects were carried out under the sponsorship of the Joint
FAO/IAEA Division of Atomic Energy in Food and Agriculture and of the

Agriculture section of the IAFA Laboratory at Seibersdorf, the partici-
pants being mainly scientists from the major rice-producing countries
of the world. There were about 20 and 35 participants in the fert-
ilizer and mutations conferences, respectively.
A unique feature of the fertilization project was the annual
meeting of the participants to compare and discuss the results obtained
- from the most.recent field, greenhouse, and 1aboratory experiments and
to plan the program for the next growing season. The study consisted in field
application,fg;rtilizers labeled with 32P and 1°N in various
chemical forms, in different locations with respect to the plant-
rooting zone, and at various times during the growing season and then
determining the amounts of these isotopes in the crops. This gave a
direct measurement of the fertilizer uptake under field conditions.
Crop yields were also determined.
The results of the fertiéﬁzation,sfudy will gllow more efficient

utilization of fertilizer andAimprovement in agricultural practices.

For example, phosphate was more efficiently used when placed on the
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surface than when put-either shallowly or deep into the ground.
Superphosphate applied in nurseries had no effect on phosphorus utili-
zation after transplanting, and late application and splitting of
application slightly decreased phosphorus utilization. Nitrogen

from ammonium sulfate, urea, or monoammonium phosphate--ammonium
sulfate was utilizéd better when placed 5 to 15 cm below the surface

at transplanting time than when placed on the sﬁrface, while sodium
nitrate, ammonium nitrate, and nitric phosphate were inefficient sources
of nitrogen. Iate application was better than early, and the soil

pH did not affect the nitrogen utilization;

‘ The 1968 meeting on rice breeding was the fourth* meeting of
participants on a program initiated in 196k to in?rease quality and
quantity of rice cfops. Mutations induced by both radiation---%9¢o gamma
rays, fast- and thermal-neutron beams, and x rays---and chemicals
were discussed. Detailed tables of data on mutant characteristics
are presented in the proceedings.

(Ma)

*
See I&RT 6: 519(1969) for review of reports on earlier work.
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FROSTBITE EVALUATION WITH ‘3!I-RISA  (2)

A radioisotopic technique for evaluating frostbite has been reported* from
Abany (N. Y.) Medical College. The procedure, as tested on New Zealand white
rabbits, consists in injecting 10 uCi of 1317 _1abeled human RISA (radioiodinated
serum albumen) into an ear vein and counting, at S5-min intervals, the activity in
the animal's front paw, which had been frozen. The uninjured front paw as well

paws of
asAentirely normal animals, were used as controls. The method was tested both
immediately after exposure of the paw to cold and 24 hr later, since human
frostbite cases are usually seen by a doctor after the damaged tissue has thawed.

Preliminary data showed a statistically significant difference in the
radioactivity counting pattern in the damaged and undamaged paws (Fig. 1).

Indications are that this method of detecting tissue damage---and thus of predict-

ing tissue loss~--could be useful in evaluating methods of treating frostbite.

*¥D. B. Kettelkamp, C. J. Bertuch, and P. Ramsey, Radioisotope (13T RISA)

Evaluation of Damage in Frostbite. An Experimental Study, J. Bone and Joint

Surgery 51-A(l4): T17-27 (1969).

--Supplementary Keywords: medicine; diagnosis; skin; tracer.
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Molecular Radiation Biology by Hermann Dertinger and Horst Jung, Heidelberg

Science Library Vol. 12, translated from the German by R. P. 0. Hilber and P. A.

Gresham, Springer-Verlag, New York, 1970 (237 pp., 365 references).

Supplementary Keywords: textbook; review, technical;

theory, applied; microblology; industry; industry, food; industry,

pharmaceutical; tracer; hydrogen-3; carbon-14; phosphorus-32; sulfur-35.

Many uses of ionizing radiation depend ultimately on the effect of radiation
on materials at the molecular level. -Dertinger and Jung review not only the
theoretical bases of radiation effects but also some specific effects, e.g.,
the actions of radiation on enzymes and bacteria, which are of interest to the
food and pharmaceutical processors, and the action of radiation on viruses,
which is of interest to antitoxin manufacturers. Several types of applied
radiation are considered---gamma, x, electron, proton, C®* (and ultraviolet).
Likewise some discussion is included of the action of energy from radioisotope
tracers---e.g., °H, '%C,32P, and 3°S---along with the effects of O, and heat.
As a basic review of the subject this book should be useful to radioisotope
users in general. |

(Mg)
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Radiation Sensitivity of Toxins and Animal Poisons, Proc. Panel Bangkok, 19-22 May
1969 (STI1/PUB/2k3), IAEA Vienna 1970 (118 pp., $4.00)

Supplementary Keywords: industry; industry, pharmaceutical; preparation, labeled

material; industry, food; conference.

Many snake venoms, because of their protein nature, are relatively sensitive
to radiation and can often be detoxified by an irradiation technique. Of interest
to persons in many fields is the general review (111 references) presented here of

the effect of radiation on biological properties, since other toxins of bacterial

by the Panel =-...

and plant origin are similarly affected. Specific subjects discussedAincluded

radiation sensitivities of individual systems such as Clostridium botulinum toxins

and cobratoxin. Not only theoretical aspects of detoxication but also possible

practical applications were considered, e.g., detoxication of cobra venom.

4;* The results of investigations presented at the meeting indicate the feasibility

of using ionizing'radiation for detoxication of toxins and venoms of bacterial,
usefulness

fungal, and animal origin, and its possible / in the preparation of antivenoms.

The elimination of bacterial toxins from foodstuffs by irradiation does not
seem to be promising since the toxins in food are highly protected by other com-
ponents present.

One paper discussed labeling of snake venom with various radioisotopes. In
principle, all methods available for labeling proteins in vitro and in vivo could
be applicable for labeling toxins and venoms. More attention should be paid to
working out suitablebmethods for labeling toxins and venoms, and to their use in
biochemical, physiological, pharmacological and immunological studies of toxin

action as well as of antigen-antibody interaction.

(Ma)

cap P
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Medical Radionuclides: Radiation Dose and Effects (AEC Symposium Series 20).

.’)

Proc. Symp. Oak Ridge Assoc. Univ. Dec. 8-11, 1969, editors: R. J. Cloutier,
C. Lowell Edwards, W. S. Snyder, and E. B. Anderson. $3.00. (CONF-691212)

(CFSTI) 528 pp, June 1970.

Ever since the introduction of radionuclides for diagnostic purposes, the
trend has been to decrease radiation dosage to patient (and hazard to medical

staff personnel) with increase in specificity and sensitivity of the test

procedure.

At a Dec. 1969 conference the history of dosimetry procedures was presented,
and principles involved in modern dosimetry practices were discussed. Consider-
ation was given to patient doses resulting from certain specific diasgnostic

1311 1abeled human serum albumin, 33%e

procedures, e.g., cisternography using
techniques, and SH-labeled thymidine procedures. The effectsof radioisotopic
techniques on various organs and tissues---blood, kidneys, gastrointestinal tract,
and bone and marrow---were presented, and design of new radiopharmaceuticals
and the future of radioisotopic diagnostic procedures were discussed. Radio-
therapy

isotopicﬁFonsiderations were limited to effects of radicactive iodine therapy
and polycythemia vera treatment with radioisotopes.

Approximately 150 persons, mostly from the U.S.A., participated.

The printed proceedings of the conference became available within 6 months,
and the editing, makeup, and printing are excellent.

(Ma)

Supplementary Keywords: conference; medicine; diagnosis; dosimetry; tracer.
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Neutrons From ZH and SH May Fight Cancer*
Supplementary Keywords: source, neutron; accelerator; medicine; therapy.

The fusion of “H and °H may be the source of neutron beams for
cancer therapy. A low-cost compact machine to deliver a lh-megavolt
neutron beam is being developed at the University of Wisconsin. The
beam will attack anoxic cells that are resistant to X~ and gamma rays.
The NIH-funded prbject is directed by Dr. Max L: M. Boone, head of
the Radiotherapy Department of the Uhiversity'; hospitals, and Dr.
Charles A. Kelsey, Associate Professor of Radiology. Dr. Boone has
achieved good results with neutron therapy at Hammersmith in London,
but the cyclotron neutron source he used was expensive and unwieldy.

(HPR)

*
From Chemical and Engineering News, June 8, 1970, p. 61.
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*
SHIPPING CASK EVALUATION (2)
R. D. Seagren

Abstract. Radioisotope shipping cask regulations are reviewed, and sources of
information needed by the shipper are reviewed.

Supplementary Keywords: industry, transportation; bibliography;
industry, nuclear energy; - safety, container;
phosphorus-33, krypton-85; strontium-yv; molybdenum-99; curium-2L4k.

(Introduction)
In January 1969 the United States Department of Transportation's (DOT) new

packaging requirements for radioactive material went into eifect. These
regulationslare in substantial conformity with those of the International Atomic
Energy Agency (IAEA).2 Radioactive material is now classified into seven
groups, depending on the radiotoxicity of the isctope concerned. Smaller
amounts of more toxic material and larger amounts of less toxic material
may be shipped in the same type of package. Shipping packages are now
divided into two types: Type A a2nd Type B. Type A packages are limited
to small amounts of radioactive materisl, which if released in the event
of & package being destroyed would not have catestrophic conseguences.
Type B packages are for shipments of somewhat larger amcunts cf radio-
active materizl and are designed to contain the radicactive material
when subjected to a series of consecutive hypothetical shipping accidents.
Figure 1 shows a typical Type A package, which is considered
adequate containment for, e.g., 1 mCi of most alpha emitters-—--
| s 50 mCi of 3%sr, 3 ¢i of 33p, or
20 Ci of 99MoAprovided radiation requirements are met. This package
is designed to meet what is termed "normal” conditions of transport.
These include exposure to the eguivalent of a 30-min cloud-burst, fol-
lowed by the equivalent of a fall off the tailgate of a truck, a 1-ft
drop onto each corner of the package, impact. of a 13-1b steel rod
from the height of 40 in., and a compression load 5 times the weight
of the package for a period of 24 hr.
Figure 2 shows typical examples of Type B packages, suitable for,
e.g., 20 Ci of most alpha emitters, 20 Ci of
90gr, 200 Ci of 33P, 200 Ci of 9%Mo, or 50,000 Ci of 85Kr. These packages
are designed to meet normal conditions of transpcrt and also to with-
stand a series of consecutive hypotheticsl accidents. The series of

accidents ere a 30~ft drop cnto an unyielding surface, a 40-in. drop

*Presented at Radioisotope Production Technology Development Meeting at Oak Ridge,
Tenn., June 2-3, 1970, sponsored by the USAEC's Division of Isotopes Development
and: the Atomic Industrial Forum. A second article in this area will be presented
in a future issue of Isotopes and Radiation Technology.

**Tsotopes Division, Oak Ridge National Laboratory.
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Fig. ). Disposable Container for Scolid Materials.
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onto a 6-in.-dia steel pin, exposure to a 30-min oil fire, and immersion
in 50 ft of water. _

Quantities of radicactive material larger than these specified for
Type B packages must be shipped in packages especially approved by the
AEC and the Department of Transportation. Packages formerly shipped under

the authority of a Bureau of Explosives permit can no longer be used.
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Tungsten-Shietded Cask

Uranium - Shieided Cask
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SHIPPING CONTAINERS

ORNL 1SOTOPES DEVELOPMENT CENTER
New shioping contairers hove been deveicped to meet
the new safety standards cf the U.S. Department of
Transportotion for the packaging of lorge quantities
of radioactive moteriots. This is port af a continuing
program 1o insure religuility of shipping cantainers
and to estoblish des.gn standards far impraved
pockaging of radiooctive materials,

N
’ - M i H ‘9’
. » AR gl T
Radioactive gas cylinder with Lead-shielded cask with fire
formed-plastic fire and and impact shield
impact shield Fig. 2. Typical Type B Packages.

Regulatory Requirements (3)

Radiation regulations evolved

during this century as knowledgeable perscns became aware of the hazards
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cf radiation. Initislly, théy dealt with X rays and radium, but with the

advent of the nuclear energy program, just prié? to World War II, a whole 'B*IE: Do
' not change

new regulatory effort dealing with radiation safety came on the scere. To "before

Operating experience during the Manhattan Project made it
apparent that regulatory direction of radiation safety was iglgge public
interest, not only for the health and welfare of mankind, but,for allaying
fears and overcoming reluctance to accept this littlé-understood form of
energy.
The AEC and the ?ublic Health Service were initially instrumental in
establishing standards for radiation safety. In recent years possibly
every executive branch of the Federel government and presidential commission,
as well as officials of 50 states and many cities and counties, have had something
to add to radlatlon safety regulations. 4)
'Trade organlzatlons have developedﬂgé;;ffs, or agreements, which ,though not
regulatory, deal with radiation and radicactive.material.
t is apparent that regulatory personnel at all levels of government
are sensitive to the many warnings regarding the real and sometimes imagined
hazards of radiation, and it is often easy to conclude that some regula-
tions are born of fear, by well meaning but not necessarily knowledgeable
people. ,' This fear of the unknown has been
instrumental in the development of the most highly regulated industry

in our history.

~ The basic regulation on packaging, 49 CFR,
includesthe Hazardous Materials Regulations of the DOT.

=~ A second set of rules is found in Title 10,

which 1s the regulations set forth by the AEC, Part Tl of which is

entitled "Feckaging of Radioactive Material for Transport." Another set,
Title 46, . is the
Coast Guard Regulations,  Part 146 of which  is entitled "Transportation
or Storage of Explosives or Other Langerous Articles or Substances and
Combustible Liguids con Board Vessels." |

_ For Type A packeging regulatory requiremerts are minimal. Essentially,
the shipper certifies that his package is stro;Ztitight and meets the

requirements of normal conditions of transport.
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Type B packaging is a different case. The user must furnish to the
DOT ' ~ proof that the package will withstand the
series of four consecutive hypothetical accidents (drop, puncture, fire,
and immersion). This proof may be either engineering evaluations,
comparative data, or actual test results. If the Hazardous Materials
Regulations Board of the DOT decides that the
peckage complies with regulations and is indeed safe, it will issue a
special permit, stating conditions of use and modes of trensport to be
used. In some cases, the DOT - _ will ask the
Division of Meterials Licensing at AEC Headquarters to review the
evaluation.

Packages to contain quantities of radiocactive material larger than
Typre B quantities are handled in a still different manner. AEC regulations
require that a licensee submit an evsluetion of such a package to the
Division of Materigl‘Licensing for approval. This evaluation must demon-
strate compliancewifhall applicable requirements of 10 CFR Tl1. It is
generally a formal engineering analysis. Let me point out that an analysis
should cover the ietter as well as the spirit of the
regulation. A straighé:zprward, honestly presented, fully documented
evaluation of a package that is sincerely believed tq be adequate will do
much to elimi&:i;i;$F game of "20 Questions" that s?me regulatory groups are some-
times thought /After the AEC has issued a license amendment or other form
of approval, a petition for a special permit must be submitted to the
Office of Hazardous Materials of the DOT - in
the format of 49 CFR 170. This section of the regulations requires
Justification for a special permit, why the public interest would be
served, and the basis upon which the petition would provide an adequate
and reasonable degree of safety. The Office makes
a technical review of the petition and then forwards it to the adminis-
trators of the modes of transport involved. The Highway, Railroed, or
Aviation Administrations as well as the Coast Gﬁard reviews the petition and
either approves or disapproves it. If approved, a special permit 1is

issued.

B T Py S
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Developments (3)

The Division of Isotopes Development supports a continuing program of
package design, development, and evaluation as part of the Source Safety
Testing Program. The objective of this program is to evaluate radioactive
material packaging to determine whether they meet performance standards
developed by the AEC, DOT,
and the TIAEA. Since the Isotopes Civisicn of

Oak Ridge National Laboratory is responsible for all the Laboratory's
shipments of radiocactive material, it handles and evaluates all types of
packaging and has been instrumental in the development of several new con-
cepté of package design. Figure 3 shows a laminated fir plywood and maple
fire and impact shield for transporting lead-shielded casks. Figure i
shows a tungsten-shielded cask for ORNL- oW 65- 10456
raterial requiring up to 4 in. of
lead shielding. The
shield is an isostaticelly pressed
and sintered tungsten alloy. A
third design is a double lead-

shielded cask. The purpose cf this
GASKETS

'

GRNL-OWG 68-7481

2.5-in. STEEL STRAP

3-in, STEEL
/1 ANGLE
/

4|
/

Fig. 3. Laminated Fir Plywood and Fig. L. Tungsten-Shielded Cask
Maple Fire and Impact Shield. (380 1bj.
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design is to improve fire and impact resistance. A fourth design
utilizes a laminated uranium construction as the radiation shield and

also offers improved fire and impact resistance. Figure §
shows a new design concept being developed -for shielding fast
neutrons emitted from some of the transuranium elements. The

shielding consists of the ‘lithium hydrokide monohydrate form, which
offers approximately the same shielding effectiveness as

water, Fire resistance is accomplished by transpiration

cooling, the material being abqut half water.

ORNL-OWG 66-12553

= MANUAL PRESSURE
~——us i RELIEF VALVE

"EFT] - GASKETS
* AUTOMATIC - -
PRESSURE —
RELIEF VALVE

FINS
Bt

'

| {|~Pu0y CAPSULES
| __SST
|_~MILD STEEL (172"

CRUSHABLE
J-"SUPPORTS

| —~WATER SHIELDING
(MEUTRON)

Fig. 5. Shipping Carrier for Bulk Shipment of Pu0,
Microspheres and Fueled Pu0, Capsules.
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DTIE: Do not change Design (3)
“to "Before."
Prior to designing & new package or evaluating an old one, a
user should first examine the DOT regulations

to determine if there are packeges that have already been approved for
use in transporting the material under consideration. Such packages
are referred to as "specification containers." The DOT regulations may
be purchased from the Superintendent of Documents, Washington, D. C. as
Title 49 of the Code of Federal Regulations.

If there are no specification containers that fit his need, the

-user should then examine the AEC Directory of Shipping Containers,

assembled by the Division of Construction, AEC Headquarters.

This directox ) be purchased from the Superintendent of Documents
w&ssmngton, o, & 2ou02’ P s¢ P . ¢ » USGPO,
Many of the packages listed in this directory have been approved for use

under the authority of a special permit and require only the owner's

permission and registration by the potentiel user with the Office of

Hazardous Materials for their use.

If a package must be designed,thf ug§§ be interested in examining

the Cask Designers'Guide, issued by the Nuclear Zafety Information Center®

at Oak Ridge National Laboratory. This guide, developed under the
sponsorship of the Division of Reactor Developmert and Technology, contains
information a designer reeds to ensure that his package meets the per-
formance standards required by the appropriate Federal regulations. It

may be purchased from the Clearinghouse for Federal Scientiric and

Technical Information, Springfield, Va. (see front cover of Isotopes and Radiation Tech-

Another source of design information is the Nuclear Safety Informaticn
Center's storage of document abstracts on magnetic tape at the Central
Computer Facility in Oak Ridge. This Center operates & routine program of
selective dissemination of information to individuals according to their

particular interest. It has issued an Indexed Bibliography on Transportation

and Handling of Radiocactive Materials$ which contains many abstracts of docu-
ments ccncerning package design and evaluation. This information is avail-
able at no cost from the Nuclear Safety Information Center.

A new packagé design or an éxisting packdge evaluation must first meet

the requirements of normal conditions of transport. Lifting devices,

nology).

b e e e = ey
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tie-downs, and package closures must be adequate to withstand the rcugh
handling that packages receive in rail, truck, and air freight depots as
well as in transit. The mere existence cf & radiocactive label on a package
does not necessarily guarantee that it will be handled like a crate of
eggs. Snatch-lifting, eccidental falls from loading deccks or tailgates,
and load shifting are examples of transport conditions that must be
considered. The primary aims of package design are to shield and to
contain radioactive material when the packages are exposed to the wide
range of environmental conditions as specified in the regulations.

Several avenues may be used to meet the requirements of the consecutive

hypothetical accidents. As shown in Fig. 2, pack-

ages may be placed in fire-resistant outer cbntainers that have impact

resistance, e.g., "steel-reinforced wooden cases or

-steel drums filled with vermiculite, fiberboard, or foamed plastic.

The design of impact and fire shields is well understood, since they

have been tested and accepted internationally. Another concept of pack-

age design is the assumption that outer shells will rupture or be punctured
.as a result of the impact accidents. 1In this case, loss

of shielding may occur in the subsequent 30-min fire. Figure 6 shows a

lead-shielded package vased on a three-shell,y%%%cept. The design provides

inner and outer shells, plus a third shell that is positioned approximately

2 in. inside the outer one; this arrangement provides for two separate

chambers to contain the lead shielding. Under accident conditions, breach-

ing of the outer shell and subsequent loss of the outer layer of lead would

not necessarily cause the cask to fail the regquired tests. The shielding

effectiveness would not be substantially reduced, and the loss of lead

would create an air gap that would decrease the effective heat input to the

inner cavity of the package.

As shown in Fig. 7, a similar concept,in which puncture of the outer
shell may be ailowed in an accidentyis utilized in several French packages.
A layer of wet plaster, with 26% free water, is poured between a lead
shield and the outer shell. If these packages are involved in fires, the
outer shells perforate by virtue of fusitle plugs and the plaster dries,
forming an insulating layer around the lead shield. Results of tests

indicate that the layer offers adequate protection from impact followed

by a fire.
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Ces containers sont destinés au transport
et au stockage de matiére radioactive,
contenue dans un tube standaid 3 capuchon
vigsé ou soudé. '

.. welded plug. :

. GONTRINERS DE TRANSPORT ISOYOPE STORAGE AND

_POUR RADIO-ELEMENTS ARTIFICIELS TRANSPORT GCONTAINERS

= . (Modéte P} a (Model P)
DESTINATION PURPOSE

These containers are designed for the
transport and the storage of Isctopes kept
in & standard box closed by a screwed or

Fig. 7. Example of French Shielded Package.

The British have patented a fire shield which utilizes the evaporative

cooling effect of the thermal decomposition of hydrated sodium borate,

better known as Twenty Mule Team Borax.

water.

This decahydrate contains 48%

O I D



22h

Since packages utilizing lead as radiation shielding have poor
thermal accident resistance, many designers are looking at reinforced
concrete, steel, and uranium as answers to regulatory requirements.
These materials offer solutions to specific shielding or transport
problems. Certain types of concrete offer neutron shielding; steel,
although not so effective a gamma shielding as lead, has excellent
impact and thermal resistance; and uranium, with twice the shielding
effectiveness as lead, is a leading contender with its impact and
thermal resistance and with the reduced weight of equivalent shielding.

Heat transfer is a prime design consideration for radioactive mate-
rial packaging. Not only must packages remain effective in 130°F ambient

air, but they must withstand solar heating as well as dissipate internal

thermal decay heat. As in most equipment design work, trade-offs have
to be made. A package insulated to withstand a 3Q-mih fire, will naturally i
be limited as to the amount of thermal decay energy it may safely

contain. Packages utilizing'metal shielding, but without insulation,

are . excellent ~for the dissipation of internal thefmal decay heat.
The use cf cooling fins on the outer sh2ll of a package increases ;
the thermal dissipation capabilities. The amount of thermal decay energy ;
that a package will effectively contain must be determined in order to

get regulatory approval.
Fabrication (3)
The fabrication of packages should be well documented, and materials

should be crdered by specification. Shop practice should be by appropriate

codes, such as the ASME Pressure Vessel Code and the Standards of the

- American Welding Society. Nondestructive testing should be specified.

Quality control procedures developed by the Department of Defense and
NASA are rapidly being recognized by AEC and ICT regulatory personnel zas
standards and guides in evaluating assembly rroficiency in the fabrice-

tion of packages.
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Testing = (3)

Over the past 10 years extensive package testing has been carried

_.out both in this coungﬁy and abroad. This testing is well documented in
e

- the literature, and /1information is available from the references in the

Bibliography on Transportation mentioned above. It is highly probable
would

~ that a search of the literature , reveal -comparative test data that are

7PPli°8P18an be extrapolated to apply to most existing packages and packages
to be fabricated in the near futur%éoufgior to testing a package,
the comparative data approach,be used as a means of meeting regule-

~tory requirements —i.e., use the test data of a package design that is
~similar or equal to the desig%?ieinfzgzégiiggig?}waluation of a package
_to withstand hypothetical accidents, although more costly, will generally

suffice. In the case of novel cr unusual packages, documented tests on a
prototype are generally necessary to answer the questions and alleviate
“the doubts raised by regulatory personnel. A comﬁéndium of package test-
-ing facilities under AEC control has bteen issued?by and is available from
~the Divisicn of Constfuction, A¥C Headquarters. -Information may be ob-
:tained_from this Division on.availability of these facilities and pricing.

- ' Approval (3)

The request for approval of the regulatory bodieé for packages should
be as broad as possible with regard to both present and possibly future
conditions of use. Except in unusual cases, the user should not let himself bte

amstrung ey . .
by requesting approval for specific curie quantities of specific radio-

_.ilsotopes. For larger than Type B quantities, gram quantities or
- thermal-watt quantities should be requested, e.g., 100 W of any solid,

. nonfissile radioisctope. Some regulatory personnel are reluctant to give

approval on this basis, but many of the packages now in use were

approved on this broad-coverage basis. Disregarding the difference
in radiotoxicity and shielding requirements, it stands to reason that a
package that will contain 100 W of 80Co will just as effectively con-
tain 122 W of 2%%Cm. | '
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VII. ISOTOPES AROUND THE WORLD

027

ABROAD
’ DEVELOPMENTS AON RADIOISOTOPE-POWERED CARDIAC PACEMAKERS?T (2 )
Martha Gerrard

Supplementary Keywords: energy source; medicine; therapy; plutonium-238;

promethium-147; safety; heart; nuclear battery; France; England; Australia.

France (3)
‘On,April 27, 1970, at the Broussais Hospital in Paris, a cardiac pacemaker (Fig.l)
that uses 2%®pu as the energy source was impla.ntedz’3 in a 58-year-old patient.
The stimulator is 7 cm dia and 3 cm thick. The series now being constructed
has a 23-mm~dia generator and the stainless steel has been replaced with titanium,
so that the stimulator thickness is decreased and the weight is only about 160 g.
The heat source is a 150-mg 238Pu tablet, whose 87 years half-life gives the
apparatus a useful life of about 10 years, compared to less than 2 years for
’ cardiac stimulators based on chemical batteries. The source is 9 mm dia and
10 mm high, and the helium expansion volume is 60 mm>. The thermal power is
75 mW. It is doubly encapsulated---one capsule of tantalum and one of platinum,
each 1 mm thick and electron-welded.

The sealed source assembly and the thermoelectric converter---two rod-
shaped bismuth telluride semiconductors---are inside an electron-welded stainless
steel capsule, 1 mm thick and 27 mm dia. The electric power is 200 uW at 0.5 V.
This power is fed to an electronic circuit that uses 160 pW, with a useful

The electrodes are epoxy clad.
life of more than 10 years. The source power loss is 0.5 mV per month., The
generator has undergone prolonged and severe mechanical and thermél tests, and
numerous safety tests have been made on the seéled capsule-——leak tightness
and shock, crushing, aﬁd fire resistance.

The electronics include é hysteresis type pacemaker relay with magnetic
triggering. The implanted stimulator delivers to the patient's heart pulses of

0.92 msec at 6.8 V with an energy of 41.6 pjoules. The measured stimulation
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threshold was 0.54 pjoules with myocardiac electrodes implanted on the right
ventricle (xiphoumbilical path). The pulse frequency corresponds to a period
of 816 msec, or T3 per minute.

At éontact'with the stimulator, very close to the 238Pu, the gamma and
neutron doses are 1.9 and 1.2 mrem/hr, respectively. On the patient's skin---
an average of 21 mm from the stimulator surface---these doses are 0.25 and |
0.17 mrem/hr. Two dogs have carried similar sources for 1 year without any
significant biological changes being noted. Tissues in contact with the stimu-
lator are heated <.O.l°C above normal.

The myocardial electrode wires implanted in the patient have undergone

tests 1n an accelerated test unit. A.single-thread platinum wire irradiated in
nonjoined spirals underwent 332 million flexions with a T-mm radius of curvature
and a 45 degree angle without breaking, while all other types of wires used for
pacemakers had already broken.

The stimulator implanted in the patient is checked every month. The stimulator
delivers a pulse only when the beat of the heart itself is below the stimulator

control threshold.

The 238pu source was developed by Rene Berger and René Boucher, Commissariat
a 1 'Energie Atomique, Fontenay-aux-Roses; the thermoelectric converter by M. Alais,
Societé Alcatel, Paris; the electronic circuits and controls by Pleter Mulier,
Medtronics,Minneapolis, USA, who now market conventional pacemakers and have
reached an agreement? with ALCATEL to market the 238Pu pacemakers on an exclusive
basis, possibly by 1975(pending USAEC approval ). Animal experimentation and
clinical application were done by Professor Armand Piwnica, with Professor C.

Dubost, Hopital Broussais, Paris.

United Kingdom (3)

Two successful ahimal implants of nuclear-powered heart pacemakers have
taken place in the U.K.® The first was carried out in a London hospital on

Friday, 13th February, 1970, and the second in a Glasgow hospital on 20th March,
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1970. Both animals---dogs---have so far responded well. The nuclear battery
contains €3%Pu and is 2 in. long and about 0.5 in. across. It weighs about

1 oz and is designed to last for a minimum of 10 years. There is no radiation
hazard to the patient, or to anyone else, from the small quantity of plutonium
used and the battery is fully encapsulated to prevent the escape of radiocactive
material or attack from body fluids.

The battery was developed -at Harwell in close collaboration with the Institute
of Cardiology and the National Heart Hospital. Active discussions are going on
with a U.K. firm about the manufacture and marketing of the battery at home and
overseas, assuming that the exhaustive trials now proceeding will prove the
device before its use in patients.

Australia (3)

The Nuclear Research Centre at Lucas Heights is assessing the possibilities
of radioisotopic pacemakers in collaboration with the National Heart Foundation.®
Contrary to developments in the U. S. and in Europe where mainly 23®Pu heat

147

sources are used, the Australian concept is based on Pm, alternate layers of

147pm and silicon crystals being used to generate electricity.’ The power of the
heat source is expected to be about 200 uW. The developer, F. C. Gatt, hopes
eventually fo be able to generate a 4O-pA current at 5 V.

Safety  (3)

A joint group of experts has beenvesta,blished8 to draw up safety guidelines
for the design and construction of radioisotopic pacemakers and to examine tech-
nical, legal, and administrative problems arising from their wide use. The
group will be composed of specialists on the safety of nuclear pacemakers from
the ENEA Study Group on Isotopic Batteries, Canada, United Kingdom, and United
States as well as members of the ENEA Health and Safety CommitteeT They will
investigate various facets of the problem, for example, how the plutonium battery
would hold up in an airplane crash, accidental cremation, or other accidents.

The need for such study is indicated by, to mention only a single incident, the

difficulty experienced by France 's first nuclear pacemaker recipient when she
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ISOTOPE GROUP OF SWEDEN CELEBRATES 10 YEARS OF OPERATION

On May 26, 1970, Isotope Techniques Laboratory (ITL) of Stockholm observed
its tenth year of service to industry. Seligman, of the IAEA, was a featured

speaker.l

He briefly reviewed the history and economics of isotope use and pre-
dicted é continuing expansion in this field. He said, in part:

"There will be a big increase in the use of isotopes and radiation for the
well-known applications and a number of new ones will develop. If I may make a
prediction---companies like ITL are still at the beginning of an exponential
graph which for the next 10 years Mor even a generation---will not change its
direction.

large

"Let us sum up with what the future will bring for radiation sources.

A

[

If we leave aside the already established industries, like sterilization of
medical products and cross linking of polyethylene as well as the curing of
paint, we can foresee the curing of rubber latex, the butadiene grafting of poly-
vinylchloride. The sulphoxidation of alkanes to produce detergents, although

not looking too good, has already been claimed to be a success by at least one
country. The copolymerization of ethylene and carbon monoxide miéht give new
polykeytones and the copolymerization of ethylene with vinyl acetate might result
in novel elastomers. A new field may be the production of novel ion-exchange
materials from polyethylene or Teflon by grafting.

"On the sterilization front, we can prevent the formation of algae growth,
for example, in cooling water. It may also have an influence in the fermentation
industry. Some work is proceeding on transmutation doping for p/n junctions to
the advantage of microcircuitry.

"Radiation-chemical synthesis---like the chlorination of methane, toluene, or

benzene---may at last become an economic proposition; also the oxidation of toluene
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AVATILABILITY OF ISOTOPES AND SERVICES =~ (2)

ORNL Enriched Stable Isotope Inventory (3)

(DTIE: This table will be sent in later.)

Isotopic Separations (3)

(DTIE: This information will be sent in later.)
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GE Announces Availability of Z®Mo (3)

Co., Vallecitos, Cal.
Fission product °®Mo is now available from General Electric , The isotope,

which is »99.99% pure and has a specific activity of >5 thousand Ci/g, is the
parent of 99mTc, which is used in medicine to detect lesions in the brain,
kidneys, lungs, liver, and other organs. The 99Mo was introduced at a price
of $225 per curie, pre-calibrated for four days from the date of scheduled

delivery, with a packaging charge of $100.

New Isotope Shipping Container  (3)

Aeroquip Corporation/Marman Division, 11214 Exposition Boulevard, Los
Angeles, Calif. 90064, offers a new isotope shipping container which incor-
porates a 1-in. Conoseal Joint closure. The new capsule eliminates the necessity
for remote welding, permits clean assembly, and is inexpensive enough to be dis-

carded after one use.

Lockheed to Close Nuclear Lab. (3)

Lockheed-Georgia is closing, at least femporarily, its nuclear laboratory
in Dawsonville, Ga. This laboratory, acquired from the U. S. Government in
1965, opened in 1957 for research on nuclear-powered aircraft and was later
used for study of effects of radiation on equipment, for nuclear equipment

development, and for wood~irradiation research.
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Cornell Course in Radiation Techniques in Animal Sciences (3)

A training course on advanced techniques involving radioisotopes and radi-
ation in animal science and veterinary medicine was sponsored at Cornell Uni-
versity in Ithaca, N. Y., by the International Atomic Energy Agency and the
Food and Agriculture Organization. Twenty scientists and educators from 19
countries attended the éix—week session from July 20 through September L4, 1970.
The U. S. Atomic Energy Commission assisted in making arrangements for the
course.

Professor C. L. Comar, Head of Physical Biology and Director of the
Laboratory of Radiation Biology and a pioneer in such technigues Ziéotopes and

Radiation Technology M(1273 was director of the course and responsible for its

organization and administration. He also lectured on principles and practices
of radioisotope usage in biological research. This training course was the
ninth sponsored by the FAO-IAEA in the United States for foreign students.

Directory of High-energy Radiotherapy
Centres, 1970 ed., IAFA,
Vienna, 1970 (203 pp, $5.00)

s
The second edition of the Directory (first edition in 1968)

lists, by city, 1670 centers in some 80 countries where radioisotope,
voth ©°Co and 137Cs, and other high-energy teletherapy equipment
(e-g- betatrons, linear accelerators, and Van de Graaff machines)
are installed. Besildes such information as addfess, energy of source
and dose rate, model and manufacturer of equipment, and personnel
employed, detailed tables are given showing distribution of centers
by country, number of units installed per year, and other appropriate
breakdowns of data.

The book should prove useful for anyone doing teletherapy work.

(Ma)

~— Supplementary Keywords: medicine; therapy; accelerator; worldwide;

cobalt-60; cesium-137.
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AEC ACTIVITIES ()

AEC Lab Develops Nuclear Probe to Spot Minerals on Ocean Floor (3)

A neutron probe,based on £52Cf, for detection of minerals on the ocean
floor has been successfully demonstrated by scientists at the Atomic Energy
Commission's Pacific Northwest Laboratory at Richland, Washington. The undersea
probe can determine gold, silver, copper, ménganese, and some 25 other elements
in quantities as low as 1 oz/ton in 5 to 5 min. The device 1s designed to
operate from either a.surface ship or submersible vehicle. The new technology
uses ultra-low level and rapid neutron activation analysis. The ©°2Cf emits
neutrons which, when absorbed by the elements in gquestion, induce a gamma
radiation that is proportional to the amcunt of element present.

In the initial test, 200-1b mineral samples containing gold, silver,
copper, and manganese were placed on the ocean bottom at Sequim Bay, Wash. The
elements were detected 7zieir amounts measured with a probe containing 0.2 mg
of 252¢f. The californium source was in a sealed stainless steel cylinder
approximately 0.5 in. dia and 3 in. long, located at the end of the probe.

A 1- or 2-min exposure of an area a few inches in diameter on the ocean floor
is required, followed by a similar counting period with the detector. Theré is
no environmental problem:;::l: the residual radiocactivity in the ocean floor
is nondetectable several hours after the irradiation.
Battelle-Northwest's research and development program calls for the develop-

ment of a working prototype instrument which can be used for mapping minerals

at depths of a thousand feet.
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2520f Information Center (3)

A 252¢f information center has been established at the AEC's Savannah River

Plant. The growing number of inquiries about the 252

Cf market evaluation pro-
gram, as well as technical questions about 252Cf, have made it necessary to
centralize and make readily available such information. A current bibliography
of published literature on 2520f will be maintained. Questions will be directed
to appropriate groups for answers.

Information regarding participation in the market evaluation program,
coples of the brochure and progress reports, and information and answers to

questions about £52Cf may be cbtained by telephoning 803-824-6331, ext. C-252,

or writing to

Manager

Savannah River Operations Office
U. S. Atomic Energy Commission
Post Office Box A

Aiken, South Carolina 29801

First Space Atomic Battery to Begin Tenth Year of Operation (3)

The first space atomic battery, developed by the AEC, is heading into its
tenthﬁyegr in orbit. The grapefruit-size radioisotope thermoelectric generator,
SNAP-jKj:was launched June 29, 1961, from Cape Kennedy on a navigational
satellite, and the generator has already operated four years beyond its five-
year design life. It was designed to convert the heat given off by the 238py
fuel directly into 2.7 W of electricity. The prime contractor was the Martin
Company, Baltimore.

Development of the SNAP series has continued, with SNAP-27 placed on the

moon in 1969 Zgée Isotopes and Radiation Technology T(4): L443-T; 449-51 (Summer

1970); and pp. in this issu§7.
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AFC Exhibits Continue  (3)

" an Atomic Energy Commission traveling

"Life Science Radiation Laboratory,'’
exhibit featuring live demonstrations of the use of radiation in research,
began showings on July 17 at the Columbus, Ohio, Center of Science and Industry.
The exhibit uses live animals, insects, fish, and growing plants as well as
inorganic materials to illustrate beneficial uses of radiation in biology,
agriculture, and medicine., Demonstration experiments include exposing garden
seeds, plants, and inorganic materials to radiation, and using radioisotopes a:

tracers to follow activities of animals and insects. The spectator and the

demonstrator study the results together.

"Your Stake in the Atom'" Exhibit (3)

"Your Stake in the Atom," the AEC's traveling educational program designed
principally for state and local fairs, began its tenth season on the road on
July 29 at the Central Wyoming Fair and Rodeo in Casper. The four-day Casper
showing was the first of eight appearances at fairs in five western states,
with the season continuing through early November. '"Your Stake in the Atom"
is operated for the AEC by Oak Ridge Associated Universities (ORAU), Oak Ridge,
Tenn., and consists of 100 linear feet of colorful and animated display panels
explaining the nation's nuclear energy research and development programs.
Housed iangeodesic "Exhibidome, " 50 ft dia and 25 ft high, the exhibit is
manned by a specially trained science teacher-demonstrator and includes a

demonstration of remote-controlled mechanical hands.
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AEC Revises Inspection and Maintenance for Radiography Equipment (3)

-

The Atomic Energy Commission plans a change in its regulations to require
licensees doing radiographic work to have programs for the inspection and main-
tenance of radiography equipment. Under a proposed amendment to Part 3k, CFR, a
licensee authorized to use sealed radioactive sources in radiography would be
required to have an inspection and maintenance program for the radiographic
exposure devices and storage containers which he uses. The licensee could either
incorporate the recommendations of the equipmént manufacturer into his program
or could independently prepare instructions for consideration by the Commission.
The licensee's program for inspection and maintenance of radiography equipment
would be subject to periodic inspection by the Commission's Division of Com-
pliancé.

The proposed amendment is intended to feduce the number of radiation ex-
posures attributable to improperly maintained equipment. The new regulations

would be effective within 60 days after publication of notice in the Federal

Register on June 26, 1970.

(DTIE: This item may require revisipn after Aug. 1970.)

Supplementary Keywords: regulation; safety.

- AEC Advisory Committee  (3)

Three new members have been named to AEC's Advisory Committee on Isotopes
and Radiation Development: Vincent P. Guinn, chemistry professor at University
of California at Irvine; Bernard Manowitz, head of the Brookhaven National
Laboratory Radiation Division; and Edwin A. Wiggin, technical projects manager
for the Atomic Industrial Forum. Ira L. Morgan, director of the University of

Texas Center for Nuclear Studies, has been appointed chairman.
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GENERAL (2)
Food Irradistion in Canada (3)

Supplementary Keywords: food preservation; industry; industry, food; review,

popular; agriculture.

The status of the food irradintion program in Caned: wes reviewed recently

for MNuclear Canada% Canada has approved the use of radiation on three foods,

but no private firm in the country is operating an irradiator for this purpcse.
An abortive aﬁtempt to sell irradiated potatoes-on é commercial basis was a
setback.2 In Canada, as in the United States, the government is emphasizing
high priority projects at the expense of exploratory studies.

The top priofity studies supported by Atomic Energy of Canada Ltd. {AECL)
have been the radurization of fresh fish and eviscerated poultry. Petition date
will be supplemented with data from the Netherlands for irradiated chicken and
from the United Kingdom for irradiated fish. Chickens ére irradiated to
0.7 Mrad. The fish---haddock---will be given doses of 200 krads, zlthough research
in Cznada has shown that high-quality fll;ets have an extended shelf-life after a
dose of only 100 krads.

The AECL mcbile irradiator was used in 196C to treat scallops, plaice, and

vellow flounder. A dose of 225 krads increased the shelf-life of scallops by 8 days.

The optimum dose for plaice and yellow flcunder is ev1dentlv between 75 and 150 krads.
Radurizaticn of round steak has shown that S00 krads provides = zhelf-1ife of

3 weeks at LO“F; controls were spoiled at 10 days. However, flavor changes were

apparent in the irradiated meat; a lower dose will be used, with less gain in

shelf-1life. 35tud on the renydration of irradiated freeze-drizd beef have been
completed. The imiversity of British Cclumbia is studying the effscts of pasteurizing

doses of radiaticn on protein and iipld fractions in red meat.

=]

“Food Irradia® sdon, Hucl.
First Commercial Focd Ir
L(2): 203 (Winter 1966-19

Techrol.,
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Salmonella studies have shown that a dose of 500 krads will eliminate this
pathogen from ground beef without affecting the Vitamin A content. The same

proved true of Staphylococcus aureus in cured meats. Salmonella research at the

~University of Manitoba showed that a dose of 700 krads will reduce this pathogen
adequately 1in a frozen egg substrate. The University of Alberta showed thatb

” & dose of more than 40D krads is needed to control salmonella in skim milk powder,
ﬁut this dose causes development of an off--flavor.

Other products being studied dnclude mushrooms and strawberries. A petition
has been submitted to the éovernment to approve mushrooms; it includes data from the
Netherlands, which has cleared the use of radiation to retard cap opening of mush-
rooms. Because of the short growing season in Canada, strawberries do not have
the high priority on obtaining clearance there that they d§ in the United States.
Other studies are underway on blueberries, cherries, and cranberries. Doses used
are up to 500 krads. Apple jui;e has been irradiated up to 600 krads with héichange
in’pH and acidity, but there are changes in pectin and sugars. .

Related programs using radiation In agriculture involve the use of low doses

:iufiig:mulate growth and the sterilization of diets for laboratory animals. Crops
studied included sweet corn, tomato, léttuce, egg plant, onion, cucumber, strawberry,
. rutabaga, greep-beans, field corn, barley, flax, spring wheat, durum wheat, ocats, and
gresses. Xncoursging results have been cbtained wikh cucumbers and stravberries.
successfully

In addition to laboratory animal diets, pcultry fz2ed has been treated,with 1 Mrad

~ to reduce salmonzlla infection: ' (FEM)
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89%Co Sewage Treatment Plant Installed

A sewage treatment plant, designed and constructed by Energy Systems, Inc.,
of Melbourne, Fla., has been installed at a campground near Palmdale, Fla. The
gamma, radiation from ©°Co degrades up to 95% of the detergents present, whether
biodegradable or not. Algae growth is inhibited. There is no residual activity,
and operation, since startup in March 1970, has been economically competitive
Qith conventional sewage treatment processes. The 8%Cco source and accessory

equipment can be added to existing treatment plants.

Amersham Receives Queen's Award (3)

For the second time in three years the Queen's Award to Industry has been
made to the U. K. Atomic Energy Authority. It was awarded to the Authority's
Radiochemical Centre, Amersham, fqr technological-innovation in the production of
‘the radioisotope 14C and its compounds. In 1967 the Centre received the Queen's
Award for export achievement and for technological innovation in the production

for sale of radioisotopes for use in industry.
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New Technique for Nondestructive Determination of Protein Quality (3)
— /> :

A new technique for determining the quality of protein---for example,
that in cereal grains---is announced by the Lawrence Radiation Laboratory (LRL)
at Berkeley, Calif., operated by the Univ. of Calif. (UC) for the USAEC.

Melvin P. Klein, physicist at LRL, and L. N. Kramer, graduate student in chemistry
at UC, developed the method. Proteins are composed of more  than 25 different
amino acids, some of which are "essential,” i.e., they cannot be synthesized

by the human body. The new method identifies the individual acids, while

previous methods have determined only the total protein.

The instrument used in the new procedure is an x-ray photoelectron spec-
trometer. Cereal grains under study are exposed to the radiation from an
x-ray source in the instrument. As a result, electrons are emitted with
energy patterns typical for each of a number of amino acids. Seed samples do
not need to be destroyed. A portion of a seed can be tested and,if the sample
is promising,the remainder of the seed can be planted and will grow. In this
way mutants can be selected on a scientific rather than a trial-and-error
basis, and faster progress in developing the desirable grains may result. It
has been estimated that a 10 to 20% increase in quantity and quality of
proteins in grains could have an enormous impact on world food supplies without

changing agricultural or dietary habits.

.. Supplementary Keywords: Dbiochemistry; nutrition; x-ray machine; agriculture;

measurement, other.
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