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E o TUTTTTTTUTUY was pleased vhen Bob Zigfield asked me to agals talk t5 you about the T T
i' 3. nuclear market for lead, becsuse much bas happened in the nuclear industry
F Suring the past four years since I last wet vith the 1eed Industry Assoct-
i -
- L CENTRAL STATION FOVER REACTORS A

= The most significant developments bave occurred in the pover reactor
- market wvhich in the long term will be the most important segeent of the nuclear
B ’ industry, But this unfortunately has also been the biggest nuclear ares of wa-
a3 £111ed promises. In 195% vhen the civilian muclear industry was created by the
% passage of the Atemic Insrgy Act, wide sosls use Gf Buclear pover was estimsted
E to be Just arcund the corner. Utilities rushed to build smll prototype nuclear
E power plants, Four axperimsntal pover reectors including the Shippingport re-

actor vere smnounced in 1954, and five more including the Dresden, Yankes and
Indian Point pover reactors were announced in 1955. Pigure 1 sbovs by year of

. announcement, the cumulstive capacity of power resctors ordared to dxte.
Almost 1,000 megawatte of puciear pover capacity were créered in 1955 and 1555,

But in 1955-1958, the nev pover reactor menufacturing industry ren into
mny development problems. This vas hardly surprising for s pev technology but
it resulted, as you can see from this chart, in a stretch-out in mnelear power
growth,

Most utilities in the late 1950's decided they should swait the campletion
and inttial operation of plants under comstruction before they considered order-
ing nuclear plants so they could analyze construction costs, opersting experi-
ence and operating costs.

- ‘!‘ﬂ!—'wmw»-m% qwnmxi;

The Yankes plant in Rove, Nass. and the Dresden plant pear Chicago each
Bave nov been operwting for about five years. Their performance has exoeedsd
. even the most optimistic estimates and thay are producing far cheaper pover than
vas expected,




TTTTTTTTTTTUTTUBecause of this gool opersting experience and Lecsuse the reactor msmme

facturers have improved their design and lovered costs, many utilities are acw
taking a hard look &t nuclear power vhenever they plan a nev power plant. This
typs analysis is based strictly on pover genersting costs. In maxy parts of

the oountry, muclear pover is campetitive with fossil fusled plants.

As a result, two major muclesr plants were sunounced in 1962, three ia
1963, coe in 1964 and two 1in 1965, Beveral other utilities have indicsted thbay
vill place arders for muclear plants during 1565, These potential ocutrects
are indicated in lighter grey co the top af the bar graph for 1565, Cleerly
1965 should be a big year for muclear pover.

Locking shesl for the soxi 15 ysars, figure 2 is a forecast & axmual ale
ditions of mev stesm-genersting pover plants by utilities (the top 1ime). The
lower shaded ares shows the porticn of this Dev capacity that will probabdly be
nuclear, For example, the utility iadustry will add 13,000 megaswatts of new
capacity in 1968 and 11% or 1,M00 megavatts af this vill de muclesr. Ry 1970,
the utilities vill be adding 15,000 megawatis of nev cepmcity wnd 19§ of this
will be nuclear.

!humclmmrhumromh»cmm‘m Locking
ahead to 1980, tbe utilities will be adding stesm capacity at tvice the ammmel
rate as in 1968 snd they will be adding nuclear capaci.y st more than five

times the annual rste in 1980 as in 1968,

These are impressive statistics but vhat will this repid switch to muelsar
pover mean for ths lead industry. I shall look first at the lesd requirements
of the power plant end I'll them consider tbe shipping ceskx requirements.

A sodbering fact for the lead industry is that most of nev cepacity sn-
nounced during the past three years is for doiling and pressurised water re-
actors and these plants thus far have the leest requirements for leed of all
nuclsar powver plants.
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}»—--———--—* ——Nost -of -the bulk shislding in these plants will Br concrwts, Penstretions —

10 through the wvalls are often lead lined, doorvays are calked with lead and soms

1sed plate may be used to beef up shielding around the doors. And thase doors

i may be lead lined, steel or concrete, Mmimudth;uﬂntlunfm

m«-nmmmcmy V
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slants other than water-cooled reactors. And thess types of plants crests & g‘

m-onrmmumrormwm .
rum:,tum“,ummlum«mrwmm

Ruclear Buperbeat Reactor, the BONUS reactor, in Puerto Rico. Netional Leed

ailt this and thay also Bullt ths service miciine for the Rxperimectal Qas-

Cooled Reactor (figure &), Pudlic Service Company of Colorado plans to build a

large gas-cooled reactor. Several exparimsntal powver reactors are cooled by

1iquid sodiumm~-the advantage of this coolant is its higher cpersting temperature

and thas the reactor bhas grester efficiency. There is still considersbls im-

terest in this type resctor. ¥he Malimm reector is sodime cocled snd requires &
refueling machine that contains 135 tons of lead (figere 5),
I1. ESEIPPING CASKS

One o the largest lead requirements of the muclser pover industry is for
shipping cssks. mmmdmmmumu-m;uumm'
{n figure 6 was built by P. ¥. Avery Company. The M-130 is actually used for
trazsporting by railroed nuclear navy fusl, but this type cask may be used for
pover reactor fuel.

Nuch spent power reactor fuel will alsoc be trucked, Aeuxuuﬁ
National Iesd under an arrangement it hes with Tri-Btate Trucking Caspany for
transporting spent fusl is shown in figure 7.

B : Pigure 8 shovs one of thres truck-mounted casks built for Knspp Nills for

3 . Commonveslth Rdison Company. Bach cask contains about 18 tons of leed,
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As shown in figure §, the internal strusture of these oasks ¢em Do am- - - - - -
tremely camplex, Usually each pover reactor requires its own shipping oasks
becauss ths fuel elements have unigque shapes and dimensions. Pover reector
manufacturers are trying to standardise more in their fuel element design to
reduce the requirement for so many different casks.

III. NUCLEAR IRSAIEING PLANTS

A develomment relatsd t0 nuclear pover is nmuclear desalinization for which
latgs reactors vould be used for cambinstion pover generstion and water desalt.
ing. Tris fisld is moving very repidly, partly because of its great techniocal
and econcmic promise, and more importantly for the near temm, because it has
the support of President Johmson, vho predicted s fev months ego:

“The time i{s caming vhen a single desalting plant, povered by

nuclear energy, will produce hundreds of millions of gullons

of fresh vater and large smounts of electricity every day.”

The dssalting program also includes work on energy sources other than muclear
although suclegs exncrgy seams very well suited,

IV, EESTARCE AXD TEST KEBACTORS

I would 1like to now quickly revievw the market for research and test re-
actors. These smaller reactors have crested excellent markets for lsed--not omnly
irn the construction of same of thess reactors but also in the experimental arees

around the resctors.
Figure 10 lists research and test reactors nov under construction by the

Years they'll be completed. This markst comtinues to be quite active,

I'1] guickly show same typical uses of lsad by soms of thess facilitiss,

Figure 11 shovs the 50 ton refusling machine built by Naticoal leed for the
Putonium Recycle Test Reactor,

Pigure 12 ahovs the 50 too gemma and thermal shield for the Georgia Tech
Ressarch Reactor and figure 13 shovs the thermal and gemma shisld of the Natiomal
Bureaa of Stexdards Resctor. Roth of thege vere fadricated bty O, 0. Xelley,
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Q ally are changing as various experiments are performed. These experiments
involve radistion and redicactive materials and lead is a mu, space-saving

shielding material.
yigure 1k shovs a generul viev around the Brookhaven research reactor

TR

e e

vhere many uses for lesd are apparent,

A lsad pig used on ancther faocs of the same Brookhaven reactor 4s shown in
figure 15. The Lov Intensity Resctor st Oak Ridge has all the pigs showa in
figure 16 that csn be used for experiments. '

Considsrel \e shipping containers bave been supplied for transporting re-
search and test 1sactor fuels. This 20 ton cask, vhich bhas & self-comtained
cooling system to remove the hest genarated by the spent fusl, was duilt by
o.o.nnqror.tmmvonwum(mn).

Although ressarch reactors use smaller fuel alements, thay still bdecoss

‘ quite rediosctive. Knspp Nills bPuilt these casks for research reactor fosl

(figure 18),

b

Y. MARITINE ERACTORS
The maritime or merchant ship market for puclesr power plants is samething
of an enigaa., There is considersble interest in muclear merchant ships decanse

1

-y vv"r""r;—v R, o “m!”;:‘!‘\w ot GRP P o e m’

nuclear power is loocking increasingly favoradle. Also, within the past year,
four companies have announced major advances in wmerchant ship resactors, These
coxpanies are Badbcock snd Wilcox, Allis-Chalmers, Cambusticn Engineering and
United Sucleer.

The first muclear merchant ship, the Ssvannah, has functioned very well
technically and the econamics lock very good for serchant ship reactors that

could be constructed todxy. Ship operstors are interested in muclear-povered

. marchant ships,
The major stusbling block is that the govermment, which subeidises our

me"" mr——
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-7 =~ merchant ship fleet, Just 1sn’t sure vhat directlom to take and thus is doing

virtually nothing. The general consensus is that the U, 8. merchant fleet &»
in & bad vay competitively with other nations snd repidly getting worse.
Fuclear pover could provide & real oppertunity for the United States to re-
establish its dominant position dut Congressional support is required.
Almost inevitadly, nuclear merchant ships vill be ordered, snd this

' could happen very suddenly. Severnl cargo ship lines are talking sbout multd-

ple ordars for nuclear merchant ships--one mentiocned four ships.

Vhen nuclear-povered merchant shipe are built, they will bave shielding
requiremsnts similar to the Savamnah vhich required more than 500 tans of
1sad for bBulkhead shislding. Savammah required sdlitional tons of lead
shielding for penetrutions through the contaimment sphere and to deef-up
shielding in certain arees,

I'd nov like to talk just for a mament sbout the puclear Navy which
clearly has been the single best nuclear custcmer for the lesd industry. The
aireraft carrier Enterprise, which has eignt reactors sboard, countains en
incredible smount of lead shielding. Also Mk nuclear powered sttack subma-
rines, k2 nuclear powered Polaris-missile carrying sulmarines snd b nuclear
povered surface ships are either funded, under constructicn or st ses.

7he nuclear Navy has been a very good customer for many of your compa~
nies and slthough the rate of nuclear ship construction has slackened, there
is pressure on the Defense Departmant to begin estadlishing nuclear-povered
task forces. There will probably be funds in the dudget for fiscal year
1967 for a pev nuclear-powered carrier. I also anticipste a drmmatic im-
crease in demand for other nuclear-povered surface shipe within the next
several years,

V1. RADIOIBOTOFR APPLICATIONS
I'd nov like to discuss an increasingly important nuclsar market area that

utilizes resctor by-products -- nmmely, redicisctopes.
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Scme pecple still view the vhole field of gumma irredigtion snd isctops — -
utiligation vith skepticiem because, as with nuclear power, this muclear by-
product vas the sudbject of much speculstion and dlue-sky thinking in the lste
1950's. 7The irredistion field was besst Ly many unfulfilled hopes snd promises.

Within the past ysar or so, howvever, there has been a sharp increess ia
research progreas and actusl products that require irredistion and irrsiistors.
Thess headlines typify recently ammounced program that will utilise redio-
1sctopes (figure 19). . o
~ This increased demand for 1sctopes, and particularly for ocbalt €0, really
began 1in 1962. Figure 20 plots actual salss iz North Americs of oobalt 60
through 1954, I have also plotted the comservative and the libarel forecasts
of cobalt 60 sales through 1972. Fither way, the forecast is quite imtriguing
if you consider that not witil 1962 214 the axmnual sales of Co 60 by North
American suppliers exceed 1 million euries. !ntﬁmnlul&nnm
curies of Co 60 were used smnually, irradiators were built snd they reguired
considersble guantities of lesd.

The.conservatives peg 1972 sales of Co 60 at adout 20 millicn curies
vhile the more optimistic expect sales in 1972 t0 reach an axmmal rute of &0
aillion curies. The major suppliers of Co 60 will be Atamic Energy of Cansda
Ltd., Osk Ridge National Lsboratory, the AIC's Bavarmah River plant and General
Klectric, Power reactors say also eventually use excess neutrons to product
Co 60,

Lead will be used in sany different forms in these nev irredistors, For
batch-type research, there will be an increased demsnd for flexidble irredi-
stors such as one supplied by National lLaad for marine products irrediatice
(figure 22),

Atomic Energy of Cansda, Ltd. built the first truck-bed mounted irredi-

ator (figure 22). This modal hes 10 tons of lesd. AECL 1s currently using




,,.,,,m" =

LIA16023

6 Qi e s

i
)
L4

R

-

RGN

iy
i
A

A'Z@‘

ane



ceean

LR LT e

Car

g

N

-

Y " o e
fies e Ts S

LI A—{b 024

_ Sbout 300 tons of lead per year for its camsercisl isctope requiremants.
Several =otile irredistors are currently being planned im this country. Vitro
Engineering designed en irradigtor for the AZC {figure 23) and I belisve the
construction contract vill be swarded shortly. It vill require sbout 30 toms
of lead,

The biggest requirement for Co 60 will be for statiomary irrediators
that will ves tens and even hundreds of thoussnds of curies of Co 60, Pigure

2k ahovs & modsl of the High Intensity Raliation Development laboratory et
Brookhaven. This facility, as you see, is axtremely complex. The primary
shielding is concrete and many penetreticns in the concrete were required.
Many of these vers besafed-up vith lead to prevent stresning of gamma ruys.
The laboratory has two 2k-ton lead £illed dcors (figure 25). The Co 60 sources
are stored in the cell floors and the storage bins utilizs edout 10 toms of
lead. Separate shipping containers are used for transporting these sources,
Brookhaven vill purchase about 50 tons of lead-filled casks this ywar,

A typical staticpary irradiator vill require a storage pig for the Co 60
source thgt will also double as the shipping cask. Irradistor access doors
maYy be lead f£illed, steel or concrete., Cell walls will probably de mede of
concrete.

In conclusion, there are several key factors adout the irradistion
market:

First, it is groving -- it will require five times as much Co 60 in

1965 88 in 1962 and 1t will use betvees four and eight times as

wuch Co 60 4n 1972 as 4in 1965.

Second, the primary irrediation source will be Co €0, a gamma source

for which leed is an excellent shield,

Thirdly, the dsmand for lead may not grov proportionately with the
demand for Co 60 because larger sources require proporticnately
less shiielding and because lsad is not the only shielding material used,
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Hot cells contipue to e required by the nuclear industry. A bhot oell
may be & massive concrete cell such as this one vith lead-glass windows
(figure 26); it may consist of walls of lesd bricks erocted as a temporery
barrier in & ressArch or pover reactor bullding {figure 27) or it may be &
small, portable lesd cell such as this oue buflt by Knapp Mills (figure £8).
I see no reason for the hot cell market to show substantial growth dut 4t
should comtimue with its modest requirement for lead.

Thus far, we have looked at the various nuclear markets for lsed. ™
virtually every nuclear application for lead, it 1s used decanse of its high
density which makes it a good shield for gamms rays. But concrete and steel
and othsr dense materials can 40 the same thing, slthough & large volume aof
material is requivred,

Furthermore, in many nuclear shielding aprlications, neutrons may also dbe
present and lead is a poor shield for neutrons--especially energetic or fast
neutrons for vhich vater, polyethylene, anéd densified wood are better shields.
All types of resctors requiregammma and peutron shielding, '

In addition to being & poor meutron shield, lsed has a very lov melting
point and poor structural stability. And it has increased considsredly ia
price over the past several years. At this point you mey wonder about the
purpose of this talk. I assure you, it is not to tell you on the one bhand
that the nuclear field {s groving and then to say "but leeld really isn't a
suitable nuclear material”. It is odviocus from the exmmples of applicatioms I
bave gathered fram members of your industry, that lsad is a good and widely
used shielding msterial.,

But maxy types of shielding materials of varying densities are availadle,
Most are cheaper than leed, so two important questions, therefore, are: Por

vhat purposes is lead selected as a shielding material? iyt
-9-
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. Zo answer thess questiocns, I have established three -categories of shields
ing related to lead vhich are;

1. Applicstions whers lead is claarly ths favored shislding material

2. Applications vhere lead faces serious competition from other me-

terials

3. Applicetions where lsad is virtually out of contention as & shield-

ing material

Lead is clearly the favored shielding material firstly, where space is at
a premiun, such as o a ship; secondly, vhere modbility is important, such as
shipping casks; thindly, where weight is a significant factor and shipping
casks are again a good exsmple; and fourthly, where flexibility is required
such as lead brick wvalls. In these cases, one or more of the attridbutes of
lead overcame its disadvantages. Knapp Mills prepared a chart (figure 29) to
help the designer of shipping casks select a shielding material and leed is
the favored material within the parwmeters listed here,

In the second group of erplications, lead is continually cowpared with
campetitive materials--scmetimes it's selected and scmetimes the choice is
steel, dense concrete, regular concrete or possibly depleted urenimm. There
several materials are dbeing considered, a number of varisbles will be evaln-
ated and weighed.

Even in selecting a straight-forvard ites like an irrsdiator door, many
factors are involved including the biggest varistle of all--pecple.

Otto Kuhl at Brookhaven designed the High Intensity Radistion Develop-
ment Laboretory (figure 25) faciliity and he selected lead-f£111ed doors de-
cause of space limitations and heavy ccucrete doors would have been & fest
thick, steel 4oors would have been 30 inches but the lead dcors are only 15
inches thick, Nevertheless, under similar circumstances, & second person
could prodadbly have Justified concrete and a third would have gane to stesl.
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" "¥hat 1s importent in these cases, therefore, is to e sure that Jeed is

given every possidle considerution vhen it is contrasted with other shield.
ing materials.

The third category of shielding is that vhere lead currently has virtu-
ally no acceptance, - This includes bulk shielding for stationary powver re-
actors, walls of large statiocoary cells built to contain redistion sources
such as staticvary irrediator wvalls and large hot oell walls. ,

In this category we are considering thoussnds of tons of shield ma-
terial per year. I menticned that doiling vater and pressurised water pover
reactors are designed to use virtually no lead. They even use concrete and

wvater to shield the refueling charmels rather than lssd-shielded refusling
machines.

The Comnecticut Yankee plant will use about 30,000 tons of concrete
that vill function dboth as primary and secondary shielding and for structurel '
PArposes.

The reagon I sx discussing lead and its competitive shielding materials
is that I feel on the one hand, in this country becsuss of ingenious design
and sound fabricating techniques, lead has found good utilization in the
puclear field. In Burope, for instance, shipping casks are all steel or even
concrete because suitable lead shielded casks that the nuclear industry could
have confidence in could not de produced.

But, on the other hand, vhile talking with people vho design and specify
nuclear shielding, I found they try to svoid using lead vhever possidle.

I found same small evidence of research resulting in increased uses of
1sed in cambination vith other shield materials.

Chemtree Corporation is marketing a concrete -nd lead product that is
findirg some acceptance as a gmma and peutron shield, A research group is
trying to develop a cambinstion leed, polyethylene and boron shield as &
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geme and peutron shield. ~Some ocmpanies have had consifersble suteess 1 T T

bonding leed and other shielding materisls. Conceivably, the leed inldustry

cen 40 more to stimulste ressarch into combination materials that will bave

the combined attributes of lesd and other shislling materials. |
I wonld, therefore, like to conclude with a statement and a guestion.,
Statemest: The nuclear industry is nov using hundreds of thousands of -

tons af shielding material amnually. Quite a small percentage of this ma-

terial 1s lesd. Questicn: Can the lead industry through research, through

education, through product information disseminaticn or through other tech-

niques 4o anything more than it is now doing to capture a larger share of the

puclear shielding market?
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