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INTRODUCTION

This paper serves as an introduction for those to follow.

Thus, reactor fuel cycles are discussed and the sources of

radioactive wastes are pointed out, but in less detail than in

following papers on specific processes or nuclides. The amounts

and general characteristics of all significant radioactive

wastes from the fuel cycle are presented in an attempt to clarify

the relative position of airborne wastes with respect to the

other kinds.

Light water and HTGR fuel reprocessing are discussed. The

reprocessing of LMFBR fuel is similar to LWR reprocessing and

does not warrant a separate discussion. Wastes from ore milling,

reactor operation, fuel fabrication, and fuel reprocessing are

considered.

ORIGIN AND NATURE OF FUEL CYCLE WASTES

The characteristics of radioactive wastes from the nuclear

fuel C'-rle are dependent on many diverse factors, most of which

do not lend themselves to simple definition or standardization.

Among the more important of these factors are the types and

operating characteristics of the r-actors, the processes and

flowsheets that are used in manufacturing and reprocessing the

fuels, and the waste management operating practices that are

adopted at the plants. Each of these is strongly influenced,

of course, by the regulatory requirements under which the industry

must operate.
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As might be expected of a relatively young, rapidly expanding

branch of industrial technology, there are many important aspects

bearing on waste management that are in evolutionary stages of

development. While much research and development work has been

done/ there remains a. shortage of commercial plant operating

experience upon which estimates of future performance can be

reliably based. This is especially true of those operations that

will generate the wastes of greatest concern: fuel preparation,

fabrication, and reprocessing. Nevertheless, we have summarized

the most important "typical" wastes by drawing on available

operating experience at both government and commercial facilities,

and from the results of research and development work.

High-Level Wastes

High-level wastes are defined in federal regulations as

"those aqueous wastes resulting from the operation of the first

cycle solvent extraction system, or equivalent, and the con-

centrated wastes from subsequent extraction cycles, or equivalent,

in a facility for reprocessing irradiated reactor fuels." These

wastes contain virtually all of the nonvolatile fission products,

several tenths of one percent of the uranium and plutonium

originally in the spent fuels, and all the other actinides formed

by transmutation of the uranium and plutonium in the reactors.

They can be generally characterized by their very intense.



penetrating radiation and their high heat-generation rates.

Regulations call for these wastes to be solidified within 5

years after they are generated and for the resultant stable

solids to be shipped to a federal repository within 10 years

after the liquids are generated. •*"

Cladding

Cladding wastes are the residual Zircaloy and stainless

steel cladding and structural components of the fuel assemblies

that remain after the fuel cores have been dissolved. Although

their radioactivity arises mainly from neutron-induced isotopes,

the hulls are similar in some respects to high-level waste in

that they may contain up to 0.1% of the plutonium originally in

the spent fuel, need biological shielding equivalent to several

inches of lead, and have heat-generation rates of 50 to 100

W/ft3.

Noble Gases

The ncble-gas fission products consist principally of stable

and short-lived isotopes of krypton and xenon. Typically, from

5 to 6 kg is present in each ton of spent fuel from LWRs and

LMFBRs, and while xenon comprises about 95% of the weight of

the mixture, the only radioisotope remaining after 150 days

decay is 10.8-y 85Kr. These gases are currently discharged to
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the atmosphere following interim holdup for decay. Over 99%

of them are released at reprocessing plants, and the remainder are

discharged at power stations as a consequence of their leakage

through defective fuel cladding. Although off-site radiation

exposures have been small as compared with current guidelines for

population exposure, the noble gases will probably be recovered

in the near future as a result of stated policies of maintaining

radioactive releases to the environment at the lowest practicable

levels.

Several processes are available or are under development

2 3for recovery of these gases from plant off-gas streams. '

Initially, it is likely that the mixed gases will be collected

under high pressure in gas cylinders or trapped in zeolite crystals

and then shipped to a large remote site and stored under conditions

that will promote long-term integrity of the containers.

Iodine

Iodine is a semivolatile fission product which, because of

its complex physical and chemical properties and its high biological

significance, has always required special attention to ensure

adequate safety in its management. About 0.01 g of iodine

isotopes is formed per MWd (thermal), and the isotope of greatest

concern during reactor operation and fuel reprocessing is

8.05-d l 2 9I. However, the species of consequence to longer-

term waste management is 1.6 * 10 -y 1 2 9 I , which comprises about

75% of the weight of the fission product iodine isotopes.



Of the total iodine species in the off-gas of a fuel

A-*reprocessing plant, organic iodide forms make up a significant

fraction. Caustic scrubbing, which has been used for the

removal of iodine, is ineffective for the organic iodide forms.

Similarly, scrubbing with mercuric nitrate-nitric acid solution

works well on elemental iodine but not on organic iodides.

Concentrated nitric acid in the 20 to 22 M_ range effectively

removes all iodine species and oxidizes them to a nonvolatile
4

iodate form (Iodox Process). Gaseous iodine species including

L>
organic iodides react with silver-exchanged or silver-impregnated

adsorbents (e.g., zeolite, silica, alumina) to form chemisorbed

silver iodide. The adsorbents cannot be regenerated, however,

and the cost of silver is prohibitive for the removal of the

bulk of the iodine. Silver zeolite is being installed in the

Barnwell Nuclear Fuel Plant as a back-up to the primary system.

Research and development work aimed at reducing iodine

releases from fuel reprocessing plants to "near zero" levels

show promise of removing at least 99% of it from the other fuel

constituents by volatilization at the head-end of the process.

Once separated, it would subsequently be trapped and retained

separately from the other waste streams. The final form into

which the iodine may be processed for packaging, shipment, and

disposal has not been defined as yet. Such concentrates of 129i

must be stored permanently because of its very long half-life.



As a consequence, disposal by isotopic dilution and dispersal,

or by transmutation, may ultimately be adopted.

Tritium

Tritium wastes are generated at nuclear power stations and

at fuel reprocessing plants. Tritium in light water reactor

wastes arises principally from neutron reactions with light

elements such as lithium and boron that may be present in

the primary coolants. New power stations may have the

capability for recycling the coolant until the tritium con-

centration reaches ^5 uCi/ml, and then for maintaining that

concentration by additions of fresh water to the coolant.

Operating experience with this technique is lacking; however, a

recent estimate is that 10,000 to 60,000 gal of tritiated water

per year will be bled from the primary circuit of each 1000-MW

LWR. This waste can be stored in tanks at the power stations

until it is shipped to disposal sites.

About 0.02 to 0.03 Ci of 5H per MWd (thermal), or 700 to

3600 Ci/ton of fuel, is produced in fission and appears in

wastes from fuel reprocessing. A few percent may be associated

with the fuel cladding, but most is present with the core

materials and is eventually released as water vapor or HT to

the atmosphere. Future plants having head-end operations like
g

"voloxidation" should be able to separate and recover the

tritium in a relatively small volume, perhaps in as little as



a few liters of tritiated water per day. This concentrate could

then be converted into an appropriately stable, solid form

[such as Ca(0H)2» perhaps], packaged, and shipped to a designated

storage or disposal site.

There is evidence that tritium may act differently in

LMFBRs than in other reactor types. As much as 95% may diffuse

through the stainless steel cladding during reactor operation

and appear as a sodium tritide sludge in the primary-coolant
9

cold traps. If experience bears out this behavior, processes

for recovery and packaging of the tritium from LMFBR fuels may

be installed at the power stations rather than at the reprocessing

plants.

Carbon-14

Most of the 1 ""C produced in reactor fuels arises from 1 ''N

impurities in the fuels through an (n,p) reaction, although in

the case of the HTGR another significant source is from 13C.

The chemical behavior of '*C during nitric acid dissolution is

not known. The assumption most often made is that it will be

released as a gas, probably C02, from the dissolver. In processing

HTGR fuels, much of the 2"c will be oxidized along with the

graphite in the burning step.

The '"C activity which appears in the fuel reprocessing

plant depends primarily on the amount of nitrogen impurity in the

fuel. At this time lhC activity is estimated to be of the order of

6 * 10~ Ci/MWd(e) for LWR fuel (assuming 25 ppm nitrogen in the
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UO2) and 4.5 * 10 Ci/MWD(e) for HTGR fuel (assuming 30 ppra

nitrogen in the graphite. ' The removal of If|C from gas streams

could be accomplished by scrubbing with NaOH solution [or Ca(OH)2J

slurry, although x*C would also be removed by a krypton absorption

process using a fluorocarbon absorbent. A recenv. study of the

fixation and disposal of * ''C-contaminated CO2 as CaCOa for HTGR

reprocessing concluded that a reduction in the nitrogen content

12
of the HTGR fuel would be a better solution to the problem.

Low-Level Transuranic Wastes

Low-level transuranic wastes are defined in this paper as

those solid materials that contain plutonium or other long-lived

alpha emitters in concentrations greater than 10 yCi/kg, and yet

have sufficiently low external radiation levels that they can be

handled directly without supplementary shielding (surface dose

rate of <10 mrem/hr). The criterion of 10 yCi/kg is adopted as

a lower activity density for these wastes because this corresponds

to the upper range of alpha-emitting isotopes in naturally

occurring deposits. It is reasonable that wastes containing less

alpha activity than 10 pCi/kg be regarded as disposable in

carefully selected burial grounds, whereas low-level TRU wastes

must be stored in special repositories that offer maximal

assurance of permanent isolation.

These wastes arise principally at fuel preparation and

fabrication plants, and to a lesser extent at fuel reprocessing

plants. They consist of a wide assortment of solid materials



including items made of paper, cloth, wood, plastic, rubber,

glass, ceramic, and metal, as well as salts and sludges that

arise in the treatment of liquid waste streams and filters from

cleanup of off-gas.

Intermediate-Level TRU Wastes

These wjstes are defined as those solid materials, other

than high-level and cladding wastes, which contain long-lived

alpha activities greater than 10 yCi/kg and have gamma radiation

levels sufficient to require biological shielding and remote

handling techniques (typical surface dose rates lie between 10

to 1000 mrem/hr). They arise at fuel reprocessing plants and

consist of an assortment of materials similar to low-level

transuranioT

Non-TRU Wastes

These diverse solid wastes are common to all facilities

handling radioactive materials; however, about 90% by volume

originate at nuclear power stations. They range from

concentrates of the radionuclides generated in the decontamination

of plant effluent streams to almost every conceivable type

of contaminated solid refuse from plant operations. They

normally require minimal shielding, and since they contain

less than 10 uCi of long-lived alpha activity per kilogram,

they are disposable in surface burial grounds.
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Ore Tailings

The processes used to extract uranium from ore are based on

either alkaline or acid leaching followed by recovery of the

uranium from the leach liquors by solvent extraction or ion

exchange techniques. The ore currently averages about 0.2%

uranium as U3O8, and the mills normally recover about 95% of

it. The remaining 5% is discharged in the wastes, or tailings,

with the other naturally occurring radioisotopes originally present

in the ore. The tailings consist of sands, slimes containing

the bulk of tue radioactivity, and process leach liquors. They

are discharged to tailings ponds adjacent to the mills from

which the liquids either evaporate or seep into the ground. The

solids, which are roughly equivalent in volume to the original

ore, average about 0.16 yd per pound of recovered UjOa- Their

future disposition remains in doubt; however, it is likely that

they will either be returned to the mines from which they came

or will be covered in place with 10 to 20 ft of earth to reduce

the release of radon.

CURRENT PRACTICE FOR GASEOUS EFFLUENT TREATMENT

Light Water Reactors

A reference flowsheet depicting current practice for LWR

fuels is presented in Fig. 1. A flowsheet for LMFBR fuels would

be very similar. The gas streams which must be treated are those
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from the shear and dissolver, the vessel off-gas system, and

cell and laboratory ventilation systems. The combined gas

streams from the shear and dissolver contain all of the krypton

and more than 75% of the iodine initially present in the fuel.

This stream also contains some particulates and a small fraction

of the tritium in entrained droplets of liquid. It is passed

through an NO absorber, which removes some of the particulates

and ruthenium. It is then combined with the vessel off-gas

stream and passed through a Hg(NO3)2-HNO3 scrubber, which removes

90% of the total iodine. The stream is then heated to vaporize any

liquid aerosolr filtered and passed through the silver zeolite

bed, which removes 99% of any remaining iodine.

All streams pass through banks of HEPA filters before

release to the 100-m stack. Each bank of filter has a rated

efficiency of 99.95%.

High-Temperature Gas-Cooled Reactors

A reference flowsheet for off-gas cleanup from HTGR fuels

is shown in Pig. 2. The flowsheet is more complex than that

for the LWR case because of the need for two solvent extraction

systems, Thorex and Purex, rather than one. Gas streams to be

treated arise from graphite burning, fuel leaching and

dissolution operations in addition to vessel off-gas and cell

and lab ventilation streams.
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The spent fuel storage facility is not shown on the

flowsheet. This facility will be air-cooled and can store

up to 15,000 fuel elements, requiring an air flow of the

order of 300,000 cfm. Although the elements will be sealed

in containers and the air may be cooled and recycled, a purge

stream \vill 1.3 required which is a potential source of radio-

activity. The cooling air released from the plant will be

passed through HEPA filters.

The reprocessing of HTGR fuels is still under development,

but. it is likely that reprocessing will begin with the crushing

of graphite blocks into particles of less than 3/16 inches.

These particles will be burned in a fluidized-bed reactor,

leaving residues of ThO2 and UC2 particles. The particles will

be separated and the thorium-containing particles sent to the

Acid-Thorex Process.

The uranium-containing particles will be separated according

to 233U and Z35U content. Those particles containing Z33u and

more than 5% 2 3 5U are crushed to break their SiC coatings and

burned to convert them to U3O8. The uranium-containing particles

are sent to the Purex Process.

A large variety of airborne radioactive species are produced

by the crushing and burning operations. Noble gases and iodine

are released and lhC is oxidized to CO2 and
 3H to H20. Fine

particles will be produced containing the entire spectrum of

fission products.
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The COz entering the off-gas clean-up system contains

of the order of 0.2 ppm 1 ''CO . The major source (>80%) is

from the irradiation of nitrogen in the fuel and the rest is

produced from 13C.

The thorium and uranium dissolution operations are the

major source of radioactive effluents, since most of the krypton,

xenon, radon and iodine will be released from the fuel at this

point. The dissolver off-gases also contain an aerosol of

droplets of dissolver solution which can dry to form a solid

aerosol. The dissolver off-gases pass through NO absorbers and

then combine with the vessel off-gas system. The off-gases

from the vessels in the solvent extraction processes will contain

radon and an aerosol of aqueous and organic species which can

combine with iodine to form organic i

Gases from the burning and leaching operations and from the

Thorex vessel off-gas system are passed through a hold-up tank

to provide a 20-minute decay period for 220Rn. The off-gases

from the leaching and dissolving operations are passed through

NO absorbers. The combined off-gas streams then pass through

the Hg(NO3)2 — HNO3 scrubber, which removes 90% of the iodine

and most of the tritiated water. The off-gas is heated,

filtered and passed through the silver zeolite bed for additional

removal of organic^and elemental iodine. The gas, along with cell

and laboratory ventilation air, is passed through banks of HEPA

filters before release to the 100-m stack.
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PROJECTIONS OF NUCLEAR POWER GENERATION

Table 1 presents the forecast of central station nuclear

electric power generating capacity that has been assumed for the

purpose of projecting the quantities and characteristics of fuel

cycle wastes. This forecast is based upon operating data through

FY 1972 and the 1975 forecast of the ERDA Office of Planning and

Analysis from FY 1973 through FY 2002- The OPA prepared four

forecasts termed Khigh," "moderate/high," "moderate/low," and

"low." We have chosen for Table 1 the "moderate/low" case, which

assumes a kilowatt-hour production growth of 6.0% per year through

1985 declining then to a growth rate of 5.4% per year through 2000.

We recognize that this case does not accurately represent present

expectations, but it is the most recent projection available.

Key assumptions in the forecast concern the types of nuclear

power plants, their capacity factors and the reprocessing and

recycling of fuel. It was assumed that fast breeder reactors

will be introduced commercially in 1993 and achieve about 10%

of the installed nuclear capacity by 2000; that HTGRs will increase

to 15% of the non-breeder market during the 1990's and that light

water reactors will constitute the remainder of the market with

two-thirds as PWRs and one-third as BWRs.

With regard to fuel reprocessing, it was assumed that it

begins in 1978 with uranium recycled as soon as it is available.

Plutonium is recycled beginning with 25% of the reactors in 1981,

50% in 1982, and 75% in 1983.
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Table 1. Projected Nuclear Operating Capacity, GW(e)

TEAR HTGR LHFBR 101AL

197 0
197 1
197 2
1973
1974
1975
1976
1977
1978
197 9
1980
1981
1982
1983
1980
1985
1986
1987
198 8
198 9
1990
1991
199 2
1993
1994
1995
1996
1997
1998
199.9
200 0

5.
9.

13.
18.
3 1 .
38 .
44.
5 1 .
5 8 .
65 .
75 .
9 2 .

112.
133.
157.
179.
201.
225.
253.
283.
315.
3U8.
382.
416.
450.
483.
516.
547.
579.
609.
638.

9
4
7
4
0
0
3
3
4
5
5
3
7
8
3
3
9
5
9
9
5
7
7
5
7
9
2
6
1
7
6

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
1.1
1.1
3 . 0
3 . 0
5 . 3
7 . 7

11.1
13.7
17.7
23.3
29.2 •
35.2
41.2
47.2
53.0
58.7
6U.3
69.8
75.2
80.3

0 . 0
0 . 0
0 .0
0 . 0
0 . 0
0 . 0
0 .0
0 . 0
0 .0
0 . 0
0 .0
0 . 0
0 . 0
0 . 3
0 .3
0 . 3
0 .3
0 . 3
0 .3
0 .3
1.1
1.1
1.1
2 . 2
4 .
8 .

15.
26 .
40.'
58.'
81.1

5 .9
9 .4

13.7
•18.4
31.0
38.3
44.6
51.6
58.7
65.8
75.8
93.4

113.8
137.1
160.6
184.9
209.9
236.9
267.9
301.9
339.9
379.0
419.0
459.9
502.0
545.0
590.0
638.0
689.0
743.0
800.0
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Using these assumptions and the fuel cycle process

flowsheets, the volumes and activities of several types of

wastes were projected for the year 2000 (Table 2). From

Table 2 it may be seen that the gaseous wastes are neither

the most voluminous nor the most hazardous among the classes

of wastes, but they do pose a significant management problem.

PROJECTED ACCUMULATION OF GASEOUS WASTES

Projection of the magnitude of waste management operations

for gaseous wastes through the end of the century are presented

in this section. Estimates are given of the annual qaneration

rates, the total quantities accumulated, and the accumulated

hazards (volumes of air and water required for dilution to RCG

levels) for each of the gaseous waste types described previously.

The required number of annual shipments for each type of waste is

estimated assuming currently used or conceptually designed

shipping systems, and the effect of one million years of radio-

active decay on the accumulated total properties is also given.

The projected accumulation of noble-gas fission products is

presented in Table 3. It is assumed that the mixed krypton and

xenon isotopes are packaged in standard 50-liter gas cylinders

at a pressure of 2200 psig, stored for 1 year at the reprocessing

plant, and then shipped by rail to a repository for long-term

storage. An individual shipment consists of six gas cylinders

contained in a specially-designed water-filled cask.



Table 2. Fusl Cycle W.ittea Projected for th« Yetr 2000

Category of Hattat

Hi«jh-!evcl solidified

C!.v!dinq hl'ils

•;<*'.<• .j«os

IotJir.o

Reactor tritium (water)

F. P. tritium (solidified)

C..i-!.ut>-U

Low-l».*Vvl '.".'<Lf

Intermediate-level TRO

Non-7RU

Or? "!'.iilin<7S

Annual
volumo

(103 «3)

1.3

1.0

0.042*

0.0013

84

0.13

-

1C

5.3

250

33,000

Caneration
Activity

(HCi)

35,CCO

316

120

0.48

0.4

6.8

13

. 20

4.C

1.0

0.C4

Annual

Shipments

330 *

c * tt

• 14CC'd'

icd'<

5 * 600 *

A 50 *

-

•.,U0c'"

2,500J'£

19,000 d > f

-

Total

(103 m 3

3.7

9.7

0.39°

0.012

930

1.2

-

150

54

2,400

420,090

Accumulated at
Activity

(HCi)

10,000

1,100

770

4.5

3.1

4C

100

130

19

3.4

8.2

Repository
Metric tons

of Actinidei

260

65

-

-

-

-

-

11

0.39

-

£0,000

ra"1

8 *

1 »

3 «

2 x

2 x

2 *

1 x

0 x

2 x

3 x

7 *

Air

10 2 0

lo"

10 1 5

10"

10 1 3

10 1 4

10 1 5

10 1 5

10 1 0

10 1 5

10lfl

TOxlcity"

m 3 fc'ntor

7 x lo 1 5

3 x 10

-

8 x 10 1 0

1 x 109

2 x 10

X « 10 1 1

1 . ! 0 1 2

7 x 10 1 2

4 » 10 i 0

2 x 10 1 3

^Cubiv '-'c-tcrs of air or witcr required for dilution to ItCC valucg
(Appendix n. Table II, OI 10Cl'Il20).

bSh-Fpo'J 10 years after generation.
c!<atl st<ip.ronta are assumed.

^ 1 year after generation
cPrcssuri2ed ot 2200 psi.

Truck shipments are assumed.
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The accumulation of fission product iodine is given in

Table 4. In constructing this table, it was assumed that

99.9% of the iodine was recovered in a pure form at the

reprocessing plants, converted to barium iodate, concreted

and stored for 1 year before shipment to a repository or to a

14disposal site. The barium iodate was assumed to be concreted

with a mixture of cement, water and butyl stearate resulting

in a product containing 10 wt % iodine.

The projected accumulation of carbon-14 is shown in Table

5. The values are presented as curies because the chemical and

physical characteristics of the carbon are uncertain at this time.

The table is based on 25 ppm of nitrogen in oxide fuel and 30 ppm

in graphite.

The projected accumulation of tritium in the form of

tritiated water from the primary coolant circuits of LWRs is

presented in Table 6. This table assumes that about 63,000

arid 10,000^wliter containing 3H at/|concentration of 5 yCi/ml is

bled annually from each 1000-MW (electric) PWR and BWR,

respectively. This water is stored at the power stations until

it is shipped to disposal sites.

Shipments and accumulations of fission product tritium

1 year after its separation from spent fuel at reprocessing

plants and LMFBR power stations is presented in Table 7. It

is assumed that this tritium is recovered in water at a
Co

concentration of 200 ©t/liter and is then immobilized as

Ca(OH>2. The tritiated Ca(OH)2 is shipped to a repository for

long-term storage.
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^1 t*i#.> _ . ̂ r\ >J i f i u «r\ _* î t /«* #?« in .r? tit 1.1 1^ kt _ * a~« e% nt rt tt Ti

W as ^

r l 4

i4

O

d

H-
O

(fl

O
H»

H-
W
n
O

(iiiMi* •?
ui e c ui U M W M _ — - . - . c «• 0> O I

>OOUffiO>*COOeoaQlUvJOOUIPOtMOOO ^^P^t Q

a
c

- — 2.
lOUlCdWUlWUILUtJ UJf» jWfa- * -» - * - * - *00O00OO O O O O O O O O O O *S lO?* r f*
^O <̂ ^ ^3 <̂ > ̂ > ^^ {£} ̂ 3 ^^ C^ ̂ J ^* ^^ ^D Q̂  4» IO ^? ^B ̂ "4 C^ W1 ' ^ f^ ^^ fO * * *^ ̂ > C^ ̂ ^ * ^ C3 ^^ ^^ ^ fr 4̂  f f p | ^ ^

CD C3 CD C3 09 CO Q3 CO CQ>

•c- u» cn t r ui ui ui cn ui
t*J t4 t*3 W C*3 W W W W

ooooooc3r»«ao
000000000 oooaoorsoooooooi



23

•H
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THE IMPACT OF NUCLEAR FUEL CYCLE CENTERS

A study by the Nuclear Regulatory Commission considered

15the potential benefits from nuclear energy centers. With

regard to integrated fuel cycle facilities, in which several

fuel reprocessing and matching fuel fabrication and waste

management facilities would be located together, the study

concluded that there would be no significant differences between

the radiological and environmental effects of fuel cycle centers

and dispersed sites. Fuel cycle centers, including three to

six 1500^-MT/year reprocessing plants, could result in a two-̂ tof

four-fold increase in dose to the maximally exposed off-site

persons compared with a single dispersed plant. These maximum

doses could be reduced by the use of existing effluent treatment

methods if necessary, according to the study. Clearly, off-site

radiation exposures will not be permitted to exceed the legal

limits. Whether the exposures from fuel cycle centers will be

more or less than those from dispersed plants depends on site

specific factors.

Fuel cycle centers might offer advantages in the area of

nuclear safeguards by reducing the number of shipments of

hazardous materials on public transportation facilities. In

the case of separate power centers and fuel cycle centers, the

shipment of spent fuel might not be improved because of longer

shipping distances

would be improved.

shipping distances, but the situation for shipping of wastes
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GLOBAL BUILDUP OF AIRBORNE EFFLUENTS

The buildup of effluents depends on the rate of power

generation and the extent of attenuation of them in waste

management facilities. Related matters of interest are the

fates of effluents released to the atmosphere and the biological

significance of these releases. These items are discussed

briefly for 9sKr, lkC, 129I and 5H. A crucial point is that

by the year 2000 the United States will have only about 20

percent of the nuclear electric power capacity of the world

and cannot directly control the global buildup. Methods for

the isolation and retention of all these nuclides either have

been developed or are under development.

For a typical light-water power reactor the annual production

rate of BsKr is about 300 Ci/MWe. The amount released by leakage

through the fuel cladding during reactor operations is very small

(<1%) compared to that released in fuel reprocessing. If all

of the 85Kr is released to the atmosphere, the global accumulation

18
by the year 2000 will be in the range of 3000 to 6000 MCi.

Practically all of this will remain in the atmosphere, with only

a few percent being absorbed by the oceans and insignificant

amounts taken up by soil and vegetation. The skin dose to

humans for this case of no control of releases would increase to

3 mrem/year by the year 2000. This may be compared to the

exposure received from the external component of natural radiation

18of about 75 mrem/year.
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Carbon-14 is produced in reactor fuel primarily from ll(N

and 1 3C, but also to a lesser extent in the reactor coolant.

Kunz et al., have found that the 1"C activity exists primarily in

C02 in BWRs but primarily in CHi, and C2H6 in PWRs, presumably

because of the hydrogen blanket on PWR coolant. ' Carbon-14

has a half-life of 5730 years. If it is assumed that all of the

1 I*C produced in reactors and reactor fuel processing is released

to the atmosphere, the global accumulation by the year 2000 will

be of the order of 750 MCi. No estimates of the biological

significance of such a release have been reported.

The biological hazards of radio-iodine were recognized

early in the development of nuclear energy, and considerable

experience has been gained at attempting to retain iodine during

the operation of fuel reprocessing plants. Effective control

measures appear to have been developed and the release of I ,'. 9 -

from new reprocessing plants is expected to pose no hazard to

22man or the environment.

Tritium is produced naturally by cosmic radiation and solar-

flares at a rate of about 4 MCi/year. This is consistent with a

world inventory of natur«a tritium of 69 MCi and the half-life of

2312.3 years. Atmospheric testing of thermonuclear weapons prior

to 1963 introduced about 3000 MCi into the atmosphere, and this

source will be dominant for several decades. Most of the tritium

released eventually becomes dissolved into the oceans, which is

the optimal release reservoir with respect to dosages to mankind.

The greatest dosage to man would result, from releases into

24
surface waters.
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