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Introduction

The technology involved in the nuclear fuel cycle appears abundantly

in many reports, journals and books. Each reactor concept employs its

own fuel cycle, and a detailed description of any one would consume more

time than alloted for this discussion. For these reasons, an attempt

will be made to generalize the fuel cycle in order to give you an apprecia-

tion for the basic principles involved, Because some of the areas of the

fuel cycle have come under public scrutiny from a safety standpoint,

specific plant operating experiences in parts of the cycle will be related

to broaden your knowledge of the sensitive areas where there may be an

interface with the general public. Next, I would like to outline the regu-

latory means that are now used to control the prime operational areas of

the fuel cycle and to minimize their potential insult to the public from

a health and safety standpoint. Finally, I would like to end with a

brief discussion of the technical and manpower problems facing the nuclear

industry in the short-term future.

The Fuel Cycle

Slide 1 presents a composite schematic of the nuclear fuel cycle. As ISlide 1]

you scan the nuclear information available in the literature you will note

words like LWR, HTGR, MSBR, and HTGCR — each of these reactor types has a

specific cycle of its own, however, each utilizes part or all of the

various phases described on this slide.

To begin the cycle, uranium is mined by conventional means and is

then shipped to mills where the uranium is separated from Che extraneous

bulk material and concentrated. There are some 20 uranium milling plants

owned by 16 companies in the U. S. The largest of these are Kerr-McGee

Corporation, whose plant at Grants, New Mexico, has a nominal capacity of



7,000 tons of ore/day; Union Carbide Corporation's three plants total

5,000 tons per day; the Anaconda Company has a plant with a nominal capacity

of 3,000 tons/day and the Utah Construction & Mining Company has two plants

with a combined capacity of 2400 tons/day. These four organizations repre-

sent just under half of the total ore milling capacity in the U. S.

Several basically different processes are used within these mills.

The uranium is leached from the ore by acid or alkaline solution, the

uranium is then concentrated and partially purified by solvent extraction

and/or ion exchange. Several plants also obtain byproducts, such as

molybdenum or vanadium by adjusting chemical conditions. The uranium is

then precipitated from strip solutions by ammonia addition and is filtered

and dried. At this point, the material is cosmonly known as "yellow cake"

and can be readily converted to U,Og, a black oxide.

The uranium, impure at this point, may then be refined and converted

to gaseous UF,. Two plants have this capability. One plant is operated

by the Allied Corporation at Metropolis, Illinois and the other, located

at Sequoyah, Oklahoma, by the Kerr-McGee Corporation.

After refining and conversion to UF,, the uraniun undergoes enrichment.

All the commercial reactors in the U. S. operate with fuel of enriched ura-

235ilium. Typically, the enrichment is 1 to 5% U, with the enrichment

235averaging about 3X U. An important factor in the relationship between

enrichment capacity and ore requirements is the "tails" assay of the en-

richment plant. If enriched uranium product cones from the plant, a de-

235pleted uraniua stream, or tails, must also be produced. The U content

of uranium front ore (natural uraniun) is about 0,71*. In the past the
235tails contained about 0.22 U. However, the plants have recently been

235run to produce a tails of 0.32 U. Thus, the amount of ore needed to

235produce a given amount of U was increased by about 25%* But because



less work needs to be done to produce 0.3% tails than 0.2% tails, enrich-

ment plant capacity is increased.

Uranium enrichment in the U. S. is currently done at the AEC's gaseous

diffusion plants in Tennessee, Ohio, and Kentucky. Gaseous UF, is put

235through a series of barriers so designed that UF, neves through faster

238than UF,. Under the "toll enrichment" arrangement, the customer supplies

235

uranium feed and gets back less uranium containing a higher U concentra-

tion, and (at his option) the rest of the uranium (tails), of course, con-
235 235

taining « lesser U concentration than the feed (0.3% U ) . For this

service the AEC makes a service charge, or ''toll." Charges are based on

the aaounl: of effort expended in the plants to concentrate, or separate,
235the U. This work is measured in "separative work units," and the number

required to produce enriched uranium for any specific application la regu-
235 235

lated to the U concentration required, the U concentration in the

feed, and the tails concentration.

The only significant source of enriched uranium in the world is the

gaseous diffusion plant. It is also the only part of the nuclear fuel

cycle not yet being done by private industry.

Another source of raw material delivered to enrichment facility is

oxide which is prepared by calcining UNH solution from reprocessing plants.

This material is called "reactor tails."

The material is then converted to stochiomefcric ceramic grade UO. in

fuel preparation plants, and is shaped into pellets, microspheres or shards.

Depending on the reactor type, the oxides of Pu or Th may be added to the

uranium oxide at this point to form a binary mixture prior to pelletization.

The next step in the cycle is to package these shapes into the desired

configuration for the reactor. Because there are many reactor typss, there



are many types of fuel rods and assemblies. This particular phase of the

nuclear fuel cycle is expensive, representing approximately 30% of the fuel

cycle cost. This expense may be justified when one considers the require-

ment for exotic clad materials, such as zircaloy and stainless steel.

Because the cladding represents the primary containment for the fuel in

the reactor, extensive cleanliness is exercised and detailed inspection

and testing methods are used to conform with the reactor specifications.

Within the U. S., there are 8 firms offering the services of fabrica-

2
tion of first core reactor loads.

The heart of the Nuclear Fuel Cycle is the reactor, but jecause of

time limitations, it will not be possible to dwell on the reactor itself.

The literature on the various reactor systeir.? is abundant, therefore the

lesc publicized phases of the nuclear fuel cycle will be stressed in this

discussion.

Follow4ng this phase, the complexion of the fuel cycle is drastically

changed. Fuel elements withdrawn from the reactor have now increased in

activity level as the result of fission product generation. Further, the

presence of these fission products create residual heat so that cooling

is required. Xn addition, U and isotopes of Pu are produced, depend-

ing on the concept; these products are.biologically hazardous substances,

of course. As a result of these factors, such substances must be care-

fully isolated from the environment. A standard PWR fuel element irradiated

to 33,000 MWD/ton in a LWR and decayed 150 days contains 2 million curies,

and 30 thousand BTU/hr of heat must be removed. In the longer range reactor

picture, LMFBR's will be discharging fuel irradiated to 100,000 MWD/ton and

decayed perhaps as little as 30 days before shipping; 2 million curies of .

activity will be present and 35,000 BTU/hr of heat will require removal;

approximately 10 kg of plutonium will accompany each fuel element.



Three firms are actively engaged in the fuel reprocessing business.

The first, Nuclear Fuels Services, located in West Valley, New York, has

been on-stream since April 1966 and was designed with a nominal capacity

of one-ton/day of fuel. Since this time however, the plant has been modi-

fied for a 3-ton/day capacity. The second plant is the Midwest Fuel Recovery

Plant in Morris, Illinois, operated by the General Electric Company. The

nominal capacity of this plant is one-ton/day and the plant has been con-

structed and awaits its license. Hot operation is expected by late this

year. The third plant is the Barnwell, South Carolina facility, a 5-ton/day

plant presently under construction. The plant is expected to commence hot

operation by 1974 and will be operated by the Allied-Gulf Corporation.

Other plants will be needed in the next few years since the combined load

will increase to about 3000 t/yr (10 t/day) by 1980, 30,000 t/yr (100 t/day)

by the year 2000.

Basically, the function of the reprocessing plant is to separate the

uranium and plutonium values from the spent fuel. When compared to a

nuclear reactor, the reprocessing plant may be regarded as a transient set

of operations. Each startup is different, flowsheets and chemical condi-

tions must be vaxied to accomplish acceptable production rates, decontamina-

tion from fission products, losses, and to satisfy the demands made by

nuclear safety. This phase of the cycle will be discussed in greater depth

later.

The final phase in.the cycle is that of waste disposal, which was

discussed by Dr. Lomenick this morning and will be discussed tomorrow by

Dr. Blomeke.



In order to give you an appreciation for the various major phases

of the fuel cycle, I have selected several photographs that are repre-

sentative.

Slide 2 - View Within Mine ORNL-Photo-2305-71

Slide 3 - View at Mine Head 2306-71

Slide 4 - View of U308 Shipment 2309-71

Slide 5 - View of UFfi Shipping Cylinder 2310-71

Slide 6 — View of Enrichment Plant

Slide 7 - View of Various Fuel Forms Y112568

Slide 8 - View of Typical Fuel Assemblies 83597

Slide 9 — Advanced Fuel Assembly (slide only) 2.667-71

Slide 10 - Shipping Cask 2215-71

Slide 11 - Barnwell Plant, (P-21 JPN's slide)

Slide 12 - Shear Mockup 62615

Slide 13 - View of ORNL Shipping Container Dwg.-68-14352-R3

Slide 14 — Federal Waste Repository 71-2192R

SENSITIVE AREAS WITHIN THE CYCLE

For a few years now, the nuclear industry has been under public scrutiny

because of certain hazardous potentials within the cycle. The most recent

thrust by environmentalists has been aimed specifically at nuclear power

reactors; however, there is evidence that heads are being turned toward

other phases of the cycle, namely, fuel transport, reprocessing, fuel prepa-

ration and waste handling. Because the nuclear reactor field has been covered

in some depth elsewhere, it will not be discussed here. Rather, the specific

operational experience obtained in the other areas will be expanded to solicit

your appreciation for the radiological and safety procedures employed in these

operations. With your backgrounds, it should be a simple matter to evaluate



where an interface with the general public might take place.

Fuel Material Preparation

In spite of the fact that the chemistry and technology of making oxide

from these raw materials is well known, little information on the processes

or equipment used in these plants is obtainable. This statement can be

supported by the fact that this phase of the industry is highly competitive,

and flowsheet and equipment information is regarded as proprietary. A fuel

fabrication plant can only survive economically if it is able to keep its

scrap recycle down. The cost of scrap recycle is a major factor in the

bidding for fuel contracts.

Because of the lack of information obtainable to you on fuel prepara-

tion methods, I would like to describe an oxide conversion line at ORNL

233
that will be used to provide ceramic-grade TI0« for the LWBR demonstra- /

tion In the Shippingport reactor. The laboratory was selected to do this

work because no commercial facility exists that can handle large quantities

233
of U. Several problems exist in handling this isotope of uranium which

is similar to the handling of other fuels such as plutonium (such as criti-

cality and contamination); however, it has a unique property of increasing

its activity with time. This then, creates personnel exposure problems.

The flowsheet represents a "middle ground" in the technology of fuel prepa-

ration in that the flowsheet is more advanced than that used in existing

233
plants, but not acceptable to the long-range fuel preparation where U

will require completely remote handling during the conversion.

On this slide (Slide 15) the uranium is delivered in metered quantities [Slide

to a vessel wherein anhydrous ammonia gas precipitates the uranium. During

this operation, the solution and slurry is recirculated through a pH elec-

trode element until a value of 8 is reached. Upon reaching this value,



the solution is diverted to a centrifuge wherein the solids are rsmoved

from the liquid, lae precipitated uranium collects in a removable Teflon

bowl liner within the centrifuge. This step is considerably different

from commercial operation where the uranium precipitate is placed upon

filter paper, is washed thoroughly and manually removed. Because of sub-

sequent process steps, no cake washing is necessary in this flowsheet.

Next, the liner containing the dewatered uranium precipitate is dried in

a microwave oven to a point where 5% moisture remains in the cake. Again

this is a deviation from standard oxide preparation. Microwave energy,

controlled by power level, drives moisture from the cake so that each

particle is heated to the same temperature; this results in a product

having reproducible characteristics. Reproducibility of product within

most facilities has been a major process problem. At this point in the

process the material is ammonium diuranate. The material is then dumped

from the liner, is weighed to close a process material balance, and then

transferred to Inconel boats. These boats, containing 250 g of the powder

are then fired to UCL at 650°C in a continuous calcining furnace. Pure

hydrogen is used in this furnace to complete the reduction to stoichio-

metric UO,. Because freshly calcined U02 is pyrohporic, the oxide is

next fed in a fine layer through a humidified air stream to render the

material stable. This continuous stabilization method is again a new

step in oxide preparation. The oxide is then blended and packaged in

critically safe containers and shipped to the pellet fabricator. (Lights)

Conventional and radiological safety is extremely important in an

operation of this type. The hazards include criticality, fire, explosion

contamination and radiation. Criticaiity is controlled in several ways

in the plant by the design of ever-safe equipment and the use of approved
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run procedures. Constant material balance information is mandatory to

safe operation. Evacuation horns automatically actuate when neutron and

gamma detectors sense a high level and will trigger an immediate building

evacuation in the event of a criticality incident. The risk of fire and

explosions are minimized by the use of atmospheric monitors, minimizing

flammable material within the enclosures and dilution of H2 with air

below the explosive limit. Good containment is imperative for contamina-

tion control. Doubly contained facilities house a process of this type.

The process is conducted in sealed boxes, operating through gloved ports.

Sealed bag techniques are used for ingress or egress of materials. When

an operator has completed a gloved operation, he immediately monitors his hands

next to the work station. We have found that this method of monitoring does

much to minimize facility and personnel contamination. In these operations,

ruptured gloves and bags are the primary sources of contamination to the

facility and personnel. Health Physics personnel make frequent smear and

probe surveys in order to detect, as soor as possible, any breach of con-

tainment which may have leaked contamination. Cleanup is initiated

immediately when spills are detected. Continuous air monitors sound alarms

if high levels of airborne alpha activity should occur. Portal monitoring

and protective clothing procedures are employed. Film badges and pocket

meters are used to determine personnel exposures on a quarterly and daily

basis. In some instances, film rings are employed to establish the hand

dose. We expect, based on calculations and experience, that our operators

should not exceed 40 mrem/man week .for this process.

As an added factor in personnel monitoring, our personnel are routinely

required to submit urine samples and are subject to whole body counting on

a routine schedule to determine if an intake of radioactive material has

occurred.
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Fuel Reprocessing

Upon receipt of a fuel carrier at the reprocessing site, the rail car

and the carrier are checked for contamination and radiation. The carrier

is then moved into the plant containment shell, and the water in the cavity

is checked for 6, Y activity to establish the integrity of the fuel and

cladding. A cavity flush is then made to establish if a "leaker" that

would seriously contaminate the plant's fuel storage basin is present.

Following this, the carrier is lowered into a receiving pool wherein the

fuel is removed and placed in the storage pool. The carrier is then with-

drawn and placed in a decontamination area for cleaning. The three primary

problems that exist in this area are: (1) criticality — the fuel must be

spaced in such a manner that a nuclear excursion cannot take place; (2)

means must be provided to prevent a fuel element from being raised above

the water level, and (3) contamination control. Design and operational

procedures prevent (1) and (2); however, the problem of contami

control is the real threat in this area. As the result of ruptured fuel

and internal water contamination, this receiving and storage area is a

regulated contamination zone. The dripping of canal water from remote

tools, cranes, carriers and water treatment operations causes tracking of

activity throughout this area. To prevent an individual working in this

area from inadvertently removing or tracking activity from the plant

requires stringent personnel monitoring methods.

May I have the next slide, please {Slide 16]

- In the NFS plant (West Valley-, N. Y.), the fuel is withdrawn from

storage in the pool; the elements are transferred to a mechanical processing

cell where end-fitting and extraneous hardware are removed. The fuel and

rods are then sheared and are allowed to collect into cannisters or per-

forated baskets. The cannisters are then lowered into a dissolver vessel
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wherein the uranium, plutonium and fission products are dissolved in nitric

acid. After transfer of the solution and rinses, the zircaloy-cladding

hulls are then removed from the dissolver. The hulls are monitored and

then placed in the burial ground. Problems in this plant area include:

remote maintenance of the disassembly equipment and manipulators; the

cleanup of fines and lubricants generated from these operations, and the

fire hazard. The dissolution operation releases fission gases which may

contaminate the environment if backup systems should fail. As a result,

many steps are taken prior to a dissolution operation, including monitoring

of activity, atmospheric inversion} and wind velocity. Run-away dissolver

reactions are controlled by interlocks on the dissolver pressure and steam

systems. An automatic air overpressure is applied to the coils and jackets

to prevent activity from penetrating the steam or water system.

The feed solution is then adjusted to chemical specifications and

subjected to solvent extraction, employing a mixture of tributyi phosphate

and a diluent, to separate the majority of the fission products from the

uranium and plutonium. The uranium and plutonium are then separated from

each other and are further decontaminated by additional cycles of purifica- '

tion. The uranium is then evaporated and treated with silica gel to remove

trace quantities of fission products (Zr and Kb). Finally, the uranium is

shipped for reenrichment or sent to fuel fabrication. The plutonium stream

is ion-exchanged for concentration and subsequent purification from ionic

contaminants and fission products; it is then evaporated and withdrawn into

critically safe, doubly contained shipping drums. High level liquid wastes

are evaporated for nitric acid recovery; the bottoms are neutralized with

caustic and stored in underground tanks. Low level wastes are chemically

treated to remove traces of radioactivity and then discharged to the



-13-

environment. The plant's operating license has release limits, in the

form of technical specifications, which must be maintained for all process

effluents.

In the MFRP, the General Electric Company will use a proposed process [Slide 1

called "Aquafluor." The process flowsheet makes use of a combination of

aqueous and fluoride volatility technology; it involves fuel disassembly

by pulling or withdrawing fuel rods from the assemblies, followed by shear-

ing into small sections. The uranium and plutonium values, along with the

fission products are leached from the sheared sections in a continuous

leacher with nitric acid solution. This is then followed by solvent ex-

traction of the values from the solution; wastes from this extraction opera-

tion are solidified, placed into welded steel containers and stored in a

storage vault. Further decontamination and separation of the Pu and Np

from fission products, and from the uranium, is accomplished by anion ex-

change. At this point, the Pu and Np products are withdrawn as nitrate

solutions for shipment. The uranium stream is calcined to solid form and

then cor.cacte-i with anhydrous fluoride to further decontaminate the material.

In this stage, the uranium is in a gaseous phase and is shipped as UF, to

the enrichment plant or to a fuel fabricator. (Lights)

3

In reviewing the past 6 years of operational experience gained in the

NFS plant, several items regarding-radiological safety may be of interest.

During this time span, 625 tons of irradiated nuclear fuel has been processed

with acceptable losses and decontamination from fission products. Records

of gaseous effluents leaving the plant indicate that <1% of the MPC for
129

particulate matter and I (as given in the technical specifications) was
131

released through the stack. Essentially no Xe or I has been detected

during the experience period. On one occasion, 60% of the allowable Kr

daily limit was released (6700 curies/day). With regard to liquid effluents,



-14-

the plant has discharged 20% of the MFC value in the Cattaragus Creek for

the first A years of operation. Since then however, a net? scavenging-

precipitation-ion exchange plant has been installed and is removing 982

of the Sr and Cs fed to the treatment plant; discharges to the creek

are now below 2% of MPC. No transportation accidents involving irradiated

fuel or product shipments have occurred. Analysis of rite deer and fish

sacrified in the immediate plant area would indicate that 7,000 pounds of

deer or 700 pounds of fish would require consumption before a significant

human uptake would be noted. This of course, considers that one consume*

only edible flesh. It has also been established during this operating

period, that 10% of the work force must be health physicists to maintain

effective radiation control.

Transportation

Because of the widely distributed nuclear power stations and the varied

nature of the fuel cycles, many hazardous materials must be transported fro*

one point to another in the general fuel cycle. These materials may include

gaseous UFg, l^Og, IK>2, spent fuel, and various wastes and products from

the reprocessing plant. Although the plant safety statustics of the fuel

cycle would indicate that the nuclear industry is iafer than most industries,

the public is concerned about the contamination of the streams, air,

property as the result of an unusual occurrence. Because these materials

pass through their communities, their concern is justifiable. In a recent
4

paper, Shappert reviewed the experience relating to the transport of

radioactive materials within the nuclear industry. During the past IS

years, 9 claims have been presented to firms insuring the transport ot*

nuclear material. Five of the claims were settled with an average claim
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of $1700; Cue involving bodily injury were in litigation at the cine of

Snappers*• survey. Ko materials in Class B packages, which are involved

in spent: fuel and plutonium shipment*, have contaminated che environment.

When one considers chat over 500,000 such package* are shipped annually,

chestt figures are ifspressiv*. This experience relate* to the fuel cycle

•• it now exist*, however, many new types of problems in packaging and

transportation will lace us with the advent of the IMF8R and KTGtt systems,

where activity and shipment frequency level* will increase significantly.

During cite period from 1968-1970, the AEC has experienced 30 inci-

dents involving transportation and snipping. In all of these incidents,

no material was released to a stream; in one case, material was released

by weans of aerial dispersal. In 4 of the incidents, contamination was

confined to a small area. Half of the incidents involved leaking packages,

and lit of them were the result of human error not of mechanical damage.

REGULATORY AND CONTROL METHODS WITHIN THE CYCLE

Throughout most of this discussion I have implied that the nuclear

industry is safer than most industries at the present time. One of the

reasons for the outstanding safety record within the cycle, is the method

of regulation and control by the federal government. Pew industries are

regulated and controlled as thoroughly as those associated with the nuclear.

fuel cycle. As an example, it might be worthwhile exercise to go through

the steps required before the first valve can be turned in processing

plant.
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Slide 18 Regulatory Steps Taken Prior to the Operation of a

Reprocessing Plant

Following the issuance of an operating license, compliance inspectors

are free to inspect these plants during operation to establish if the

technical specifications are being observed. These technical specifica-

tions, which are conditions of the operating license and conform to the

Cod* of Federal Regulations, help to provide assurance that the plant will

not insult the health of the general public. In addition to the compliance

inspectors, safeguard inspectors are free to roam the plant to ascertain

that acceptable materials management is being conducted. Further, an AEC

resident inspector, a member of the staff of the AEC Operations Office

responsible for the facility, is housed within the facility.

Manpower Requirements for The Fuel Cycle

As you know, the nuclear industry is expanding in rapid fashion.

With this growth cones the need for technically trained individuals to

accept a place in the cycle. It la my understanding that the individuals

gathered here are primarily concerned with this area of interest, therefore,

it seems appropriate to discuss this subject at this point.

It im recognized that a need exists for degreed personnel to super-

vise, design and monitor the various aspects of the fuel cycle. Hopefully,

our universities and colleges will recognize this increased demand and

provide this function. The prime area of concern is, however, the require-

ments for the skilled technicians that actually turn the valves within the

various plants.
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As is well known, the radiological and operational safety of a

facility is dependent, on the individual performing work within the facility.

Facilities may be designed, constructed, tested and reviewed with safety

in mind, however, the key to a good safety record is the individual. As a

result, the Atomic Energy Act of 1954 requires that certain operators with-

in the nuclear fuel cycle be licensed to establish their ability to operate

the plants in a safe and efficient manner. Two cruical groups within the

cycle are licensed, -the nuclear reactor operators and the reprocessing

plant operators.

In the reactor area, two typss of operators are licensed, that is,

the reactor opcators and the senior operators. The senior category is

reserved for supervisory personnel and may include foremen as well as plant

managers. In this field, a considerable amount of time and funding is ex-

pended in the training of an individual for a license. It has been esti-

mated by nuclear reactor vendors that $20,000/man is required to train an

individual for certification. This cost excludes the individual's salary

and living expenses while training at a simulator or an operating reactor.

Within the reprocessing plant area, four licenses are awarded the

successful candidates. These are process operator, control room operator,

manipulator operator and senior operator. Uhen an applicant receives a

license his pay is accordingly adjusted by his employer.

Typically, the best radiochemical plant operators are graduates of

2-year technicians schools, or former nuclear navy personnel who have an

adequate background in chemistry, mathematics, and physics. In a reprocess-

ing plant, these people are trained in the specifics of the plant. When

the plant management feels that an operator is thoroughly trained he re-

quests the AEC to give licensing examinations. Along with this request
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is a medical statement prepared by a physician, stating that the individual

to be tested is of good physical and mental health. The testing is done

by a team of AEC personnel and operating consultants. Written tests usually

take 5 hours and cover all of the chemical, mechanical, instrumentation and

powor systems. In addition, the testing also covers administrative, emer-

gency and radiological safety rules. Following a satisfactory written

examination, an applicant is given a 3-hour oral examination, while on a

tour throughout the plant, Lo test his abilities to operate and to handle

adverse conditions. Cause for failure can be any inadequacy on the part

of the applicant to handle a situation where the health of the public nay

be jeopardised, regardless of his demonstrated ability up to this point.

In order to substantiate this need fcr trained technicians, we have

reviewed the incident experience by scanning the information in the Nuclear

Information Center records. In reviewing this slide (Slide 19) one would

initially conclude that the nuclear industry is unsafe, however, it must

be reneabered the industry is better regulated than most industries and

small near-accidents are recorded and monitored. Fortunately, the in-

dustry is one of the safest in the country at this time. This slide re- .

views the commercial incident experience from 1967 through 1972. The type

of incident is tabulated along with the causes of the incident. In a large

majority of the cases, it was determined that a lack of training was the

major cause of the incident.

A tcbulation of the estimated technician requirements for the near

future are presented in the next slide based on the demands for (Slide 20)

people in 1971 for the various facets of the industry. Slide 21 presents

the requirements for licensed reprocessing plant: operators.
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Future Nuclear Fuel Cycle Problems

The discussion thus far has been limited to the fuel cycle as it now

existsf With the adven: of the more advanced reactors, such as the LMFBR

and H1&R, several aspec :s of the fuel cycle will require a more sophisti-

cated technology to sol-re anticipated problems. These problems will be

centered in the waste d .sposal, shipping, fuel preparation and reprocess-

ing areas.

In the shipping of these advanced fuels from the reactor to the re-

processing site, the spent fuels will be considerably more radioactive than

those presently shipped because of increased reactor burnups and the

shorter decay time that is demanded by economic considerations. In addi-

tion, the frequency of such spent fuel shipments will increase as the

nuclear reactor systems gradually replace conventional fossile fuel facil-

ities. As an example, approximately 60-100 spent fuel carriers are

expected to be in transit at the same time in the U. S. during the year

2000. Another area of concern is the shipment of decontaminated products

from reprocessing plants to fuel preparation plants. In today's technology,

plutonium nitrate is shipped in solution form in DOT-approved containers.

This present plutonium product, because of its high specific activity,

already involves sufficient radiation to disassociate the solution and

cause internal pressurization in the shipping containers, however it is

tolerable. The change in the plutonium isotopic content with the advanced

reactor concept (LMFBR) will create intolerable overpressurization and ex-

cessive radiation. The product from reprocessing plants may have to take

on a new form (such as highly fired oxide) to obtain maximum safety in

shipment.
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233
Several problems will exist in the fuel preparation of recycled U

and Pu produced in the breeder tyj t reactors. The attendant high radia-

tion levels of these purified products, caused by variations of the isotopic

spectrum when produced in the newer reactors, will necessitate remote ma-

terial preparation and fuel assembly. Of course, as a result of this

factor, the cost of this phase of the cycle will be considerably increased.

The processing of snorter cooled fuel in the reprocessing plants will

result in higher activity levels in the first cycle operations at these

plants. A result is a more rapid breakdown of the organic solvent used

in the given separation process. It is also recognized that the nuclear

safety problems will become more severe as the result of the increased

demand on the plant to process more plutonium (LMFBR). Product isolation

systems in the present plants are optimized for product withdrawal. In

the proposed HTGR fuel reprocessing scheme, specifically, large quantities

of C02 will be generated in burning the massive quantities of carbon con-

tained in a characteristic fuel assembly; the problems of cleaning this

plant off-gas stream from radioactive contamination is a major concern.

In the LMFBR Reactor concept, specifically, the use of sodium in a coolant

gives rise to some unusual head-end steps in the reprocessing plant.

Although thermal pollution has not been a problem in present day reprocess-

ing plants, it may be a factor with the advanced fuel processing plants.

NFS for example, estimates that an additional 300 g/min of cooling water

will be required to remove heat from fuel storage canals and waste vaults

for the more advanced fuel processing.
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1. Fuel Receiving and Storage.
2. Fuel Processing.
3. Waste Storage.

4. Ventilation Stack.
5. Utilities.

Administration, Warehouses Shops, etc.

Nuclear Fuel Reprocessing Plant.
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FOAMGLAS SHIPPING CONTAINER
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UO2 PREPARATION



ORNL Dwg 72-3 >3O

SPENT FUEL REPROCESSING

NFS PROCESS
I SPENT FUEL!

FUEL STORA"GEi

HULLS

MECHANICAL DISSASSEMBLY 1

DISSOLUTION!

SOLVENT EXTRACTION
I St. CYCLE

FISSION
PRODUCTS

I
SOLVENT EXTRACTION

2nd. CYCLE

I
ION EXCHANGE]

IT
1

EVAPORATION]
I

EVAPORATION] I POLISHING !

Pu PRODUCT! |U PRODUCT!



ORNL Dwq 72-3528

SPENT FUEL REPROCESSING
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REGULATORY STEPS TAKEN PRIOR TO OPERATION
OF A REPROCESSING PLANT

1. SUBMISSION OF TECHNICAL REPORTS.
(PRELIMINARY SAFETY ANALYSIS, ENVIRONMENTAL IMPACT)

2. AEC STAFF EVALUATION.

3. EVALUATION BY FEDERAL AGENCIES.

4. EVALUATION BY STATE AGENCIES.

5. ACRS EVALUATION AND APPROVAL.

6. PRELIMINARY PUBLIC HEARING.

7. ISSUANCE OF CONSTRUCTION PERMIT.

8. SUBMISSION OF FINAL SAFETY ANALYSIS.

9. AEC STAFF EVALUATION.

10. ACRS APPROVAL.

11. PUBLIC HEARING.

12. ISSUANCE OF PLANT OPERATING LICENSE.

13. ISSUANCE OF PERSONNEL OPERATING LICENSES.
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INCIDENTS REPORTED IN 1967-1972
COMMERCIAL OPERATIONS

(I)

NUMBER OF INCIDENTS
INDIVIDUALS INVOLVED
TYPE OF INCIDENT

RELEASE
INHALATION
RADIATION EXPOSURE

! FIRE-EXPLOSION
| MECHANICAL FAILURE

BODY INJURY
1 CAUSES
I LACK OF TRAINING
! INADEQUATE RECORDS

LACK OF MONITORING

FAULTY INTERPRETATION
DESIGN DEFICIENCY
CHEMICAL

FABRICATION
27
87

17

14
6
0
0
1

24

0
5

9
7
0

CONVERSION
10
28

6
6
0
2
1
1

8
0
2

0
6
0

REPROCESSING
41
60

14
12
13

1
9
0

29
1

13

4
II
7

TOTAL
78
175

37

32
19
3

10
2

61
I

20

13
24

7

WBASEDON NUCLEAR SAFETY INFORMATION CENTER RECORDS.
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ESTIMATED NUCLEAR TECHNICIAN NEEDS-1 1971, 1976, 1981

CATEGORY

REACTOR OPERATORS

HEALTH PHYSICS TECHNICIANS

RADIOCHEM TECHNICIANS

RADIOGRAPHER/RADIOGRAPHER'S ASSISTANT

DECON/WASTE DISPOSAL TECHNICIANS

RADIOPHARMACEUTICAL TECHNICIANS

ENVIRONMENTAL CONTROL

NUCLEAR INSTRUMENT TECHNICIANS

OTHER NUCLEAR TECHNICIANS

TOTAL

NOW

20

100

200

20

30

20

250

640

1976

900

600

500

500

100

100

250

200

1,000

4,150

1981

2,500

1,500

1,500

500

300

400

800

600

2,500

10,600
!NUCLEAR TECHNICIAN IN INDUSTRY, TASK FORCE REPORT.
KATHREN, R. L; CAMPBELL, M. A; GRIFFIN, B. I; (BATTELLE
PACIFIC NORTHWEST LABS., RICHLAND, WASHINGTON), (1970), 9p



CATEGORY

REACTOR OPERATORS

HEALTH PHYSICS TECHNICIANS

RADIOCHEM TECHNICIANS

RADIOGRAPHER/RADIOGRAPHER'S ASSISTANT

DECON/WASTE DISPOSAL TECHNICIANS

RADIOPHARMACEUTICAL TECHNICIANS

ENVIRONMENTAL CONTROL

NUCLEAR INSTRUMENT TECHNICIANS

OTHER NUCLEAR TECHNICIANS

4 TOTAL

NOW

20

100

200

i

20

30

20

250

640

1976

900

600

500

500

100

100

250

200

1,000

4,150

1981

2,500

1,500

1,500

500

300

400

800

600

2,500

1.0,600

'NUCLEAR TECHNICIAN IN INDUSTRY, TASK FORCE REPORT,
KATHREN, R. L; CAMPBELL, M. A; GRIFFIN, B. I; (BATTELLE
PACIFIC NORTHWEST LABS., RICHLAND, WASHINGTON), (1970), 9P
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OPERATOR REQUIREMENTS FOR REPROCESSING PLANTS0

REPROCESSING
PLANT

NFS

• MIDWESTb

BARNWELLC

CAPACITY
(METRIC TONS

OF U/DAY)

1

1

5

DATE
ON-STREAM

APRIL 1966

MID-1972

LATE 1973

TOTALS

No. OF
EMPLOYEES

185

100

200

485

LICENSES

129

33

297

qINTRODUCTION-FUTURE REQUIREMENTS FOR LICENSED RADIO-
CHEMICAL PLANT OPERATORS. R. E. BROOKSBANK, PRESENTED AT
THE SYMPOSIUM ON TRAINING OF NUCLEAR FACILITY PERSONNEL,
IN GATLINBURG, TENN., APRIL 19-21, 1971.

bGENERAL ELECTRIC COMPANY.

c ALLIED GULF NUCLEAR SERVICES.


