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CONSULTANTS' REPORT ON MEISTING FOR 

DEVELOPMENT OF TECHNICAL CRITERIA. FOR TERHINATION 

OF SAFEGUARDS FOR WATERIAL CA.TEGORIZED AS 

MEASURED DISCARDS. 

1. INTRODUCTION. 

The following view is held by the consultants. The Agency should have 

criteria which can be used in the field and which can be used by an inspec.tor 

to answer the question of whether a particular batch of material presented for 

termination of safeguards does, in fact, qualify for the termination of 

safeguards. To maintain the credibility of safeguards, the criteria of 

termination should be such that termination of waste is not the weak link in 

the safeguards system. That is, that given a choice, a potential diverter 

would choose to obtain nuclear material he needs from a source other than 

recovery from waste upon which safeguards has been terminated. 



2.1 Concerns. 

The group of consultants recognized that this undertaking of 

determining criteria for the termination of safeguards on nuclear material in 

waste in the spirit of paragraph 11 is based on the undertaking of 

IAFCIRC/153,[11 namely, (a) to verify that ;luch material is not diverted 

to nuclear weapons or other nuclear explosi.re devices (paragraph l), and (b) 

to avoid hampering the economic and technological development of the nuclear 

industry and to be consistent with prudent management practices (paragraph 

4). It was the belief of the consultants that conditions relating to 

I A F C I R C / ~ ~ - ~ ~ ~ ~ [ ~ ]  agreements were suf f icie:~tly different that they could 

not be addressed simultaneously. Therefore the following is considered to be 

applicable only to INFCIRC/153-type agreemexs. 

There are two basic safeguards concerns['] related to waste nuclear 

materials. One is that the waste itself might be diverted and proce~s~ed to 

recover the nuclear material for subsequent use. The other is that deliberate 

overstatement of the nuclear material content of the waste could provide a 

means to divert material from other sources in a facility. 

There is a third safeguard concern, nanely the resubmission of p~~eviously 

terminated materials as a concealment for a diversion of other nuclear 

material in the plant. Some consultants believe that this possibility is 

addressed by means of the IFWCIRC/153 requirement that material reint~~oduced 

into a nuclear facility must be declared to the Agency. Other consult.ants 

believe that this possibility should be addressed in the context of sc~feguards 
* 

procedures related to waste materials presented for termination. 

* See Annex, para. 12. 



2.2 Recovery of lbclear IYaterial from measured Discards. 

Recovery of material through processing of waste material on which 

safeguards have previously been terminated is the more commonly recognised 

concern"]. A basis for this concern is that if safeguards are 

terminated, the Agency has no further purview of the material unless the state 

voluntarily requests that safeguards be reinstated on such material. 

If the total waste discarded in a State durirg the material balance 

period contains less than one significant quantitj. as defined in the IAEA 

Safeguards Manual, ['l i . e .  8 kg8 RI, 25 kg8 2 3 5 ~  in highly enriched 

uranium, or 75 kgs 2 3 5 ~  in low enriched uranium) then clearly it would be 

physically impossible for the State to recover a ~.ignificant quantity of 

nuclear material through later processing unless r,uch material was stockpiled 

over several years. Current Agency practices generally provide for 

termination of safeguards for waste materials where the anticipated total 

waste accumulation in a facility per year is expected to be less than some 

limit such as .01-1.0 Effective Kilogram (Ekg). 1:t has been suggested that 

this limit on unverified termination be raised. 1, recommendation addressing 

this issue is provided in Section 5. 

The practicability of recovering material mur:t be considered in 

developing criteria. While it may be  theoretical:.^ possible to recover 
material from various forms of waste, recovering r~ignificant quantities may 

not be feasible. Factors including engineering tc!chnology, cost, chemical 

complexity of waste forms, and the dilute concenti:ations of nuclear material 

in waste could make recovery of material from thi:~ source very unattractive. 

Even where the total quantity discarded exceeds one significant quantity per 

year, little concern has been expressed regarding the possibility that nuclear 

materials in discarded wastes might later be recovered. Chapter 6 of the IAEA 

working paper prepared for this meeting"] gives i i  more comprehensive 

discussion. An analogy may be drawn with the pos:sibility of recovering 

natural uranium from sea water. The major problem is not that the uranium has 

a concentration of only about 2 micrograms per li.:re relative to water. The 

water can be removed easily by evaporation. The more serious problem is that 



the uranium has a concentration of 0.15 mic~ogram per gram relative to sodium 

chloriders1. Separation of uranium from thjs major excess of salt is 

possible, but would be a considerable engineering problem and would require 

large investments of resources. 

2.3 Possible Over-statement of Heasured Dic.cards to Conceal Hissing Blclear 

Haterial. 

Deliberate over-statement of the content of waste is probably the more 

important concernr . The presumed purpose of this over-statement would 

be to conceal the fact that some more concentrated nuclear material had been 

removed from some other point(s) within the facility. 

Diversion of nuclear material is indiciited inter alia by anomalies and 

through evaluation of the material unaccoun1:ed for (MUF) during material 

balance periods. A number of MUF reduction possibilities exist, and 

safeguards measures normally are implementell to address all of them. The 

possibility which is of interest here is thiit by over-stating nuclear material 

content of waste discards, diversion poasibllities are enhanced. Aormally 

over-stating transfers to another MBA only serves to transfer the problem to 

that MBA. If the two MBAs were not in colk1sion the falsification may be 

discovered independent of safeguards. Even if the two MBAs are in collusion 

(and if the falsification could be effected without detection through 

safeguards verification measurements) there remains the problem that the 

second MBA would have an inflated non-zero lWF which must be explained or 

concealed. 

These problems do not exist if waste discard data is falsified. The 

divertor must still be concerned with safeguards verification measuren~ents, 

but these verifications are the only concern. If the falsification is not 

detected through such verifications then it will never be detected, because 

the quantity represented by the falsification no longer exists anywhere in the 

safeguarded material balance. 

For these reasons the total nuclear material content of waste diucards 

may not be overly important, so long as the stated nuclear material content is 
* 

measured and verified. r 31 

* See Annex, para. 21. 



3. STATE REGULATORY DISCARD CRITERIA. 

The basis of regulatory control for radioactive material, which is bal~ed 

on recommendations of ICRP, [ 6 / 7 / 8  ] has been described in Basic Safety 

Standards for Radiation published by the IAEA. ['l1  his system of control 

is based on dose limitation as determined by thl-ee basic principles; 

justification of a practice, optimization of pe~~formance, and limitation of 

individual risk. The purpose of this discussioll is to examine the relevance 

and compatibility of these standards with safegtrards requirements. 

Control of exempted material may continue ,;hrough approval and monitoring 

of disposal sites. Control is not required on material which qualifies for 

exemption under the, "Principles for the Exemption of Radioactive Sources and 

Practices from Regulatory Control". [lo1 This d',cunent gives guidelines 

for State discard criteria for radioactive substances. It is the 

responsibility of national authorities to formulate explicit rules for the 

application of exemption policies. State authorities should be assured that 

the risk and detriment connected with sources and practices should be 

negligible and therefore would not require control. The IAEA Radiation 

Protection Glossary [l1] defines 'risk' and 'detriment ' as follows: risk 

is the probability that a given individual will incur any given deleterious 

stochastic effect as a result of radiation exposure; and 'detriment' is the 

mathematical expression of harm (damage to health or other effects) incurred 

by exposure of individuals or groups in a human population to a radiation 

source, the probability and the severity of each type of deleterious effect 

must be considered. Thus, the authority needs to consider the probability and 

severity of misuse or accidents and decide exenptions on a case by case bilsis. 



The Basic Safety Standards suggest th~kt State authorities not regulate 

the following: 

Radiation machinery producing radiation of quantum energy not higher 

than 5 KeV; 

Radiation substances in the form in which they occur in nature 

without preparation to increase ,:he concentration of radioactive 

nuclides. 

However, from a radiation protection stand>oint, there are two basic criteria 

for determining the qualification for an ecemption. These are limitation of 

individual risk and optimization of the practices including costs of 

regulatory control. For individual assessnents there are two principle 

factors. These are risk based consideratims and the natural background level 

considerations. For risk based considerations it has been recommended that 

the level of individual effective dose equivalents that could be considered as 

trivial would be in the range of 10-100 microsieverts per year, whereas 20-100 

microsieverts per year has been suggested as being due to natural background. 

Therefore, an individual radiation dose regardless of its origin is likely to 

be regarded as trivial if it is in the order of some tens of microsie~verts per 

year. This corresponds to a few percent of the annual dose limit for an 

individual prescribed by ICRP. The second factor is that radiation 

protection, including the cost of regulatory control, must be optimi2:ed. It 

has been suggested that a commitment of about 1 man.Sv per year is arl 

optimized level for continuing practice. 

It must be pointed out that State regulatory exemptions are granted on 

the basis of inherent safety. Exemption is not granted if there is tr 

possibility of scenarios leading to doses which exceed those specificld. The 

formulations of exemption from regulatory control do not allow the 

circumvention of controls which would othemise be applicable, for e~cample, 

deliberate dilution of material or separation of the waste material into a 

number of small quantities. When considersing an exemption, a State r?egulatory 

body considers the characteristics of the practice to be exempted ant1 the 

characteristics of the sources involved ir. the practice. Exemptions are 

normally expressed as quantities which arc, measurable not in terms of 

individual or collective risk. Exemptions. related to waste streams or 

recycled scrap are usually expressed in tc~rms of concentration of specific 

radionuclides. 



When t h e  condit ions cannot be met, nat ional  regulatory bodies r e t a i n  

control  i n  some form o r  another and d i r e c t  t h a t  d isposal  must be i n  an 

approved f a c i l i t y .  Mational guidance f o r  waste acceptance c r i t e r i a  f o r  

d isposal  must be followed. These c r i t e r i a  a r e  @;eneral ly based on bas ic  heal th  

and s a f e t y  concerns. ICRP recommendations; general  c r i t e r i a  f o r  waste 

d isposal ;  s i t e  s p e c i f i c  c r i t e r i a ;  technical  c r i t e r i a ;  and economic f a c t o r s  

are considered. I n  genera l ,  S t a t e  regulatory d iscard  c r i t e r i a  a r e  very 

s t r i n g e n t .  Some na t iona l  a u t h o r i t i e s  impose evon more severe c r i t e r i a  than 

those recommended by the  Agency. 

There i s  no d i r e c t  r e l a t i o n  between cr i ter : .a  f o r  a  determination of 

**prac t i c a b l y  irrecoverable*'  i n  the context of Al;sncy safeguards , and 

S t a t e  regulatory d iscard  c r i t e r i a  i n  the contexl; of public s a f e t y  and 

environmental p ro tec t ion ,  however, the  consul tants  took known S t a t e  

regula t ions  i n t o  account i n  developing the  c r i t cwia  i n  Section 5. 



4. FACTOBS AFFECTING SAFEGUARDS TERHIMATION CRITERIA. 

4.1 Quantity of Contained Nuclear Material.. 

4.1.1 Uaximum limit without verifical.ion. 

4.1.1.1 All consultants recommend thrlt the Agency may terminate 

safeguards on nuclear materials in waste 01' up to a maximum of 0.01 effective 

kilogram (Ekg)/facility/month without veril'ication and if the waste 

characteristics meet the other appropriate criteria presented below. 

4.1.1.2 Some consultants recommend further that the Agency may Follow 

its current practice of permitting terminai:ion of safeguards on nuclear 

materials in waste up to a maximum of 0.1 ICkg/facility/month without 

verification and if the waste characterist:~cs meet the other appropriate 

criteria presented below. 

Other consultants believe that the vuilnerability to diversion of up to 

1.2 kg of direct-use material per facility per year implied by the maximum of 

0.1 Ekg/facility/month was not advisable w.ith regard to the credibility of 

Agency safeguards. 

4.1.2 Maximum limit with verification. The consultants recommend that 

there be no limit to the maximum amount of nuclear material in waste for which 

safeguards can be terminated, if the amount of nuclear material is verified 

and if the waste characteristics meet othe? criteria presented below. 



4.2 Yaste Material Type. 

Plutonium is the nuclear material of great~st concern in the context of 

safeguards and non-proliferation. Highly enriched uranium is theoretical1:f of 

equivalent concern. However, there is relatively little highly enriched 

uranium in the nuclear fuel cycle and there are no current or proposed nuclear 

power generation systems which require highly enriched uranium as a fuel or 

produce it as a by-product. Natural and low enr8iched uranium, the two comnon 

nuclear power fuels, cannot be used directly in the manufacture of nuclear 

explosives and are of lesser safeguards concern 

4.3 Chemical and Physical Characteristics. 

It is commonly agreed that the chemical an11 physical forms of waste 

materials are important factors in determining whether waste is practicably 

recoverable. 

The paragraphs that follow discuss some co~nmon chemical and physical 

characteristics of nuclear material residues an1 their potential 

recoverability. 

4.3.1 Reprocessing. 

Reprocessing plant operations lead to the generation of three 

residue types that are of safeguards interest, plus five or six other types 

that rarely contain plutonium and are of less interest to safeguards. 

4.3.1.1 Hulls. It was stated during the TASTEX exercises that hulls; 

would generally contain on the order of 0.1 - 1.0% of the total plutonium 

contained in the original fuel. For fuel containing 1% Pu and a 4 t/d 

reprocessing plant, this works out to about 40 - 400 g Pu per operating day, 
or between 12 and 120 Kgs Pu per year. This is a wide range, but more prcacise 

values are difficult to define because each plant is different. For modem 

commercial scale reprocessing facilities plutonium content in the range 01: 

0.5 - 1.0% is expected in the hulls. However, the maximum plutonium 

concentration in hulls is expected to be less than 200 ppm (weight/volume3. 



Considerable effort has been invested, over the years, in the search for 

good hull measurement techniques. The methods currently under consideration 

are active neutron interrogation, passive n'autron counting, and passive 

fission product gamma counting. 

4.3.1.2 Feed clarification sludges. Feed clarification sludges from 

the dissolution of oxide fuels generally contain quantities of plutonium of 

safeguards interest. There has been little experience with the measurvment of 

Pu in sludges because sampling and measurement are difficult. For modern 

commercial scale reprocessing facilities, however, a plutonium content. in the 

range of 0.5 - 1.0% of throughput is expected in the sludge. The volume of 

sludge is very plant specific, however, the maximum quantity is expecked to be 

less than 15 kg/t of HH processed. The actual plutonium content is also very 

variable but the maximum concentration of ~llutonium is expected to be less 

than 5 000 ppm (weight/volume). 

4.3.1.3 High level aqueous waste (HLtI). In the Purex process an 

aqueous solution of uranium, plutonium and fission products is contacted with 

tri-butyl phosphate (TBP) in a hydrocarbon diluent under chemical conditions 

in which the uranium and the plutonium wil.1 transfer to the organic phase and 

the fission products remain with the aqueous phase. Extraction processes are 

constrained by the 100-fold concentration of uranium and the two-fold 

concentration of fission products relative to plutonium; it is not possible to 

optimize for both fission product removal and plutonium recovery. The 

compromises made can result in plutonium discards in the range of 0.2 - 0.5% 
of throughput in the first cycle high level aqueous waste and the maximum 

plutonium concentration is expected to be less than 5 ppm (weight/vol.ume) in 

the solution prior to evaporation. 

4.3.1.4 Other residue types. In addition to the three major waste 

categories described above, reprocessing glant operations lead to the 

generation of medium level organic and aqLeous liquid wastes, low level 

aqueous wastes, and various solid wastes, mostly low level. (In reprocessing 

terminology, high, medium and low level demsignations refer to fission product 

activities, not to Pu concentrations.) 



These materials normally contain very smal:. quantities of plutonium, even 

for large reprocessing plants, and are generally of little safeguards 

interest. Where they contain measurable quantil;ites of Pu they should be 

measured prior to discard and the plutonium concentration is expected to be 

less than 5 ppm (weight/volume) for medium active liquid wastes and less than 

0.1 ppm (weight/volume) for low level solid waskes. 

A review of current operating experience and a review of other safeguards 

considerations indicate that safeguards on nuclear material in waste will be 

terminated at the exit of the process area. In Table 1 the expected 

throughput for discards discussed above is summarised. Table 2 provides some 

additional perspective by indicating the characteristics of nuclear material 

in waste after it has been treated, conditioned and made ready for final 

disposal or storage (e.g. burial, geologic storage). 



Table 1. Plutonium Discards f r m  Re~rocessing. 

I I I 
I ( Plut.onium Discards as a I 
I Source 1 Perc.entage of Throughput 1 

I Hulls 1 0.5% - 1.0% I 
I Feed Clarification Sludges I 0.5% - 1 . m  I 
1 Highly Active Liquid I 0.2% - 0.5% I 
I Uedium Active Liquid I 0.1% - 0.2% I 
( Low Level Solid Waste I 0.0% - 0.1% I 
I I I 
I I I 
I Total I 1.3% - 2.8% I 

1. These figures are guidelines rep?esenting the current 
state of the art of reprocessing, and they refer to 
normal commercial Light-Water-Reactor fuel. 

2. These figures may be modified whan more operational 
experience has been gained in tha reprocessing of 
oxide fuel. 

3. These figures do not include discards from the 
plutonium nitrate to oxide conversion. 

4. A range has been given because the discards at each 
stage can vary from plant to plant. 



Table 2. Design Basis Flausheet Oata fo r  Uaste Streams from a Carmer.clel Reprocessing Plant 
(Throughput 500 t tiM/yr, 6 t  Pu/yr). 

I Type of Waste I H L U I H L U I H L U I M L U  I L L U  I Total 1 . -. 

I I I I I I I 
I I V i t r i f i e d  I I Cemented feed I Cemented feed I Cemented I Cemented Items I Cemented items I 
I Description I fiss.prod. I Cemented ) c l a r i f i c a t i o n ) c l a r i f i c a t i o n ~  other I fromprocess 1 franpracess ( 
I I solution I hu l l s  I S l udge I f i l ters I items I (wlth Pu) I (wlthout Pu) I 
I I I I I I I I 

0 
I 

I Pu inventory I 40 1 20-60 1 100 I 100 1 3  I 20 I 1 
1 (g/i tem) I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I Total a c t i v i t y  1 1 I 1 I 1 I 1 
1 - Q a/item 1 1014 1 1012 ( 1012 1 1012 I 1010 1 1 0 9 - 1 0 i l  I <1oI2 1 
( - t3q P,y/iten I 1016 I I 1 1oI4 I 1014 I l o l l  I lo13 I io ta  1 
I l  l I I I 
I I I I I I I I 

100 
I 

) k . o f i t e m s / y  1 450 1 650 1 500 1 depends on 1 50 I W I I 
I I I I I process I I I I 
I I I I I I I I 

I I I I 
I I 

I l I I I I I I ! ! 
1 Description ( casks with 1 370 1 drum ( 370 1 drum 1 370 I drums 1 concrete I 1 I 1 
I of  item ( 150 1 act. I inside a I inside a I inside a I contel ners ( 400 1 drum 1 400 1 drms I I 
1 I g lassvol .  1400 1 drum 1 4001 drum 1400 1 drum I2x2x1.60m I I I I 
I I I I I I I I 
I I I I I I I I I I 

I 18 1 39 1 50 I I -15 1 10 1 1 117 1 
I 

I I I I I I I I I I 
1 % of throughput I .S I -7  1 .8 I I I .a I 1 2.0 1 

assuming density 2 a l l  waste types 



4.3.2 Plutonium conversion. 

Plutonium conversion plant operations result in the generation of three 

types of waste. They are low level solid wastes, low level liquid wastes, and 

sludges. 

4.3.2.1 Solid wastes. Solid wastes are generally combustible or 

non-combustible materials, or, mixtures of the two. These wastes are 

generally comprised of empty containers, gloves, PVC, tissues, celluloid 

material and metallic parts. Available data from commercial plants illustrate 

the wide variation in concentration levels of nuclear material in such wastes, 

.05 to 1 g/l., making practicable irrecoverability of such materials an 

issue. For a facility with an annual throdghput of 1T plutonium, the quantity 

of plutonium generated in waste would be approximately 300 g/year. 

4.3.2.2 Liquid wastes. Liquid wastes can be either aqueous or organic 

materials produced by chemical processing and analytical operations. In one 

facility, aqueous waste is produced as the distillate of the oxalate mother 

liquid evaporator, from where it is transferred to the waste treatment 

facility for further processing. Such wastes are normally made up of dilute 

nitric acid which contain low amounts of iron, calcium, corrosion products, 

and traces of oxalic acid. Due to the large volume of liquid wastes with 

respect to contained nuclear material (approximately 1 g of Pu in 10" 

litres waste), the material qualifies as gracticably irrecoverable. For a 

facility with an annual throughput of lOOC kg plutonium the quantity of 

plutonium generated in the waste would be approximately 10 g/year. 

4.3.2.3 Sludges. In another facillty sludges are obtained from the 

treatment of concentrated liquid waste by precipitation and floccula4:ion. 

These sludges contain iron and aluminium contaminated with uranium and 

plutonium. These waste types are only foimd in facilities from one state, and 

where found, contain the highest concentrr~tion of plutonium of all wiaste 

streams (approximately 0.5% plutonium wei[;ht/volume). However, the ~naximum 

quantity of plutonium from this waste stream for a facility with an .annual 

throughput of 1T plutonium is < 500 g/yeaia. 



4.3.3 HOX conversion and MOX fuel fabrica4:ion. MOX conversion and 

fuel fabrication produces several types of wastc!, which are solid low level 

waste, liquid low level wastes and sludges. In one state, such nuclear 

material contents are measured and the wastes are removed from the facility 

where they are delivered to a waste management j'acility. 

4.3.3.1 Solid wastes. Solid wastes are lienerally characterized as 

glove box and other waste, and disposed process equipment. They are generally 

organic and inorganic-based materials (PVC, neoprene, and other plastics, as 

well as steel and glass). Recovery of plutoniun from these wastes is 

considered undesirable because of the resultant increase in secondary waste, 

and additional radiation exposure to the operator. The plutonium content of 

such wastes varies from trace (a few ppm) quantities to 1 g/l. For a facility 

with an annual throughput of 1000 kg plutonium, the quantity of plutonium 

generated in the waste would be approximately 3 kg/year. 

4.3.3.2 Liquid Wastes. Liquid wastes are generally found as chemical 

sewer, scrap treatment, and analytical solutions. In three states, such 

materials are recycled into the main process fcr recovery where they continue 

to show up in the process mA. 

4.3.3.3 Sludges. One facility produces wastes classified as sludges. 

Sludges are obtained by the precipitation from liquid waste from the 

analytical laboratory and wet recovery of dirty scrap. They are normally 

found in an oxide form and contain iron and altlminium contaminated with 

uranium and plutonium. These materials may contain as much as 2.5% plutonium 

(weight/volume). The maximum quantity of plutonium from this waste stream is 

approximately 400 g/year for a facility with 1000 kg plutonium throughput per 

year. 

4.3.3.4 Decommissioning Waste. An incr2asing number of facilities are 

being decommissioned and demolished, which gives rise to quantities of 

contaminated materials for disposal. These materials range from large 

quantities of very low level waste to much smaller quantities of oc~asior~ally 

highly contaminated wastes. Many low level waste materials of these types 

have little safeguards significance. In some cases, however, because of a 

hidden inventory which only becomes accessible on the demolition of the 

equipment, there will be some materials which will be of safeguards interest. 

It will be necessary to consider each case individually. 



Some experience with demolition waste imd information from a XOX 

fabrication plant on concentrations of plutonium arising from demolition 

operations are currently available. In one state, waste drums containing 

nuclear material obtained through the decomnissioning of plastic and metal 

glove boxes are on the order of 330 ppm (weight/weight) (100 g Pu in 070 1 

drums). These waste materials, which are measured by calorimetry are 

currently being stored at the plant. The decontaminated material is taken 

a waste management facility for demolishing, measurement by gross neut.ron 

counting, and conditioning. 

4 .3 .4  Pu-handling R & D Facilities. R & D facilities are intended to 

develop processes and equipment that will be used on the commercial scale. 

Therefore, there is a wide variety of operations occuring within plutonium R 6 D  

laboratories which generate waste streams characteristic of those found at 

commercial reprocessing, plutonium conversion and XOX conversion and h e 1  

fabrication commercial facilities. However,, such waste streams from I:hese 

facilities may vary from those normally obs:erved due to special opera4:ions 

within the laboratories which may be takinp, place. Because of specia.1 testing 

and operations which take place at these R & D facilities, occasiona1,ly waste 

streams are generated with different and somewhat complex matrices and 

isotopic content than normally seen. 

Generally, the total throughput of such facilities are on the order of a 

few tens of kilograms per year. Therefore, expected quantities of nuclear 

material contained in wastes are expected .:o be a few grams per year. The 

plutonium concentration and the characteri:rtics of waste are comparable to the 

above mentioned facilities. 

4.3.5 latural and Low Enriched Urani'm. Residues and wastes 

containing natural or low enriched uranium are generated in: 

- Enrichment facilities; 

- Conversion facilities; 

- Fuel fabrication facilities. 



Conversion and fuel fabrication could be combinc!d in one facility. Recovery 

of uranium could be performed in a separate fac:.lity. Data on waste generated 

in conversion/fuel fabrication facilities were crvailable. Similar data on 

waste generated in enrichment facilities were not generally available. 

However, the consultants felt that the waste ma,;erial generated in enrichment 

facilities was of similar nature as waste from ~:onversion/fuel fabrication 

facilities. Consequently, the more detailed discussion of waste categories 

will be limited to facilities with conversion O F  UF6 and fuel fabrication. 

The enrichment range considered is up to 5%. F3r natural uranium only 

material after starting point of safeguards have been considered. 

Host scrap from the fabrication of natural and low enriched fuel pell.ets 

is recovered and recycled to the fabrication process. Scrap or sludge 

normally has a high concentration of uranium, but due to impurities, chemical 

processing to obtain purification is required. Material with lower 

concentration of uranium, i.e. waste, is also generated. The waste quantities 

are normally processed in order to recover most of the uranium contained. The 

fuel residues after such processing, (i.e. the final waste product), is 

normally subject to direct deposition. The following waste categories have 

been recognized: 

4.3.5.1 Final extraction residues. Impulbe materials containing 

uranium in appreciable quantities, e.g. ashes ccombusted paper, plastics, air 

filters etc.), dried sludges or precipitates, clre treated chemically in order 

to extract the major part of uranium. The finill extraction residues contain 

low quantities of uranium, c2000 ppm, and will be subject to direct 

deposition. In some facilities combustible waste is compacted and stored, 

awaiting incineration and subsequent uranium extraction. Total quantities 

generated per year are related to throughput. A time lag could appear between 

the generation of extraction feed materials and the generation of the final 

extraction residues. 

4.3.5.2 Combustible waste. In some facilities, paper, plastics etc. 
* 

with very low content of uranium, c200 ppm , will not be combusted. 
Normally after compacting, the material will be subject to final deposition. 



4.3.5.3 Incombustible waste. Metal parts (stainless steel, iron, 

aluminium or zircaloy-scrap), empty drums, bricks etc. containing uranium are 

generated. This waste category is heterogeneous and measurement of urmanium 

content is often difficult. Measurements and estimates done show the uranium * 
content to be c 200 ppm . Total quantities generated per year are related * 
to throughput. Occasionally items containing up to 3000 ppm uranium are 

generated but in low volumes. Material of this waste category will bc~ subject 

to final deposition. 

Major plant equipment replaced during maintenance or removed during * 
decommissioning will be decontaminated to c level of c 15 pprn uraniurn, in 

order to provide for direct disposal of thc equipment and is not throughput 

related. 

4.3.5.4 Waste air filters containing uranium which are not normially 

burned are treated chemically to recover the uranium. After chemical * 
treatment, low uranium quantities, up to 100 pprn , remains. Filters 'burned 

generate waste according to category descr:.bed in 4.3.5.1. After treatment 

the filters are deposited. 

4.3.5.5 Chemical residues. Residues from the chemical processes from 

which the uranium has been extracted are sometimes used in non-nuclear 
* 

applications, i.e. as fertilizers, and contain less than 200 pprn uranium. * 
Other chemical residues, (e.g. oils, TBP-karosene) with c 600 pprn uranium 

are generated in very small quantities and are subject to direct deposition. 

4.3.5.6 Aqueous solutions. Waste water released to the envirorment * 
normally contains less than 15 pprn uraniun. 

4.3.5.7 Plant decommissioning. In a facility where bulk uranium is 

handled, the building materials will be contaminated with uranium. Such 

uranium will normally not be recovered before disposal on plant 

decommissioning. The contamination of the building materials after normal 
* 

decontamination is typically less than 20C pprn but the total quantikies may 

* pprn is calculated by the ratio weighl:/weight. 



be large. The Facility Attachment provides for prior notification to the IAEA 

of any significant change in the design or use of the facility, and the IAEA 

may be advised of the quantities involved. It is expected that safeguards be 

terminated on this material. 

4.3.6 Uranium-containing waste generated Ln R&D facilities. Only few 

R6D facilities work with natural and low enriched uranium. Conversion of 

UF and fuel fabrication are not connected to major research activities. 
6 

Several Member States have R6D facilities related to the enrichment of 

uranium. Waste generated in R6D facilities is either recovered at the R6D 

facility or sent to a major uranium-handling facility for recovery. The need 

for specific criteria for termination of safeguards of uranium in waste 

generated in R&D facilities was considered. It was recognized that the total 

quantities of uranium contained in the waste generated at R6D facilities isere 

small and that the categories of waste were sin.ilar in nature to those 

described previously. The consultants agreed that termination of safegual-ds 

on uranium in waste quantities generated in R611 facilities should follow the 

same principles as applied for major uranium-h~mdling facilities. 

4.4 Measurement Systems Available. 

4.4.1 Measurement systems available for ~?eprocessing, Pu/WOX conversion 

and WOX fuel fabrication plants. 

Several NDA measurement systems are available for the measurement of the 

nuclear material in plutonium containing waste streams. For solid waste 

materials, active and passive neutron coincide~~ce counting (IUCC) techniques 

are well established and these measurements ar~z normally supplemented by y 

spectrometry. For some solid wastes which can not be measured effectively by 

these above mentioned techniques (e.g., very hzterogeneous waste) calorinietry 

and other MDA techniques are sometimes used. Calorimetry is, however, a time 

consuming process and much additional information, e.g. isotopic composit.ion, 

is required. NCC and y spectrometry can also be used for liquid wastes. 

When representative samples of the wastes can be taken, various 

destructive analytical methods can be used. These include various wet 

chemical techniques and instrumental methods. 



4.4.2 Heasurement and verificaiton of Pu waste. Based on the 

operator's declaration, the Agency has to verify the nuclear material. This 

can be done either by the Agency using its own equipment or by using the 

operator's equipment. In order to avoid authentication and calibration 

issues, it is recommended for UOX and convc,rsion facilities that the Agency 

use their own equipment rather than the opclrator's equipment. The possible 

safeguards activities may be: 

- Accountancy verification; 

- Item counting and identification number verification on a sampling 

plan basis ; 

- Weighing, NDA (neutron, gamma) and DA on a sampling plan basis. 

4.4.3 Heasurement systems and veriEi1:ation methods for uranium waste. 

NDA and destructive chemical measurement s,lstems are currently available and 

in use for the measurement of the uranium :ontent of wastes from uranium 

handling facilities. Current available measurement techniques can be used for 

verification. Consultants felt that the IAEA should apply reduced sa.feguards 

efforts for uranium in waste compared with other categories of nuclear 

materials. 

4.5 Retained Waste. 

INFCIRC1153 defines retained wastr as **nuclear material generated 

during processing or during abnormal operction which is deemed to be currently 

irrecoverable and is stored." In practices, when nuclear material is 

classified as retained waste it is taken cut of the inventory. It may 

reappear again in the inventory when the operator decides to reuse tlne 

material. However, Article 35 of INFCIRC,'153 states 

"The Agreement should provide that s~~feguards shall terminate on nuclear 

material subject to safeguards thereunder under the conditions set forth 

in paragraph 11 above. Where the conditions of that paragraph are not 

met, but the State considers that thla recovery of safeguarded nuclear 

material from residues is not for th3 time being practicable or 

desirable, the Agency and the State shall consult on the appropriate 

safeguards measures to be applied. It should further be provided that 



safeguards shall terminate on nuclear material subject to safeguards 

under the Agreement under the conditions sczt forth in paragraph 13 above, 

provided that the State and the Agency agree that such nuclear material 

is practicably irrecoverable." 

1MFC1~Cl66l~ev.2~'~ makes no provision for retaLned waste, on the 

contrary, para. 8 of Annex I1 to INFCIRC/66/Rev.2 states "The State shall 

ensure that safeguarded nuclear material contained in residues, scrap or waste 

created during conversion or fabrication is recovered, as far as is 

practicable, in its facilities and within a reasonable period of time. If 

such recovery is not considered practicable by the State, the State and the 

Agency shall co-operate in making arrangements to account for and dispose of 

the material." 

Retained waste is maintained only in a few Member States. Material 

transferred to retained waste was in all cases classified as waste which was 

not treated to the point of termination of safcguards. The material had been 

transferred to the retained waste category waiting for technical possibilities 

to recover the nuclear material contained. Nuclear material previously 

transferred to retained waste is at present bel.ng retransferred from reta.ined 

waste in several Member States and kept on invckntory. 

The consultants recognized that transfer of nuclear material to the 

retained waste category is an approved procedul-e within the scope of 

safeguards according to IMFCIRC/153. For a facility operator, there is an 

option, in specific cases, to transfer to reta.~ned waste, waste that does not 

meet the criteria for termination of safeguard:;. 

The consultants have considered the present situation" regarding 

retained waste and recommend that, unless needad in specific cases, the 

category of retained waste should be avoided. The consultants recognized that 

transfers to retained waste do not provide for efficient safeguards 

implementation. 



4.6 Depleted Uranium. 

Depleted uranium generated as tails at enrichment facilities is stored in 

very large quantities in several Uember Sts.tes. The uranium is nonna:lly 

stockpiled in cylinders containing 2 or 14 tonnes UF at the enrichment 
6 

facility and in separate storage areas. The storage conditions applied are 

often simple, e.g. in open fields. In a Uc~mber State tail-UF is converted 
6 

to U 0 and stockpiled in large containers, Cylinders and containers are 
3 8 

often stored densly. In one Uember State storage conditions in a c1o:sed 

building will not allow direct access to the containers which are piled in 

several rows. The number of cylinders or containers stored amount to several 

thousands in several Member States. 

Uranium generated at reprocessing facilities normally has a content of 

U-235 corresponding to a low enrichment on the natural composition. In one 

case depleted uranium is generated at a reprocessing facility, and may also be 

subsequently converted for re-enrichment. 

The consultants recognized that, alth'3ugh there is limited nuclear use of 

depleted uranium, the material should remain under IAEA safeguards. The 

future possibility of having enrichment performed with laser-technique, makes 

depleted uranium a potential feed material to such a process. Depleted 

uranium is also used for breeder fuel. 

The consultants agreed, that compared with nuclear material of higher 

strategic value, depleted uranium should have a lower priority. 

The IAEA safeguards measures to be applied for depleted uranium were 

discussed. The consultants* view was that IAEA safeguards measures s;hould 

reflect a lower priority for the material. Inspections could be performed at 

lower frequency and measures applied would be limited to item counting, 

possibly including identification and random checks of the content of 

containers using simple techniques. 



These recommendations relate to Para. 11 of INFCIRC/153 and are a 

specification, for the material addressed, of "practicably irrecoverable". 

5.1 Reco~maendations of the Group of Consultants of June 12-16, 1989 

Relating to Criteria for the Termination of Agency Safeguards on Huclear 

Haterial Contained in Waste. 

5.1.1 Quantity versus verification. 

5.1.1.1 Haximum limit without verification. 

5.1.1.1.1 All consultants recommend that the Agency may terminate 

safeguards on nuclear materials in waste of up to a maximum of 0.01 

Ekg/facility/month without verification and if the waste characteristics meet 

the other appropriate criteria presented below. 

5.1.1.1.2 Some consultants recommend furtker that the Agency may 

follow its current practice of permitting termir.ation of safeguards on nuclear 

materials in waste up to a maximum of 0.1 Ekg/fe.cility/month without 

verification and if the waste characteristics mret the other appropriate 

criteria presented below. 

Other consultants believe that the vulnerallility to diversion of up tl3 

1.2 kg of direct-use material per facility per jvear implied by the maximum of 

0.1 Ekg/facility/month was not advisable with regard to the credibility of * 
Agency safeguards. 

5.1.1.1.3 All consultants recommend that the Agency may terminate 

safeguards on nuclear material in waste without limit if the Agency verifies 

the nuclear material content and concentration tlnd verifies that it meets the 

material characteristics described below. 

* See Annex, para. 14. 



5.1.2 Material Characterietice (Reprocessing). The consultants 

recommend that the following procedure and quantitative limits be used by the 

Agency to determine S f  safeguards on nuclear material in waste can be * 
terminated. Please refer to Table 3 which relates to a reprocessing pl.ant. 

5.1.2.1 Individual batches. The Agency may terminate safeguards on 

nuclear material in an individual batch of waste of a particular waste stream 

if it has a concentration of plutonium less than that listed in column 2 of 

Table 3. The Agency should consult with the appropriate authority if the 

concentration of the batch exceeds that in column 2 of Table 3. 

5.1.2.2 Total content of 8 waste etream. The Agency should maintain a 

control chart and projection of expected total nuclear material as a per cent 

of dissolved feed for each of the waste strfams listed in Table 3. Once a 

month the Agency should project for the material balance period the total 

expected material as a per cent of dissolvecl feed for each of the waste 

streams based on the data provided so far for the current material balance 

period. The Agency should expect at least l.he percentage given in column 3 of 

Table 3. The Agency should consult with t h ~  appropriate authorities if the 
* * 

projection is greater than the percentage g:.ven in column 4 of Table 3. 

5.1.2.3 Evaluation of design informat:ion. The Agency should determine 

the range of concentration of each waste st::eam from the design information. 

Based on experience the Agency should expec,: that a design utilising the best 

features of present technology will have a waste rate of between 1.3 and 2.8 
*** 

per cent of the annual heavy metal throughp~t. 

5.1.3 Termination Point. It is recomnended that the Agency may 

terminate safeguards on nuclear material in waste at the boundary of the 
**** 

process MBA if it meets the other applicable criteria. 

* SeeAnnex,para.lS. 

** See Annex, para. 16. 

*** See Annex, para. 17. 

**** See Annex, para. 13. 



5.1.4 Safeguards on Waste Treatment and Co~iditioning Facilities. 

Agency safeguards need not be applied to waste treatment and conditioning 

facilities if Agency safeguards have been terminnted on the material which * 
enters these facilities. 

5.1.5 Facility Specific Factors. Facility specific factors have been. 

included in the criteria recommended. 

5.1.6 Intended Hethod of Disposal. If safeguards are terminated on 

material prior to disposal, then there need not be safeguards or other 

procedures implemented relative to the intended method of disposal. 

5.1.7 Facility Types and Haterial Characteristics. The waste streams, 

addressed are those from reprocessing plants. 

** 
5.1.8 Cost of Recovery. Considerations of the cost of recovery 

have been included in the other criteria. 

* * 
5.1.9 Reviev of the Criteria. The Agency should review the above 

criteria if circumstances change. These include: 

- A change in available recovery techniques which materially reduct! 

the effort for recovery of nuclear material from waste. For 

example, the availability of a much more efficient extraction 

solvent; development of very efficient dry reprocessing; 

- A change in effort for production of direct-use material from or(: 

such as a major increase in the world price of ore or low effort 

laser enrichment; 

- A change in available verification methods. 

* See Annex, para. 18. 

** See Annex, paras. 7 and 8. 



5.1.10. Criteria for Other Facility Typt!s. The consultants recornlend 

that the above procedure, that of an individual1 batch maxima and waste s,tream 

maximum, be given careful consideration for the development of criteria for 

other facility types. 

5.1.11. Future Considerations. 

5..1.11.1 Waste. The criteria for the 1:ermination of safeguards on 

waste characteristic of other facility types r~hould be considered at another 

meeting of all the consultants. It is recomc!nded that this be held from 

9 - 13 October, 1989. 

5.1.11.2 Spent fuel. The advice of the advisory group regarding 

safeguards on spent fuel is confirmed, but thl? consultants recommend that a 

consultants' group be convened to recommend s,afeguards measures applicable to 

spent fuel and placed in geologic storage. 

5.1.11.3 Depleted uranim. The consultants recommend that a 

consultants' group be convened to examine safzguards measures appropriate for 

the safeguarding of large stores of depleted ,~ranium. 

5.1.12 Future Data. It is recommended that the Agency attempt to 

gather data in advance for other facility types for the October meeting. 



Table 3. Technical Criteria for Termination of Safeguards 
for Hateriala Categorized as Measured Discards 

in Reprocessing l'lants .* 

Waste 
Stream 

Hulls 

Feed Clarification 
Sludges fb] 

Highly ~ c t i v e [ ~ ]  
Liquid 

Medium Active 
~ i ~ u i d  [C] 

Low Level 
Solid 1 

Maximum permitted 
concentration of Pu 
for a batch 

5 ppm[al liquid 
500 ppmIa] fraction 
of solids 

5 ppm[al liquid 
500 ppmIa] fraction 
of solids 

Min:imum expected 
percentage of 
dissolved feed 
per year 

Maximum expected 
percentage of 
dissolved feed 
per year 

[ a] ppm is calculated by the ratio weight/volume. 

[bl This figure is considered by some consultants to be too high 
to be able to say the safeguards concern of assurance of no 
recovery from terminated waste is met. 

[cl Some consultants cannot agree to this figure until a material 
characteristic independent of dilutior. by inert material can be 
found . 

* See Annex, paras. 3, 4, 5, 8, 15 and 22. 



5.2 Peco~endatione of the Group of Consultante of October 09-13,, 1989 

Relating to the Criteria for the Termhatiom of Safeguards on ltuclear Material 

in Waste, 

5.2.1 When considering plutonium conversion, MOX and uranium plants, 

the consultants followed the procedure as tkey had done with reproces8:Lng 

plants and gave recommendations to measure and verify when terminating 

safeguards on this material. The facilitie~. and waste arising therefrom were 

examined with respect to their material characteristics; the percentage of 

nuclear material throughput, and the state c~f the art of the various mlethods 

for the measurement of uranium and plutonium in wastes. The group did not see 

any reasons to alter the recommendations already established, but additional * 
recommendations were identified and these are considered in Tables 4 - 6. 

5.2.2 The procedures identified in thc report on reprocessing plants 

were based on the assumption that there wou:.d be a continuous inspector 

presence. This is not necessarily true for other plants and it is necessary 

that the inspectors must have due notificat:ion and the possibility of 

verification if the limits proposed in the criteria are to be exceeded. 

5.2.3 Some consultants expressed concern that the re-submission of 

previously terminated materials as a method to conceal diversion could be of 

particular concern in MOX plants. In considering this problem the Agency 

should pay particular attention to: 

- the comparison of sequential MBR'J from individual MBA's 

- Design Information verification 

- whether there is continuous presence of inspectors. 

Information in assisting the Agency to ensure that waste is not re-sutlmitted 

is given in the tables. 

5.2.4 The consultants recommend that the IAEA apply reduced safeguards 

efforts in verifying nuclear material in waste for which safeguards is1 to be 
** 

terminated, compared with its effort to verify other nuclear materials. 

* See Annex, para. 19. 

** See Annex, para. 20. 



5.2.5 The consultants have considered the present situation regarding 

retained waste and recommend that, unless needed in specific cases, the 

category of retained waste should be avoided. Tne consultants recognized that 

transfers to retained waste do not provide for efficient safeguards 

implementation. 

5.2.6 The consultants recognized that, alt'hough there is limited 

nuclear use of depleted uranium, the material sh~uld remain under IAEA 

safeguards. The consultants agreed that depletei uranium is of low strategic 

value and recommend that the IAEA applies reducei safeguards effort in 
* 

verification. 

* 
See Annex, para. 21. 



Table 4. 

Technical Criteria for Terminstion of Safeguards 
for Haterial Categorizei as Heasured 
Discards in Pu Conversir~n Plants. ["l* 

Liquid I I/A[~] 1 < 1 X 10-8 

Min. expected 
X of throunh~ut 

Waste Streams 

Solids 
(Combustible/ 
Ron-combustible) [C] 

Pu concentrationLb] 

.OS-1.0 g/l. 
(50-1000 ppm) Id] 

Hax expected 
X of throunh~ut 

Sludge 

Table 5. 

Technical Criteria for Termir,ation of Safeguards 
for Waterial Categorized as Weasured 

Discards for HOX Conversion and 
Fuel Fabrication Pl.ants. ["l* 

< 5 g d d ]  
(<S000 PP) 

3.5 X 10-~ 

Liquid 
-Aqueous liquids 
-Organic liquids 

Min. expected Max expected Waste Streams 

Solids 
(Combustible/ 
Non-combustible) [C] 

Sludge 

PU   on cent ration[^] 

.005-l. 0 g/l. Id] 
(5-1000 ppm) 

< 25 g/l. ldl 
((25000 ppm) 

Rote: ppm is calculated by the ratio welght/volume. 

1 a] Based on estimates provided by the consultants from France, FRG, 
Japan and U.K. 

[bl Concentrations expressed as g/l. are on a weight/volume basis. 
[C] Some plants have figures for break down between combustible and 

non-combustible wastes. 
[dl This figure is considered by some consultants to be too high 

to be able to say the safeguards concern of assurance of no 
recovery from terminated waste is met. 

[ el R/A = not applicable. 

ik See Annex, para. 3, 4, 5, 8, 19 and 22. 



Table 6. 

Technical C r i t e r i a  f o r  Ternination o f  k f e g w r d s  .for Cbteriel  Charuterized as 

Measud  Discards for F r i l l t i e s  P ~ s s i n g  b t u - a 1  or Low Enriched Uraniun. 

I I I I ( U-concen- ( I I 
1 MO. 1 Category 1 Description 1 Physicel 1 t r e t i on  1 Range o f  expected 1 h t l l o d  o f  1 
I I I 1 form 1 (ppdCal ( percentageof feed 1 dislmsel 1 
I I l I 
I I I I I I I I 
1 1. 1 Finel 1 Residuels f ran the 1 Sol id 1 ZCW 1 < 0,02 1 Direst  
I 1 extract ion I extract ion process I 

I 
I I I deposition I 

1 ( r es idue l s  ) w h e n u r e n i m i n  1 I I I I 
I I ( ashes, s l udges, 1 I I I I 
I I 1 f i l t e r s ,  etc. i s  1 I I I 

I recovered 
I 

I I I I I I I 
I I I -I-- I 
I I I I I I I I 
( 2. 1 Canbustible ( Peper p las t ic  with 1 Solid 1 < Z1)0 1 << 0,01 1 Direct I 
1 1 weste 1 very IOU content o f  1 I I 
I I 1 ureni un, not subject) 

I I l depoitim I I 

I 1  I f o r  recovery I I I I I 
1 I l I 
I I I I I I I I 
I 3. 1 lncanbustlblel Uranluncontaining I Sol id ( < 200 I < 0,02 1 D i r e c t  
I 1 weste 1 waste, e.g. tools, I I I ( d e p ) s i t i o n  1 

I 

I I ( mchinery parts, 1 I I I I 
1 bricks, steel, I I I I I I I 

I I ( z irkaloy scrap, etc. ( I I I I 
I I l I 
I I I I I I I I 
1 4. 1 A i r  f i l t e r s  1 A i r  f i l t e r s ,  not 1 Sol id I < 100 1 << 0,01 1 Di r lwt  I 

( burnable, e f t e r  1 
I chemical extract ion ( 
( o fu ren lu imcon-  1 

I I 1 t e  i ned I I I I I 
I I l I 
I I I I I I 
( 5. ( Chemical ( Residues fron ( Sol I d  ( < 2O0cb] ( << 

I 
0,01 ( Direct 

1 

( 1 residues 1 chemicel process, 1 
I 

I I 1 deposition 1 
I treated f o r  non- ( 
I nuclear applicetion,( 
( e.g. f e r t i  l izers, 1 

( o r  non- I 
I nuc leer use I 
I I - - 

I I ( o i l s ,  W-kerosene 1 I I I I 
I etc. I I I I - -  I 

I I I I I I I I 
1 6. 1 Aqueous IWesteweterwi th  I Liquid ( < 15 ( < 0,01 ( Direct 
( ( solutions ( low uraniun content I 

I 
I I 1 re1 ease t o  1 

I I  I 1 I I envi ronment 1 

tal pp I S celcui ated by the r e t i o  uel ght/weight. 
Cb1 O i  Is, TBP-kerosene may occes ionel l y end I n  -l l vol-s (approx. lm3/year-) 

contain up t o  600 ppn ureniun. 
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- 33 - ANNEX 

U N I T E D  S T A T E S  MISIiION TO T H E  
U N I T E D  N A T I O N S  S Y S T E M  ORGd4NIZATIONS IN V I E N N A  

OBERSTEINERGASSE 11 
A- 1190 VIENNA. AUSTRIA 
TELEPHONE 36 3l 52 

January 9, 1990 

Hr. Jon Jennekens 
Deputy Director General 
Department of Safeguards 
International Atomic Energy Agency 
Room A1950 
Vienna International Center 

Dear Mr. Jennekens: 

1 The United States has reviewed the report that details the 
work of the consultants' meeting for the development of 
technical criteria for termination of safeguards for material 
categorized as measured discards, distributed in November 1989 
by the scientific secretary as STR-251 (Revised). 

2 Although this report gives the appearance of being in 
final, we believe that it should be treated as the draft 
promised to the consultants for their review. Accordingly, we 
are providing the following comments for revising STR-251 
(Revised) in order that it correctly reflect the results of the 
consultantst meetings. Since it was quite clear at the 
meetings that there was not agreement a m ~ n g  the consultants on 
many of the major issues, the report should fairly reflect the 
divergences of views. It is not sufficient to simply footnote 
the tables by saying some consultants believe that the 
contained numbers are too high. Thus, o ~ r  proposed changes to 
the report are intended to achieve equal prominence for our 
views where they differ from those of ot'ler consultants and are 
not intended to replace the differing vi1.w~ of others. 

3 As a general criticism of the work oE the consultantst 
meetings in both June and October 1989, ,the United States 
believes that the majority of the participants at the meetings 
incorrectly adopted the position that whatever values plant 
operators decided were uneconomic to recover and therefore to 
be discarded should, by definition, cons~citute practicably 
irrecoverable waste on which safeguards should be terminated. 

4 The United States agrees that IAEA sihfeguards practice 
should not unduly interfere in the opera':ion of nuclear 
facilities and' should be consistent with prudent plant 
management and that an operator may choose to maintain easily 
recoverable levels of nuclear materials :.n his waste streams. 
However, we believe that IAEA safeguards should be maintained 
on plant waste streams containing practicably recoverable 
quantities of nuclear material. 

NOTE: Paragraphs have been numbered by the Secretariat. -- 



5 Available data on plutonium concentration in waste streams 
in commercial reprocessing, plutonium conversion, and MOX 
conversion and fuel fabrication plant; illustrate a wide 
variation making practicable irrecovecability of 8uch materials 
an issue. 

6 The United States agrees with the view expressed in the 
introduction of the consultants' repo.ct that, 'to maintain the. 
credibility of safeguards, the criteria of termination should 
be such that termination of waste is :lot the weak link in the 
safeguards system. That is, that given a choice, a potential 
diverter would choose to obtain the n ~ ~ c l e a r  material he needs 
from a source other recovery from wasa:e upon which safeguards 
has been terminated." 

P 

7 In practice, we believe that the cost should be a factor of 
ten higher to recover the material from waste than to construct 
a new production stream. Such a factor demonstrates a clear 
disincentive for using such waste as sources of unsafeguarded 
nuclear material and avoids the problem of new technologies and 
waste storage/disposal requirements that will change the 
economics of recovery. A commitment raerely to review the 
criteria should a change in available recovery techniques 
occur, while important to prevent further slippage, does not 
provide adequate protection against future recovery of nuclear 
material from waste on which safeguartls are terminated now and 
also imposes additional resource burdens on the IAEA. 

8 Many of the recommendations conta:.ned in the consultants' 
report do not meet the criteria of a factor of 10 increase in 
cost. The majority of consultants supported criteria that 
reflected the worst case experience of a limited number of 
batches to avoid being bothered with either continued 
maintenance of safeguards or the need to re-run the batch. 
They did not even consider whether the material could be 
recovered. For two streams, sludge from plutonium conversion 
plants and sludge from MOX conversion and fuel fabrication 
plants, the majority of the consultan1.s accepted plutonium 
concentrations that were higher than 1:hat contained in spent 
heavy water reactor fuel and light water reactor fuel 
respectively. 

9 If the Agency were to adopt the recommendations contained 
in the consultants' report, we believe: that the credibility of 
IAEA safeguards would be severely damcged. 

10 Consequently, the United States opposes the recommendations 
for the termina-tion criteria in STR-2!1 (Revised) in the areas 
enumerated in the enclosure and offers specific changes to the 
text of STR-251 (Revised) to ensure 0t.r views are given equal 
weight to those of other consultants. 



11 We look forward to favorable action cn our recommendations 
by the Secretariat. 

Sincerely, 

~heodore S. Sherr 
Senior Science Attache 

Enclosure 



Specific Comments on STR-251 (Revised) 

12 Resubmission: The United States is of' the view that the 
possibility of resubmission of previocsly terminated waste 
should be addressed in the context of safeguards procedures 
related to waste presented for termination. The United States 
contribution to the June consultants aeeting (A/ITP-273, June 
1 9 8 9 )  contained a section on resubmission (the third paragraph 
of page 6). This material, with some modification, should be 
included in STR-251 (Revised) as section 2.4 entitled "The 
Resubmission of Previously Removed Wastes as Current Wastes." 
It is reproduced below in its entirety with modification for 
inclusion in the report: 

Some consultants believe that because a large throughput 
facility can generate significant quantities of nuclear 
material continded in its waste materials, replacement of! 
potentially recoverable scrap with equivalent practicably 
irrecoverable wastes could prevent detection of diversion 
of significant quantities of potentially recoverable 
material from safeguards. If the facility did not fully 
falsify its records to reflect the waste flow presented to 
the Agency, the scenario could be detected during the 
Agency's audits of the facility records. The analysis and 
verification of process materials ,:hat were precursors tcl 
the true waste materials might also provide an element fcr 
the detection of resubmitted waste:;. The placement of an 
indestructible marking or unique identification number on 
the waste containers by the Agency inspectors might be 
effective for some wastes but woulcl not be effective for 
any waste forms that could be repackaged. 

The ideal protection against concec~lment of diversion of 
product by means of resubmission oj' nuclear material 
contained in waste on which safegucrds have been 
terminated, is to not terminate safeguards until after 
waste conditioning, that is transfcmnation of the waste 
into a form which is different from that seen in the 
process area and which should require difficult and 
expensive treatment to return it tc' the form of waste seen 
in the process area (conditioning), The next best 
alternative is to assure that the chemical/physical form of 
the waste upon which safeguards is terminated is of 
sufficient bulk or chemical form sc that there is a 
practical obstacle to the resubmission of an amount of 
waste containing one SQ of nuclear material. Procedures on 
resubmission should preclude reintroducing waste containing 
one SQ of nuclear material per material balance period. 

13 The recommendations section also requires modification. The 
United States agrees that the Agency may terminate safeguards 
on nuclear material in waste as early as the boundary of the 
process MBA if it meets the other applicable criteria. In 

NOTE: Paragraphs have been numbered by the Se1:retariat. 



light of United States views on the resul)mission question, the 
following sentence should be added as a second to section 
5.1.3: "Some consultants believe that tire termination point of 
safeguards on waste should be after the waste has been 
converted into a form that is different from that present in 
the process area of a facility to reduce the risk of 
resubmission." 

1 4  Maximum Limit Without Verification: The United States supports 
the view that the IAEA should maintain a maximum of 0.01 
effective kilograms (EKG) per facility per month for 
termination of safeguards on nuclear material contained in 
waste without verification. This is vice 0.1 EKG per facility 
per month which is-current practice for some facilities and 
recommendation of sbme other consultants. Section 5.1.1.1.2 
should be revised by adding the following sentence to the end 
of the second paragraph: "Consequently, they recommend that 
the Agency should not permit termination of safeguards without 
verification of nuclear materials in waste exceeding 0.01 
EKG/month/facility." 

Material Characteristics (Reprocessing): In order to highlight 
the differences of opinion, the following should be added to 
section 5.1.2: "In some cases the consui tants were unable to 
agree on quantitative limits and two sets of numbers are 
presented. These numbers should not be t:reated as a range. 
Some consultants believe the lower number!; are required to say 
that the safeguards concern of assurance of no recovery for 
termination of waste is met while other consultants believe the 
higher numbers are adequate." 

Table 3 should be modified by deleting current references to 
Footnotes B and C and adding a second numerical line for hulls, 
feed clarification sludges, highly active liquid and medium 
active liquid as follows: 

Waste Streams Concentration Minimum Waste Maximum Waste 

Hulls N/A ( E )  0.4 Percent 

Feed Clarifi- 650 PPM N/A ( E )  0.05 Percent 
cation Sludges 

Highly Active (C) N/A (B) 0.2 Percent 
Liquid 

Medium Active . (C) N/A (B) 0.1 Percent 
Liquid 

Footnote B should be replaced with the following: "Some 
consultants believe that specification of an expected minimum 



is inappropriate to criteria." Footnote C should be replaced 
with the following: "Some consultants cannot agree to any 
decision on maximum permitted plutonium concentration until 
Member States have had an opportunity to complete study of 
several issues, including dilution of inert material, 
concerning this waste stream." 

16 Total Content of a Waste Stream: As the United States does not 
believe that minimum percentages are 3ppropriate, the third 
sentence of section 5.1.2.2 should be modified by adding the 
words "some consultants believe that" to the beginning of ttie 
sentence. A new fourth sentence should be added as follows: 
"Other consultants believe that speci:Fication of an expected 
minimum is inappropriate to criteria.' 

17 Evaluation of Design Information for lleprocessing Plants: The 
United States agrees that the IAEA should evaluate the design 
information for-a reprocessing plant l:o determine the expected 
loss rate from each waste stream, but cannot agree that a 
design utilizing the best features of present technology will 
have a waste rate of between 1.3 and ;!.8 percent of the annual 
heavy metal throughput. The United States believes that the 
waste rate can be held to less than orle percent and notes that 
its own experience with reprocessing oxide fuels shows that the 
waste rate can be held to less than or.-half of one percent. 
Therefore, in section 5.1.2.3, several changes should be 
adopted. A period should replace a comma after information. 
The words "some consultants believe ttat the Agency should 
expecta should replace "based on an expectationm at the 
beginning of what is now the second sentence. The following 
third sentence should be inserted: "Other consultants believe 
that the waste rate should be less than 1.0 percent and may be 
as low as 0.5 percent of annual heavy water throughput." 

18 Safeguards on Waste Treatment and Conditioning Facilities: 
While the United States asrees with the content of section 
5.1.4 as printed, it notes that a State may wish to operate n 
reprocessing plant or other facility i n  a manner producing 
waste requiring the continued application of safeguards and 
hence require application of safeguards to a waste treatment or 
conditioning plant. The following s h o ~ l d  be added at the encl 
of Section 5.1.4 to cover this situatim: "For waste 
conditioning and treatment plants requiring safeguards, some 
consultants recommended that for vitrified wastes, less 
stringent termination criteria would apply than for high level 
wastes from a reprocessing plant, that 6500 PPM of plutonium 
would be a permissible concentration and that a maximum 
expected amount 'of contained plutonium, expressed as a 
percentage of annual throughput, of 1.1) percent would be 
acceptable. Other consultants chose not to address vitrified 
waste." 



19  Material Characteristics (Plutonium Conversion and MOX Fuel 
Fabrication Plants): In order to highlight the differences of 
opinion, the following should be added t~ section 5.2.1: 'In 
some cases the consultants were unable t~ agree on quantitative 
limits and two sets of numbers are presented. These numbers 
should not be treated as a range. Some consultants believe the 
lower numbers are required to say that t : ~ e  safeguards concern 
of assurance of no recovery for termination of waste is met . 
while other consultants believe the higher numbers are 
adequate. Furthermore, some consultants believe that neither 
Table 4 nor Table 5 should contain references to sludge since 
the plant producing it is unique and it is the operator's 
intention to recover the material once there is sufficient 
material to make the process worthwhile." 

Table 4 should be mbdif ied by deleting the reference to 
Footnote D on concentration of solids ancl adding a second 
numerical line for solids as follows: 

Waste Streams Concentration Minimurl Waste Maximum Waste 

Solids 20 PPM 

Footnote D should be replaced by the fol:.owing: 'Some 
consultants believe that there should be no reference to sludge 
since the plant producing it is unique and it is the operator's 
intention to recover the material once there is sufficient 
material to make the process w o r t h w h i l e . V h i s  should be added 
as a reference to the sludge line. A new Footnote F should be 
added in reference to the minimum expectc.d percentage of 
throughput column as follows: 'Some consultants believe that 
specification of an expected minimum is inappropriate to 
criteria." 

Table 5 should be modified by deleting tke reference to 
Footnote D on concentration and maximum haste for solids and 
adding a second numerical line for solids as follows: 

Waste Streams Concentration Minimun Waste Maximum Waste 

Solids 20 PPM 0.1 Percent 

Footnote D should be added as a reference to the sludge line. 
Footnote F should be added as a reference to the minimum 
expected percentage of throughput column. 

20 Level of Safeguards Effort Applied to Waste Streams: The 
United States notes that the text of Section 5.2.4 has the 
potential for being interpreted as calling for a reduced IAEA 
safeguards priority and effort on waste streams. In the United 
States' view, this section is merely a reflection of SAGS1 



advise that "in view of the small cortributions to the material 
balance of such discards and transfers, sufficient assurance is 
usually achieved with relatively small numbers of samples." 
(Response to question F.4 in Annex A to SAR-3, July 1988.) The 
United States wishes to emphasize that it concurs with the 
SAGSI recommendation on the priority given to verifying 
measured discards and transfers to retained waste relative 1:o 
other safeguards activities. *Verification of measured 
discards...should have the same priority as that for PIVS of 
the same material. Noting, however, that the occasion of such 
transfers may be the last opportunity to verify the nuclear 
material content a somewhat higher priority may be appropriate 
in respect to transfers of unirradiated direct-use material in 
excess of the agreed limits." (Response to question F.3, 
ibid.) Consequently, the following should be added at the end 
of section 5.2.4: ."Some consultants wish to note that this 
should not be interpreted as calling for a reduced priority to 
these efforts, but only a reflection of the fact that fewer 
measurements may be required. These consultants wish to 
reiterate their support for the advise of SAGSI on this sub:lect 
contained in questions F.2 through F.4 of Annex A of SAR-3, 
published in July 1988." 

21 The United States also recommends that the meaning of the last 
sentence of section 2.3 be clarified ~y adding the words "ard 
the waste stream meets the other critzria for discard" at tke 
end, as was done in the recommendatio? dealing with that 
issue. Similarly, the words "compare13 to the other components 
of the material balance" should be added to the end of the 
second sentence of section 5.2.6 to clarify the point of the 
comparison. We do not believe these :recommendations would be a 
matter of disagreement with other conr;ultants. 

22 The United States is of the view that Agency safeguards 
inspectors should act conservatively in applying the results of 
the consultants1 report and should deem waste to be practicably 
irrecoverable only when the most stringent of applicable 
conditions are satisfied, i.e., the lowest applicable 
concentration and loss numbers in the tables are met. The 
United States would, however, accept, at the IAEA inspector's 
discretion, termination of safeguards on a batch of waste that 
exceeded the concentration limits if :.t were an isolated 
instance arising as the result of an iibnormal operation and the 
total quantity of plutonium in the batch were small, i.e., 
less than 0.05 SQ in a single rising and less than 0.2 SQ 
annually per facility. 
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