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1. Introduction

IAEA safety standards

The International Atomic Energy Authority specifies the key elements of a national framework for ra-
dioactive waste management in Safety Standard III-S-l: Establishing a National System for Radioactive
Waste Management. Included in this standard is broad guidance on the responsibilities of Member
States for:

• Establishing and implementing a legal framework
• Establishing a regulatory body
• Enforcing compliance with legal requirements
• Implementing the licensing process

UK legislation

The disposal of radioactive waste to the environment is subject to the provisions of the Radioactive
Substances Act 1993 (RSA'93)(I). Although a recent Act its purpose was to consolidate an earlier one,
the Radioactive Substances Act 1960 (RSA'60)(2) with amendments introduced by subsequent legisla-
tion including Part V of the Environmental Protection Act 1990(3). RSA'60 also replaced earlier legis-
lation; the Radioactive Substances Act 1948. There is therefore a long-established legal framework in
the United Kingdom for exercising regulatory control over radioactive wastes.

Authorisation

Limits and conditions on the disposal of radioactive wastes are detailed in site specific Authorization
Certificates. Over 1100 sites in England and Wales are authorized. The majority of these consist of
hospitals, universities and industrial research- or manufacturing centers. The more significant radioac-
tive discharges however are from a relatively small number of sites licensed under the Nuclear Instal-
lations Act 1965^. There are generally referred to as "nuclear sites" and are also authorized under
RSA'93 to discharge radioactive wastes. These nuclear sites include nuclear fuel fabrication and re-
processing plants, nuclear power plants, atomic research establishments and isotope production cen-
ters.

Technical implementation documents

In the case of nuclear sites, requirements for compliance monitoring and environmental monitoring to
be undertaken by the operator are detailed in Technical Implementation Documents. These will typi-
cally define the frequency, locations and methods of sampling, analytical methods and reporting crite-
ria.

2. Regulatory authorities

The Environment Agency

The Environment Agency (the Agency) is responsible for administration and enforcement of RSA'93
in England and Wales. Separate but similar arrangements exist in Scotland and Northern Ireland where
the Scottish Environment Protection Agency (SEPA) and the Environment and Heritage Service are
the respective regulatory authorities.
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The Agency has widespread responsibilities under environment legislation for management and regu-
lation of the water environment, and for controlling industrial pollution and wastes including those
arising from the nuclear industry. Bringing these together in a single national Agency provides the op-
portunity for more coherent and integrated environmental protection, and for a more streamlined serv-
ice to industry and the public.

The Agency is organized into eight directorates reporting through Directors to the Chief Executive.
The Agency's field staff are brigaded into eight Regions within the Operations Directorate. Policy and
technical support is provided by the Environmental Protection Directorate.

Certain specialist activities are concentrated in National Centers. One of these National Centers, the
National Center for Compliance Assessment (NCCA), provides a range of monitoring support to the
field and policy staff and includes managing a comprehensive programme of independent radioactivity
monitoring. This programme allows checks to be made on the results provided by the operators to the
Site Inspectors and also provides independent data on exposure of the public. The results of the radio-
activity monitoring programme are published annually(5). As a part of this programme consignments of
solid, low-level radioactive waste (LLW) destined for land disposal are seized by Agency Inspectors
and sent to the Agency's Waste Quality Checking Laboratory (WQCL).

3. Inspection

Following issue of an authorization an operator's compliance with the limits and conditions is assessed
through regular site inspections, investigation of incidents or complaints and analysis of monitoring
data. The Agency's Pollution Inspectors visit sites to carry out:

• Authorization Related Inspections: To discuss proposed revisions to extant authorizations or
applications for new authorizations

• Reactive Inspections: To investigate reported incidents and complaints
• Compliance Inspections: To carry out routine checks on compliance with authorized limits

and conditions

During 1994/95 a total of 2055 inspections were carried out. A breakdown between nuclear and non-
nuclear sites and inspection types is given in Table 1.

During the course of inspection visits, inspectors will examine processing plant, operating procedures,
maintenance records, discharge/disposal records and monitoring arrangements.

Table 1. Inspection statistics

INSPECTION TYPE
Authorisation Related
Reactive
Compliance
Others
Totals

NUCLEAR SITES
2.3 %
15.8 %
1.1 %
1.9%
21.1 %

NON-NUCLEAR SITES
6.8 %
63.5 %
8.0 %
0.6 %
78. 9 %

4. Waste categories

Solid radioactive waste is classified under the following broad categories, according to its heat-
generating capacity and activity content .

• High Level Waste (HLW) - Wastes in which the temperature may rise significantly as a result
of their radioactivity, so that this factor has to be taken into account in designing storage or
disposal facilities. In practice this is taken to apply to the concentrated solution of fission
products which is produced from the first cycle of the reprocessing process. This waste is be-
ing vitrified for long term storage and subsequent disposal. This vitrified waste is also classi-
fied as HLW.

• Intermediate Level Waste (ILW) - Waste with an activity content exceeding the upper bound
of LLW, but which does not require heat output to be taken into account in the design of stor-
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age or disposal facilities. In practice some ILW will have a significant rate of heat output.
• Low Level Waste (LLW) - Waste containing no more than 12 GBq/te (12 kBq/g) of

beta/gamma emitting isotopes, or 4 GBq/te (4 kBq/g) of alpha emitting isotopes.
• Very Low Level Waste (VLLW) - Waste which can be safely disposed of with ordinary refuse,

each 0.1 m of material containing less than 400 kBq of beta gamma activity, or single items
containing less than 40 kBq of beta gamma activity.

The largest volumes of solid LLW originate from the nuclear fuel cycle plants operated by British Nu-
clear Fuels pic (BNFL), the UK's Magnox, AGR and PWR power stations and the research establish-
ments of the UK Atomic Energy Authority and Ministry of Defense facilities.

5. Disposal routes for low level waste

Local disposal
Several landfill sites receive solid low level radioactive wastes for controlled burial. These are wastes
which can be disposed of safely, with special precautions, at many well operated landfill sites. Gener-
ally disposals are completed on the day the wastes arrive at the site by covering with at least 1.5 m of.
inactive refuse or soil. Limits on the radioactive content ofwastes, the landfill site to be used for dis-
posal and the precautions to be employed when disposing of the wastes are specified in an authoriza-
tion issued to the waste producer. Such authorizations are issued for disposal only to landfill sites with
the necessary characteristics and after consultation with the appropriate public and local bodies.

Drigg
However, the primary disposal route for solid low level waste in the UK is to the repository operated
by British Nuclear Fuels pic (BNFL) at Drigg. This site is located in West Cumbria about 6km south-
east of BNFL's reprocessing facility at Sellafield. The site started operations in 1959. It receives waste
mainly from Sellafield but also from other nuclear and non-nuclear establishments elsewhere in the
UK. The site occupies about 120 hectares (300 acres) close to the Cumbrian coast.

Wastes were historically deposited by tumble tipping into trenches cut into clay to a depth of about
8 meters. This method of disposal ceased in 1994. Suitable wastes, mainly from Sellafield, are now
compacted and placed in ISO-containers in the Waste Monitoring and Compaction facility at Sel-
lafield. After transport to Drigg the wastes are fixed in a concrete grout prior to their orderly emplace-
ment in a concrete lined vault.

The majority of waste disposed of at Drigg typically comprises discarded protective clothing (overalls,
overshoes, gloves, paper hats etc.) and general refuse from areas of low contamination. The waste, ex-
cept that originating from Sellafield itself, is generally accumulated in 200 liters drums and the total
activity of such a drum of uncompacted waste is typically 1 to 2 MBq beta/gamma but can vary be-
tween 1 kBq and 20 MBq due to the inherent inhomogenity of this type of waste. Annual disposal lim-
its and activities actually disposed of during 1995 are detailed below in Table 2.

Table 2. Annual disposal limits and 1995 disposals

Radioactivity

Tritium
Carbon-14
Cobalt-60
Iodine-129
Radium-226 plus Thorium-232
Uranium
Other alpha"
Others'^

Annual disposal limits
TBq

10
0.05

2
0.05
0.03
0.3
0.3
15

Disposals during 1995
TBq % of limit

0.191
0.00735

0.297
0.00169
0.00356
0.0214
0.0836
4.22

1.9
15
15
3.4
12
7.1
28
28

a With half-lives greater than three months
'Other beta emitting radionuclides but including iron-55 and cobalt-60
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Quality management systems

Waste producers are required to have appropriate quality management systems in place to ensure
wastes are produced to specification. These underpin the reliable estimation of waste consignment ac-
tivity contents which are based on the quality control of the waste generating process supplemented as
necessary by waste stream fingerprinting.

6. Inspection of disposal routes

Inspectors visit waste producers, the local landfill sites and BNFL's Drigg site to ensure that disposals
are being made in accordance with authorization conditions and limits. Inspectors focus on:

• Waste producers' quality management systems
• The quality of waste packages. In particular whether containers are correctly identified and of

sound construction and thereby not likely to leak and cause contamination and secondary
waste

• Arrangements for emplacing waste consignments
• Record keeping
• Environmental aspects of the site. In particular monitoring arrangements for the site leachate,

ground water and local watercourses

7. Waste quality checking

In addition to carrying out inspections, inspectors can select waste consignments of LLW for inde-
pendent checking.

The agency's laboratory

The WQCL monitoring facility is located on the Winfrith nuclear licensed site operated by the
UKAEA. This provides facilities for consignments of radioactive waste to be received at the laboratory
and secondary waste arisings to be disposed of via site services. The laboratory also makes use of other
site services such as security. The facility is housed in part of a large building, once used for an ex-
perimental reactor, and consists of a suite of offices, laboratories, a workshop and waste receipt and
storage areas.

Waste consignments can be transported to the laboratory in a variety of containers, these include full
height and half height ISO freight containers, individual drums and loose or packaged waste in skips.
Following acceptance of the waste at Winfrith and receipt of the consignment at the WQCL, the trans-
port container is moved to a suitable area for unloading. For most consignments this takes place at the
WQCL waste receipt area, where the container undergoes a series of checks prior to opening and un-
loading. These are described in more detail under non-destructive testing. For drummed waste received
in ISO freight containers the drums are unloaded and stored in this area. For loose or packaged waste
received in skips, a tented enclosure can be erected for repacking the waste into drums in preparation
for non-destructive testing.

In addition to the waste receipt area the ground floor of the facility also houses the gamma spectrome-
try laboratories and a permanent, shielded X-radiography facility. The upper level of the facility com-
prises office accommodation and a suite of radiochemistry laboratories where the destructive testing
and waste sampling is performed.

The main task for the laboratory is the routine quality checking of solid low level radioactive waste
consigned for disposals in England and Wales in support of the Agency's regulatory work. Waste gen-
erators are increasingly using compaction and there are also some sites which utilize super-compaction.
Agency Inspectors seize waste for independent checking before it has been super-compacted. The ma-
jority of consignments selected have been taken after they have been delivered to the Drigg site but as
some waste may be compacted prior to delivery, consignments are also seized before dispatch to Drigg.
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Accreditation

All the quality checking operations undertaken at the laboratory are carried out within a quality assur-
ance system which was developed to ensure that all the work is performed to recognized and accept-
able standards. All of the key test methods are accredited by the National Measurement and Accredita-
tion Service (NAMAS) as part of the UK Accreditations Service (UKAS) . Formal accreditation
provides assurance that the measurements made on the waste are accurate and traceable to national and
international standards.

Non-destructive testing

After the completion of the receipt procedures, the waste consignment is opened and the contents un-
loaded. For drummed waste received in ISO containers the drums are unloaded directly into the waste
receipt area of the laboratory and are logged into the QA system. Non-destructive testing is carried out
on the whole of the waste consignment and involves two tests: X-radiography and Segmented Gamma
Scanning (SGS).

Firstly each drum is X-radiographed to determine its contents. A total of nine X-radiographs are taken
with three equally spaced around the circumference of the drum and at three equally spaced positions
down the height of the drum . Following processing, each X-radiograph is examined by trained staff to
determine the contents of the drum. This is important for the identification of prohibited items as de-
fined in Authorization Certificates and the BNFL's Conditions of Acceptance for wastes for disposal at
Drigg. The identity of any drum containing non-permitted items is noted for opening and more detailed
examination and any non-permitted items found are removed from the waste.

The most important non-destructive technique used in waste quality checking is Segmented Gamma
Scanning (SGS) . Using this technique the gamma emitting radioisotopes within each drum can be
identified and quantified. Each drum is placed in turn on a turntable within the instrument which al-
lows the radioactivity within defined segments of the drum to be determined. Up to 40 segments can be
defined within a single drum.

The total radioactivity within the drum is then calculated by adding the results from each segment. A
correction for the attenuating effect of the drums waste content is made by use of an external gamma
emitting transmission source. The instrument is routinely calibrated and checked using reference radio-
active sources traceable to national standards.

The wide range of waste material densities together with the large number of gamma emitting radioi-
sotopes found in LLW can give rise to significant uncertainties in the radioactivities determined by the
SGS. In an effort to reduce these uncertainties and achieve NAMAS accreditation for SGS measure-
ments, an extensive research programme has been undertaken. Experimental measurements have been
made using known reference sources with a wide range of gamma ray energies placed at different po-
sitions with a series of drums which have been filled with materials of differing densities. Analysis of
the data collected from these experiments has enabled the laboratory to identify areas where improve-
ments can be made. On completion of the non-destructive testing campaign the gamma emitting radioi-
sotopes identified are listed and the total gamma emitting radioactivity for the waste consignment is
calculated for comparison with the waste producer's declaration.

Destructive testing

In order to determine the alpha and beta emitting radioisotopes within a consignment of LLW, destruc-
tive testing must be performed on a representative portion of it. In general approximately 5 % of the
packages or drums within a consignment are analyzed destructively for radiochemical content. Repre-
sentative sub-samples are then taken and transferred to a fumehood for radiochemical analysis.

Destructive testing begins with the preparation of an aqueous solution of the solid sample taken from
the waste. This can be accomplished in a variety of ways depending on the type of waste material
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found. Methods such as acid dissolution, fusion, digestion or leaching, are commonly used, the princi-
pal objective being the extraction Of all the radioactive species into solution. Once the primary solution
has been prepared, aliquots are first taken for the determination of total alpha, total beta, total and indi-
vidual gamma emitting radioisotopes.

In addition to total alpha, beta and gamma analytical techniques, the laboratory has a number of other
specific radioisotopic methods which can be used for destructive testing.

The determination of specific radioisotopes by destructive testing first requires radiochemical separa-
tion from the other species found in the primary sample solution. The method adopted will depend on
the chemistry of the element being isolated and may involve solvent extraction, distillation or ion ex-
change. The laboratory has analysis methods for most of the radioisotopes commonly found in low
level radioactive waste. To ensure that the methods used and the results obtained from destructive
testing are acceptable the laboratory participates in regular inter-laboratory comparison exercises.

8. Reporting and application of results

All the results produced by the laboratory from quality checking operations on waste consignments are
reported to the Agency. Written reports are produced on the finding of the non-destructive and de-
structive testing campaigns, these are then forwarded to the Agency for review.

Some typical results obtained from the quality checking of a waste consignment are shown in Table 3.
The tables compare the results obtained by NDT and DT for 4 different drums taken from 3 separate
waste streams within a single waste consignment. It can be seen that in general there is very good
agreement between the two techniques.

Table 3. Comparison of activity determinations by different methods

Waste Stream 1, Drum 080201

Radioisotope

Mn-54
Co-60
Zn-65
Cs-137

NDT Results
(kBq/Drum)

12.4 ±5.1
954 ± 90

52.3 ± 22.5
N/D

NDT % of Total

1.2
93.6
5.1
0

DT Results
(kBq/Drum)

2.4 ± 0.4
1005 ±13
12.8 ±1.5
65 ±10

DT% of Total

0.2
92.6
1.2
6

Waste Stream 1, Drum 080223

Radioisotope

Mn-54
Co-60
Zn-65
Cs-134
Cs-137

NDT Results
(kBq/Drum)

1033 ± 322
18910 ±2470

1543 ±498
150 ±68

N/D

NDT % of Total

4.8
87.4
7.1
0.7
0

DT Results
(kBq/Drum)

1600 ±100
26000 ± 300
1900 ±400

128 ± 29
1.9 ±0.2

DT% of Total

5.4
87.7
6.4
0.4
0

Waste Stream 2, Drum 080228

Radioisotope

Mn-54
Co-60
Zn-65
Cs-137
Eu-155

NDT Results
(kBq/Drum)

53.5 ±19.2
2278 ± 226

197 ±63
3.04 ±1.07

N/D

NDT % of Total

2.1
90
7.8
0.1
0

DTResults
(kBq/Drum)

69.8 ± 9.7
2691±24
275 ± 37

0.011 ±0.008
12.6 ± 2.4

DT% of Total

2.3
88.3

9
0

0.4

Waste Stream 3, Drum 080237

Radioisotope

Co-60
Cs-137

NDT Results
(kBq/Drum)

2840 ± 348
56.9 ±12.6

NDT % of Total

98
2

DTResults
(kBq/Drum)

1772 ± 42
82 ± 7

DT% of Total

95.6
4.4
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From the regulatory point of view the results of the checking process may be considered as being in
two distinct categories. Firstly, there are qualitative issues such as whether there was free liquid in the
waste or whether the waste contained other non-permitted items. Secondly, quantitative results can be
compared with the activity as declared by the waste producer. Results reports are always issued to the
relevant Agency Site Inspector who makes the judgement as to what action, if any, should be taken
against the waste producer. Qualitative issues are usually an indication that either the operator's proce-
dures are deficient in some way, or that the procedures have not been complied with. These are con-
crete issues which the Inspector would take up formally with the operator and would ensure by subse-
quent site inspections that adequate corrective actions had been taken. Quantitative issues can be much
more complex, particularly where the results are from destructive testing and analysis. Results from
SGS analyses are not dependent on sampling as all drums in the consignment are analyzed whereas for
chemical analyses a proportion of the drums are selected and a further selection of material within a
drum is sampled. Nevertheless the correlation of total activities calculated by the two methods is gen-
erally much better than might be expected. This increases confidence in the results. If the check analy-
ses indicated that authorized or declared activities had been exceeded further samples or analyses
would be carried out to confirm the results. In all cases the follow up action is taken by the Inspector
for the appropriate site and in severe cases an operator would be liable to prosecution. Independent
monitoring has so far given confidence that operators have taken a responsible and thorough approach
to complying with disposal authorizations. Non-compliances found have been in the nature of qualita-
tive breaches as described above and appropriate corrective actions have been undertaken by operators.

9. European Network activities

Since October 1992 the laboratory has participated in the European Network of Testing Facilities for
the Quality Checking of Radioactive Waste Packages. This Network was formed to promote co-
operation between laboratories within the European Union who are involved in quality checking ac-
tivities. The countries represented in this network are: Belgium, Germany, France, Spain, Italy, The
Netherlands, Austria and The United Kingdom. Each country has laboratory participants and regulatory
observers represented on the Steering Committee and Executive Board of the Network and a number of
working groups have been established to focus on important aspects of quality checking. There are cur-
rently 5 working groups whose remits are: gamma measurements, volatile releases from waste pack-
ages, quality assurance, neutron measurements and destructive testing.

The Steering Committee and Working Groups meet twice a year to discuss technical issues and matters
of mutual interest. The Network is currently involved in jointly submitting a number of research pro-
posals to the European Commission as part of the fourth framework programme on nuclear fission
safety. This research programme attracts joint funding from the European inter-laboratory comparison
test for gamma measurements on 220 liters waste drums. This exercise will have obvious benefits to
the quality assurance of SGS measurements performed at the WQCL. In 1997 two further research
projects on the optimization of gamma assay techniques and the control of alpha emitting radionuclides
in radioactive waste were entered into by the laboratory in conjunction with other European partners.

10. Conclusions

The Environment Agency exercises regulatory control over the discharge and disposal of radioactive
waste under the Radioactive Substances Act 1993. Independent monitoring is a key element of this
control and, in the context of solid LLW, the Waste Quality Checking Laboratory fulfills an important
role. The quality and reliability of the laboratory's work is underpinned by formal accreditation of its
test methods under the UK's National Measurement and Accreditation Service and its participation in
the European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages.
The results from this work confirm that in general waste consignors have appropriate systems in place
to ensure compliance with authorization requirements. Identification of non-compliances continues to
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be useful feedback to Agency Site Inspectors who use such information for identifying where opera-
tors' procedures and application of procedures can be further improved.
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