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FOREWORD

After the use or application of radioactive materials or the utilization of nuclear energy,
some radioactive residues may remain in the environment and give rise to the exposure of
persons living or working in that environment. Most commonly, these residues are the result of
human activities that have been carried out in the past without proper regard to the
internationally accepted radiation protection requirements for practices, or at a time when
those requirements were less stringent than today. Of course unforeseen events such as
accidents or concentrations of naturally occurring radioactive material can also lead to higher
levels of radioactive residues in the environment.

The purpose of this Symposium is to foster an information exchange on the restoration
of environments with radioactive residues. This includes the principles and criteria for guiding
decision making and the methodologies for assessing the radiological situation and developing
remediation plans for the human habitats affected. The overall aim is to promote an
international consensus on the relevant issues in these areas.
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ENVIRONMENTAL REMEDIATION OF THE FORMER SOVIET MILITARY
URANIUM MILLING SITE AT SILLAMAE, ESTONIA: FEATURES OF
APPROACH

T.KASSIK XA9953136
A. SIINMAA
Okosil, Ltd.
Tallium, Estonia

Abstract

Quick launch of the nuclear program was a high priority for the Soviet military, as a uranium
production plant installation was started at Sillamae, Estonia, in 1946. Estonian local ore -
alum shale - containing only 0.03 % of uranium was used for uranium production for nearly
five years, after the plant was launched in 1948. Altogether more than 4 million tons of ore,
imported mostly from Central and East European countries (Czechoslovakia, Hungary and
Eastern Germany) were processed at Sillamae. These activities have left a large tailings
impoundment with the total volume of ca 8 million cubic meters in the immediate vicinity of
the Baltic Sea.

Today the plant is privatized, converted to civil purposes and provides ca 1200 jobs in the
socially sensitive area of North-East Estonia, while environmental hazards from the past;
however, remain:

- continuous seepage of tailing waters into the sea contributes and would contribute over
long term to the pollution of the Baltic Sea;
stability of the tailings dam seaside under present conditions can not be guaranteed
thus risking a sudden release of partly liquid tailings due to potential dam failure; and
uncovered surface of the tailings presents a health hazard due to dusting and radon
release and hinders the revitalization of the area.

The conceptual design of the Estonia's largest environmental project is now complete, the
completion of practical remedial works by the end of 2005 will render Sillamae project a
pioneer among Central and East European restoration projects of this character. This paper
presents characteristic features of Sillamae remediation project, planning the use of best
technical solutions, especially considering the vulnerability of geotechnical stability.

Background

The Sillamae Metallurgical Plant was built in 1946 through 1948 to meet needs of Soviet
nuclear program. Since the plant's startup until early 1950s, local Estonian alum-shale,
containing about 0.03% of uranium, was processed; later the production was switched to
richer ores from Central and East European countries. Uranium ore processing continued to
1977 with approximately 4,013,000 tons of uranium ore being processed at the plant. Since
the late 1970s to 1990, the plant refined nuclear fuel (enriched uranium) produced in Russian
plants.

Until 1959, when the tailing pond was established, the waste from the processing was
transported to a marine terrace nearby the plant and stored just on the surface. The tailing



pond located at the shore of the Finnish Gulf has been constructed on a slope, consisting of
several layers, tilted into the direction of the sea. The pond covers an area of approximately
330,000 m2, with a built-up height of about 25 m.

The tailing pond contains about 12 million tons (about 8 million m3) of waste. Based on
estimates the pond contains the following substances; 6.3 million tons of uranium processing
residuals and 6.1 million tons of oil-shale residue and waste from processing of loparite.
These wastes contain some 1,830 tons of pure uranium and 850 tons of thorium. The total
amount of radium is estimated to be 7.8 kg, corresponding to 2.9 x 1014 Bq of 226Ra.

Environmental Concern

Measurements show that the dam of the tailing pond is sliding down along a layer of clay into
the Baltic Sea. The waves of the sea, at high tides and in bad weather, attack the foot of the
dam. This attacking might enhance the sliding of the dam or vice-versa. Stabilising the dam is
necessary to prevent a collapse of the dam and subsequent landslide of the total tailing pond
into the Baltic Sea.

A second problem with the pond is that it is not a real pond, but more a large-scale filter.
Water entering the pond moves rather quickly into the sea through a gravel layer located at the
bottom of the pond.

The current operator of the plant facilities - Silmet Group Ltd - is now planning a new waste
management system. However, it is allowed to discharge about 150,000 - 180,000 m3 of
today's wastewater into the pond, until the end of year 2002.

Rain water and wastewater seep through the tailing pond. This seepage water results in a
continuous flow of various pollutants to the Baltic Sea in the order of 16 - 34 tons of
pollutants per day. The annual discharge of nitrogen from the tailing pond and the factory is
about 1,200 tons making it one of the largest sources of nitrogen discharges to the Baltic Sea
in Estonia.

Remediation Planning

After the end of Soviet period, Sillamae appeared to be in a unique position; the country,
responsible for creating the environmental damage no longer existed. At the same time it was
obvious that Estonia remains responsible for its entire territory, including previously
contaminated sites, what may be an environmental and financial liability caused by somebody
else. This has been the reason why the Government of Estonia has agreed to carry a
substantial part of the responsibility for the remediation of the tailing pond, although the plant
had meanwhile been privatised. It was also clear that Estonia was not able to solve the
problem itself, because of the lack of pertinent experience and funds for the financing of this
project. Without considerable support from the European Union and bi- and multilateral
donors this international environmental problem could not be solved.

For actual initiation and direction of the Sillamae radioactive tailing pond remediation, the
Government of Estonia and the Silmet Group established a new joint stock company - Okosil
Ltd - 35% of which is owned by the Government of Estonia and 65% by the Silmet Group.
The main task of Okosil is the decommissioning and environmental remediation of



radioactive tailing pond and other contamination in the territory of the same uranium
complex, it was foreseen that OkoSil will act as the project co-ordination and implementation
agency for all remediation steps.

As for the first practical step, an application was submitted to the European Union Phare (aid
program for Central and East European Countries) program in 1997, to seek financing of the
tailing pond remediation conceptual and detailed planning, in a framework of a Central and
East European environmental pilot-project. The pilot project was entitled "Concept and
Design of Reshaping and Covering the Sillamae Radioactive Tailing Pond, Particularly in
Relation to Dam Stability Problems". The international tender for the planning phase of the
remediation was won by an experienced German state company, Wismut, Ltd.

Remediation Concept

The concept of the Sillamae tailing pond remediation as well as detailed engineering for the
first phase of work - "Initial Measures" - was complete and presented to the Estonian
Government and the Silmet Group in March 1999.

The concept for the Sillamae radioactive tailing pond remediation foresees the following steps
to be taken:

shore protection,
dam stabilization,
control of the ground water inflow from hinterland, and
reshaping, contouring and covering of the tailings.

The concept of the remediation is based on both global knowledge and Wismut particular
experience, obtained in the remediation planning and implementation at the world largest
uranium mining and milling site at Chemnitz, in the former East Germany.

Technical Solution

Technical solutions are site specific, selected after thorough screening and evaluation for each
of the above described remediation steps:

1. Shore protection - construction of the shore protection embankment that will consist
of a gravel dam (2 to 3 m above sea level) with granite reinforcement sea-side, along
the entire shoreline that is endangered by wave activity;

2. Dam stabilization - placement of the pile grillage on the coast, sea-side of the dam.
About 700 reinforced concrete piles of the 0.6 m diameter and 12 to 20 m length will
be placed into pre-drilled boreholes;

3. Control of the ground water inflow - construction of the concrete-bentonite-clay
diaphragm wall with the width of ca 0.6 m and length of ca 800 m, preventing ground
and surface water inflow from the hinterland (opposite to the sea-side);

4. Reshaping, contouring and covering of the tailings - the minimal reshaping of the dam
by cutting off the crest of the dam, combined with shallow valley contouring of the
tailing pond surface and a multi-layer final cover. Shallow valley contour means that a
series of small watersheds are created on top of cover surface, each of which are
drained in a different direction.



5. Interim cover with the depth of 1 to 2 m will be placed on top of the tailings to even
the tailings surface and apply pressure to de-water the tailings. The final cover will be
of a multi-layer "sandwich" type, with non-permeable, flexible sealing layer (most
likely clay), a 1 to 1,5 m frost protection layer and a 0.5 m vegetation layer.

With the start of practical implementation in autumn 1999, the total duration of the
remediation project is estimated to be approximately 6 years, with work being finished by the
end of 2005.

The estimated total cost of the favored set of options is ca USD 20 million.

The tentative financing scheme is based on a projected cost with the following elements:
Estonian Government grant;
Grants from bilateral donors - Denmark, Finland, Norway, Sweden;

- Grant from the Nordic Environment Finance Corporation (NEFCO);
- Loan from Nordic Investment Bank (NIB); and
- European Union grant.
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R. I. MAMATQULOV
State Special Inspection of Analytical Control of the State Committee for Nature Protection,
Tashkent, Republic of Uzbekistan

R.I., RADUK
Institute of Nuclear Physics of the Uzbekistan AS,
Tashkent, Republic of Uzbekistan

Abstract

The paper describes levels of contamination in Uzbekistan caused by the nuclear fuel cycle
and the issues concerning the rehabilitation of these areas. It discusses the negative effects on
the environment of in-situ leaching (ISL) as a uranium mining method. Also discussed is the
classification of wastes generated during the rehabilitation of the polygon ISL sites. The
technical requirements for accommodating the radioactive wastes in the tailings pond in
Navoi are also discussed. The present conditions are presented and the rehabilitation of an
example site is discussed.

Introduction

The territory of the Republic of Uzbekistan stretching outs from the south-east to the north-
west for approximately 1.5 thousand km and occupies inter-river area between Amudarya and
Sirdarya. It's territory comprises 447.5 thousand square km with a population of about 23.5
million people and an average density of 52.5 people/ sq. km. The allocation of population is
highly uneven with its maximum density noted in the valleys of rivers and foothills, and with
the minimum population located in the arid Ustyurt plateau and Kizilkum desert.

The radiation situation in the territory of the republic in whole is within the norm range. The
natural background of gamma radiation at the overwhelming part of the territory comprises
10-30 |i.R/hr. The gamma radiation is from the natural radionuclides (uranium, thorium, and
potassium) contained in the rocks. Radionuclides of technogene origin (caesium-137,
strontium-90 and others) in quantities exceeding the allowed norms, at present time had not
been revealed [1]. It should noted that the territory of Uzbekistan had been one of the main
mineral and raw material bases of uranium extraction for the former Soviet Union or more
than 40 years. The result of this is an accumulation of a large quantity of radioactive rocks and
waste from the hydrometallurgical productions, in both the internal and trans-frontier regions
of the republic. Many of these objects are located in unfavorable areas and are subject to
destruction, which leads to the radioactive pollution of the environment. Such objects have a
local character and location, and at present the issue of neutralization by way of re-cultivation
is being decided.



Radioactive Situation

Data from many years of observation of the airborne radioactivity shows that it is in the range
of global the background [2]. Testing of the soil showed that the total content of artificial
radionuclides exceeding the background level are absent. The average level of gamma
background changes are in the range from 11 (j.R/hr (Arial sea region) to 20 \iRA\r (Angren).

The territory of Uzbekistan can be divided into the following main zones, depending on the
magnitude of the dose rate and the natural gamma- radiation background character:

- North-West (Ustyurt). A valley and the Amudarya river delta are located in the
center of this zone. The valley is composed of sandy and clayey alluvial sediments,
characterized by gamma dose rates which are in the range of 15-20 )U,R/hr. At the
Ustyurt plato the dose rates are 10-15 |LiR/hr, and while approaching Kizilkum they
reach 15-20 |iR/hr.

- Central (Kizilkum) zone. Sandy and clayey valley with low mountains is the
overwhelming element of the relief of this zone. In the last decades mining and
milling industries were developed in this area. According to the results of
researches, sands and loams are characterized by gamma dose rates of 10- 12
(iR/hr. The highest dose rates of 40-50 jiR/hr are observed on the uncovered
granitoid rocks.

- South - East zone. The large towns of Tashkent, Samarkand, Andijan and most of
industrial centers such as Almalyk, Angren, Chirchik, Namangan, Kokand are
located in this zone. Here the higher differentiation of background dose rates are
noted, which is caused by a big diversity of rocks.

The technogene pollution of the territory of the republic are caused by long-term application
of nuclear-fuel cycle and other productions:

a) mining industry in the Central Kizilkum, around Tashkent region and Fergana
valley;

b) mining industry of other minerals having high radionuclide content;
c) Institute of Nuclear Physics, Academy of Sciences of the Rep. of Uzbekistan, and

the "Foton" enterprise; and
d) sources of ionizing radiation imported from the CIS countries for the use as

instruments of technological control in the various branches of industry.

The nuclear activities in Uzbekistan are represented by the extraction and primary processing
of uranium ore. At the present time these activities are executed by the Navoi mining-
metallurgical plant, which has 5 ore departments and 3 hydro metallurgical plants. Mining of
radioactive ores in the territory of Uzbekistan and in the close-fitting regions started in the
beginning of the current century, but it especially strengthened in the after-war period. Within
that period about 150 sections of radioactive pollution had been formed, including 18 close-
fitting territories of Tadjikistan and Kirgistan. The accumulated dumps of overburden rocks
are the result of past ore mining activities. Although these dumps have been preserved and re-
cultivation has been executed, over time natural circumstances have caused some degree of
environmental pollution. Such was the situation in the Charkesak settlement of the Namangan
region, where one of Leninabad mining-chemical plants was located [3]. That plant was
preserved and handed over to the local Khokimiyat in 1991. Here the industrial zone directly
adjoins the locality and the dumps covered earlier by small layer of inert materials are



damaged. Water containing a range of highly toxic elements were released from the conserved
mine, that resulted in a highly unfavorable ecological situation. People are residing in stone
houses built from the dump materials and this presents a significant hazard.

The "tail" storehouse and tailing dump in Navoi is one of the potentially dangerous sources of
environment pollution. About 60 million tons of crushed mountain mass and a liquid pulp
were left after the uranium extraction process ended. Here the pollution mainly takes place in
the atmosphere by radon and the partial filtration of tail waters.

In 1987 at the "tail" storehouse a drainage screen was put into operation comprising of 24
pumping out slits, drilled along the route of the underground water movement from the "tail"
storehouse to the Zarafshon River [4]. The purpose of the drainage screen is to interrupt
filtered technological solutions from the "tail" storehouse, to direct to the underground water
level and to reduce the slope of underground water current, thereby reducing the negative
influence of the "tail" storehouse on the underground waters. The planned reduction of
extraction during the last years of the processing of the ore means the reduction of fault pulp
volumes and will have a positive impact on the "tail" storehouse's influence on the
environment.

The reduction of the uranium extraction volume is due to the closing of the underground and
open mines and the introduction of the underground leaching extraction method (U.L.). At the
present time the exploitation of the uranium deposits is carried out only by this method, which
is much more friendly to the environment. But the application of UL method at the territory of
the Central Kizilkum had led to the local pollution of the environment. The main reasons and
sources are the straits of technological solutions, the violations of the pumping-out/pumping-
in balance, residual solutions in the exploitation section depths, spilling into the adjacent
water level and pipeline leakage. The composition of technological solutions at the waste
sections of UL within 8-10 years had not undergone substantial changes, i.e. there is pollution,
but according to specially carried out hydrogeological researches the pollution halo did not
spread from the industrial area. On the surface of the UL section, the pollution takes place
because of the low technological level and the surface soil is polluted by acid and ore solution.
In order to avoid negative influence of UL method on the environment, the re-cultivation is
carried out by way of removal and burial of the polluted soils. Such work was firstly carried
out at the waste areas of the South ore department which is located in relatively densely
populated regions. Here the pollution is noted mainly near the wells and under the routes of
pipe-lines making up to 20-30% of all opened range area. The polluted soil from the cleaned
range areas is characterized by the following values:

- gamma radiation 60-80 |iR/hr
- total alpha activity 4000-7000 Bq/kg

The above figures show that this soil is conforms with the low-radioactive waste category and
was buried in accordance with applicable requirements.

Conclusion

At the mining extraction site, research is currently being performed to receive the initial data
necessary to start a work project for re-cultivation. On the other smaller objects they had been



already composed and the re-cultivation by way of ore mass burial is started. Navoi mining -
metallurgical plant composed a programme to carry out re-cultivation works on the waste
territories for uranium extraction in 2000-2010. Additionally, a complex programme for
protection of the Uzbekistan population from radiation caused by natural ionizing radiation
sources has been developed. This programme will be carried out by a range of undertakings
for human health and environment protection.
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RESIDUES FROM NUCLEAR TESTING AT THE TEST SITE AZGIR XA9953138

A. KIM
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Abstract

The Azgir test site is situated in the western part of the Republic of Kazakhstan, about 180 km
north of the Caspian Sea. The Azgir test site was used for conducting peaceful nuclear explosions
from 1966 to 1979. 17 underground tests were carried out in 10 wells which created 9 special
cavities in the salt with depths from 160 to 1500 m. The total volume of these cavities is about
1,000,000 cubic meter. Resulting from this activity, there is an environmental contamination that
may have affected population living in the adjacent areas. The results of investigations of
radiological conditions that were performed after the closing of the Azgir test site, and current
activities of international and Kazakhstan's institutions for studying residues from nuclear tests are
also discussed in this report.

Introduction

The former test site called Azgir (or Halit) is situated in the utmost west of the Republic of
Kazakhstan, nearly 180 km north of the Caspian Sea, near the border to the Russian Federation.
It's named after the nearby settlement of Azgir. The distance to the Russian border is less than 10
km to the south. Azgir belongs to the district of Kurmangazinsk, which itself is part of the Atyrau
region. The site includes the settlement of Azgir, several technological buildings and altogether 11
individual test places were used for the nuclear explosions.

Quite near the settlement of Azgir, in the "West-Azgir" salt-dome, the altitude is 15.4 m above sea
level. In comparison the area of the depression near the northern shore of the Caspian Sea is up to
28 m below sea level. At the surface of this area, sands, clays and solonitschak soils vary. These
are all characteristics of a semidesert. The area is also characterized by numerous, small to
medium sized lakes, which periodically dried out and are caused by the peculiar relief forms and
the climate. Near Azgir, lakes are found that are fed by a karst phenomena and are continuously
filled with water. The surface water shows a high content of different minerals.

The Azgir area has a typical arid climate. This is characterized by extremely low precipitation and
large temperature fluctuations, which reach from - 42°C in the winter up to +45 °C in the summer.
The average temperature in January for Azgir is nearly - 11°C; the average temperature in July is
+25°C. Annual total precipitation is 200 mm and monthly peak values are reached in the summer.
The evaporation during summer is much higher than precipitation for this time period. In winter
an average snowcover of 0.2 m thickness exists for about three month.

The present level of infrastructure in the whole area north-west of the city of Atyrau, up to the
Russian border, is not high. Connecting routes between the settlements are a few unpaved roads.
The test places are also connected with the city by these unpaved roads. In summer the roads are
occasionally blocked by sand dunes and in winter snow storms present driving problems. The



nearest paved roads run to the south and north of Azgir, each at a distance of nearly 130 km. The
nearest railway runs along the northern shore of the Caspian Sea, from Atyrau to the Russian city
of Astrachan and from there further to the north towards the city of Saratov. The nearest railway
stations are in Akkol and to the northwest in Shungaj at a distance of nearly 130 km and 100 km,
respectively. The nearest railway station on Russian territory is in Charabali (Astrachan region) at
a distance of nearly 75 km. The nearest Kazakhstan airport is in Atyrau (about 300 km).

All settlements are supplied with electricity network. The test places were powered in the past by
there own electrical power generators. The drinking water for the settlements come from local
wells.

Nuclear Activity at Azgir Test Site

At 1962 the Azgir site was suggested for conducting underground nuclear explosions in the salt.
Between 1966 and 1979, at 10 different boreholes in salt, 17 nuclear explosions were conducted.
The depth of the tests were from 160 to 1500 m. The purpose of these experiments was for
research and direct economical applications. They assisted in the development and further
improvement of technologies for creating underground cavities and seismic investigation of the
earth's crust. The cavities were planned to be used for the storage of oil and natural gas from
deposits in the Caspian Region.

The 11 separate places for the tests are marked A-I to A-XII (A-VI does not exist). The nuclear
explosions took place only at 10 of these sites. Although site A-XII was developed, no nuclear
explosion took place there. The test places A-I and A-II are located within the western summit of
the rock salt structure called the "Great Azgir" salt dome. The other nuclear explosions took place
in the eastern summit. 9 separate places are situated 17-20 km northeast of Azgir. The place A-I is
located at approximately 2.5 km southeast and the place A-II is about 8 km north of Azgir. An
overview of all nuclear explosions carried out in the Great Azgir, including important parameters,
are listed in the table 2.1.

Radioactive inert gases were released from all of the explosions even if the explosion took place at
the optimal mentioned depth. The time periods of this release were quite different for the various
places. The time duration was from a few hours to few days. Above the A-I, A-II and A-VIII
cavities there is contamination on the surface. Short lived radionuclides were detected as far as 8
km from the explosion epicenters. Settlements are not located within this distance except for site
A-l. The distribution of the fallout was very much depending on the meteorological conditions
during the explosions.

In the 1980s and 1990s the test sites were subject to partial clean-up activities. Radioactive
contaminated soil and equipment were removed and disposed of in two of the cavities which
resulted from the nuclear explosions. Monitoring of the radiological situation in the area of the test
places were conducted directly following the explosions as well as in the recent past. These
programmes monitored the radionuclides concentrations in soil, water and plants and any possible
radioactive contamination in the neighboring settlements.
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TABLE 2.1. UNDERGROUND NUCLEAR EXPLOSIONS ON THE GREAT AZGIR SALT-
DOME DURING 1966-1979

No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Test place

A-I
A-II

A-HI

A-IV
A-V
A-VII
A-VIII
A-IX
A-X
A-XI

* - cavities with brine
** - cavity was not created

Date

22.04.66
01,07068
25.04.75
14.10.77
30.07.77
19.09.78
30.11.78
10.01.79
22.12.71
29.03.76
29.07.76
30.09.77
17.10.78
17.01.79
18.12.78
24.10.79
14.07.79

Depth, m

160
600
.

-
-
986
-
1000
1500
970
995
900
980
980

Power, kt

?1.1
?25
0.01-0.5
0.01-0.5
0.01-0.5
0.01-0.5
0.01-0.5
0.01-0.5
<70
< 10
<60
< 10
<60
<60
< 100
<30
< 15

Ot-activity,
TBq

3.92
45.50
-
_

-
-
14.84
-
45.50
4.81
19.24
19.24
9.99
13.69
22.25

Volume,
103m3

*

*
-

-
-
-
*
-
*
*
250
235
**
120
70

Present Radiological Situation at the Test Site Azgir

Since 1991, after getting its sovereignty, Kazakhstan started developing its own regulatory system
in the field of atomic energy use. In accordance with the Decrees of the President, appropriate
structures in Kazakhstan were created. They are: the Atomic Energy Agency that serves as the
main supervising governmental body and the National Nuclear Centre that combines all nuclear
related scientific institutes, including the Nuclear Physics Institute who is responsible for the
former Azgir test site. During this period the different scientific institution conducted both direct
investigation and theoretical simulation.

Table 3.1. shown the total activity in the cavities and the surrounding salt rock for 1990 and the
calculated values for 2000 (data of University of St. Petersburg). The total activity of alpha
emitters for 1990 in the cavities and the surrounding salt rock is 226 TBq. The corresponding
value for gamma emmitters is 9250 TBq. Aside from the surrounding salt rock, the brine in the
cavities is also contaminated with a total activity of 423 TBq.

The radionuclides in the cavities and the surrounding salt rocks must be categorized into three
groups - radionuclides from the explosive charge, fission products, and radionuclides generated
through radiation (artificial radioactivity). According to the current knowledge, radionuclides
caused by the nuclear explosion are concentrated at the bottom of the cavities. Fission products
with a high level of radioactivity that were formed shortly after the explosion are accumulated in
the lower part of the cavities. They are covered with a lens-like crust made out of glass, which
actually is the melted salt rock, now in a solid state. The walls of the cavity are also covered with
this type of crust. Less amounts of radionuclides are found in the salt rock surrounding the cavity,
in particular Cs-137 and Sr-90.
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TABLE 3.1. TOTAL ACTIVITY IN THE CAVITIES AND THE SURROUNDING SALT
ROCK

Place

A-I
A-II
A-III
A-IV
A-V
A-VII
A-VIII
A-IX
A-X
A-XI
Total

Total activity, TBq

1990
a-emitter
2,9
55,5
15,5
55,5
4,8
19,2
19,2
10,0
13,7
27,8
226,1

fission products
16,6
481
814
481
166
1258
1332
1850
703
555
7657

2000
a -emitter
2,9
55,5
15,5
55,5
4,8
19,3
19,0
10,0
14,3
27,7
226,0

fission products
12,5
352
629
370
122
925
962
1369
518
370
5296

During later investigations (by means of drilling into the concrete plugs or drilling new check
boreholes into the cavities) it was found that radioactive inert gases escaped to the atmosphere
with a total activity of 370000 TBq. Although this release occurred, contamination of soil,
instruments and other equipment should have been controlled.

In the very close vicinity of the explosion and technological boreholes, a dose rate of up to 3
mSv/h was determined. The contaminated equipment had a surface activity of up to 16 kBq/cm2

for gamma-radiation and 160 Bq/cm2 for alpha-radiation. Results of earlier investigations are
scarce and do not show a systematic behavior with regard to sampling location. The most recent
data is from 1989, 1990 and 1991 and includes data from all sampling locations. This makes it
possible to at least compare data from the various sampling locations. The analysis of results show
that the groundwater is affected in the area of all investigated test regions. This is evidenced both
by the analytical results of the waters and by the solid remains samples. The test places A-I and A-
V especially show increased activity values for Cs-137 and Sr-90. These values are somewhat
higher than the activity caused by the global fallout in surface waters. In the area around test
places A-II, A-III, A-IV and A-V, the values do lie below the acceptable levels for the named
radionuclides in drinking water. These measured results were the basis for the following near-
surface clearing and decontamination of the individual areas. According to the available
information, a total area of approximately 100,000 m2 was cleared.

The materials and substances deemed to be radioactively contaminated were stored in two of the
existing cavities. The radioactive contaminated excavated soil was brought to cavity A-X. Cavity
A-III was used to store radioactive contaminated equipment parts, that were cut into small pieces
before disposal.
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The Radium Institute estimates the volume of stored radioactively contaminated materials to be a
total of 24,000 m\ The total added activity is given as 1.85 TBq. The total of the metallic waste
amounts to approximately 200 m3 with a the total activity of 18.5 Gbq. A comparison of this value
with the total activity of almost 10,000 TBq resulting in the rock salt from the nuclear tests shows
that this post-induced amount makes up only about 0.02 % of the existing total activity.

The results of a 1995 joint expedition by the institutions of the National Nuclear Center and the
Kazakhstan State Committee of Hydrometeorology can serve to characterize the current
radiological situation in the area of the individual test places. Within the scope of these studies,
mainly the local dose rate of the gamma radiation was measured, and on selected samples the
specific activity for Cs-137 and several other radionuclides was determined. Table 3.2 shown the
corresponding results.

TABLE 3.2: CURRENT LOCAL DOSE RATE AND SPECIFIC ACTIVITY IN THE AREA
OF THE TEST SITE

Place

A-I
A-II
A-III
A-IV
A-V
A-VII
A-VIII
A-IX
A-X
A-XI

Local dose rate of the

gamma radiation,
nSv/h

90
140
120
120
120
120
120
100
150
100

Specific activity, Bq/kg

Cs-137
6-132
12-1907
5 - 2696
4-36
13-481
4-29
4-13
15
25- 562
5-19

Eu-155
6
4-13
4
4
3
4
2-8
-
5-11
6

Co-60
3
1
1
1
1
1
-
1
2
-

Am-241
-
-
21
_
12
-
29
-
-
-

The specific activities for Cs-137 at all test places with the exception of site A-VIII lie
significantly above the background level as it applies to Kazakhstan. As the range of obtained
individual values shown in the table indicates, the Cs-137 contamination is distributed unevenly
within an area. There are also in part significant variances between the areas themselves.

The highest values were measured at the test places A-II and A-III. In indicated settlements,
however, the surface contamination of Cs-137 is within the global background value. Along
with Cs-137, individual samples also showed the present of small amounts of other artificial
radionuclides (Eu-155, Co-60, and Am-241). Evidence of Pu-239 and Pu-240 could also be
found in samples from the test areas.

Conclusion

The results of investigations of the residues from nuclear testing at the Azgir test site conducted
by different scientific institutions (Radium Institute, National Nuclear Center of Kazakhstan,
State Committee of Hydrometeorology of Kazakhstan) are presented.
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PLANS FOR WASTE RETRIEVAL AND SITE RESTORATION AT MAISHIAGALA
REPOSITORY IN LITHUANIA

D.JANENAS XA9953139
Nuclear Energy Division, Department of Energy Development, Ministry of Economy,
Vilnius, Lithuania

Abstract

A facility for research, medical and industrial (RMI) waste, at Maishiagala was built in the
1960's. The over-all volume of the sub-surface vault is about 200 m3. At the end of the
disposal period, which lasted from 1963 to 1988, the vault was filled to about 60% with
waste. Waste disposed before 1973 was not registered. The known waste consists of radiation
sources, chemical compounds, static electricity neutralisers, etc., with the dominating nuclides
being H, Co, °Sr, 37Cs and 239Pu. The existing facility was not specifically designed
according to modern safety requirements to serve as a long-term disposal facility. Low
activities of tritium above background have been detected in water samples close to the
repository. These results raised some concerns with the Lithuanian authorities concerning the
suitability of the present facility to serve as a final repository. It was decided to perform a long
term safety assessment of the repository. Assistance to perform this task was provided by the
Swedish competent. The study made by the Swedish experts concluded that the "zero
alternative" (if no measures were undertaken) is not a safe disposal option. Two alternative
concepts for providing a higher safety of long-term disposal of the currently stored wastes
were defined, a surface barrier concept and a retrieval concept. The difficulty with the surface
barrier concept is the high plutonium content of some stored waste. A retrieval solution was
identified, whereby the currently stored waste would be retrieved for conditioning,
characterisation and interim storage at the Ignalina NPP. The retrieval concept will permit a
fully modern disposal of the waste after interim storage at the Ignalina NPP. The cost of
retrieval is estimated to be less than for the surface barrier concept. Retrieval option is being
considered by Lithuanian authorities now and some preparations started. Negotiations with the
European Commission concerning technical support through the Phare program for the waste
retrieval is under way. Recently a draft law on radioactive waste management was prepared
and on May 20 1999, was adopted by the Parliament. The law includes provisions for
establishing a special radioactive waste management agency which will be entrusted, among
other duties, to take care of the Maishiagala waste retrieval and site restoration.

Description of the Facility

The only research, medical and industrial (RMI) waste disposal facility in Lithuania is located
near the village of Maishiagala, about 20 km north-west of Vilnius. The disposal site is on the
levelled top of a hill consisting of sand and gravel. The distance to the closest living
settlements is 5 km and to the river Muse about 250 m. The repository was built in early
1960s by Soviet military personnel according to a concept typical of those applied in the
former Soviet Union at the time. For the repository, a 20 cm thick concrete foundation was
constructed at the bottom of a pit which was excavated at the hill site. The concrete slab was
then coated with two layers of bitumen and a monolithic concrete vault with the interior
dimensions of 4.75x14.75x3.0 m was mounted on the slab. The overall volume of the
concrete vault is 200 m3. The concrete walls are reinforced by a grid of steel rods. The insides
of the walls are coated with cement and sodium aluminate with a total thickness of 2 cm. The
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vault was only partially filled with waste during operation. When stored, the waste was
interlayered with concrete. At the end of the disposal period the residual volume was filled
with concrete and sand and the vault was closed with concrete blocks, which were coated by
bitumen and a 5 cm thick layer of asphalt. A 1.5 to 2 m layer of sand was then put on top of
the vault.

Radioactive waste was deposited in the vault from 1963 to 1988, when the facility was closed.
In 1973 the supervision of the facility was entrusted to the Institute of Physics which since
then has kept a register of deposited waste. Data on the waste deposited during the period
1963 - 1973 are uncertain and fragmentary. The known waste consists of radiation sources,
chemical compounds, static electricity neutralisers, etc., with the dominating nuclides being
3H, 6 0Co, 90Sr, 137Cs and 239Pu. RMI waste produced today is temporary stored at the Ignalina
NPP.

Available documentation gives the following radionuclides and activities as of January 1,
1989 (Table 1).

Table 1. Radionuclides in the Maishiagala repository 1989/01/01.

Radionuclide
3H

14 C

36C1

60Co

75Se
90Sr

]37Cs
152Eu
170Tm
192Ir
226Ra
239Pu

Half-live, years
12

5.7-103

3.0-105

5.3

119 days
29

30
13
129 days
74 days
1.6-1O3

2.4-104

Activity, Bq
6.92-1O1;>

8.65101 0

3.74-1010

5.91-1012

2.49-1010

8.73-1011

7.55-1013

3.61-1010

4.67-1012

5.72-1011

5.52-1010

2.15-1011

Description
Neutralisers of static electricity and targets
of neutron generators
An assortment of chemical compounds
An assortment of chemical compounds
Sources of gamma radiation with their
biological protection

Different isotopic instrumentation with beta
sources
Blocks of gamma relays

Radium salts, radioactive light emitters
Static electricity neutralisers and fire sensors

Two stainless steel containers with a volume of 10 litres each were also deposited in the vault
between 1977 and 1988. The vault also contains a few very high-activity gamma sources with
their biological shielding. Radioactivity of one caesium and two cobalt sources containers are
the following: 3.14-1012 Bq and 1.90-1011 Bq for 60Co sources and 2.13-1O13 Bq for 137Cs
source. However, the exact radionuclide inventory is uncertain. In addition, four metal boxes
containing mainly radium have been found in the ground outside repository.

Environmental Monitoring Programs

Environmental monitoring of the repository site is performed periodically by the Institute of
Physics. To control radionuclide migration from the repository, eight wells were drilled
around the vault. Ground water level various from 8 m to 7 m from the surface and have never
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been higher than 1.5 m below the waste. Radiometric analysis of ground water samples
showed an increase of tritium, sometimes by three orders of magnitude exceeding the
background level. These results raised some concerns among the Lithuanian authorities
concerning the suitability of the present facility to serve as a final repository. It was decided to
perform a long term safety assessment of the repository. Assistance for performing this task
was provided by Swedish competent authorities.

Long-term Safety Assessment

In the study made by Swedish experts [1] it was assumed that water from precipitation flows
through the facility and reaches the groundwater. A reference well is used as the recipient. The
dose calculations show that, if no measures are taken, doses to individuals of the public from
ingestion of water from the reference well will exceed the recommended ICRP dose limit of 1
mSv/year by orders of magnitude during the first several hundred years. Doses result mainly
from the release of 3H and l37Cs activity. It can be concluded that the "zero alternative" is not
a safe disposal option. Two alternative concepts for providing a higher safety of long-term
disposal of the currently stored wastes were defined, a surface barrier concept and a retrieval
concept. The surface barrier concept in the form of a multi-layer earth cover was based on
international and Swedish experience. This solution would require the construction of a
concrete dome over the existing structure to provide the necessary load-bearing capacity for
the multi-layer earth-cover seal to remain intact over hundreds of years. The cost for this
alternative was estimated at about 0.7 million USD. The difficulty with the surface barrier
concept is the high plutonium content of some stored waste, estimated to about 6-109 Bq/m3 or
3000 Bq/g. This value exceeds the internationally recommended limit for shallow land
disposal of 400 Bq/g by almost one order of magnitude. The poor knowledge of the kind and
activity of the waste deposited during the first ten years of the repository's existence must also
be seriously considered. Accordingly, this alternative has not been pursued further and no
safety analysis of the concept has been made. Based on the company, SKB's experience from
Paldiski in Estonia, a retrieval solution was identified, whereby the currently stored waste
would be retrieved for conditioning, characterisation and interim storage at Ignalina NPP. The
difference relative to the experience from Paldiski is that much of the waste has been inter-
layered with concrete. It is expected that the concrete could be easily cracked into pieces for
retrieval. The retrieval option requires that a simple shelter building be erected and supplied
with electricity, water, ventilation and equipment. The retrieval operation could be performed
during a period of about three months by 4-6 people. This does not include the time needed
for searching for additional sources outside the repository or restoring the site to green-field
conditions. The dose obtained in the retrieval operation is estimated to be 2 manSv. The
retrieval concept will permit a fully modern disposal of the waste after interim storage at
Ignalina NPP. In contrast to the barrier concept, it will allow the waste to be characterised and
documented according to modern requirements. The cost of retrieval is estimated to about 0.5
million USD. The cost for transport to and storing at Ignalina NPP, searching for additional
sources outside the repository and restoring the site to green field conditions will be
additional.

Plans for Waste Retrieval

The Swedish expert's conclusions and recommendations were accepted and endorsed by
Lithuanian authorities. To implement the proposed waste retrieval some preliminary
organisational arrangements have been started. In the frame of developing national legislation
on nuclear safety and radiation protection, a law on radioactive waste management was
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recently drafted and on May 20 1999, was adopted by the Parliament (Seimas). The law
includes provisions on establishing a special radioactive waste management agency which will
be entrusted, among other duties, to take care of the Maishiagala waste retrieval and site
restoration. Application was sent also to the European Commission concerning technical
support through the Phare programme. It was asked to provide assistance to the Lithuanian
authorities in preparing a detailed project plan for waste retrieval and packaging the material
into the containers suitable for the storage and disposal in the new repository. The project
should address the following aspects: retrieval operation, conditioning and packaging of
retrieved waste, characterisation and registration of the retrieved waste, transport of the waste
packages to the storage or disposal site, receiving of the waste at the storage or disposal site,
and restoration of the Maishiagala disposal site to the green field conditions. A safety
assessment of the complete operations and an environmental impact assessment should be
included as well.

References

[1] Assessment of the Long Term Safety of the Existing Storage Facility for Radioactive
Waste at Maishiagala, Report from Swedish Nuclear Fuel and Waste Management Co,
Stockholm, (1998).
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Abstract

Radiological assessment of sites with radioactive residues starts with the identification of
potential sources. The U.S. Army Center for Health Promotion and Preventive Medicine
(USACHPPM) has developed a technical guide that summarizes sources of potential radiological
exposures of both civilian and military origin. These sources include those found in the natural
environment, in the nuclear fuel cycle, in medical and industrial settings, in the transportation of
radioactive materials, in U.S. Army commodities and foreign materiel, and in the use and storage
of nuclear weapons. This technical guide is intended to foster awareness of radiological hazards
and to provide the reader with the knowledge necessary to take the first step in radiological health
risk assessment: recognition of the hazard. Furthermore, this guide can be used in conjunction
with other technical guides for performing radiological surveys and field dose assessments in war
or peacetime operations.

Background

The nature of recent military deployments, remediation exercises, and the increasing concerns
about radiological contamination of the environment has driven research and development in an
effort to identify and quantify the potential hazards from radioactive residues in the deployed
forces' operating environments. The traditional perception of a hazard in the military is that
which will cause tactical or operational performance decrement. Therefore, environmental
radiological contamination concerns are usually not considered since at low levels, they do not
produce an immediate reduction in performance.

However, one would be remiss for not considering the byproducts of a modern industrial society
as threats to be managed with all the other hazards that may be encountered. For example,
radiological assessment when planning for deployments near an industrial city should account for
threats from exposures to radiological sources from hospitals, nuclear power plants and other
industrial sources. The hazards from encountering these sources, as well as their potential use in
devices that enhance exposure/contamination or in dispersal weapons, must be considered in the
overall hazard management framework.

Acknowledging there may be potential radiological threats in an area of deployment will then
permit radiological assessments to be incorporated into the hazard minimization (avoidance,
prevention, reduction of effects in the event of exposure and contingency plans for dealing with
such hazards) planning process. Hence, the USACHPPM determined the need for a Technical
Guide that identifies potential radiological sources, forewarns of radiological hazards that may be
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encountered, and provides knowledge to identify such hazards and apply appropriate procedures
for general precaution levels []].

Introduction

The USACHPPM developed Technical Guide 238 (TG-238) in an effort to identify radiological
sources of potential exposure and/or contamination [1]. This technical guide provides guidance
on the explicit identification of many radiological hazards from diverse sources with the intent of
familiarizing users with the potential sources that may be encountered. This technical guide has
identified sources found in nature, the nuclear fuel cycle, biomedical sources, in Army
commodities and military foreign materiel, industrial sources, sources from the transportation of
radioactive material, and sources from the production of nuclear weapons.

Technical Guide 238 sets the stage for further investigation of identified sources in the form of
surveys or sampling of suspected radiological sources. Therefore, it can be considered the initial
step in the process of radiological risk assessment of sites with radioactive residues.

Development of Technical Guide 238

The process of developing a technical guide that would be used by civilians as well as military
personnel to identify radiological sources started with an extensive literature search. The technical
guide was then broken down into a set of chapters and appendices that contain a vast collection of
pictures and diagrams, as well as tabulated lists of potential sources, that may lead to exposure or
contamination from radioactive residues. Internal and external reviews recommended changes
that included the addition of precautions levels, which were then linked to each specifically
identified source.

Chapter One is a brief overview of the technical guide. Chapters Two through Seven summarize
sources of radiation exposure and contamination found in nature, the nuclear fuel cycle, the
medical field, in Army commodities and foreign materials, industry, the transportation of
radioactive materials, and the production of nuclear weapons.

The appendices contain precautions for reducing or avoiding radiation exposure and
contamination, as well as supplemental material that describes nuclear power reactors around the
world, radioactive waste, accelerators and generators. Brief descriptions of accidental radiation
exposures and radiological accidents and their consequences are also included in the appendices.

Postings for the Nuclear, Biological, and Chemical (NBC) environment may be indicative of
being in proximity to a radiation source, chemical or biological agent. Therefore, the technical
guide includes an appendix that shows the most common postings and signs in a nuclear
environment used by the U.S. and other countries that would help caution personnel that they are
in the possible proximity or the presence of radioactive residues.

Familiarity with potential and actual exposure scenarios is useful in understanding potential
exposure from similar situations. Therefore, the technical guide includes an appendix with
descriptions of accidents that relate to nuclear power plants, sources in accelerators and sources in
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clinical radiation generator facilities. A case study that illustrates a potential radiation
contamination accident and other examples are also included.

Summary of Identified Potential Sources

Table I is a summary of the identified radiological sources that may cause radioactive residues.
Radiation sources, identified as potential radioactive residues, are broadly classified as natural or
manmade sources. Natural sources include cosmic radiation and radiation from naturally
radioactive elements that are present in the air, ground and water. The nuclear fuel cycle has a
subset of radioactive sources; most of which are concentrated natural sources but some manmade
sources are also found in the cycle.

The majority of sources used in medicine is produced in reactors or accelerators. Medical sources
are commonly used in diagnostic and therapeutic clinical procedures. Industrial and academic
sources can be natural or manmade and are used at universities, research institutes, and
laboratories. In industry, sources are used in such applications as radiography, gauging devices,
gas chromatography, well logging, and smoke detectors. Radiation sources are also found
throughout the construction and use of nuclear weapons, the transportation of radioactive
material, and in military commodities, such as in land-mine detectors.

Development of Precaution Levels

An innovative approach in addressing identified radioactive residues is to develop general
precaution levels that would apply to groups of sources previously categorized by the type of
emission and by the potential for exposure or contamination. Precaution levels are defined in
Appendix A of the technical guide to facilitate immediate and appropriate responses to
recognized radioactive residues. The defined levels encompass radiological protection principles
applicable to specific types of radiation sources. The precautions were developed by evaluating
the different types of radionuclides and grouping them by their potential to become an external
radiation exposure threat or both external and internal contamination hazards. Specific attention
was given to tritium (3H) and depleted uranium (DUError! Bookmark not defined.) because of
their important role in Army commodities. Table II shows the precaution levels addressed in this
technical guide. Precautions E and I are detailed in the technical guide and may be common to
identified sources that are both external and internal contamination threats.

Examples of specific scenarios illustrated in TG-238 include internal contamination and external
exposure from uranium and plutonium. The results were linked to the Radiation Exposure State
(RES) categories' in the process of assessing the dose or potential risk [2].

1 Radiation Exposure State (RES) categories are defined in NATO Ace Directive No. 80-63 [2]. Draft on STANAG
report 2473, Commander's guide on low level radiation exposure in military operations, also addresses the concept of
RES categories.
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Table I. Summary of Identified Radiological Sources

Natural
radiation

3 H , ' B e , 1 4 C ,

232Thand its
daughters,
220Rn and its
daughters,
235U and its
daughters,
238U and its
daughters
222Rn and its
daughters,
241Pu and its
daughters
Other
primordial
radionuclides
(*K, 50V,
87Rb, " 3 Cd,
" 5 In , 123Te,
138La, 142Ce,
144Nd, 147Sm,
152Gd, 174Hf,
l76Lu, 187Re,
190pt 192pt

and 209Bi)
Other
nuclides
found in the
Earth's crust
/ 1 1 5 T 138¥( I n , La,
142<-i 144v T JCe, Nd,
1 An 1AQl47Sm, 148Sm,
l49Sm, 152Gd,
174Hf, 176Lu,
204Pb)
Other
cosmogenic
radionuclides
(10Be, 18F,
22Na,24Na,
26 A I 31 n*

Al, Si,
3 2 n - 32T-» 33T-»Si, P, P,
37 * 39 *Ar, Ar,
34mCl,36Cl,
38C1,39C1,35S,
38S, 80Kr)

Nuclear fuel cycle

Mining and Milling
235U and its daughters.
238U and its daughters.
222Rn and its daughters.
Conversion
Same radionuclides as above are
found in the conversion process
and in the low-level waste.
Enrichment
Same radionuclides as above.
Two main concerns are the
enriched product containing
235U and depleted uranium.
Fuel Fabrication
Same radionuclides as above in
low level radioactive waste
(liquid and gas waste).
Pu isotopes from the MOX fuel
fabrication process, liquid waste
and gasses.
Reactor Operations
Same radionuclides as above

plus:2 3 9U,2 4°U,2 3 9Np,2 4 ( )Np,
239Pu, 24(>Pu, 241Pu, 242Pu, 243Pu,
241 Am, and 243Am.
Fuel (core and spent fuel pool)

Same as above and mainly U
and Pu isotopes, plus fission
products and activation
products.
Fission products (in fuel and
reactor effluents):
Gases: 3H, 83mKr, 85mKr, 85Kr,
87Kr, 88Kr, l33mXe, 133Xe, 135raXe,
135Xe, 138Xe.
Solids: 8 8Rb,8 9Sr,9 OSr,9 OY,9 1Y,
95Zr, 95Nb, 106Ru, 129Te, 131mTe,
131Te, 133Te, 131I, I33I, I35I, l34Cs,
136Cs, 137Cs l38Cs 140Ba, 14()La,
144Ce, 144Pr.
Neutron activation products (in
systems, core components,
reactor coolant system):
Gases: I3N, 16N, 41Ar
Solids: 51Cr, 54Mg, 56Mg, 58Co,
"to, 59Fe.
Waste / Reprocessing
Most of radionuclides with
longer half-lives.

Biomedical

Nuclear
Medicine
equipment
Isotopic
generators
Therapy Units
Equipment
used in
brachytherapy
198Au
18p
67Ga
. 23 ,

.25 ,

. 3 . ,

'"In
99Mo
32p
226Ra
99rajc

2O.j,
192If

127Xe
I33Xe

U.S. Army
commodities and
foreign materiel
3H
14C
"to
63Ni
85Kr
wlSr
90y

131j
137Cs
133Ba
147Pm
2 O 4 n
210pb

2 1 0Bi
2 2 6 Ra
2 3 2 Th
2 3 4 Pa
2 3 5 U
2 3 8 U
DU
239pu

241Am

Industry and
transport

Industrial
accelerators
Radioactive
waste
Transportation
of radioactive
materials to
include spent
fuel, 235U, 238U,
239Pu, and
others.
3H, I4C, 36C1,
21oPb,46Sc,°Co,
^Br/ 'Kr.^ 'Sr,
11OmAg, 137Cs,
140La, 144Ce,
147Prn,5 'Cr,
54Mn, 57Co,
65Zn, 99mTc,
169Yb, 17(vTm,
192Ir, 198Au,
239Pu24IAm,
252cf

Production
of nuclear
weapons
3H
137Cs
210Po
234mpa

2 3 1 Th
2 3 2 Th
2 3 4 Th
234U

2 3 5 U
2 3 8 U
234mpa

239pu

240Pu
2 4 lPu
241Am
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Table II. Guidance for Recommended Precaution Levels

Precaution
level

X

E

I

T

U

Application (Detailed in sections from Appendix A of Technical Guide)

Potential external exposure. (Apply precautions in section A.I.)

Potential external contamination. (Apply precautions in section A.2.)

Potential internal exposure and contamination. (Apply precautions delineated
in section A.3.)
Potential tritium exposure. (Apply precautions in section A.4.)

Potential DUexposure. (Apply precautions in section A.5.)
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Abstract

Red mud is produced in considerable masses as a waste product in the production of aluminum
from bauxite. It may be used for industrial or agricultural purposes. According to it's genesis by
weathering and sedimentation bauxites contain high concentrations of uranium and thorium.
Three Egyptian bauxites , Australian industry used buaxite and its red mud tailing were analyzed
by a high resolution gamma spectrometer, with a hyper pure germanium detector. The three
Egyptian bauxites show high concentrations in uranium series, and around 120 Bq kg"1 for
uranium -235. K-40 concentrations for these samples ranged from 289 to 575 Bq kg"1. Thorium
series concentrations show lower values. The industrially used bauxite shows very low
concentrations for all radioactive nuclides. Its tailing red mud as a low level radioactive waste
LLRW, shows low concentrations for uranium - series, thorium - series and also 40K, so it is
recommended to be used in industrial and agricultural purposes, which is not permissible for the
normal red mud.

Introduction

Laterites vary widely in composition, but most contain aluminum hydroxides and iron hydroxides
and oxides, mixed with a little residual quartz. A rare variety called bauxite is almost pure
hydrous aluminum oxide AI2O3 nH^O, and hence valuable as an ore of aluminum production. [1].
Uranium and thorium are present in bauxite mineral as an accessory, which means that it present
in small amounts. Also bauxites contain uranium and thorium in appreciable amounts according
to their genesis by weathering and sedimentation [1,2].

For sedimentary rocks as bauxite ores many geochemical processes occur which cause isotopic
and elemental fractionation, which produce a state of disequilibrium between parent and daughter
nuclides in the series. [3]. Measurements of concentrations of specific radionuclides, and the
activity ratios of uranium and thorium daughters, give geochemists knowledge to study the origin
and the history of these deposits. [3].

Red mud is produced in huge amounts as a waste product in the production of aluminium from
bauxite by the Bayer's method. It may be used as a raw material in tile production or in the heavy
clay industry. Also it can be used for cesium adsorption from the contaminated agricultural lands
or contaminated water.[4] Red mud as a naturally occurring radioactive material, (NORM) waste,
produced in such great amounts has to be considered with particular care, from the environmental
and regulatory view points. Health physicists have concern about the exposure from NORM
despite of their low to medium specific activity owing to the large quantities produced [5].
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In this work three different Egyptian bauxite samples, from Abu Thor Trench , Sinai, and an
industrially Australian , used bauxite and its tailing red mud where analyzed by a high resolution
gamma spectrometer with high purity germanium detector (HpGe). Radioactivity concentrations
of different nuclides in the uranium and thorium series were measured, also the 40K concentrations
in the three Egyptian bauxites, the imported industrially used bauxite and its tailing red mud were
measured in Bq kg"1.

Samples and Experimental Setup

The Egyptian bauxites were provided from three different shafts in Abu Thor Trenches, Sinai. The
industrially used bauxite and its tailing red mud were provided from the Egyptian Aluminum
Company in Naga Hammadi, Egypt. The industrially used bauxite is a mixture of many Australian
bauxites. For technical and industrial reasons they were mixed and chemically processed before
aluminum production. So the red mud tailing can not be specified to certain bauxite.

Samples were crashed then sieved by 0.8 x 0.8 mm sieve and homogenized , mixed and
transferred to a 750 ml or a 500 ml capacity Marinelli, beakers for gamma measurements. Each
sample was carefully weighed.

Gamma spectrum for each sample were measured for 2 - to - 24 hours, by a high resolution
gamma spectrometer, based on a hyper pure germanium coaxial detector from EG & G Ortec. The
Hp Ge detector has a FWHM of 1.9 keV at the 1.33 MeV 60Co gamma energy, and relative
efficiency of about 50%. A lead cylindrical shield with fixed bottom and moving cover, and a
concentric copper cylinder was used to decrease the gamma background.

Efficiency calibration for the Hp Ge gamma spectrometer system were carried out by a mixed
radioactive source (109Cd, 137Cs, 57Co, 123mTe, m Sn, 88Y and 60Co) in a model 138 G Marinelli
beaker 1000 ml capacity. Also a 226Ra point source was used to obtain broader energy range. The
relative efficiency curve was normalized to the used 750 ml and 500 ml capacity Marinelli
beakers by three different concentrations of a chemically pure potassium chloride solutions in
distilled water.

K-40, 238U, 226Ra series, 232Th series and 235U concentrations for the three Egyptian bauxite
samples, the industrially used imported Australian bauxite and its tailing red mud were measured
in Bq kg"1 for each sample for each nuclei.

For the 238uranium series gamma energies of 63.3 keV (3.8%)234Th 186.1 keV (3.3%) 226Ra (after
the subtraction of the 185.7 keV 53% of 235U), the 295.1 keV (19.2%) , and 352.0 keV (37.1%)
214Pb, and 609.3 keV (46.1%), 768.4 keV (5%), 934.0 keV (3.4%) and 1120.3 keV (15%) 214Bi,
were taken to determine the concentrations of the assigned nuclides in the series [6].

For the 232Th series gamma energies of 463.1 keV (4.6%) ,911.2 keV (29%) and 966.0 keV
(2.3%) 228Ac, 727.3 keV (6.7%), 1620.7 keV (1.5%), 212Bi and the 583.0 keV (30.9%) 2O8T1 were
taken to represent the concentrations of the assigned nuclides in the series [6].

For the actinium series gamma energies of 143.8 keV (10.5%), 163.4 keV (4.7%) and 205.3 keV
(4.7%) were taken to represent the 235U concentrations [6].

The 1460.8 keV (10.7%) gamma energy was taken to determine the 40K concentration. [6].
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Table I: Activity concentration for different nuclides in (Bqkg ).

Nuclide

Uranium
Th-234
Ra-226*
Pb-214
Bi-214
Thorium
Ac-228
Bi-212
Tl-208
Actinium
U-235
K-40

Sample(l)
series

1814+165
2576± 7
2340± 5
2005± 5

series
107.3+4
328 ± 2
17.9 ± 1

Series
132 ± 2
289 + 4

Sample(2)

8415±79
3059±7
2432± 2.5
2059± 5

35 +1
43.3± 3

119±2.2
346+5

Concentration
Sample(3)

8089±_82.3
2830+ 9
1692±2.5
1426±4

55.6+1.2
71.3 + 3.3

120 + 3
575 + 6

(Bqkg-1)
Sample(4)

3.5 + 0.6
0.8 + 0.1
0.9 + 0.1

0.8 ±0.34
0.7 + 0.06

6.1 +0.35

Red mud

10.3+0.5
3.5 +0.01
4 +0.2

5.7 ±0.2
4.6 ±0.3
4.1 +0.1

9.3 +0.4

• 226Ra concentration was calculated after the subtraction of the 185.7 keV(53%) gamma of 235U
• sample 1, Abu Thor Trench 1.1
• sample 2, Abu Thor Trench 1.2
• sample 3, Abu Thor Trench 2
• sample 4, the industrially used bauxite.

Table II: The activity concentrations for 226 Ra,232 Th , and 40 K in Bqkg1 and the radium
equivalent for red mud compared to that obtained by Beretka et al[9]

Ra- 226 Th - 232 K-40 Raeq.
Present work

Beretka etal[9]
10.3

326.6
5.7

1128.0
9.3

29.6
19.2

1942.5

Table 1. represents the concentrations in Bq kg"1 for three bauxite ores taken from Sinai and an
industrially used unspecified Australian bauxite and its tailing red mud. Activities of individual
nuclides in the 238U - 226Ra series, 232Th series, 40K and 235U are shown in Bq kg"1. The
concentrations in the industrially used bauxite and its tailing red mud are very low compared with
the three Egyptian ore samples due to the chemical processing for the mixed bauxites.

For the three bauxite samples a state of disequilibrium in both the 238U-series and the 232Th series
is clear. [3,7 & 8] . Ivanovich & Harmon, [1992] , Ivanovich [1991] and Philipsborn & Kuhnast
[1992] studied in details uranium series and thorium series disequilibrium, which can be
explained by :

1) Due to weathering followed by sedimentation, most surface and near surface nuclides
in the radioactive series, geological environments are subject to migration of nuclides.

2) Radon nuclides are intermediate product nuclides in the three natural series, which
may diffuse out as the system is not closed. So radioactive disequilibrium induced
between nuclides below radon in the decay series.
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3) The chemical state and the chemical environment of each naturally occurring isotope
of uranium (238U , 234U, and 235U), thorium isotopes (234Th, 232Th, 230Th and 228Th ),
and radium isotopes (228Ra, 226Ra, 224Ra and 223Ra) can be regarded as geochemical
analogues of divalent radionuclides and multivalent actinides [8] .

4) Mobility of each radionuclei depends on the chemical parameters as solubility,
adsorption, precipitation, complexation and physical impulses generated by alpha and
beta radioactive decay.

5) Uranium and thorium isotopes are often associated with other elements and metals as
iron, aluminum , copper and manganese, which affect the organic and inorganic
groundwater collision . This indicates that iron, manganese oxyhydroxied either as
coatings or inorganic particles or in association with humic fulvic acides are binding
heavier metals such as the actinides into stable transportable colloidal complexes. [8].

The activity concentrations of red mud and the radium equivalent present in this work is very low
compared with the results obtained by [3,9], which is shown in table II.

Concentrations of natural radioactivity in the present work for red mud are very much lower than
that of the exempt activity concentrations, for the most relevant radionuclides plus their progeny
as a NORM waste product, which established by the Basic Safety Standards (IAEA, 1994) [5].

As a conclusion about red mud produced from the Egyptian Aluminum industry, red mud will not
cause any radiological risks when used for the production of tile,or heavy clay industry, also, with
this low concentrations of radionuclides naturally occurred, it can be used for the removal of
radiocesium from the contaminated water [4].
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Abstract

This paper introduces the status policy and criteria for remediation of sites with radioactive
residues in China. We deal with the sites in difference patterns according to their
circumstances. For the sites related with the decommissioning of the nuclear fuel cycle
facilities, the programs for environmental restoration must be reviewed and approved by the
State Environmental Protection Administration (SEPA). And the radioactive waste resulting
from these facilities should be collected and eventually disposed of at the regional disposal
repositories built by the country. For the sites related with use of radionuclides in medicine,
research and industry, as well as the small scale extraction and processing of materials
containing natural radionuclides, the provincial environmental authority is responsible for
approving the restoration projects. These radioactive wastes should finally be sent to the
special radioactive waste repositories built by the provincial environmental authorities. So far
21 waste repositories have been built in some provinces.

More then 10 sites with radioactive residues have been restored. The standards for general
public dose limit and soil residual radionuclides content have been established.

Introduction

Nuclear energy and nuclear technology application in industry, medicine and research have
created huge benefit for the human. Nuclear energy can produce not only the electricity, but
also reduce SO2 and CO2 into the environment. So nuclear energy is of benefit to the
environmental protection. The radionuclides have been used in a lot of fields, which improve
the condition of human living. However, with development of the nuclear energy and the
nuclear technology application, some negative impacts, such as production of radioactive
waste, pollution of the environment, radioactive contaminated sites, and even human illness or
death have been brought about.

In China the nuclear energy program was launched in the 1950's. China has a comprehensive
nuclear fuel cycle system, covering uranium mining, milling, enrichment, fuel fabrication,
reactor and power station, as well as reprocessing. Some of the nuclear facilities have been
closed, under decommissioning or waiting for decommissioning. The nuclear technology
application can be traced back to 1930's. Nuclear technology application was become very
popular and there are more than 10,000 user in China. Some of the nuclear technology
application units have been closed. Besides, the extraction and processing of materials
containing natural radionuclides also cause the local environmental pollution. There are
probably more than 1,000 such kind units.

There are tens of sites with radioactive residues in China, now. The project for the remediation
of sites began in 1980's. As the exchange of the information, this paper will briefly introduce
the status policy and criteria for remediation radioactive contaminated sites in China.
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Status

Sources basically clear

The SEPA has organized the investigation of radioactive pollution sources. The main sources
for causing the sites with radioactive residues include: nuclear fuel cycle facilities, radioactive
isotopes and radiation sources application, the activities of extraction and processing of
materials containing natural radionuclides. There are tens of contaminated points or the sites
with radioactive residues.

Regulation outline

Regulatory organization

The regulatory organization can be distinguished into two parts. One is the regulatory
authority, the other is the competent authority. The regulatory authority is in charge of making
policy, drafting the regulations, standards, and supervising the implementation. The SEPA is
the national regulatory authority and the provincial Environmental Protection Bureau (EPB) is
the provincial regulatory authority. The EPB is in charge of supervising and monitoring the
radiation facilities. The competent authority is responsible for management of the facilities
under its line of business. The major competent authority is the China National Nuclear
Cooperation (CNNC).

Regulatory system

The SEPA has established the regulatory system:

Mandatory environmental impact assessment

Every radiation facility should submit the Environmental Impact Report (EIR) to the
regulatory authority for review and approval. For the nuclear facilities, the EIR is reviewed
and approved by the SEPA, for the other activities associated with radiation, the EIR is
reviewed and approved by the EPB.

Mandatory inspection

The SEPA has the right to send inspectors or inspection team to the facilities to see and check
up the safety situation.

Independent monitoring

The SEPA ask the owner of the facility to perform radiological monitoring, while the SEPA
also ask the EPB to establish a independent monitoring system for the larger nuclear facilities.

Regulatory punishment according the law

If the SEPA or the EPB find that the facility does not comply with the safety requirement, the
facility will be punished. According to the law, the punishment includes revoke of the license.
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Remediation program has begun

Environmental remediation program of the sites with radioactive residues began in 1980's.
more than 10 projects have been finished: a nuclear weapon manufacture facility
decommissioned, 6 uranium mining and milling decommissioned, clean up 3 sites
contaminated by nuclear technology application, clean up 2 sites contaminated by lost sealed
radiation sources. Several sites are under decommissioning.

Uranium ore decommissioning

The 6 uranium mining and milling decommissioning projects finished are located at Xinjiang
Uygur Autonomous Region, Henan Province, Hunan Province and Gansu Province
respectively. The main jobs for decommissioning, such as demolition of building, cleaning of
contaminated equipment, back filling of mine pit, shaping and stabilization the rock heaps,
covering of tailing, revegetation, ground water and surface water protection have been done by
the CNNC. The jobs of environmental monitoring, institutional control for long term have
transferred to the related EPB. In Henan mine we met a special problem: the chromium (Cr)
pollution. This ore deposit was associated with Cr and Cr polluted a few farmlands. In order
to reduce the environmental impact, these farmland were used to plant mulberry tree instead
of the rice. By this way, the effect by Cr can be significantly reduced.

Clean up the sites polluted by radiation sources

We have dealt with several sites polluted by nuclear technology application. One is in Harbin
of Heilongjang Province, the site buried more than lOOt waste polluted by 226Ra. Second one
is located at Shanghai. It was a discarded waste radiation sources repository. Third one was
found associated with a accident, in Guangzhou province. The three sites were cleaned up by
the relative EPB respectively. The radioactive waste from the clean-up and environmental
protection activities has been sent to the radioactive waste repository built by EPB. The
radioactivity of sites has reached the background level.

Policy

The remediation and rehabilitation of the sites with radioactive residues is a special job that
associated with the public health, environmental protection as well as the society stability. In
order to manage the remediation activities. China has adopted the following policies.

Prevention first

For the remediation and restoration of the sites with radioactive residues, we carry out the
policy of putting prevention first. In order to protect the environment from radioactive
pollution, The SEPA require all projects which dealing with the radionuclides to submit EIR.
After being convinced that the project can control the radioactive waste production and
control them into the environment, and that the public health and environment can get
effective protection, the SEPA then can approve the project.

Rigorous supervision

After the project starting the SEPA is responsible for sending inspectors to supervise the
project. For the larger nuclear facilities, such as nuclear power plant, the SEPA also asks the
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provincial EPB to set up a independent radiological monitoring system which will keep watch
on the facilities continually. For the other facilities, the EPB is responsible for selective
examination and sample survey. As for the remediation activities, SEPA and/or EPB will send
inspectors to the sites at each important stage.

Deal with each case on its merits

According to the ICRP and IAEA recommendations [1'21, we deal with the remediation project
in such way, each case on its merits. The projects can be divided into two situations:
"practice" and "intervention". For the situation which belong to the left over by history, we
adopt the "intervention" principle. The Government should pay the remediation fee. For the
existing facilities, we manage them as the "practice", and use the standards associated with the
practice. The fee for dealing with them should be paid by the owner of the facilities.

Take care of radioactive waste

In 1982, the State authorized the SEPA responsible for the radioactive waste management.
The SEPA classifies the radioactive waste in to following situations and manage them
separately [3].

• For the low and intermediate level radioactive waste from the nuclear facilities, the
SEPA has promulgated the environmental policy for low and intermediate level
radioactive waste disposal. According to the policy, the SEPA asked the CNNC to
build the regional disposal sites, The SEPA is responsible for approving and
supervising the disposal site. Now there are 2 such disposal sites in China.

• For the high level radioactive waste, the SEPA ask the facilities make appropriate
arrangement now, and waiting for the later geological disposal.

• For the radioactive waste and spent sealed radiation sources, from the nuclear
technology application, the SEPA ask each provincial EPB to build a waste repository
and collect and store these waste. Now there are 21 such kind of repositories in China.

• For the extraction and processing of materials containing nature radionuclides, the
enormous wastes associated radiation have to be sent the special tailing dam. A few
such waste from the small scale activities can be sent to the waste storage built by the
EPB.

Standards

In China, the basic radiation protection standards are based upon the standards recommended
by the ICRP and the IAEA. The present standards are based upon the recommendations of
ICRP No.26 (1977) and IAEA No.9 (1982) [4]. Since the ICRP No.60 (1990) and IAEA Basic
Safety Standards (BSS) (1996) promulgated, we are revising the basic standards of china.

In the field of the remediation and restoration of the sites with radioactive residues, the related
standards are as follows.

Operator exposure

The operators who are responsible for the radioactive residue treatment are considered as the
occupational worker, the exposure dose limit is 50mSv/a. But we plan to use 20mSv/a instead
of 50mSv/a in the revising edition.
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Public exposure

The general public exposure dose limit is lmSv/a, which is the dose summation of various
artificial radiation sources. We have set up the dose constraint for individual facility or
activity. For the nuclear power plant, the dose constraint is 0.25mSv/a. For the remediation
radioactive residues, the dose constraint is about O.OlmSv/a.

Soil contamination level

About the standards for soil contamination level, we have not set a uniform limit yet. We
establish acceptable contamination level on case by case basic. For establishing the level, we
need take into account the exemption and the optimization of protection. For the uranium, we
adopt the standard about 0.8Bq/g soil.

Waste rock and tailing

The standards for waste rock and tailing remediation are as follows:
• Rn release rate - less than 0.74 Bq/cm2 •
• addition dose rate - less than 0.2 Gy/a

Equipment

If the surface contamination of the equipment satisfy the following conditions, they can be
released for using:

• alpha - less than 0.04Bq/cm2

• beta-gamma - less than 0.4 Bq/cm2

Conclusions

In China, remediation and restoration of the sites with radioactive residues has begun, and the
management system established, related policies, regulations and standards worked out. But
this program is still at preliminary stage. In this field, we have a lot of things to do. Due to this
job relates to public health, environmental protection and even the society stability, the China
Government pay attention to the program and is willing to learn experiences and lessons from
each other.
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Abstract

In the frame of a young participative democracy the Comision Nacional de Energia Atomica
(C.N.E.A.), technical and legal responsible for radioactive waste management, is developing a
plan for the close out of tailings facilities from past mining and milling operations and the
environmental restoration of nine different sites in six provinces all over the country.

In the first site, Malargiie Facility, different activities have been developed promoting public
involvement in the decision making process. The lessons learned and the experience acquired
have given the background for the systematization of public consultation in the ongoing and
future stages of the plan.

Malargiie's experience in this field will be analyzed stressing on different aspects considered
of importance for the design of a communicational strategy adapted to the characteristics of a
society without experience in this field. The influence of public concern on conservative bias
of technical decisions will be evaluated .

Introduction

Nuclear activity started in Argentina in the early fiftees and since then all the peaceful
applications of nuclear energy have been developed including the nucleoelectricity
production.

At present two nuclear power stations of natural Uranium and heavy water are in operation
and one in advanced construction. The front part of the nuclear fuel cycle and the production
of heavy water have been implemented at the industrial level with public and privately owned
facilities and a small capacity of Uranium enrichment by gaseous diffusion has been
successfully developed.

Since the beginning of nuclear history in the country , uranium ore deposits have been mined
and yellow cake has been produced by different metallurgical processes in several sites from
which, at present only one is still open but in stand by due to present market conditions. One
new deposit with an estimated reserve of 5200 t is under study for exploitation through private
participation.

At the end of the production stage, most of the milling facilities were dismantled by the
operator, according with the procedures approved by the Regulatory Authority and the process
tailings, without close out, were confined and they are monitored to control their dispersion
into the environment.
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The Atomic Energy Commission, as legal responsible for the management of radioactive
wastes generated in the country, is undertaking the Uranium Mining Environmental
Restoration Project with the aim of restoring the sites as much as it is possible in terms of
economic and technical reasonability .

This project includes as an important issue, public participation in the decision making
process due to legal requirements and previous experiences showing the importance of public
involvement in the success of environmental projects.

Legal Aspects
As the project is related to mining activities and radioactive wastes and due to the fact that it
includes facilities located in different provinces, the reference legal frame presents various
origins and different legal forms at national and provincial level which have to be articulated.

Nuclear activity in the country is ruled mainly by the National Law on Nuclear Activity which
establishes that.... "the National Government,, through the National Atomic Energy
Commission ( C.N.E.A. ) and the Nuclear Regulatory Authority ( A.R.N. ), shall define the
policy and be responsible for the research and development, regulation and surveillance
functions in the nuclear field" .

With reference to environmental issues, and in the frame of a republican, representative and
federal system of government the National Constitution ( reformed in 1994 ) establishes the
right to an healthy environment and it disposes that it corresponds to the Nation to promulgate
the laws containing the minimum levels of protection and to the provinces the necessary ones
to complement them.

The National Law N° 25 018 which regulates Radioactive Waste Management in the country
contains the minimum levels of protection for the subject, valid all over the country, and
establishes that the C.N.E.A. is the enforcement authority.

From the mining point of view the legislation compels nuclear mining operators to present to
the provincial authorities, a plan for the environmental restoration framed by local
environmental laws.

Finally and with reference to the country's public participation policy, the Constitution in its
1994 reform introduces for the first time two ways of semidirect democracy and accepts
popular participation in the decision making process.

The provincial Constitutions recognize the semi direct way of democracy but the public
consultation procedures are only mentioned in the environmental legislation or linked to the
approval of important public affairs. In some provinces public hearings are an essential, non
binding, requirement for the Environmental Impact Statement of environmental projects.

Restoration Project
First case

The first case studied in the Restoration Project was the Complejo Fabril Malargiie located at
the noreast of the city of Malargiie. This city is located at 344 kilometers from the city of
Mendoza, capital of the western province.
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The uranium ore processing plant was of the conventional type and has been in operation for
about thirty years since 1954, processing a total of 715,273 t of mineral.

In 1996 the plant and auxiliary buildings were dismantled and demolished. At present the first
part of the activities of the site restoration are being undertaken as part of the commitments
assumed in the Environmental Impact Statement granted by the Ministry of Environment of
the Mendoza Province.

The evaluation and approval of the Environmental Impact Assessment followed a long and
very complicated process including, as a legal requirement, the presentation of the proposal in
the first public hearing organized by the environmental authorities of the Mendoza Province,
pioneer in this subject in the country.

Issues risen by public and representatives included the protection of water resources and the
relocation of tailings in the site of origin as well as labor and political problems.

As a result of the non-binding consultation, reasonable additional assessments were required
by the provincial government and no substantial changes were demanded, in general. But, the
public pressure of a very important governmental organization with overlapping jurisdiction
in the province introduces an unjustified high risk perception over a subject of high social
value as water resource in a semi arid area community.

The consequence of the lack of experience was the acceptance of a very conservative design
in some engineering aspects beyond technical based considerations

At that moment in 1994, this lack of experience in environmental management and
participative issues of the Society, authorities, project proponents and public were the reasons
that lead to some conservative bias in technical decisions. Lessons learned in this first
experience and further public presentations allow the design of the present general
consultation strategy included in the extended Project

Public involvement in the decision making process

As the aim of the consultation is, besides getting consensus, the enrichment of the project with
a real participation in the decision making process based on sound technical decisions, some
aspects are to be considered. The need of:

• a consultation strategy,
• written and visual material for the previous dissemination of information about the

project,
• criteria to identify stakeholders,
• identification of all the governmental organizations and to take into account the

overlapping of responsibilities, and
• a previous and exhaustive discussion with all the environmental technical groups

identified in the area.

The general strategy -adapted to each site- is based on an extensive consulting system
reaching as many community leaders and opinion leaders as possible. These persons are
consulted at an individual level before organizing any type of public meeting. At first,
interviewed people receive specific information on the project to be achieved with a
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questionnaire for individual opinion. The answers allow the identification of stakeholders and
interested people, possible participants in workshops or public hearings.

On the other hand, public in general receive, trough media of national and local diffusion,
information about the availability of details of the project.Videos and graphic material will
help at the workshops or public hearings at which participative procedures are being used to
enhance the discussion on behalf the participants.

Conclusions, main doubts and criticisms are taken into account in the revision of the project
and the later decision making process.
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COGEMA EXPERIENCE ON RETRIEVING AND CONDITIONING
SOLID RADWASTE PREVIOUSLY STORED IN PITS.
- THE LA HAGUE NORTH-WEST PIT CASE -

F. BODIN, D. ALEXANDRE, P. FOURNIER 53144
COGEMA La Hague,
Beaumont-Hague, France

Abstract

Short lived, low and medium level waste called "technological waste" produced
by the La Hague Reprocessing Plant have been stored in the La Hague North-
West concrete-lined pits until implementation at * ANDRA's Centre de
Stockage de la Manche (CSM).

COGEMA decided to retrieve and condition 11,000 m3 of humid solid radwaste,
stored in bulk in pits. On account of the variety of radwaste kinds, retrieving and
conditioning operations represented real challenge. One goal of these operations
was to ensure that the work was performed in complete safety towards
environment with optimum containment and with the best radiation protection
for the personnel involved. COGEMA decided to split the work into two phases.
The feedback from the first phase was very helpful to the second phase.

This report describes the experience gained from February 1990 to December
1998, taking into account radwaste and integrated dose rate results conditioning
such waste. The procedures and means used and improved by COGEMA to
comply with ANDRA's storage standards and the ever-decreasing financial costs
generated by the workers, allowed to retrieve and condition 11,000 m3 of old
solid radwaste with competitive costs and in complete safety and protection of
the environment.

Introduction

In 1989, COGEMA decided to retrieve and condition 11,000 m3 of humid low
active waste stored in bulk in concrete-lined pits in the North-West area at the
La Hague Reprocessing Center. The purpose of this presentation is to describe
the experience gained from February '90 to December '98 in the retrieving and
conditioning of such waste.

COGEMA decided first, to split the works into two phases:

• Phase 1 includes the retrieving and conditioning of the radwaste with low a
contamination from pits 1 to 17, which represents about 30 % of the whole
work and lasted from February '90 to March '92.

ANDRA: National Radwaste Management Agency
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• Phase 2 includes the retrieving and conditioning of technological waste from
pits 18 to 23 which represents about 70 % of the whole work and lasted from
July '92 to December '98.

The second phase benefited from the experience feedback gained through the
first phase, to minimize intervention costs and improve the technologies
implemented.

One of the objectives of this work is to retrieve and condition waste in complete
safety towards the environment, with the most efficient containment and
radiological protection for the intervening staff. COGEMA studied the most
suitable technology for this work.

After analysis of various constraints, COGEMA developed a procedure enabling
to drain and/or condition every kind of wet solid contaminated waste in nuclear
environment, suitable for further compacting. With the permanent view to
minimize waste volume and intervention costs, radwaste were drained,
measured and compacted via a specific procedure.

Radwaste Retrieving Works

Maintenance waste issued from the reprocessing plant since 1969 have been
stored in 23 pits. Pits 1 to 17 with inequal capacity are made of rough concrete
and are not leakproof. Their content represent about 30 % of the waste volume
to be treated. Pits 18 to 23, with equal capacity of 1,000 m3 each are made of
concrete reinforced with a carbon steel sheet embeded in concrete and ensuring
a satisfactory tightness. The pits are covered by means of steel slabs which
ensure the waterproofing towards rainwater.

The bulk volume of raw waste (11,000 m3 ) issued from the plant shops,
represented after conditioning a true volume of 8,415 m3, taking into account
their settling inside the pits and the fact that some 100-L drums were not fully
filled prior to storage.

It is composed of:

• Waste bags representing 79.5 % of the total volume and containing gloves,
cleaning cloths, wet smears, PVC protective suits, cotton wool, more or less
soaked with chemical reagents for decontamination, residues from
intervention works, and so on...

• Bulk waste representing 14 % of the total volume and composed of packages
of various size and containing materials such as wood, plastics (frame of
glove-box, miscellaneous tools), steel parts of various forms with significant
dimensions resulting from partial decommissionings or failing components
replacement, ventilation filters (strainers), spoiled grounds and various
debris.

• Steel containers of 1 m3 each, representing 6.5 % of the total volume and
containing intervention clothes liable to be incinerated.
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Using a mobile intervention shop (total weight about 100 tons) implemented to
prevent any spread of radioactive particle in the environment, the different
phases of the works were as follows:

• Retrieving/extracting the bulk waste from the pits;

• Separating steel parts from the other waste;

• Treating by almost thorough draining, the wet solid waste other than
steel. As a matter of fact, the wet waste should contain as little water
as possible liable to sweat during compaction (< 1 % of the package
volume after compaction);

• Collecting liquids issued from waste and routing them to the
adequate treatment station; and

• Drumming in steel drums of drained waste prior to volume reduction
by compaction.

In parallel, iron waste and other materials unsuitable for crushing are manually
sheared and set in cubic fiber concrete containers prior to final conditioning. The
waste retrieving works are developed step by step, the mobile intervention shop
being progressively moved by 3m steps. The compaction of the produced waste
drums was carried out in the North-West area, per campaign and using a mobile
compacting press with the permanent view to minimize waste volume. The
compacted drums are then stored in CBF.K container prior to final conditioning.

In 1989, the forecast overall schedule called for the works completion over an 8-
year period (1990-1997). In fact, they were carried out over a 9-year period
under satisfactory working conditions.

Implementation Procedures

The previous section dealt with the methodology used for the works
performance. The procedure and means implemented can be summarized as
follows:

• The intervention mobile shop is positioned above the concerned pit,

• The bags containing radwaste are extracted from the pits by means of
a gripper and lowered, opened, on a sorting table to sort out waste
suitable for crushing (steel parts, glove box sleeves possibly
containing a emitters),

• Waste suitable for crushing is crushed then drained by centrifugation
and recovered by gravity in steel drums to be later compacted, and

• In parallel, waste unsuitable for crushing, mainly steel of significant
size are manually sheared when necessary in a specific treatment line
of the shop and conditioned in CBF.K.

Liquids issued from the draining of contaminated solid waste are pumped and
transferred to a treatment unit where they are treated by precipitation of
hydroxides(iron and alpha emitters),before being sent to the main effluent
treatment station.
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Drums containing crushed drained waste are temporarily stored in the North-
West area prior to compaction by means of a mobile press.

The first two campaigns carried out in 1992 and 1994 allowed the compaction
of 17,400 drums. The last compaction campaign occurred between 1996 and
1998 and 18,000 drums.

The technology implemented in this shop enabled to optimize the volume of
compacted drums conditioned in CBF.K. The volume gained is 20 % with
regard to two dimension compacting technologies.

The main steps of the compaction unit are:

• Identification, weighing and radiological counting of each drum

• Introduction of the drum in the 3D compacting press by means of a tilting
device and compaction. The compaction of radwaste drums is performed
inside a compression chamber which absorbs the main part of lateral and
horizontal stresses arising during the compacting.

• Retrieving the compacted package from the press and load in cubic fiber
concrete container (CBF.K) prior to conditioning.

All these operations are automated in ventilated containment airlocks to prevent
any spread of radioactive particles in the environment especially during the
compaction stage. The production throughput is close to 100 compacted drums
per day. The filling rate is about 62 packages (43 kg) per CBF.K container,
(useful volume 3.2 m3, total volume 4.9 m3).

The walls of this compression chamber also act as radiological shields. The
dimensions of the loading chamber are:

• width:
• length:
• capacity

500 mm
1100 mm
3001.

Wearing plates are provided at the bottom and on the walls of the chamber, on
the cover, on the front part of the pusher and on the door. Hydraulic jacks
actuate the shearing cover (30 tons) as well as the longitudinal pusher and the
press door opening (2x6 tons).

Waste Production

Waste issued from these works are mainly contaminated with beta-gamma
emitters. The radiological counting of waste is performed by dose rate
measurement. Beta-gamma emitters present in radwaste are not exactly a
constraint with respect to ANDRA's storage standards. Measurements allow to
ensure that the dose rate of each package does not exceed 2 mSv on contact. The
activity of beta-gamma emitters is calculated using a transfer function. The
evaluation of alpha emitters is done from the ratio alpha / beta-gamma activities
based upon representative analyses samples. The average alpha to beta/gamma
radioactivity ratio is less than 5% for the whole work.
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The main types of waste packages produced are essentially:

• steel drums (120 1 or 200 1) for drained and crushed waste, and
• cubic fiber concrete containers (CBF.K) for other waste and

compacted drums.

Solid waste and effluents production at the end of December 1998 were:

• Total solid waste radioactivity: 470 GBq (1st phase)

• Total solid waste radioactivity: 1935 GBq (2nd phase)

Radiation Doses

Staff integrated doses are given on a yearly basis, in man.mSv for all the
operations performed (i.e. radwaste retrieving, compaction, effluent treatment)
in the North-West area. They correspond to a continuous annual exposure of 20
agents.

Daily checking by the Radiation Protection Department of the integrated doses
by the agents enables to limit the dose integration to the maximum value defined
as an objective at the la Hague Center (10 mSv per agent over a 12-month
period). It can be noticed that the doses were higher during the years from 1990
to 1992.This period corresponds to the retrieving works startup, during which
cautious progress and improvements induced by unfamiliar techniques occurred.
Since the works startup, the yearly collective integrated dose has constantly been
decreasing except in 1995 (removal of more active waste from pit 22).

The radiation dose table underlines the efforts made in the techniques
improvement to reach ever-decreasing integrated doses by the agents.

1st phase

Total of integrated doses - Forecast: 500 man.mSv
Actual: 441 man.mSv

2nd phase

Total of integrated doses - Forecast: 1000 man.mSv
Actual: 581 man.mSv
(Forecasted results down by 40 %)

The total integrated doses for the whole work was 1022 man.mSv. (102
man.Rem)

Experience Feedback

Despite the satisfactory development of these works, difficult situations have
been sometimes encountered. They are mainly:
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• The heterogeneous composition of the waste stored in bulk in the
pits,

• The sorting out and management of a emitting waste,

• The retrieving of the more active waste,

• Maintenance works due to early wearing of pieces of equipment, and

• The necessity to use a 1100-T crane for a 50 m transfer of the mobile
intervention shop from pit 18 to pit 19.

The procedure and techniques initially selected, improved and adjusted to cope
with situations hardly foreseeable, enabled to issue waste with "quality product"
in compliance with storage standards in France. The works schedule together
with a hard-working preparation period allowed to cope with the various
situations encountered. The experience feedback permitted to progress smoothly
in compliance with the overall schedule, while respecting following basic
principles in force:

• Radiation exposure of the staff as low as possible,

• No impact on the environment.

Conclusion

COGEMA performed the retrieving and the conditioning of 11,000 m3 of solid
radwaste in the North-West area at the La Hague Center, in complete safety and
protection towards the environment, within the scheduled timeframe and at
acceptable radiological and financial costs. All these 9 years, COGEMA gained
progressively a significant and reliable experience through the development, the
adjustment and the recording of techniques and technological data.

This experience feedback in the retrieving and conditioning of old radwaste with
the view to nuclear sites rehabilitation is a scope that COGEMA could share
with other concerned countries.
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ENVIRONMENTAL RESTORATION ISSUES RELEVANT TO LANDS THAT
SUPPORT NATIVE POPULATIONS

S.L.SIMON XA9953145
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Abstract

Islands and other remote locations that support indigenous (native) populations require special
considerations in the setting of criteria for maximum allowable radioactivity contamination of
the environment. The criteria can differ from those applicable to Western continental urban
settings because of particular attributes related to lifestyle or environment. Conventionally,
guidelines for land cleanup are derived by using a pathway model and descriptions of
conventional intake patterns to calculate backwards from an acceptable dose or risk. However,
pathways of possible exposure differ in characteristics and relative importance for indigenous
populations, and conventional exposure-assessment models need considerable revision for
them. More primitive lifestyles usually imply a need for stricter standards. In contrast,
somewhat higher risk might not produce any excess cancer incidence if the population is small
enough, as is often the case for islanders or other indigenous populations. This paper discusses
various factors peculiar to indigenous populations that require consideration when criteria for
restoration of contaminated environments are being determined.

Introduction

Sites contaminated today with radioactivity include a variety of geographic locations and
environments beyond laboratories and nuclear-weapons construction and fabrication facilities.
In particular, a number of islands and other remote locations worldwide were used for nuclear
testing and now are contaminated with radioactivity. Islands and other remote locations where
indigenous (native) people have dominant land rights require considerations different from
urban locations when acceptable contamination or environmental-restoration guidelines are
being formulated. The purpose of this report is to discuss some of the factors peculiar to island
locations and other lands inhabited by indigenous peoples and the considerations necessary for
restoration of radioactively contaminated land.

The islands and other locations where indigenous people are involved can be briefly listed.
The island sites, mainly used for nuclear testing, include the Marshall Islands (equatorial
Pacific), including Bikini and Enewetok Atolls; Johnston Atoll (north Pacific), site of high-
altitude atmospheric nuclear detonations and three aborted nuclear-missile launches;
Christmas and Maiden Island in Kiribati (equatorial Pacific), site of British and US
atmospheric nuclear testing in the 1950s and early 1960s; Mururoa and Fangataufa Atolls in
French Polynesia (South Pacific), operated by the French as an atmospheric, underwater, and
underground nuclear testing site; Amchitka Island, Alaska (North Pacific, Bering Sea), site of
three US underground nuclear tests in the 1960s and early 1970s; Monte Bello Islands,
Australia (Indian Ocean), site of the first British nuclear weapons tests in 1952 and used for
atmospheric tests until 1956; and Novaya Zemlya Island, Russia (Kara Sea, Barents Sea,
Arctic Ocean), site of extensive Soviet Union atmospheric and underground testing.
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The continental contaminated sites that have affected indigenous populations or are
historically claimed by indigenous people include the Nevada Test Site (United States), the
Hanford Reservation (United States), the Semipalatinsk Test Site (Kazakstan), and the
Maralinga and Emu test sites (Australia). Land contamination has also occurred in Spain
(Palomares), in Greenland (Thule), and across much of central Europe because of the
Chernobyl accident.

The importance of land is similar among island-based people and among indigenous people
living on the continents: it is central to their life, culture, and history, and it determines to a
large extent their survival and their standards of living, health, and nutrition [1]. Lifestyles of
indigenous people are closely tied to their environment; consequently, they are more severely
affected by damage to the environment than other people might be. In general, their living
conditions, per capita income, employment, education, access to basic water and sanitation
services, access to health services, housing conditions, and food availability always fall below
the national averages of their respective countries. Issues that should be considered in
determining criteria for restoration of their environments that are contaminated with
radioactivity are related primarily to attributes of lifestyle and environment but also include
social issues.

Lifestyle Attributes

Indigenous people retain numerous lifestyle attributes and traditions that are based on greater
use of land, natural vegetation, and other natural resources than many western cultures are
accustomed to. These lifestyle attributes include a high use of natural resources for
sustenance, including wildlife, freshwater and saltwater fish, fruits, berries, root crops, natural
water supplies, plants for cooking and medicinal purposes, and earthen materials and native
vegetation for home construction. These attributes generally lead to greater exposure to soil
and dust. Many indigenous cultures do not have access to running water so cleanliness is
harder to ensure and contamination harder to avert. In particular, the body, hands, clothes,
cooking utensils, and food supply are all subject to external contamination. A cultural
predisposition to use soil and plant extracts in ceremonies is common, as is the intentional
consumption of soil to provide satiety in times of famine and as a learned behavior among
children and pregnant women [3]. An extreme, but illustrative, example of a population that is
highly susceptible to land contamination is the Australian Aborigine [4].

Environmental Attributes

Because the natural environment is dominant in the lives of many indigenous peoples it is
worth while to consider environmental factors that might have unique potential for exposure.
Few generalizations can be made, because of the variety of locations where indigenous people
reside, but some specific examples will highlight how environmental attributes can lead to
increased exposures. The inherent potassium deficiency of coral islands leads to potentially
large uptake of radiocesium in plants and food crops. Bogs are high in organic matter but low
in clay and plant uptake of radioactivity can be high, depending on the chemistry of the
specific contaminant. Some lands of indigenous peoples, particularly in Australia and Africa,
are nearly barren because of low rainfall or over-use; such conditions lead to maximum
exposure to soil via resuspension, inhalation, direct ingestion, and contamination of food,
water, cooking utensils, and the human body.
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Risk Assessment and Pathway Modeling

Typically, maximum allowable contamination limits are determined by first selecting an
acceptable level of risk (or dose) and then using a pathway model to calculate backwards to
the soil concentration of a radionuclide that would result in the accepted risk (or dose). Few
other methods to determine acceptable contamination are objective.

The use of conventional pathway models, however, can fail in the case of indigenous
populations because conventional parameter values are not applicable and in some cases the
models do not properly include all relevant exposure pathways. For the "back-calculation"
method to be successful, pathway models must simulate exposure pathways with a high
degree of realism. Possible pathways of exposure include external exposure, inhalation,
ingestion of animal products (meat, fresh and dried; organs not routinely consumed by
western populations; milk from animals not conventionally used in the West; and a variety of
freshwater and saltwater fish with emphasis on filter- and bottom-feeders), inhalation
(including resuspension and the result of high air-exchange rates in houses), vegetables and
fruits (many species not consumed in Western diets, and some probably not washed), drinking
water (sometimes obtained from shallow wells or collected from roofs of houses and often
unfiltered), use of plants (often unwashed) for medicinal purposes, soil ingestion
(inadvertently with vegetables and meats and intentionally), and contamination of wounds, the
body and eating utensils.

Achieving sensible restoration criteria or contamination limits is also based on knowing the
future use of the contaminated (and surrounding) land. It is likely that society cannot always
accurately specify the future use of land given the uncertainties in local sovereignty,
government, economic development, societal norms, public views on acceptable risks, and so
on. Nevertheless, knowing the intended use of contaminated lands is fundamental to
reasonable decision-making about acceptable contamination. Without knowing the degree and
mode of land use, it is nearly impossible to derive contamination limits based on dose or risk.

Restoration Options

The feasibility of compliance with guidelines for maximum permissible contamination often
depends on available options for remediation. Technologies to reduce exposure to
radionuclides contaminating the soil are few because radioactivity cannot be neutralized and
may be bound to clay minerals or organic matter. Some options for remediation are
establishing subsurface barriers, in situ vitrification, establishing permeable reactive barriers,
in situ redox manipulation, bioremediation, electrokinetic systems, soil washing, soil flushing
and phytoremediation [5]. Not all technologies are useful or suitable in all environments; the
specifics of the environment will determine suitability. For example, in situ vitrification is not
feasible for islands formed of coral soil, because of the absence of the silicon need for
vitrification. However, coral islands are typically deficient in potassium, so it is feasible to
block the uptake of radiocesium into plants—a form of bioremediation—by using potassium
soil amendments.

Balacing Health Risk and Environmental Damage

Maximum allowable contamination limits are set in the interest of protecting populations
from an increase in health detriment (cancer in particular) due to exposure. But remediation of
land can be accompanied by health and monetary costs, particularly for indigenous people
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whose livelihood depends on the land. Where the available land area is considerably greater
than that required for producing crops, remediation to current standards should be seriously
considered. Conversely, where that is not the case (as on some islands), remediation, which
often involves scraping and removing soil and vegetation, can be highly damaging to the land
and leave natural resources inadequate for sustenance of the population. The dilemma must be
quantitatively assessed for each situation; the question of whether a greater population health
detriment is introduced by leaving contamination or by remediating must be answered.

US regulatory agencies lean toward limiting lifetime risk to 10"6 - 10~4. Using available
radiation risk factors and reasonable estimates of exposure yielded by pathway models
appropriate to the lifestyle and environment, one is able to predict the likely number of excess
cancers and decide whether the risk goals will be achieved. Because many indigenous
populations are small (at a given site), a higher level of contamination than might be accepted
elsewhere will probably meet the same risk goals. The question of whether population health
risk goals have been met must be quantitatively reviewed in detail for each contamination
situation with the understanding that the success of such analyses depends on the availability
of realistic models and the use of realistic assumptions about diet and lifestyle.

Social Issues

Social issues include issues of economics and perception; some of the latter can also have a
factual basis. One issue that less-empowered peoples often believe in is what some Native
American groups have termed "radioactive racism" - populations less able to protest
effectively are forced to accept the contamination generated by their economically more
developed neighbors. For example, some Native American groups claim that the US
government or "big business" has targeted them to provide stewardship for contaminated
lands. In support of that claim, they can cite numerous locations in the western United States
where uranium-mill tailings and other residues from uranium mining dot the landscape of
Native American reservations. The site of the proposed high-level waste repository, Yucca
Mountain, is claimed to be inside Western Shoshone sovereign territory, a situation similar to
the proposed Ward Valley (California) waste repository, which is claimed as sacred land by
the Mojave and Chemehuevi peoples. The problem for indigenous people is exacerbated
because tribal sovereignty - which usually works to their benefit - can be used to bypass state
or national environmental laws, thus allowing disposal methods not usually allowed under
national laws.

Contamination of islands can also have affects on the inhabitants beyond that caused by
radiation exposure. Detriment to the economy - which might be barely above subsistence level
- is possible [2], particularly if the economy depends on production and export of local
specialty foods or if tourism would be viewed negatively by outside consumers.

Compensation as a Remediation Measure

In the US, the federal government is able to respond to releases or threatened releases of
hazardous substances that can endanger public health or the environment through the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). This
law provides a framework for reducing public risk primarily through remedial response
actions. The application of CERCLA has not established a precedent whereby the US
government monetarily compensates landowner for damages instead of remediating the
contamination. However, in 1999, representatives of the Marshall Islands—site of the former
US nuclear weapons testing site—argued before a US congressional committee for
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compensation equal to the cost to remediate each square kilometer of land that would deliver a
possible annual radiation dose in excess of 0.15 mSv, the dose that limits risk to the goals of
the Environmental Protection Agency. That line of reasoning raises the question: Should
compensation be viewed as an alternative to remediation, particularly for indigenous cultures
that are often economically deprived? I believe not, because such a program would ignore
removing the source of the risk, thus guaranteeing a failure to accomplish ALARA ("as low as
reasonably achievable"), a fundamental tenet of radiation protection. Moreover, most, if not
all, indigenous cultures lack the technical expertise to use the monetary compensation to
remedy the source of the risk themselves. Alternative uses of the money, although attractive to
indigenous populations, would result in a continuing risk liability and circumvent the
elimination of risk that is the primary goal of all remediation programs.

Concluding Remarks

Islands and other lands occupied by indigenous people - in addition to the lifestyles of the
people themselves - are often different from urban sites in ways that should be considered in
the determination of criteria for remediation or acceptable limits of contamination. In
particular, if risk is to be minimized, pathway models need to be appropriate for the lifestyle
attributes of the people and for the environment in which they live. Lifestyles that are more
primitive usually argue in favor of stricter standards because close contact with the
environment is more frequent and greater exposure therefore likely. In contrast, somewhat
higher levels of risk might not result in any excess cancer incidence if the population is small
enough, which is often the case among indigenous populations. A balance must be sought
between minimizing risk posed by radioactive contamination and harming health by damaging
the environment in the name of remediation. Financial compensation in lieu of remediation is
viewed as an ineffective step to reduce population risk.

Author's note: This manuscript does not represent the opinions of the National Academy of
Sciences or the National Research Council.
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Abstract

Although many of the major environmental risk management decisions we face today require
the simultaneous evaluation and control of both radiological and chemical risks, the separation
of radiation and chemical risk management persists along legal, regulatory, programmatic,
training and professional practice levels. In June 1998, a panel of 40 chemical and radiation
risk experts met at an interactive workshop entitled "Addressing the Similarities and
Differences in Chemical and Radiation Environmental Risk Management," in Annapolis,
Maryland to discuss several perspectives on harmonizing chemical and radiation risk
management approaches. At the conclusion of the meeting, workshop participants
recommended that case studies of clean-up sites at which radioactive materials and hazardous
chemical risks were addressed, be developed to help educate participants in the harmonization
dialogue about their counterpart's issues, stimulate discussion and sharpen issues in a way that
they can be resolved. Several key risk management issues that were highlighted from the
discussion at the Annapolis meeting are being evaluated in the case studies. They include:
decision criteria, costs and public/stakeholder input. This paper presents these key issues and
the approach taken in the case studies.

Background

Driven by differing statutory mandates and programmatic separation of regulatory
responsibilities between federal, state and tribal agencies, distinct chemical and radiation risk
management strategies have evolved. The separate treatment of the two fields by the
scientific and professional communities has led to the evolution of two distinct cultures.
While the separation of radiation and chemical risk management persists, from legal,
regulatory, programmatic, training and professional practice levels, many of the major
environmental risk management decisions we face today require the simultaneous evaluation
and control of both radiological and chemical risks. This environmental reality requires
interaction between the two cultures which often results in disagreements. A more than
decade old wrangling between the U.S. Environmental Protection Agency (EPA), Nuclear
Regulatory Commission (NRC) and the Department of Energy (DOE) on the issues of clean
up standards for contaminated waste sites is an example of this clash of cultures.
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Discussion about harmonization has been continuing during the last decade. The need for
harmonization was clearly articulated in a 1992 report by EPA's Science Advisory Board-
Radiation Advisory Board (SAB-RAB).fl] In June 1998, a panel of 40 chemical and radiation
risk experts and managers from governmental, academic, trade and tribal organizations, were
brought together at an interactive workshop entitled "Addressing the Similarities and
Differences in Chemical and Radiation Environmental Risk Management", in Annapolis,
Maryland to discuss several perspectives on harmonizing chemical and radiation risk
management approaches. At the end of this meeting, workshop participants concluded that
continuing dialogue, improving interagency interaction and coordination will be crucial to the
harmonization effort. Nevertheless, they recognized that there is a lack of combined
knowledge base and understanding of the counterpart's management process and that this lack
of common ground poses practical barriers. To increase the prospects for harmonization,
workshop participants recommended that case studies be developed for clean-up sites at
which radioactive materials and hazardous chemical risks were addressed. Information from
these case studies will help educate participants in the harmonization dialogue about their
counterpart's issues, stimulate discussion and sharpen issues in a way that they can be
resolved. With the continued support of the EPA Office of Radiation and Indoor Air, Johns
Hopkins University Risk Science and Public Policy Institute and the Environmental Law
Institute are conducting case studies to explore the common goals of the two approaches. This
paper presents the key issues being examined and approaches taken in the case studies.

Key Issues

Several key risk management issues that were highlighted from the discussion at the
Annapolis meeting are being evaluated in the case studies. They include: decision criteria,
resource allocation and public/stakeholder input.

Decision Criteria

The decision criteria in chemical risk management are fundamentally different from those
used in radiation risk management. The current framework for managing public exposures to
chemical carcinogens has been referred to as a "bottom up" approach.'3'41 Risk is typically
evaluated for each source and an acceptable risk range, usually between 10"4 to 10"6, is
established. In contrast, the dominant framework for managing individual radiation exposures
has been described as a "top down" approach.131 The top-down strategy involves aggregating
risks from all sources and setting an upper bound dose limit, and then using the As Low As
Reasonably Achievable (ALARA) principle to reduce the risk. The NRC and DOE have
consistently favored the top-down, or ALARA, approach in their standard setting and risk
management practices.'41 Consistent with its chemical risk management philosophy, EPA uses
a bottom up approach usually applies a 10"4 to 10~6 incremental lifetime target risk range in
managing radiation risks. The rigid application of these two distinct risk management
framework was suggested by workshop participants as one of the major impediments to
harmonization.

Consideration for natural background also presents some challenging differences between the
chemical and radiation risk management approaches. Natural background radiation exposure
ranges from 0.7 to 2.5 mSv per year (excluding indoor radon).'5'61 To many radiation risk
managers, reducing excess exposures much below 1 mSv/year is deemed unnecessary and
exceedingly difficult to monitor because it is within the natural variability of background.'11
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The incremental or excess risk associated with man-made radiation sources is evaluated in the
context of "total exposure."'61 In contrast, background levels of synthetic chemicals are
typically considered to be de minimis.'11 In cases where background levels are not de minimis,
their evaluation is varied among EPA's programs. For example, under Superfund, EPA may
consider background levels for the purposes of setting cleanup levels at Superfund sites (e.g.
naturally occurring levels of metals such as lead and chromium are considered in cleanup
goals.)'7'81 However, under media-specific statutes such as the Safe Drinking Water Act
(SDWA), where EPA sets Maximum Contaminant Levels (MCLs) based on public health
protection goals and feasibility of treatment and measurement, the MCLs for some naturally
occurring inorganic substances are sometimes established below natural background levels.'91

The implications of these distinct risk management approaches ( bottom up versus top down
and total exposure (multi-media) versus media-specific) are being examined in the case
studies.

Resource Allocation

The Annapolis workshop participants endorsed the idea that some level of harmonizing is
desirable and potentially achievable. Issues that provide the most opportunities for
harmonization are those of practical and common concerns to both radiation and chemical risk
managers. Among these is the issue of cost for site redevelopment and long-term stewardship.
In recent years, the high cost of "walk-away" cleanups has led risk managers to consider the
benefits of alternative use scenarios (e.g., industrial or restricted use) and the use of
institutional controls and other in-place management tools. These institutional controls
include several requirements to assure that the physical barriers used to isolate residual
hazardous wastes are not compromised and to warn potential buyers that the land is
contaminated. The consideration for costs and the use of institutional controls in cleanup
decisions are being examined in the case studies.

Public/Stakeholder Input

Any kind of cost evaluation must be inclusive of public acceptability. For example, in context
of site cleanup, closure of businesses has widespread economic impacts, as does restricting
access to a site for an extended period of time. In practice, all risk management practices pose
some costs to the affected community, ranging from direct financial impact to lifestyle and
cultural change. In order to be acceptable, a proposed remedy — both its costs and benefits —
must first be understood by the parties at risk. Effective risk management decisions must also
incorporate the values and concerns of the public. The Annapolis workshop participants had
indicated that neither chemical nor radiation risk management has accomplished this
consistently. Nevertheless, this issue could serve as a vehicle for harmonization between the
chemical and radiation risk management. The role of public/stakeholder is being evaluated in
the case studies.

The Case Study Approach

In consultation with a stakeholder panel that is composed of key personnel from federal
agencies (EPA, NRC, EPA) and state agencies, and on the basis of data availability, six sites
were chosen. They are:
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Table I. Case Study Analytical Framework

1. Human Health Risk Characterization

• Exposure Scenarios and assumptions

0 Source

0 Substance

0 Pathways (receptor's media and route of exposure)

0 Assumptions: exposed individuals/receptors and exposure duration

• Risk characterization

0 Aggregate exposure (multiple or singe exposure medium/source)

0 Cumulative/total risks (multiple or single contaminants)

0 Consideration of natural/background risk

0 Worker and residential risk estimates

0 Uncertainty analyses

2. Decision Criteria and Risk Management Considerations

• Selected remedies

• Decision Criteria: Acceptable risk/dose (bottom up); Dose+ALARA (top down)

• Consideration of natural/background risks

• Applicable scenarios (land use objectives)
• Regulatory bounds ("applicable or relevant and appropriate" - ARARs)
• Balancing:

0 Non-risk consideration (cost, technical feasibility)

0 Time integrated collective impacts (short and long term effectiveness)

3. Institutional Controls (IC)

• Legal requirements or guidance
• Coordination of federal, state, and local officials
• Considerations in IC development: time table; specific goals, necessary duration, potential

for contaminant to migrate or change, local government support.
• Additional considerations: agency authorities and controls; layers of controls for long-

term reliability, adequacy of staff and resources in implementing agencies, training and
education for local agencies.

• Public involvement in IC development & community preferences for future site use.
• Maintenance and distribution of IC records.
• Enforcement of IC.

4. Public Involvement and Acceptance of Remedies
• Legal drivers
• Formal citizen groups
• Mechanisms for community contact
• Timetable for events
• Developing the community assessment
• Mechanisms for information dissemination

1) Fernald Environmental Management Project, formerly the Feed Materials Production
Center, a DOE site that produced uranium metal for use in nuclear weapons between
1951 and 1989, in Fernald, Ohio;

2) Maxey Flats, an inactive low level radioactive waste disposal facility in Flemming
County, Kentucky;

3) Teledyne Wah Chang Albany Superfund site in Millersburg, Oregon;
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4) Sequoyah Fuels Facility, a NRC-licensed nuclear fuel processing facility in Gore,
Oklahoma;

5) Niagara Falls Storage Site, a DOE's Formerly Utilized Sites Remedial Action Program
(FUSRAP) site in Lewiston, New York; and

6) Chemical Waste Management Model City Landfill, a waste treatment, storage, and
disposal facility in Niagara County, New York.

Publicly available documents, such as Record of Decisions and Remedial
Investigations/Feasibility Studies Reports, are being reviewed and telephone interviews with
site personnel and officials at local agencies are being conducted for data collection purpose.

Each selected site will be evaluated for all parameters outlined in the analytical framework
presented in Table I. Under this analytical framework, key issues highlighted at the Annapolis
workshop are organized into 4 categories: 1) human health risk characterization, 2) decision
criteria and risk management considerations, 3) the use of institutional controls as remedy and
4) public/stakeholder involvement. Once site-specific analysis is completed, an aggregated
analysis across six sites will be carried out to prioritize key similarities and differences
between chemical and radiation risk management practices.

Summary

Over the past two decades, risk-based environmental decision-making has become the
dominant public policy tool for managing a wide range of risks. The interaction of changing
societal needs, public values, resource limitations, and advances in science has resulted in a
complex web of legislative and regulatory risk management strategies. The differences
prioritized from the case studies will help to stimulate further harmonization dialogue. Also
from the case studies, illustrated similarities will help to underscore the expanding common
ground between the two worlds of radiation and chemical risk management. With ever
increasing regulatory mandates, and advances in risk assessment, common ground should
continue to grow to inform discussions and enhance public health and welfare.
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Abstract

Bikini Atoll was one of two sites in the Marshall Islands that were used in the 1950's by the
United States for testing nuclear weapons. The testing produced widespread radioactive
contamination in Bikini and much of the Northern Marshall Islands. The Bikini people,
relocated in 1946 before the test program began, have long desired to return to their
homeland. Coral soil on Bikini Island makes cesium-137 ( Cs) much more available for
plant uptake than do soils of North America and Europe. Hence, when locally grown crops
mature and become available for consumption, the resulting body burden of 137Cs and the
associated doses to humans exceeds federal guidelines. The dose from the terrestrial food
ingestion pathway dominates all other pathways and contributes about 90% of the total dose to
returning residents. We are, therefore, involved in cost-effective efforts to reduce the dose
associated with resettlement. We have evaluated several measures, in addition to soil removal,
to eliminate 137Cs from the soil and to reduce its uptake into food crops. The most effective,
and the easiest to implement, is the application of potassium to the atoll soils. A dramatic
reduction in 137Cs occurs in tropical fruits after applications of potassium-rich fertilizer to
experimental soil plots. This treatment reduces the associated ingestion dose to about 5% of
the pre-treatment levels, and this option avoids removal of the organic-rich surface soils. In
addition, the added potassium increases plant productivity. We are now focusing on
determining the duration of the effects of potassium treatment on 137Cs uptake into plants, and
the rate of environmental loss of 137Cs in the atoll ecosystem.

Introduction

The United States conducted a nuclear testing program at Bikini and Enewetak Atolls in the
Marshall Islands from 1946 through 1958. Several atolls, including Bikini, Enewetak,
Rongelap, and Utirik, were contaminated as a result of the nuclear detonations. Rongelap and
Utirik Atolls were inhabited, and the people on these atolls were exposed to fallout on March
1, 1954 from the BRAVO test.

Since 1974 we have conducted an extensive research and monitoring program to determine
the radiological conditions at the atolls, identify the critical radionuclides and pathways,
estimate the radiological dose to current or resettling populations, and develop remedial
measures to reduce the dose to atoll populations.

Exposure Pathways and Radionuclides

People residing on the atolls, are exposed to radiation from both external and internal sources
that results from background radiation and nuclear test-related radiation.

The external background radiation in the Northern Marshall Island Atolls is 8.5 x 10~^ C
kg"1 (3.3 uR h"1) or 0.22 mSv y"1 (Gudiksen et al. 1976) due to cosmic radiation; the
external background dose due to terrestrial radiation is very low in the Marshall Islands
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because of the composition of the soil. The internal effective dose is about 1.4 mSv y-1 for
natural occurring radionuclides such as 40K, 210Po, and 210Pb that result from consumption of
local and imported foods. The background dose is not included in the doses presented in this
paper unless specifically stated.

The radionuclides present today at the atolls that contribute in any significant way to the dose
to people are !37Cs, 90Sr, 239+240Pu and 241Am.

Composition of Atoll Soils

The soils at atolls differ from most continental soil in that the mineral matrix consists of sand
and more coarse particles of calcium carbonate, containing small amounts of substituted
magnesium and strontium. The pH of soil-water slurries ranges from about 7.8 to 8.9. Organic
matter content of the surface layers ranges from trace amounts to 14% or more, and is the sole
source of cation exchange capacity. The organic content diminishes rapidly with depth
through a narrow transition zone.

Total and exchangeable K in atoll soils is very low; the average for several atolls reported by
Fosberg and Carroll (1965) is only 300 mg kg~l. Exchangeable or extractable K ranges from
40 to 80 mg kg~l in the higher organic containing surface layers and diminishes rapidly with
depth (Robison and Stone 1992).

Radionuclide Transport and Dose Estimates

As a result of the unique soil system, the transfer of 137Cs and 90Sr from soil to plants is
reversed from that observed in temperate, silica-based soils (IAEA, Robison and Conrado).
Consequently, the relative contribution of radionuclides and pathways that contribute to the
dose differ from those estimates from other soil systems for similar deposition densities.

Using Bikini Atoll as an example, the estimated maximum annual effective dose is 4.0 mSv.
The estimated 30-, 50-, and 70-y integral effective dose from the major exposure pathways
and radionuclides is listed in Table I. About 90% of the dose is via the terrestrial food chain,
the major portion of which is delivered by 137Cs. External gamma exposure is the next most
significant pathway, which again is attributable to 137Cs. The other pathways and
radionuclides contribute less than 2% of the estimated dose over 70 y.

Consequently, our efforts to develop remedial measures to reduce the dose to island residents
have been directe
of the total dose.
have been directed at the 137Cs transport into the terrestrial foods that accounts for about 90%

Remedial Measures

Several general methods have been evaluated in efforts to find an effective method for
reducing the dose to residents at the atolls. They are: Excavation - starting over; KC1 -
blocking uptake by plants while maintaining useful productivity; Irrigation - (leaching) -
removal; Cropping - sustained removal; Clay (mica) and Zeolites (clinoptilolite) -
immobilization.
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Table I. The 30-, 50- and 70-y integral effective dose for Bikini Island residents for current
island conditions when imported foods are available and when only local foods are
consumed.

External

Internal
Ingestion

o n 7 C S
90Sr
239+240pu

241Am
Inhalation

239+240pu

241Am
Total3

30 y
9.1

81
0.85
0.011
0.018

0.069
0.050

91

Integral effective dose, mSv
50 y
13

110
1.2
0.028
0.043

0.16
0.11

130

70 y
15

130
1.5
0.051
0.075

0.23
0.15

150
a The total dose may vary in the second decimal place due to rounding.

Removal of Contaminated Surface Soil

The environmental consequences of soil excavation are great and long lasting. First, all
vegetation must be removed. Scraping off the surface 40 cm indeed removes the
radionuclides, but with them the organic layer developed over centuries. Not only does the
organic layers provide nutrient exchange capacity and greatly increase rainfall retention, but it
also stabilizes the surface against wind and water erosion, and renders the soil friable for root
development. Restoring and maintaining productivity, however, requires a decades-long
commitment of effort and expertise that is far from assured. Some of the organic-rich soils
contain upwards of 5,000 kg ha~* N and even 10,000 kg ha~l P. The cost of these elements in
a fertilizer bag would be several thousand dollars per hectare.

Because of the severe environmental impacts of the excavation option, we have examined
other remedial possibilities that might reduce 137Cs in the terrestrial food chain.

Leaching 137Csfrom the Soil

A large-scale field irrigation experiment was designed to determine whether a significant
fraction of the 137Cs inventory in the soil could be removed by leaching. Atolls simply do not
have the large stores of fresh water needed for a single, let alone multiple leachings. The
supply of seawater, however, is boundless, and the contained cations might be expected to
dislodge any cesium held by simple exchange forces.

We sprayed approximately 80" of seawater on three occasions at two month intervals on a one
hectare area while monitoring the downward movement of both seawater and l37Cs. The
initial pulse of 137Cs into the ground water diminished in magnitude with each application,
and represented only the small fraction that was soluble or readily exchangeable. A final total
application of 20 meters (depth) of seawater removed only 3-5% of the total 137Cs inventory.
Laboratory experiments with large soil columns gave similar results.

The large effort required for such a small reduction of 137Cs inventory obviously eliminates
the treatment as a remedial measure.
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Immobilization of's7Cs in Soil

Mica: We applied mica at the rate of 6,000 kg ha~l uniformly over the soil surface of a
productive coconut grove. The aim was to immobilize any available Cs already at the surface
and thus gradually interrupt cycling of " Cs from plant to soil to plant again. Sampling of
coconuts indicates a reduction in 137Cs after 8 years or so. The reduction in shallow rooted
herbaceous vegetation without the large internal inventory of 137Cs is more impressive. For the
grass Eustachys Petraea, the 137Cs concentration was 1.3 Bq g~~l in the mica treated plot and
9.1 Bq g~l in the control plot.

Clinoptilolite: The zeolite study entailed addition of clinoptilolite at the rate of 20, 40, and 80
mt ha~l to soil in small plots. Since the clinoptilolite itself contains appreciable K with some
availability to plants, the study included both a conventional control and a control with added
K.
Using the control plus a moderate application of K as a standard, the conventional control
(without added K) yielded only 61% as much biomass, but it contained 170% more 137Cs.
Biomass yields at the lowest clinoptilolite were about equal, but contained only 71% as much
137Cs, or only 41% as much as the conventional control. The highest rate of clinoptilolite
produced about twice the biomass as the control, but contained only 12% as much i37Cs (or
6% of the control concentration). However, the studies involved large quantities of materials
plus either intensive mixing with bare soil as rather long reaction times. Moreover,
immobilization counteracts natural leaching, and largely eliminates removal indicated by an
environmental half-life.

Removal by Continuous Cropping

A frequently proposed concept for reducing 137Cs inventory in soil is to repeatedly grow and
dispose of successive crops of some plants that have a high uptake of the element. Plant
growth factors on atolls demonstrates the limited application of the concept.
The source of fresh water is rainfall that occurs mostly from June through November, which
limits natural vegetation growth to that six month interval. The average annual mass of
vegetation that can be produced is about 1 kg m~2 Or perhaps even less with continued
cropping. The maximum uptake of 137Cs in vegetation expressed as a concentration ratio (Bq
g~~l in plants (wet weight)/Bq g~l in soil (dry weight) is about 3. A square meter of soil, 40
cm deep, weights about 440 kg. Thus, the loss of 137Cs is equal to 0.0067 y~l.

The 137Cs concentration in litter fall (fronds and coconuts) has been quantified to determine
ut g

annually. This loss rate is X = 0.0063 y~l.
the annual loss of 137Cs in the coconut grove if all the litter were collected and disposed of

Over 90 y, radioactive decay (X = 0.023 y~l) reduces the inventory of 137Cs to 12% of its
initial value. The effective decay constant is Xe{{ = 0.023 + 0.0068 = 0.030 y"1 which over 90
y reduces the 137Cs inventory to 6.7% of its initial value. Thus, cropping the entire island for
90 y and disposing of the vegetation in some manner—an enormous task—would achieve
only an additional 6% loss of 137Cs. Practically, this would never happen. Moreover, our field
experiments demonstrate that repeated cropping depletes the pool of available potassium so
that growth greatly diminishes. This is a self-defeating cycle. Adding K to increase
productivity reduces the 137Cs concentration in plants (see previous and next sections), and
consequently, the total removal of 137Cs by cropping becomes miniscule.
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Figure 1. The reduction in the ̂ Cs concentration in drinking coconut meat as a result of two
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Figure 2. The effect of two applications of lower amounts of potassium (as KCl) on the 137Cs
concentration in drinking coconut meat.
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Potassium (K) Treatment

We have conducted many large-scale field experiments with coconut and other plants
evaluating the effect of K additions, their times of application, and the longevity of the effect.
Figure 1 illustrates some of the results obtained when 1260 and 2520 kg ha~l of K were
added to a portion of the coconut grove. In a separate experiment the addition of 660 kg ha~l
reduced the 137Cs in coconuts to about 20% of pretreatment levels (Fig. 2). A second
application of 660 kg ha~l shows a further reduction that is consistent with the 1260 kg ha~l
application. Near maximum effectiveness is achieved with the addition of the 1260 and 2520
kg ha~l, which reduces the I37Cs in coconuts to bout 5% of pretreatment levels. Such
reduction endures because K content increases and 137Cs content decreases in the large stem of
the fruit trees.

The large and prompt reduction of Cs in coconuts and all other food crops tested, the ease
of application, the duration of the effect, and the relatively low cost makes K addition the
preferred treatment option although this was unknown 12 years ago. Added K also increases
growth and productivity of plants on the island.

Reduction in Dose from a Combined Option

As an alternative to removing the top 40 cm of soil from the entire island, we have
recommended a "combined option" which consists of treatment of the coconut grove and
agricultural areas with KC1, and the limited removal of soil only in the housing and village
areas. The KC1 treatment reduces the dose from Cs in locally grown foods, that contribute
most of the dose. The limited soil removal, however, decreases the external exposure from
137Cs where people spend most of their time. It also helps reduce the internal exposure from
239+240Pu and 241 Am.

The results of the combined option on the estimated doses at the atolls is shown in Figure 3
for Bikini, Enewetak, and Rongelap Atolls. The reduction is nearly a factor of ten in the case
of Bikini Island and Enjebi Island at Enewetak, and about a factor of 5 for Rongelap Island.

The population average annual effective total dose at the atolls, which consists of the
background dose plus the weapons-related dose, is shown in Figure 4, relative to the annual
population average effective background dose in the U.S. In all cases, the annual total dose at
the atolls using the combined option is less than the annual average background dose around
the rest of the world.

Work performed under the auspices of the U.S. Department of Energy at Lawrence Livermore
National Laboratory under contract W-7405-Eng-48.
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Abstract

The radiological criteria for license termination of U.S. Nuclear Regulatory Commission
(NRC) licensed facilities and sites are based on the peak annual Total Effective Dose
Equivalent dose to the average member of the critical group. These criteria apply to structures
and other environmental components, such as soil and ground water. The NRC staff
developed screening and site-specific dose modeling approaches for decommissioning. For
screening analysis, the staff issued a computer code, DandD, Version 1.0, and default
screening tables. This screening methodology is being refined to minimize undue
conservatism through revision of default input parameters and through models/codes inter-
comparison. For site-specific analysis, the staff currently employs deterministic codes/models
using site-specific physical data. The staff is developing probabilistic codes/models capable of
performing proper sensitivity/uncertainty analysis under varied inputs of scenarios and
physical conditions. A standard review plan is under development which consists of various
decommissioning modules including characterization, survey and dose modeling.

Introduction

There are numerous sites, throughout the United States, contaminated with residual
radioactivity. Many of these sites are controlled or licensed by Federal agencies such as the
U.S. Nuclear Regulatory Commission (NRC). Site owners/managers typically plan cleanup of
residual radioactivity to meet regulatory limits. Before remedial actions, site
managers/owners would like to know the status of the site if it is sufficiently clean to meet
regulatory limits for restricted/unrestricted uses. Site managers also would like to know,
during and after cleanups, if the level of residual radioactivity is in compliance with regulatory
cleanup/release limits, or further cleanups are necessary. The Federal regulatory limits of
residual radioactivity acceptable for site release are generally based on dose or risk/values that
cannot be physically measured. To demonstrate compliance with the regulatory
cleanup/release limits, and to assist managers in making decisions regarding remedial actions,
dose modeling analysis is usually conducted to translate the dose/risk (e.g., mSv/y or mrem/y)
criterion into a corresponding derived concentration guideline limit [(DCGL); e.g., Bq/kg or
pCi/g]. Dose modeling can also be used to translate known radionuclide concentration at a
site into an annual dose/risk value. This paper addresses NRC's dose modeling
methods/approaches for derivation of DCGL's to demonstrate compliance with the NRC's
radiological cleanup criteria for license termination. NRC's dose modeling
methods/approaches can also be applicable to radiologically contaminated sites undergoing
cleanup or remedial actions.

1 The contents of this paper represent the author's views and do not reflect the
official views or regulatory positions of the U.S. Nuclear Regulatory Commission.
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NRC's Cleanup Limits for Site Releases

The NRC has adopted an unrestricted use radiological criteria for license termination of 25
mrem (0.25 mSv) per year total effective dose equivalent (TEDE) to an average member of
the critical group from all pathways including groundwater and drinking water sources (10
CFR 20.1402). The NRC also requires licensees to demonstrate that residual radioactivity has
been reduced to levels that are as low as is reasonably achievable (ALARA). NRC license
also can be terminated under restricted site release conditions. Thus, a site can be released
under legally enforceable institutional controls provided that the TEDE from residual
radioactivity, distinguishable from background, to the average member of the critical group
will not exceed 25 mrem (0.25 mSv) per year ( 10 CFR 20.1403). Using the restricted release
option, NRC also requires that if institutional controls were no longer in effect, there is a
reasonable assurance that the TEDE from residual radioactivity, distinguishable from
background, to the average member of the critical group is ALARA and would not exceed
either (1) 100 mrem (lmSv) per year; or (2) 500 mrem (5 mSv) per year under certain
conditions (10 CFR 20.1403 (e)(2)(i).

NRC's Dose Modeling Approaches/Methods

Dose modeling analysis is conducted through the use of environmental pathway analysis and
modeling of dose/risk impacts, or exposures, to a human receptor representing a specific
critical group of the potentially exposed population. NRC's dose modeling approaches and
methods were described in the Draft Regulatory Guide, DG 4006 [1], and the NUREG-1549
[2]. NRC staff is also developing a Standard Review Plan (SRP) for decommissioning [3] to
provide detailed information and to update dose modeling approaches and methods. In
general, dose modeling can be conducted in a screening mode or in a site-specific mode.

Screening Dose Analysis

Before site cleanups, screening dose analysis is a useful initial approach for assessment of the
status of the site regarding its potential release for unrestricted public use. Screening analysis
is typically conducted when there are limited information about the site (e.g., radionuclide
concentrations and generic source-term data) and the concerned site represent a simple case
(e.g., contamination on building surfaces or in a surficial soil). In general, the contaminated
media/conditions at the site under screening could be either building surfaces or surficial soil.

For building surfaces screening dose analysis, NRC staff employs a building occupancy
default scenario which assumes a chronic exposure of an individual using the contaminated
building (e.g., commercial facility) for a full work year. The exposure pathways of this
scenario include: (a) external exposure to penetrating radiation from building surface sources;
(b) inhalation of resuspended surface contamination; and (c) inadvertent ingestion of surface
contamination.

For surficial soil, the NRC staff uses a conservative residential-farmer scenario which
includes the following human exposure pathways: (a) external exposure to penetrating
radiation from volume soil sources while outdoors and indoors; (b) internal dose from
inhalation of airborne radionuclides from resuspended soil while indoors/outdoors; and
inhalation exposure to resuspended surface sources of soil tracked indoors; and (c) internal
dose from ingestion of plants grown in the contaminated soil and irrigated with contaminated
water, meat and milk from livestock fed with contaminated fodder and water, drinking water
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from a contaminated well, fish from a contaminated pond, and direct ingestion of
contaminated soil. Using the above critical group default scenarios, the NRC developed
screening models/codes (e.g., DandD Screen Vol. 1) to calculate screening levels of
radionuclides for surface contamination on buildings surfaces and screening concentrations
for radionuclides in soil [4].

Screening analysis is a useful approach which enhances site releases and cleanup actions and
save resources of unnecessary site characterization and/or remediation. However, current
screening approaches and models need to be reassessed and developed further in the following
areas: (a) review of excessive conservatism in the screening analysis approaches; (b)
development of appropriate generic default parameters; (c) proper verification and testing of
screening models/codes; (d) development of approaches for refined screening analysis to
minimize excessive conservatism; and (e) develop adequate and proper probabilistic tools to
properly assess uncertainty in the screening analysis.

Site-Specific Dose Analysis

For sites that screening dose analysis produce results above the regulatory limits, a refined
dose analysis is usually conducted based on site-specific conditions. Site-specific dose
modeling analysis is also used for sites with more complex contamination conditions. For
example, sites with subsurface contamination and/or with groundwater/surface water
contamination may warrant site-specific analysis and possibly use of more advanced
models/codes. For certain complex sites, one-dimensional up to three-dimensional
groundwater models may be used to assess potential onsite/offsite groundwater transport. It
should noted, however, that advanced models usually require additional characterization data.
In general, site-specific analysis use site- specific characterization data, rather than generic
(highly conservative) default parameters, as input parameters to the selected code/model. In
addition, certain exposure pathways could be modified or eliminated based on site-specific
physical conditions. Site managers may compare options for cleanups and site
characterization costs and the risks associated with each option. For site-specific analysis
data/information could be needed regarding the following site aspects:

a) Source-term: (i) radionuclides; (ii) contaminated media; (ii) extent of contamination
(e.g., horizontal/vertical); (iv) source distribution; and (v) physical/chemical form &
characteristics.

b) Exposure Pathways/Scenarios/Institutional Controls: (i) critical group definition (e.g.,
default/alternate); (ii) exposure pathways (e.g., defaults or modified pathways); (iii)
elimination of pathways (e.g., due to site-specific conditions and/or institutional
controls); and (iv) exposure scenario parameters

c) Conceptual Models: (i) review of assumptions on how radionuclides move from the
source to the receptor; and (ii) review of approaches to simplification of the physical
system into a mathematical model (e.g., source-term assumptions, radionuclide
transport assumptions, and exposure pathways assumptions)

d) Computational Methods/Models/Codes: (i) compatibility of model/code assumptions
with site-specific physical conditions; (ii) adequacy and appropriateness of the
model/code to account for the conceptual model and the environmental transport and
exposure pathways; (iii) adequacy of the model/code for establishing numerical links
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between the source (including source decay), radionuclide transport, environmental
pathways, and human exposure; (iv) justification of model/code input parameters;
and (v) QA/QC of code/model formulation and output results

e) Input Parameters & Uncertainties: (i) behavior and metabolic parameters; (ii) physical
parameters; (iii) probabilistic selection of parameters; (iv) deterministic selection of
parameters with upper/lower bounds; and (v) uncertainty analysis

f) Dose Modeling Analytical Results: (i) analytical results based on prudently
conservative assumptions and input parameters; (ii) analytical results based on ranges
of inputs sensitive parameters (e.g., mean dose); and (iii) analysis of dose conversion
factors using upper and lower bounds analysis.

Common Dose Codes/Models Used By Staf^Licensees

The NRC developed DandD Screen Version 1.0 code for screening dose impact analysis and
for simple cases of site-specific analysis. The code was released in July, 1998, for use, test,
and evaluation for a two-years period. The exposure models used in DandD code are generic
and overly conservative. Staff is currently developing DandD Screen Version 2.0 to resolve
undue conservatism in the current code version. For site-specific analysis, staff and licensees
use commonly RESRAD and RESRAD-BUILD codes developed by the U.S. Department of
Energy for demonstration of compliance with the license termination rule. The NRC is
currently sponsoring development of probabilistically-based defaults as well as probabilistic
versions for these two codes. The NRC is also sponsoring development of the Sandia
Environmental Decision Support System (SEDSS) code to incorporate decommissioning
methodologies for screening and site-specific analysis. Staff has also used for certain
decommissioning cases the Multimedia Environmental Pollutant Assessment System
(MEPAS) code developed by the Pacific Northwest National Laboratory. For further details
on models and codes used for demonstration of compliance with the radiological criteria for
license termination see NUREG/CP-0163 [5].
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Abstract

In Romania, the nuclear research activities carried out in the past did not generate large
amounts of radioactive wastes. The old industrial activities, especially in the field of uranium
mining, and the poor waste management practices do not pose an immediate threat to the
surrounding environment, but they should become subject for improving the nuclear safety
and implementation of potential remediation actions to release the site in reasonable
acceptable conditions.

For a country with low economical resources such as Romania, the co-operation in the field of
the safe management of radioactive wastes and environmental restoration should be a priority.
In order to follow the best practices and to implement safe and proven technologies, we count
on the information from the international experience. Information on the bad practices is also
important in order to not repeat costly mistakes in economic, radiological or environmental
terms. Currently, the mode of co-operation with maximum benefits for Romania is through
the international organizations such as the Commission of European Communities (CEC), the
International Atomic Energy Agency and the Organization for Economic Co-operation and
Development/Nuclear Energy Agency which is playing a major role in this area. Thus, the co-
operation and information exchange could help Romania to validate the national approach and
to check its own progress.

As Romania became an user of nuclear power since 1996, it was appreciated from the very
beginning of the plant lifetime that a special attention has to be paid to prevention and
minimization of the radioactive waste generation. Thus, from environmental point of view, it
would be more beneficial to promote a policy to prevent and minimize the environmental
impact of potential contamination of nuclear sites.

Introduction

The use of radioactive elements in Romania was started by scientists, many of them trained in
Western Europe and well informed about the world-wide radioactivity research. By the 50's
the Romanian scientists started to do research in the field of peaceful use of atomic energy. In
1957 Romania commissioned a research reactor used for scientific activities and radioisotope
production. Since 1961, the nuclear activities were subject to licensing based on a Nuclear Act
adopted by Romanian Authorities. Since that time a national network for environmental
radioactivity monitoring was established and continuously developed to cover the national
territory. In 1974 was adopted a national system of guides and standards for nuclear safety,
health physics, transportation, ore exploitation, etc. Some of these guides are still in force.
The radioactive wastes from research activities and industrial applications of nuclear energy
were collected between 1957 - 1977 at Institute for Atomic Physics and stored in an
improvised facility (a fort built before the First World War). During 1977 -1978 this facility
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was decommissioned and the radioactive wastes were transferred for treatment and
conditioning in 220 1 drums at the new Radioactive Waste Treatment Plant commissioned on
the site of Institute for Atomic Physics [1]. A disposal facility for low level wastes was built in
an old uranium mine in the west part of the country. This facility was subject to IAEA-
WAMAP and RAPAT missions which recommended upgrading to improve safety and
environmental protection.

Soil Pollution by Non-Fuel Cycle Activities

The use or radioactive sources in research activities and for industrial applications involved
inherent incidents or accidents with soil pollution on small areas. Due to the licensing
procedures and the administrative control, these polluted areas were controlled and some
remedial actions implemented.

An incident was reported at Forest Research Institute which required remedial actions and
collection of some quantities of soil and wood contaminated with 137Cs and 60Co. Other
incidents were related to use or radioactive sources in oil explorations, that led to local
contamination. Some contamination was reported from the refractory materials resulted from
decommissioning of blast furnaces.

An important industry of phosphate fertilizers with plants located in different regions of the
country is based on imported phosphates containing radioactivity. The phosphate ores used
have the radioactivity content in the range 0.4 - 1 MBq/tone. Depending on the process used
the radioactivity of the ore is transferred in the final product (fertilizer) or is concentrated in
the wastes (phosphogypsum). The radioactivity of phosphogypsum is given mainly by 226Ra
and decay products. The accumulation of this waste at the plants is a hazard to the public,
most fertilizer plants being built in populated areas [2].

The power generation in Romania is based in a large extent on coal fired thermal plants. Coal
as a natural product contains some amounts of radioactivity which remains in ashes. The
exposure doses in the proximity exceed the natural background. The soil pollution with ashes
from coal fired thermal plants involve also a small radioactive contamination [3].

Soil Pollution by Fuel Cycle Activities

The uranium exploration and mining in Romania started in 1950 and was developed in three
stages [4]. In the first stage (1950-1961), the mining activities were done by a joint Soviet
Union - Romanian company (SOVROMKVARTIT) and the uranium ore were transported in
Soviet Union. The mining activities were out of national regulatory control for 22 years. The
uranium deposits situated in Banat Mountains and Apuseni Mountains (at that time known as
the richest in the world) were fully exhausted. The exploration and mining activities, done in
this period, have as result large polluted areas that need environmental restoration.

The second stage of uranium mining (1961-1989) was done by the Rare Metals Enterprise a
state owned company. The uranium ores were processed as uranium concentrate and stored.
The third stage started in 1990 and the mining, milling and refining activities were done by a
dedicated company named National Company of Uranium.
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The radioactive wastes resulted from uranium mining and milling activities are [5]:

- about 5 350 000 tones of sterile rocks,
- water contaminated with uranium from mining activities,
- water contaminated with uranium from milling activities,
- low grade uranium ores (0.02-0.05%) stored at mine site, and
- spent ion resins from processing plant.

The environmental restoration program of uranium mining sites includes uranium recovery
from low grade ores, treatment of contaminated water and covering of sterile deposits with
vegetal soil [6]. This program approved by Governmental Decision 400/1996 is financed from
the national budget and will be completed in 2003 [4].

International Co-operation and Environmental Restoration

As the need for environmental restoration exists in many countries, the co-operation in this
field should have an international nature. There are three main modes of international co-
operation used in environmental restoration. The first mode is through bilateral arrangements
between countries and/or organizations. The second is co-operation on a regional level and the
third is through international organizations.

The co-operation may include information and technology exchange or joint research and
development projects. Co-operation has many benefits for several reasons:

- it makes good economic sense to share and learn from other's experience (good or
bad) and to prevent duplication of efforts,

- the projects initiated by international organizations are considered more credible and
have more financial support,

- the joint projects create framework for peer review which enhance credibility and
validity of national approaches, and

- provide countries with the means for checking their own progress.

The international organizations which play a major role in this area are International Atomic
Energy Agency, the Commission of European Communities and the Organization for
Economic Co-operation and Development/Nuclear Energy Agency. These international
organizations have an important role in setting up standards and guides of how to perform
environmental restoration and how to dispose of radioactive wastes.

Two IAEA experts mission (RAPAT, WAMAP) visited Romania to review the status of
environmental restoration and to recommend improvements. Other action taken by IAEA and
involving Romania was the implementation of the technical co-operation project on
"Environmental restoration in Central and Eastern Europe" (1992-1994).

An other international co-operation framework is the PHARE fund provided by Commission
of European Communities. A first project called "Recovery Concepts of Affected by Mining
and Uranium Processing Environment in Central and East-European Countries" completed the
database with the inventory of all sites that need restoration. A second project "Preparing to
Recover the Areas Affected by Mining and Uranium Processing Activities in PHARE
Countries" is implemented.
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Prevention of Radioactive Pollution of a Nuclear Power Plant Site

The operational system for environmental protection at Cernavoda NPP refers to the main
factors which ensure the public health and environment preservation and is design and
operated according to the following principles:

- multiple barriers are provided to prevent the movement of radioactive materials
from the sources,

- radioactive emissions to the environment have to meet targets values well below
the authorized limits,

- reliable and performance monitoring systems are in place and provide quantitative
measurements at the release points, and

- the radioactivity levels are measured to assess the NPP's impact on the public and
the environment.

The annual reports illustrated a good operation of the Cernavoda plant counting low quantities
of released pollutants in the environment, well below the approved limit [7]. The power plant
is provided with facilities for temporary safe storage of all solid radioactive wastes. The
prevention of site contamination is one of the main objectives of the environmental program.

The following measures are considered:
- Treatment, conditioning and disposal of solid radioactive wastes, and
- Development of a decommissioning plan.

Conclusion

• The nuclear research and industrial activities carried out in the past did not generate large
amounts of radioactive wastes. Only the uranium mining old practices pose an immediate
threat to the surrounding environment, and requires implementation of potential
remediation actions to release the site in reasonable acceptable conditions.

• For a country with low economical resources such as Romania, the co-operation in the
field of the safe management of radioactive wastes and environmental restoration should
be a priority. In order to follow the best practices and to implement safe and proven
technologies, we count on the information from the international experience. Information
on the bad practices is also important in order to not repeat costly mistakes in economic,
radiological or environmental terms.

• We appreciated from the very beginning of the Cernavoda plant lifetime that a special
attention has to be paid to prevention and minimization of the radioactive waste
generation. Thus, from environmental point of view, it would be more beneficial to
promote a policy to prevent the environmental impact and contamination of the nuclear
sites.
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CLEANUP CRITERIA FOR THE WEST VALLEY DEMONSTRATION PROJECT
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Abstract

The US Nuclear Regulatory Commission (NRC) is prescribing decontamination and
decommissioning (cleanup) criteria for the West Valley Demonstration Project and the West
Valley, New York, site. The site is contaminated with various forms of residual radioactive
contamination and contains a wide variety of radioactive waste. The NRC is planning to issue
cleanup criteria for public comment in Fall 1999. Due to the complexity of the site, and the
newness of NRC's cleanup criteria policy, applying NRC's cleanup criteria to this site will be
an original regulatory undertaking.

Introduction

The US Nuclear Regulatory Commission (NRC) is authorized, by law, to prescribe
decontamination and decommissioning (cleanup) criteria for the US Department of Energy's
(DOE's) West Valley Demonstration Project and the NRC-licensed portion of the State of
New York's Western New York Nuclear Service Center located at West Valley, New York.
The West Valley Demonstration Project is an ongoing liquid high-level radioactive waste
solidification project at the site of a former commercial spent nuclear fuel reprocessing
facility. The NRC is planning to issue a draft policy statement, for public comment,
prescribing the cleanup criteria in Fall 1999. The health, safety, and environmental impacts of
cleaning up and closing or long-term management of the site are being evaluated by the DOE
and the New York State Energy Research and Development Authority, with NRC
participation. The site poses a unique technical and regulatory challenge because of the wide
variety of residual radioactivity and radioactive wastes at the site.

Background

From 1966 to 1972, a private company (Nuclear Fuel Services) ran a facility that reprocessed
640 metric tons of spent nuclear fuel at New York State's Western New York Nuclear Service
Center. This was the only facility in the US that reprocessed spent nuclear fuel from
commercial nuclear power reactors. The facility shut down, in 1972, for modifications to
increase its seismic stability and to expand capacity. In 1976, without restarting the operation,
Nuclear Fuel Services withdrew from the reprocessing business and returned control of the
facilities to the site owner, the New York State Energy Research and Development Authority.

The reprocessing operations resulted in a wide range of radioactive wastes and residual
radioactive contamination including:

• Approximately two million liters (600,000 gallons) of liquid high-level radioactive
waste, stored below ground in waste tanks;
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• A reprocessing building that is contaminated with residual radioactive waste
including: fuel cladding hulls residually contaminated with spent nuclear fuel;
activated fuel hardware; and potentially particles of spent nuclear fuel;

• Unreprocessed spent nuclear fuel stored in a fuel pool;
• A wide range of radioactive wastes in two onsite burial grounds - one for plant

radioactive wastes, one for radioactive wastes primarily from offsite sources;
• A series of liquid low-level radioactive waste treatment ponds with residually

contaminated soils and sediment;
• Ground water contaminated with high concentrations of Strontium-90, from a process

leak; and
• A prong-shaped area of Cesium-137 surface soil contamination, which extends offsite,

from an inadvertent stack release.

The facility at West Valley was licensed by the US Atomic Energy Commission, and then the
NRC, until 1981, when the license was suspended and site control turned over to the DOE, to
execute the 1980 "West Valley Demonstration Project Act" [Ref 1]. The "West Valley
Demonstration Project Act" authorized the DOE, in cooperation with the New York State
Energy Research and Development Authority-the owner of the site and the holder of the
suspended NRC license—to: (1) carry out a liquid high-level radioactive waste management
demonstration project; (2) solidify, transport, and dispose of the liquid high-level radioactive
waste at the site; (3) dispose of low-level radioactive waste and transuranic waste produced by
the liquid high-level radioactive waste solidification; and (4) decontaminate and
decommission (cleanup) facilities used for the solidification, in accordance with requirements
prescribed by the NRC. The New York State Energy Research and Development Authority is
responsible for remediating site facilities and areas outside the scope of the "West Valley
Demonstration Project Act." Although the NRC suspended the site license until completion
of the West Valley Demonstration Project by the DOE, the NRC was given certain
responsibilities, under the "West Valley Demonstration Project Act," that include prescribing
cleanup criteria.

The West Valley Demonstration Project is currently removing liquid high-level radioactive
waste from the tanks at the site, vitrifying it, and storing it onsite for eventual offsite disposal.
The vitrification operations are nearing completion. In addition to the vitrified high-level
radioactive waste, the West Valley Demonstration Project operations have also produced large
quantities of low-level radioactive and transuranic wastes which, for the most part, have been
stored onsite.

In 1989, the DOE and the New York State Energy Research and Development Authority
began developing a joint Environmental Impact Statement, under the guidelines of the
"National Environmental Policy Act," to study project completion and closure or long-term
management of the site. This process involves the evaluation of waste disposal and cleanup
alternatives for the site, with the goal of demonstrating and selecting a preferred alternative.
However, the "West Valley Demonstration Project Act" requires the NRC to prescribe
cleanup criteria for the project. Thus, the NRC and the DOE agreed on the NRC's
participation as a cooperating agency, in the Environmental Impact Statement process, with
the DOE and the New York State Energy Research and Development Authority, so that the
NRC could review the cleanup alternatives, it light of its role of prescribing the cleanup
criteria. The draft Environmental Impact Statement was published in 1996.
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The draft Environmental Impact Statement contained four viable alternatives for project
completion and closure or long-term management of the site. They were:

1) Removal of all residual contamination and waste from the site and release of the site
for unrestricted use;

2) Packaging and on-premises storage of all residual contamination and waste and
placement of restrictions on the use of the site;

3) In-place stabilization of all non-containerized residual contamination and waste, and
on-premises disposal of previously packaged low-level radioactive waste, and
placement of restrictions on the use of the site; and

4) No remedial action, placement of restrictions on the use of the site, active monitoring,
and maintenance of the site.

A range of cost estimates for the various alternatives for closure or long-term management of
the site was developed in the draft Environmental Impact Statement. The estimated costs to
implement these alternatives range from 1.3 to 8.8 billion US dollars. It is predicted that the
cleanup of the site will take 15 years to complete.

The analysis in the draft Environmental Impact Statement identified various environmental
pathways by which residual radioactivity and waste could be transported from the West Valley
site to the public if the residual radioactivity and waste were to remain at the site and were, or
were to become, uncontrolled. The primary environmental transport and human exposure
pathways for the residual radioactivity and waste are believed to be: 1) subsurface water
leaching and movement into ground-water wells; or 2) erosion of the surrounding earth,
subsequent uncovering of residual radioactivity and waste, and then human ingestion of it and
direct exposure to it. Preliminary calculations suggest that the dose to humans through these
pathways would be unacceptably high at West Valley.

After public release of the draft Environmental Impact Statement document, the West Valley
Demonstration Project convened an advisory board of local citizens, called the West Valley
Citizen Task Force, that began meeting in early 1997. This group was formed to obtain
stakeholder input on the draft Environmental Impact Statement. The Citizen Task Force
recommendations, for the preferred alternative in the draft Environmental Impact Statement,
were completed in July 1998. The Citizen Task Force generally does not believe that the
West Valley site is suitable for long-term isolation of residual radioactivity and waste and,
therefore, favors cleanup and disposal of the residual radioactivity and waste at suitable and
safe offsite disposal facilities.

The NRC's Cleanup Criteria Policy for West Valley

The NRC's policy at West Valley is to apply the NRC's License Termination Rule [Ref 2] as
the cleanup criteria for the site. The License Termination Rule requires meeting dose-based
cleanup criteria for the termination of an NRC license. The License Termination Rule does
not apply a single public dose criterion. Rather it provides for a range of criteria from 0.25
mSv (25 mrem)/year to as much as 1 mSv (100 mrem)/year for unrestricted license
terminations. NRC licenses can also be terminated under restricted release conditions [i.e.,
the use of institutional controls to keep doses to the public below 0.25 mSv (25 mrem)/year].
Because it is considered unlikely that a site released under durable institutional controls
(generally Government control) would lose those controls, the cleanup criteria for termination
of the license in that situation can range up to 5 mSv (500 mrem)/year.

71



If, however, meeting the dose criteria of the NRC's License Termination Rule at a site like
West Valley would incur more risks (i.e., damage to the environment and risks to the public
and workers from remediation), or costs (i.e., be prohibitively expensive), than benefits (i.e.,
reduction of potential future doses to members of the public) it may be necessary for the site
(or portions thereof) to be kept under an NRC license, to ensure that exposures to the public
are appropriately monitored. However, the evaluation of maintenance of a site, or a portion of
that site, under a continued license, is outside the scope of the License Termination Rule,
because the rule only contains provisions that apply to termination of a license. Outside of
uranium mill tailings sites, the NRC has not had to apply the concept of a continued license
for ensuring public health and safety from residual radioactivity at sites that the NRC
regulates.

The NRC's policy for prescribing the License Termination Rule as the cleanup criteria for the
West Valley Demonstration Project and the West Valley site will be published in draft form
for public comment. In addition, the NRC will hold a public meeting near the West Valley
site to solicit public comment on the draft. After consideration of the public comments, the
NRC will finalize the policy statement, publish it, and distribute it to all interested parties. The
potential limitations of the License Termination Rule relative to the cleanup of West Valley
will have to be considered in the continued evaluation of the environmental impacts of
completing the West Valley Demonstration Project, the eventual reactivation of the site
license by the NRC, and the closing or long-term management of the site.
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EXPERIENCE FROM FREE RELEASE OF MATERIAL AND SITES FOR
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Abstract

Free release of metals has been carried out at Studsvik since 1987. The aim of melting low-
level scrap metals from the nuclear industry is to safely determine the radioactive content of
the metals before the material is release for unrestricted reuse.

Three research reactors, one in Stockholm and two in Studsvik, has been decommissioned and
their sites has been released for unrestricted use. The waste produced was included in the
Studsvik waste management system.

Background

The Studsvik site was originally a research facility with a many different activities going on.
During the years some of the work were finished and the buildings and facilities were free
released and some of them torn down. The first research reactor in Sweden, the Rl reactor in
Stockholm was decommissioned and the site free released in 1981-1983. Thereafter two
research reactors in Studsvik was also dismantled and decommissioned as well as a laboratory
used for alpha activity work.

In the mid-eighties, a large quantity of scrap metal was stored at Studsvik. The scrap metal
originated from the R&D activities conducted at the company in the early sixties. The large
quantity of metal, together with the supervisory authorities' requirements that as large an
amount as possible should be recovered for clearance and reuse means that a thorough review
of the treatment process and procedures was conducted. It was decided that melting would be
the optimum treatment method.

After trial melting of low-level scrap metal, which was carried out at a conventional
steelworks, an induction furnace was installed at Studsvik for the melting of steel scrap. The
installation was located in an existing building which had been previously used for nuclear
activities. The building also housed the facilities for pre-treatment, e.g. cutting of large
components into segments, and the melting process.

Release of Metals

Melting of low-level radioactive metal scrap with the aim to free release the material for reuse
has been carried out in Studsvik since 1987. The principle is to melt the scrap in order to be
able to safely determine the activity content of the metal.

The new Studsvik melting facility will have two induction furnaces, one for melting of steel
and one for melting of non-ferritic metals as aluminium and brass. The steel furnace has a
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capacity of about 1.5 tonnes per hour and takes 3.5 tonnes in each batch. The capacity of the
furnace for non-ferric metals is 0.5 tonnes per hour (1.2 tonnes per batch). The facility will be
in operation in the beginning of 2000.

Before melting the scrap is segmented and sorted in different fractions based on the metal
quality. All of the material is thoroughly inspected in order to prevent liquids or sealed
cavities from being fed into the furnace during melting.

The melting process in the induction furnaces homogenises the metal and it's activity content.
The final products in the melting facility are ingots. Each batch of steel produces 5-6 ingots of
about 600 kg each.

During the melting process a sample is taken for measurements at the specialist laboratory in
Studsvik. If the material is originating from a nuclear power plant a nuclide specific gamma
spectroscopic analysis is carried out. If the material has another origin or if so decided an
alpha spectroscopic analysis is also conducted.

Clearance can be given either on the basis of the Swedish Radiation Protection Institute's
regulations or with special permission. In the case of clearance in accordance with regulations,
the activity content (total activity) may not exceed 0.5 Bq/g of which no more than 0.1 Bq/g
may consist of alpha-emitting nuclides. This clearance procedure results in the unrestricted
reuse of the material.

Studsvik's procedure for clearance in the case of material with a radioactivity content of a
maximum of 1 Bq/g (total activity) means, in cases where the activity content exceeds
0.5 Bq/g, that special permission must be granted by the regulatory authority. This level was
considered to be appropriate since the melted metal, in the form of ingots, was sent to
steelworks where it was remelted. During remelting, the Studsvik ingots were mixed with
other scrap metal originating from non-nuclear activities.

Studsvik has a permit to store the ingots if clearance can be given within 20 years. In cases
where ingots cannot be given clearance within 20 years, the ingots are returned to the owner.

Since the operation started in the melting facility in Studsvik about 5 000 tonnes of low-level
scrap from the nuclear industry have been melted and more than 2 500 tonnes have been free-
released.

The scrap treated in the facility is not only originating from the Swedish nuclear power plants.
Studsvik can on a case by case basis apply for permit to treat foreign material in the melting
facility. Studsvik has treated material from decommissioning activities in Germany for several
years of which a fraction has been cleared and reused.

Recently Studsvik RadWaste has started the treatment of scrap contaminated by uranium. The
material was melted as any other scrap but was also decontaminated during the melting
process. The decontamination process was developed at Studsvik RadWaste. The
decontamination was successful and decontamination factors in the range from 5 to 75 were
achieved. The treatment resulted in ingots, which have a specific activity below the limit for
clearance, 0.1 Bq/g.

74



Release of Buildings and Facilities

The Rl reactor 1981-1983 ref[l]

The first nuclear reactor in Sweden was a research reactor located in Stockholm, in the
bedrock under the Royal Institute of Technology. The reactor was started on July 13, 1954 and
was permanently shut down on June 5 1970, after being at the disposal for the scientists for
65 000 h, approximately. The fuel was transferred to Studsvik, after cooling at site. The final
radiological survey was carried out in October 1971 and then the plant was closed.

The actual decommissioning of the Rl reactor started in October 1981. The preparatory work
including a radiological survey and contact with the authorities started in 1979, eight years
after the plant was finally closed.

The work with declassifying the site started with decontamination and then the radiological
survey and if necessary another decontamination was carried out. The measurements for
declassification were carried out by smear tests and direct measurements and the limit for de-
restriction (release to unrestricted use) was set by the authorities to 8kBq/m2.

The solid waste produced during the decommissioning was packed in so-called Berglof boxes,
a steel box of 600 litres with lid. The boxes were measured and the limit for depositing the
boxes at Studsvik in a shallow land deposit was 5 kBq/kg. Waste with a higher specific
activity was stored in an intermediate storage. Each box was given a unique number, in order
to have a good tracability. There were also combustible waste produced, which was
incinerated at the Studsvik incineration plant. The total amount of waste generated during the
decommissioning of the Rl reactor was 1100 tonnes of concrete, 110 tonnes of metallic scrap,
5 tonnes of combustible waste, 6 tonnes of water and 52 tonnes of graphite.

Reactors R0 and KRITZ refs [2-3]

Two zero power reactors, the R0 and the KRITZ, in Studsvik were dismantled during 1982-
1985. During the radiological survey preceding the work only traces of radioactivity were
found. The decommissioning work was carried out according to the same principles as were
used for the Rl decommissioning. The biological shields were made up by concrete slabs,
which made the work of removing them much easier. The existing crane in the reactor hall
could be used.

Ongoing Work

At the moment there are two separate decommissioning activities going on at the Studsvik
site. The large active laboratory is presently subjected to radiological survey and
decontamination. The work is started in 1998 and according to the plans the work will be
completed at the end of 2000 or the beginning of 2001 and then the laboratory will be free-
released.

The old Van de Graaf laboratory has been radiologically mapped and been released for
unrestricted used. At the time of writing the laboratory is being pulled down and the site may
be used for other purposes.
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Conclusions

In just over 10 years, Studsvik has melted a total of about 5000 tonnes of very low-level scrap
metal generated by the nuclear industry. This has been conducted safely and reliably in
compliance with the relevant regulations and conditions, avoiding the exposure of individuals
to significant risks. Through the recycling of scrap metal as described above, the total risk is
considerably lower than that incurred with new metal production, not to mention the added
advantage of the environmental benefits of recycling. The total amount of metals being free
released is about 2500 tonnes.

The free release of sites and buildings started in Studsvik in 1981 and is still going on, with
new facilities taken out of operation. The work has been conducted in good co-operation and
good communication with the authorities.
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THE GERMAN CHERNOBYL PROJECT - LESSONS LEARNED

P.HILL, R.HILLE
Forschungszentrum Jiilich GmbH, XA9953152
Jiilich, Germany

Abstract

This report presents results and lessons learned by one of the so far largest assessments of a
post-accidental situation. Funded by the Federal Republic of Germany the German Chernobyl
Project investigated in the years 1991-1993 the radiological situation in contaminated regions
of the Russian Federation, Belarus and Ukraine. Measurements included a mass screening of
the population in order to determine the Cesium body burdens of 250,000+ individuals in
more than 240 settlements as well as the evaluation of external doses in selected settlements
with soil contaminations varying from less than 74 kBq/m2 to about 3700 kBq/m2 including
some, where decontamination measures had previously been taken. Also in many settlements
environmental monitoring was undertaken. For most individuals doses did not exceed the
international annual limits set for the general population. Open and comprehensive
communication of results was favourably accepted by the public. In a few settlements the
radiological situation has been followed up till to date.

Introduction

In the post-Soviet republics affected by the reactor accident at Chernobyl on 26 April 1986
there was a general lack of reliable information concerning the levels of radioactive
contamination of the environment and of foodstuffs. As far as data were communicated, they
were often insufficiently supported and explained. Not least, these circumstances led to
considerable disquiet and concern among the public, even at locations where contamination
was low or neglible.

In response to a relevant request for help by the former USSR the Federal Republic of
Germany performed a measuring campaign in contaminated regions of the three post-Soviet
republics Belarus, Russian Federation and the Ukraine in the years 1991-1993. For this
purpose, the Federal Ministry of the Environment, Nature Conservation and Nuclear Safety
made available funds of about DM 12 million.

Starting in 1991, a total of 22 vehicles with 27 measuring assemblies and more than 150 staff,
recruited on a voluntarily basis from various institutions in the Federal Republic of Germany,
were engaged in the first measuring campaign, lasting from mid-May to early October 1991
[1]. In the following two years the program was slightly reduced [2].

In order to assist in informing those affected and above all to determine their actual radiation
exposure, measurements included environmental measurements as well as incorporation
measurements and direct measurements of the external dose. Great store was set by the
comprehensive information of the population.

In the framework of several smaller research programs the radiological situation has been
followed up for some settlements till to date [3].
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Environmental Measurements

Within the environmental monitoring programme measurements in a settlement began by
determing the area dose rate and the soil contamination. Subsequently, basic foodstuffs, such
as water, milk, meat, potatoes, bread and cereals, were examined by gamma spectrometry as
an aid to interpreting the whole-body measurements. All foodstuff supplied by the public was
measured. Each participant received a certificate containing the results of the measurement
and a brief explanation in Russian.

A total of more than 4000 food measurements, more than 500 soil examinations and more
than 1000 area dose rate determinations were carried out. In 1991 the mean contamination in
Klincy county (Russian Federation) was about 130 Bq/kg. The contamination of 25% of the
227 milk samples taken there from private farms still exceeded the official limit of 370 Bq/kg.
More results are given elsewhere ([2] and references therein).

Incorporated Measurements

Internal exposure was expected to be due to radiocesium taken up with food. Even by the
IAEA project [4] in 1990 other y-emitting nuclides were not observed. On the basis of the
environmental and food measurements, a significant contamination of the population with Sr-
90 or Pu-239 was ruled out.

Three semitrailers were deployed in towns and major localities. In villages and youth camps,
smaller measurement vehicles were used. Typical values of the Minimum Detectable Activity
ranged from 0.25 - 1 kBq Cs-137, depending on the type of incorporation monitor used and
the local background activity. A total of 317,000 measurements were carried out to assess
body burdens of more than 250,000 different persons at more than 240 settlements in the ten
regions of Bryansk, Kaluga, Orel and Tula in the Russian Federation,; Gomel, Mogilev and
Brest in Belarus; and Kiev , Shitomir and Rovno in the Ukraine.

Results were classified into three categories (see Table I). The threshold between categories 1
and 2 corresponds to an internal radiation dose of 0.3 mSv per year.. The threshold between
categories 2 and 3 corresponds to a radiation dose of 1 mSv per year. In assessing the above
category limits it was assumed that the intake is by ingestion, the uptake and excretion are in
equilibrium and the measured value is representative of the measurement year. Results
category 1 do not give any cause for concern. Body burdens within the second category are
also sufficiently safe, but in this case it was recommended to limit the intake of highly
contaminated food (e.g. mushrooms, game). It was recommended that persons with body
burdens as high as category 3 should be treated as is common practice in the Federal Republic
of Germany for occupationally exposed persons, which means that they should be thoroughly
examined at least once a year and that the body burden should be controlled at regular
intervals.

Table I : Classification into categories as a function of measured Cs-activity

category 1
category 2
category 3

children
< 4 000 Bq
< 15 000Bq
> 15 000Bq

adults
< 7 000 Bq
< 25 000 Bq
> 25 000 Bq
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The results are compiled by states in Table II. Whereas 90 % of the results In total the fraction
of measurements in category 3 remained below 2%. The highest body burden observed was
770 kBq. For continous uptake of Cs-137 the annual dose limit of 50 mSv/a, still valid for
professional radiation workers in Germany, corresponds to a body burden of more than 1000
kBq.

Table II: Results of whole-body monitoring in 1991-1993

1991 Russia
1991 Total

1992 Russia
1992 Belarus
1992 Ukraine
1992 Total

1993 Ukraine
1993 Russia
1993 Belarus
1992 Total

1991-1993

measurements

163033
163033

49858
29229
11373
90460

36126
14836
12556
63528

317011

cat. 1

93.7%
93.7%

85.8%
95.2%
100%

90.6 %

84.5%
70.0%
83.8%
81.0%

90.3%

cat.2

5.3%
5.3%

11.7%
4.4%
0.0%
7.9%

11.9%
22.9%
12.4%
14.6%

7.9%

cat.3

1.0%
1.0%

2.5%
0.4%
0.0%
1.5%

3.7%
7.1%
3.8%
4.5%

1.8%

External Dose Assessment

In 1992 and 1993 supplementing personal dose measurements were carried out in about 100
selected settlements with varying Cs ground contamination (<74 kBq/m2 - 3700 kBq/m2).
They were mainly situated in the Russian Federation. In 1992 also settlements in the Gomel
region were included.

About 5500 personal dosemeters were distributed to the population .The dosemeter was a
tissue equivalent LiF thermoluminenscence detector of the type TLD-100. Detailed results are
given elsewhere ([2] and references therein).

Population Dose

Total annual doses to the population are obtained as the sum of external and internal dose.
Mean total doses are given in Ref. [5] for some selected villages. Highest doses were found in
Kirov (Narovlja county, Belarus) and Saborye (Krasnaya Gora county, Russian Federation),
where in 1993 an annual total dose of 4.1 mSv was observed. Both are settlements with a high
degree of self-sufficiency in food supply.

Follow-up studies ([3], [6]) in selected settlements of Belarus and the Russian Federation
confirm up to date a general downward trend of total annual dose with time, though this is
generally not true for the internal dose.
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Some Lessons Learned

Effective communication of the measurement results was an important prerequisite for
achieving the humanitarian goals of the measurement campaign. Certificates were issued
immediately after each measurement performed containing the results and a comment. This
was very well perceived by the population and helped to reduce unnecessary anxiety. To
achieve this , it proofed also to be important to perform measurements not only in the highly
contaminated areas, but in all areas contaminated by the accident. People in lower
contaminated areas had developed a psychological need to be taken ,care of, too. This need
expressed itself (e.g. in Shisdra county/Russian Federation) in an extremly high voluntary
participation rate in excess of 70% of the population. The participation of foreign experts in
the assessment helped in achieving an athmosphere of trust.

Scientists participating in the present follow-up studies experience a general lack of awareness
of the consequences of the accident in the population as far as daily life is concerned. Thirteen
years after the accident any advise must be adjusted to the individual situation of a person or a
family. General advice alone is not sufficient any more to achieve individual dose reduction.
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CRITERIA AND APPROACHES FOR THE REMEDIATION OF SITES
CONTAMINATED WITH NATURAL RADIONUCLIDES IN GERMANY

W. GOLDAMMER
Brenk Systemplanung GmbH,
Aachen, Germany

Abstract

In some parts of Germany substantial areas have been contaminated with naturally occurring
radioactive material (NORM) from past activities. Particularly important are residues from
past uranium mining operations (WISMUT), being subject to a massive 13 billion DM clean-
up program, as well as other mining activities dealing with elevated levels of NORM.

Decisions concerning the necessity and the required extent of remediation measures are based
on a combination of criteria addressing limitations of maximum individual doses for critical
groups as well as the optimization of the net benefit from the remediation. From these basic
requirements secondary criteria have been derived, defining, for example, soil contamination
levels below which a remediation is not required. The optimization analyses, carried-out to
identify optimal remediation options, address radiological risks as well as short and long term
costs within a cost-benefit analysis framework. Other relevant factors of influence, e.g.
chemical risks or ecological damage, are incorporated as well. Comprehensive methodologies
utilizing probabilistic methods have been developed to assess site conditions and possible
remediation options on this basis.

Introduction

The clean-up of contaminated sites requires appropriate and efficient methodologies for the
decision-making about priorities and extent of remedial measures, aiming at the two, usually
conflicting, goals to protect people and the environment by reducing detrimental impacts to
the extent feasible, and to save money and other resources.

Finding the cost-effective balance between these two primary objectives often is complicated
by several factors. Examples are incomplete data or a variety of different factors of influence
to be considered. Sensible decision-making in this situation requires the use of appropriate
methodologies and tools which assist in identifying and implementing the optimal solution.
The paper discusses an approach developed in Germany to achieve environmentally sound and
cost-effective solutions. This includes the discussion of approaches for mixed wastes, which
are of particular relevance for the reclamation of mining sites, but also have to be dealt with in
other areas.

Regulatory Approach

Within the German remediation program for mining sites, an Action Level of 1 mSv per
annum is used as a primary criterion for the identification of remediation requirements [1].
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This corresponds to a risk-based approach, within which decisions about reclamation
measures are based on actual risks to the population.

This primary reference level for the individual dose only partially meets the demand for easy
applicability, because the effective dose is a quantity which has to be calculated based on
measurements using exposure models and parameters. Therefore secondary reference levels
for measurable quantities such as activity concentrations have been derived from the Action
Level. These depend on current or planned land-use and are practically applicable even in
situations with a large number of small sites [2].

The planning and implementation of remedial action at sites exceeding the Action Level is
based on the optimization principle. Its application is discussed in the following section.

Assessment Methodology for Complex Sites

The German mine reclamation program is faced with a large number of small residues,
partially dating back to Middle Age mining activities. The uranium mining by WISMUT after
World War II also resulted in several relatively small sites. In addition to these, however, a
few very large uranium mining and processing sites have been established [3,4].

The environmental situation at these sites is very complex. There is a large variety of different
types of wastes present, some of which represent huge volumes in the order of 100 million m3.
The clean-up of these contaminated sites must take into consideration a variety of different
contaminants and risks to humans and the environment arising on various exposure pathways.
A particularly important aspect for assessing the clean-up measures required is the
combination of radiological and non-radiological risks involved. In general, the following
factors must be included in the investigations:

• Radiological risks through external irradiation and incorporation of radioactive
substances.

• Risks from carcinogenic substances such as arsenic and organic contaminants.
• Possible health damage through toxic substances such as heavy metals in the

uranium ore or chemicals used in the uranium extraction process.
• Damage to ecosystems, especially lakes and rivers, by contaminants discharged

into them.
• Damage to resources, such as the contamination of groundwater aquifers.
• Direct physical risks, e.g. the danger of dam failures.
• Risks entailed by the clean-up activities themselves, e.g. additional release of

contaminants, or traffic accidents when transporting materials on public roads.

The relative significance of these different risk components cannot be determined in general,
because substantial differences exist between the individual sites with regard to contaminant
levels and land-use of the surroundings. Comprehensive planning of the clean-up operations
must therefore be capable to take each of these risk components appropriately into
consideration.

Traditionally, the assessment of the hazards and risks is made under various jurisdictions with
different philosophies, methods and standards. This separate assessment, however, does not
give due consideration to the overall risk originating from a site and can therefore lead to
inappropriate decisions. Under unfavorable circumstances this can result in clean-up measures
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which, for example, improve the radiological situation but produce undesirable consequences
for other environmental aspects. Furthermore, the positive effect achieved by clean-up
activities usually appears in several environmental contexts. For example, covering a heap or
tailings impoundment can at the same time lead to a reduction of radon released into the air
and a reduction of radioactive and non-radioactive contaminants discharged into rivers. The
determination of cost-efficient clean-up measures requires in this situation cost/benefit
considerations, which take into account all improvements achievable in the different sectors
on a common basis and relate them to the required financial expenditure.

In such situations, quantitative risk assessments can only be performed if a common
assessment basis for the different risk components is available. This can then serve to identify
appropriate protection and clean-up measures for the respective objects and sites. This makes
it necessary to develop an assessment approach with which all relevant risk and damage
components can be quantified consistently in an integrated method. Decisions aiming at a
cost-effective use of financial resources can then be based on a quantitative analysis,
determining to what extent clean-up measures should be implemented for individual objects,
exposure pathways and risk components, and as from which level of protection further efforts
for reduction of risk would no longer be considered reasonable.

On this basis, an integrated assessment methodology has been developed. Its main goals
consist of the following aspects:

• Making the different risk and damage components quantitatively accessible.
• Establishing a basis for comparing the various possible risks to human health and

the environment.
• Allowing for quantitative optimization decisions by determining the willingness

and ability of society to pay for the prevention of risks and damage.

Substantial work for developing the integrated assessment approaches described below has
been carried out within the scope of research projects commissioned by the German Federal
Ministry for the Environment, Nature Conservation and Reactor Safety. A provisional conclu-
sion of this work, which has already been running since 1990, was recently reached with the
submission of a summarizing report [5]. An overview is given in [6]. Although the
development of these methods is an ongoing process, an approach now exists whose practical
viability has been demonstrated by application within the scope of a number of important
clean-up decisions.

An important element of the developed approach is the monetarization of risks and damages,
making them comparable with each other and with the financial expenditures required for the
reclamation work. The assigned monetary equivalent can be considered as a measure for the
societal willingness to pay for preventing the respective damage (statistical risks for lethal and
non-lethal diseases, damage to resources such as drinking water, damage to ecosystems). The
data basis used to define the parameter of the monetarization (so-called "conversion factor a")
reflects this definition and is based upon payments actually made or investigations of the
willingness to make payments in order to prevent or mitigate damage in the specified
categories.

Setting out from the monetarization of the damage, it is possible to make a comparison with
the short-term and long-term financial expenditures, which can be brought to a common
reference basis by appropriate discounting techniques.

83



The different aspects of risk reduction and the expenditure necessary for implementation of
the remedial measures, are assessed within the scope of a costs/benefits analysis for the clean-
up options to be considered. The final result consists of recommendations for clean-up
measures which combine economic aspects with ecologically sound clean-up measures
consistent with the overall goal of a sustainable development. Examples for the application of
this approach are given in [7,8].

The described approaches have been developed and tested with regard to concrete situations,
particularly in connection with the clean-up at uranium mining sites in Saxony and Thuringia.
So far no legally binding stipulation for the concrete application of these or other methods
from the German Federal Ministry for the Environment or from the responsible government
authorities of the federal states exist. This will only be possible after a still outstanding
comprehensive discussion of the presented and possible alternative approaches, which will
probably take a considerable amount of time. In the opinion of the responsible government
authorities, however, it is nevertheless possible and appropriate, to apply the presented
methods to concrete cases already now. On the one hand, this assists further qualification of
these methods, and on the other hand relevant results are obtained for the required clean-up
decisions. The extent to which the actual decisions for clean-up operations are based on the
results of these methods, is determined individually on the merits of each case.

Conclusion

An overview of approaches to address the environmental problems associated with the
reclamation of residues from uranium mining in Germany has been given. These approaches
are also applicable to other environmental restoration activities. Key elements are the
limitation of individual risks applying an Action Level concept and the derivation of monetary
equivalents to the various kinds of risks and damages incurred by theses sites. This serves as a
basis for a cost-benefit analysis for the determination of the optimal clean-up option.
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ASSESSMENT OF RADIOLOGICAL HAZARDS OF TIN MINING AND ORE
PROCESSING IN JOS, NIGERIA

I. IBEANU XA9953154
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Zaria, Nigeria

Abstract

On the Jos Plateau were found uncontrolled tailing heaps generated from Tin Mining Activities.
To assess the associated radiological hazards, an abandoned tailing dump ground was
investigated with the residents as the critical population. The mean activity concentrations of 40K,
226Ra and 232Th in the 60 analyzed soil samples were 1251.7±478.4, 3867.5±1282.7 and 8301.9±
2862.6 Bqkg"1, respectively with a mean computed dose rate of 7.2±1.6 (aGyh"1. An annual mean
outdoor effective dose of 8.9±0.9mSvy"' was estimated. Also the activity concentrations of 40K,
226Ra and 232Th in the 60 control soil samples were 447.0±68.0, 37.4±7.4 and 115.4±16.7 Bqkg"1,
respectively with a mean dose rate of 0.11 ±0.01 (iGyh"1.

To account for the internal exposure, vegetables and root crops commonly grown and consumed
in the area were assayed. Six varieties of vegetables and five varieties of root crops were
analyzed. An internal annual mean effective dose of 148.98±8.14|iSvy"1 was estimated.

The verification of dose limit compliance for members of the public demands that:

External Dose Intake (ingested) Intake (inhaled)
+ + < i

Dose Limit ALI (ingestion) ALI (inhalation)

Based on obtained data above, there is non-compliance with the dose limit, since the first term of
the compliance formula is much greater than unity. There is therefore a need for an intervention
to prevent radiation over exposure of the members of the public.

The calculated cancer mortality risk for external and internal exposure scenarios for 226Ra and
232Th were (1.67±0.33) x 10"6(0.00017%) and (3.41±0.14) x 10"6(0.00034%) , respectively. The
226Ra radionuclide contributed about 96.09% of the risk in the external scenario with only 3.09%
from the 232Th while in the internal, the 226Ra contributed only 70.38%. The combined external
and internal (ingestion) risk is (5.08±0.36) x 10"6/year.

Introduction

Tin mining and ore processing have a long history in the Plateau State with Jos as capital.
Babalola (1984) showed that tin ores and the associated wastes contain monazites, zircons. He
measured thorium and uranium activity concentration levels of 753960 Bqkg"1 and 18300 Bqkg"1,
and 585040 Bqkg"1 and 10126 Bqkg"1 from monazite and zircon components respectively of the
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tailings. It was observed that these tailings were sporadically spread over large areas around the
tin worked environments and worse still, the villagers reworked these tailings, used them for
building materials and farmed the lands. Ibrahim and Whicker (1988) reported on the uptake of
radionuclides by plants/crops grown on radioactively contaminated soil and deposition on forage.
A major concern is that the exposed natural radionuclides may gain access into man via two main
critical pathways, which include external irradiation by gamma rays and internal irradiation by
inhalation of radon gas from ore dust, and by ingestion of radioactively contaminated food.

In the light of the subject matter, this study was undertaken to assess the radiological danger of tin
mining activities in Jos, Nigeria. It was aimed at locating an active tailing dump ground,
characterizing the radioactivity distribution of the soil and commonly cultivated/consumed food
items, and finally to quantify the potential radiological hazards to the members of the public.

Methods

Preliminary Studies

A feasibility study of three tin worked environments (Mista ali, Sabon-gida and Kuru karama)
was undertaken, which assisted in the selection of a critical location for the proposed study. Kuru
Karama (Jos) tailing dump ground was a choice for the study due to its relatively recorded higher
activity concentrations for both soil and tailing samples.

Field Measurements and Sampling Procedures

The plot was partitioned in grids of 10m by 10m spacing for detailed radiometric investigations.
In-situ gamma radiation measurements were made with Nal(Tl) detector mounted at lm above
ground level. The device was regularly checked with Cs standard source. 10 readings were
taken per spacing and a mean deduced. Time interval before successive readings was about
15seconds. Soil samples were collected on grid points at the rate of about lkg per sample. A total
of 60 Kuru and 60 control soil samples were collected. Each collected soil sample was emptied
into a polyethylene-sampling bag, tied and labeled.

Commonly cultivated and consumed food items were sampled. These include the following
vegetables: (10) lettuce (lactuca sativa), (12) cabbage (brassica var.), (10) karkashe (radiatum
sesanum), (15) spinach (amaranthus tricolor), (10) green beans (vigna ungniculenta) and (10)
garden egg (solanum sp) and root crops - (12) cocoyam (colocasia esculenta), (10) cassava
(manihot esculenta), (10) sweet potatoes (ipomoea batatas var.), (05) onions (allium cepa var.)
and (08) carrot (daucas carota var.).The samples were collected from the farmers from their
respective farms. The initial sampling was made in March/April 1996 and repeated in Nov./Dec
1996 to account for the two seasonal variations in Nigeria. Numbers in bracket indicate number
of samples analyzed.

Sample Preparations

Soil samples were oven dried to approximately constant mass at a temperature of 110°C. The
samples were ground to fine powder, packed to fill cylindrical plastic containers of dimension
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7.2cm diameter by 6.0cm high, which accommodated about 350g mass of soil, a selected optimal
sample container height that allowed for closed shield analysis. The chosen configuration and
geometry was maintained throughout. The samples were triple sealed and stored for 20 days to
enable the uranium and thorium get to equilibrium with their daughters. The IAEA gamma
spectrometric reference materials (RGK-1, RGU-1 and RGTh-1) were packed in similar
container, sealed and stored in identical manner.

Sample Analysis

A 7.62cm by 7.62cm Nal(Tl) detector assembly enclosed in a 6cm lead shield with an inner lining
of cadmium and copper sheets was employed in the analysis. The three differential spectrometry
channels, which include 1460keV, 1764keV and 2614keV energy peaks were used for the
determination of 40K, 22 Ra and 3 Th, respectively. The detector assembly was coupled to a
computer based multichannel analyzer (MCA) card ACCUSPEC and the MCA initially calibrated
with standard isotopic sources (' 7Cs, Co and 4Mn).. The amplifier gain was set at 4.55 and the
energy range of interest of the MCA set at 3000keV. An energy resolution of 7.2% of 661.6keV

137, 54Mn and 60Co were identified after 30 minutes137Cs was measured. The photopeaks of 1J'Cs,
counting time and the regions of interest marked from 570-735keV, 765-900keV, 1100—
1245keV/1255-1420keV, respectively. The detector was re-calibrated using the RGK-1, RGU-1
and RGTh-1 reference materials for the quantitative determination of 40K, 226Ra and 232Th in the
samples. The energy windows of interest were set from 1380-1550keV for 40K, 1620-1820keV
of 214Bi for 226Ra and 2460-2820keV of 2O8T1 for 232Th.

The soil samples were mounted on the surface of the detector and each counted for 6hrs in
reproducible sample-detector geometry. Similarly, each food sample was counted for a minimum
counting time of lOhrs. An ACCUSPEC software was used for data acquisition, processing and
interpretation of gamma spectra. It provides its result in counts/sec (cps). The reference materials
were equally counted and the calibration factors evaluated as shown in Table 1.

Table 1 - Energy Calibration for Quantitative Spectral Analysis

Isotope

4 0 K

2 2 6Ra
232 T h

Calibration Factor

xlO"3

cps/ppm
0.026
10.500
3.612

xlO4

cps/Bq-kg"1

6.431
8.632
8.768

Conversion
Factor

Bq-kg"'/ppm

0.032
12.200
4.120

Detection Limits*

Ppm

454.54
0.32
2.27

Bq/kg

14.54
3.84
9.08

• At 95% Confidence Interval (Calculated from experimental results)

Results

The computed dose rates in air at lm above ground level in Jos ranged from 0.6-45.2(j,Gyh~' with
an arithmetic mean of 7.2±1.6|iGyh"1 while 0.11 ±0.01 (iGyh"1 was recorded at the control area.
The measured mean activity concentration levels in Jos soil and assayed food items with the
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corresponding annual mean effective doses are as shown in Table 2. The activity concentration
levels in the control soils are 447.0±68.0 for 40K, 37.417.4 for 226Ra and 115.4116.7 Bqkg"1 for
232Th. The 232Th/226Ra ratios for Penang (Malaysia, Chong et al, 1985) and Jos (Nigeria) soil data
are 1.74 and 2.14, respectively. This shows that the two results are comparable as tin mining
environments and supports thorium enhancement. The control soil data are comparable with the
world mean values for a normal environment whereas the Jos soil data are factors of about 154
and 332 the world mean values for 226Ra and 232Th, respectively. This is an indication that the
area is a high background area using Burton (1998) criterion.

Table 2 - Mean Activity Concentration and Annual Mean Effective Dose

Sample Type

Soil**

Vegetable*

Root crop*

Veg. & R/crop

Number of
Samples
Analyzed

60

67
(6 varieties)
45
(5 varieties)

Mean Activity Concentration (Bqkg"1)

4UK 226Ra
232Th**(228Th)*
12511478 386711282 830112862

(420-7824) (120-14010) 270-49892)
39.3813.47 2.1710.24 2.0210.37
(6.72-84.02) (0.01-7.77) (0.02-7.65)
15.8711.12 1.6510.13 3.2710.18
(2.05-61.57) (0.02-7.65) (0.02-9.02)

Mean Dose/yr

*|U,Sv **mSv

8.9010.90

75.6716.18

73.3115.30

148.9818.14

* fresh weight, ** dry weight

The mean ratio of Th/ Ra in the analyzed soil samples is approximately 2.14 as against 1.92
observed in the food items. On the average, thorium absorption was preferred to radium. This is
in agreement with Holtzman (1980) second statement that special situations in which thorium is
concentrated in an environment can substantially increase the thorium dietary levels hence the 228

Th/226Ra would be greater than unity. It was observed that ipomoea batatas absorbed the highest
226Ra and 228Th concentration levels of 4.3210.17 and 6.3510.05 Bqkg"1, respectively. The
preferential absorption of 228Th to 226Ra by ipomoea batatas is in good agreement with the work
of Lalit and Ramanchandran(1980) in Kerala (india). By the present study, 228Th/226Ra is 1.47 as
against 1.23 by the Lalit and Ramanchandran. Similarly, the ratio of 228Th/226Ra in amaranthus
tricolor reported by Lalit and Ramanchadran was 0.83 as against 0.71 obtained by the present
study. All the sampled food items absorbed 40K relatively higher than the other two radionuclides.
This is due to the fact that potassium is an essential element and plants are incapable of isotopic
differentiation. It was observed that the activity concentration ratios of unwashed to washed for
40K, 226Ra and 228Th in the vegetables were relatively of the order of 1.02-1.29, which is an
indication that washing reduces the surface contamination levels. The mean intake levels of 40K,
226Ra and 228Th in the vegetables and root crops are 7.4210.71(4.69-11.60), 0.4610.04(0.23-0.69)
and 0.4310.04(0.29-0.91) and, 3.4110.26(2.26-4.15), 0.4610.04(0.24-0.93) and 0.7110.03(0.45-
1.36) Bq, respectively. The values in parenthesis are ranges.
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Conclusion

The verification of dose limit compliance for members of the public demands that:

External Dose Intake (ingested) Intake (inhaled)
+ + < 1 (Cember, 1988)

Dose Limit ALI (ingestion) ALI (inhalation)

Based on obtained data above, there is non-compliance with the dose limit, since the first term of
the compliance formula is much greater than unity. The calculated cancer mortality risk for
external and internal exposure scenarios for 226Ra and 232Th were (1.67±0.33) x 10~6(0.00017%)
and (3.41+0.14) x 10~6(0.00034%) , respectively. The 226Ra radionuclide contributed about 96.09
% of the risk in the external scenario with only 3.09% from the 232Th while in the internal, the
226Ra contributed only 70.38%. The combined external and internal (ingestion) risk is (5.08±0.36)
x 10"6/year. It should be noted that the inhalation aspect has not been addressed and it is also an
important radiation exposure pathway due to the presence of radioactive ore dust/radon gas in the
atmosphere. Metal mining activities can be friendly to the inhabitants of the source area when the
programme receives properly planned and carefully execution stages otherwise it is hazardous. To
avoid radiation over exposure of the inhabitants via direct irradiation an intervention measure
must be taken to mitigate the consequences of the potential radiation exposure due to the tin
mining activities in the Jos environment.
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Appendix

The accuracy of the work was checked via the analysis of the IAEA supplied gamma
spectrometric reference materials.

Certified Values
(ppm)

40K 448000.00 ± 3000.00
226Ra 400.00 ± 2.00
232Th 800.00 ±16.00

Precision
40K 0.34%

226Ra 1.42%
232Th 1.31%

[Soil mass = 35Og]
[ 1 Hr counting time]

This Work
(ppm)

448007.77 ± 2459.06
402.86 ± 3.26
800.11 ±7.84

91



- l Si/9?
ESTABLISHING COMMUNITY TRUST AT RADIOACTIVELY CONTAMINATED
SITES

E - S I M P S 0 N XA9953155
United States Environmental Protection Agency - Region 2,
New York, New York, United States of America

Abstract

Establishing community trust is an essential element in the successful remediation of a
radioactively contaminated site. The U. S. Environmental Protection Agency (EPA), Region
2 has been involved in the clean up of numerous radioactively contaminated Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA), Resource
Conservation Recovery Act (RCRA), and Formerly Utilized Site Remedial Action Program
(FUSRAP) sites in New Jersey and New York. Each site presented a unique challenge which
centered around establishing and, often, re-establishing the trust of the surrounding
community.

Thanks to the United States government's history regarding the use of radioactive materials,
people question whether governmental regulators could possibly have the public's best
interests in mind when it comes to addressing radioactively contaminated sites. It has been our
experience that EPA can use its position as guardian of the environment to help establish
public confidence in remedial actions. The EPA can even use its position to lend credibility to
remedial activities in situations where it is not directly responsible for the clean-up.

Some ways that we have found to instill community confidence are: establishing radio-
analytical cross-check programs using EPA's National Air and Radiation Environmental
Laboratory to provide analytical quality assurance; and establishing an environmental
radiation monitoring program for the contaminated site and surrounding community.

Cross-checks
Brookhaven National Laboratory (BNL) is a Department of Energy (DOE) research facility
and Superfund site, located on Long Island, New York. BNL is a host laboratory for academic
institutions to perform research in solid state and high-energy nuclear physics, nuclear
medicine, biomedical and environmental sciences, and selected energy technologies.
Facilities supporting this research include nuclear reactors, particle accelerators and a host of
others involved in biomedical, chemical, and materials research. A new unit, the Relativistic
Heavy Ion Collider, will be operational by the end of 1999. These facilities are all possible
sources of radiation exposure to the environment.

BNL became a Superfund site when it was included on the CERCLA National Priority List in
1989. This results from over 50 years of research and waste management activities taking
place at the laboratory. The contamination itself ranges from volatile organic compounds to
radioisotopes impacting area surface water, groundwater, soil, river sediment, and local fauna.
When it became widely known in 1997 that tritium from an onsite research reactor, was
contaminating the groundwater at the laboratory, the surrounding community became
incensed. The undercurrent of community suspicion that existed was based both on BNL's
history of environmental releases and the seemingly innate suspicion that the public has
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concerning radiation. News reports chronicling the steps taken by BNL to characterize and
contain the contamination source became commonplace in local and even national
newspapers.

The atmosphere of community distrust for BNL was such that a congressional level of inquiry
was directed towards the lab. In 1998, the Secretary of Energy decided to terminate the 50
year old relationship between Associated Universities (who managed the lab) and DOE. This
decision was based, in part, on the laboratory's loss of the public's trust [1]. During this
period, community interest in BNL was so intense that an individual's political stand on
Brookhaven and the environment became a platform for those seeking election or re-election
to public office.

The idea of radioactive water outraged the community and spurred a number of environmental
interest groups into actively campaigning to have the laboratory shut down. This situation
generated a great deal of negative publicity for the lab even though none of the tritium
contaminated water had migrated offsite. Also, it should be noted that all of the surrounding
community was either connected to a municipal water supply or had been slated to be
connected in the near future. So, there was little likelihood that any of the tritiated water
would be ingested by members of the public.

Though there was no immediate health risk posed by the tritium contamination, there was a
perceived threat to the environment and public health. In the light of these circumstances,
BNL launched an aggressive program of environmental sampling and characterization to
assess the impact and extent of the contamination. The public was kept apprized of findings in
the form of press releases and public meetings as soon as sample results had been validated.
Despite BNL's efforts, any information and/or assessment provided by the laboratory was
seen as less than credible by the public.

EPA offered to participate in characterizing the tritium contamination by having EPA's
National Air and Radiation Environmental Laboratory (NAREL) analyze ground water
samples. In this way, EPA could provide the public with assurance that an outside regulator
was looking over Brookhaven and the Department of Energy's shoulders during the process.
Likewise the cadre of DOE scientists assessing the extent of the contamination could utilize
EPA's confirmatory data to support their findings from a quality assurance perspective and
bolster their credibility in the community.

In the case of BNL, EPA was not content to analyze just a percentage of the water samples,
but opted instead to analyzed splits of all water samples taken during the plume
characterization phase. EPA was mindful of the limitation of its own laboratory, however, and
planned a phased approach for the analysis of the several thousand samples generated. In
order to address the acute public interest and support the water analyses performed by BNL,
EPA chose to rapidly analyze the initial phase of tritium samples. With good correlation
between the analytical results presented by BNL and those obtained by NAREL, BNL was
able to prove to the community that their data and analyses were reliable. Having provided
this assurance, it was possible for EPA to scale back the tritium analysis. EPA would continue
to perform a full 100% of the analysis, but the timing of the results would not be as critical, so
NAREL's resources could be more liberally dedicated to other EPA projects.

Brookhaven's tritium plume is currently being addressed as a part of OU III of many ongoing
onsite Superfund remedial actions.
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Environmental Monitoring Programs

Environmental restoration projects generate a flurry of activity that is highly visible in the
surrounding neighborhood. Although access to a work area is typically tightly controlled, site
workers are often visible in and around the vicinity wearing respirators and protective
clothing. Also, the sights and sounds of heavy machinery are a dead giveaway that something
is afoot as excavation activities takes place inside. These site activities tend to first arouse
public interest as to what is going on inside. The initial curiosity quickly becomes concern
when it becomes known that radioactive materials and contamination are being handled
within.

It is understandable how the sight of workers in respirators and protective apparel can cause
people near an active clean-up to wonder about personal safety. In situations such as this,
there are questions from the public that can be easily anticipated. The questions invariably
revolve around impacts to themselves, their children and the environment. Air
sampling/monitoring is a good way to provide answers for these questions and help instill
confidence in the community.

EPA has a long history of providing environmental monitoring data through its Environmental
Radiation Ambient Monitoring System (ERAMS). ERAMS was originally designed as a
means to track radioactive fallout trends in the United States from domestic and international
above ground atomic bomb testing. More recently, it was used to track fallout from the
Chernobyl reactor accident. For EPA to install a limited number of air/radiation monitors
focusing on radiation trends around a site is an extension of services that are already provided
by NAREL in support of the ERAMS network.

EPA is currently developing a pilot Community Based Environmental Radiation Monitoring
(CBERM) program to provide a means by which the public surrounding a radiation clean-up
can access accurate environmental monitoring data. The public needs unbiased, accurate, and
understandable information on which to base opinions and decisions when it comes to
radiation and the environment. C-BERM involves partnering with the community and
allowing their concerns to shape the environmental monitoring program. If the public has
input on where to sample and what to sample, their level of confidence in site activities will
increase.

Our vision involves providing real-time measurements and an environmental sampling
program. Another component of our vision is that all environmental data collected be
accessible via the Internet through the use of an EPA website. This information will help to
demystify radiation and provide a greater degree of comfort in the community.

Conclusions

In EPA, Region 2, we feel that cross check programs and active monitoring are of great use in
building community confidence at radioactively contaminated sites. These measures can also
be used to build public confidence outside of the realm of contaminated sites, however.
Research institutions that perform experiments in nuclear and high-energy physics have come
under increasing pressure from the community because of their use and production of
radioactive materials. To this end, EPA confirmatory cross-checks and CBERM can be used
to address community concerns about environmental radiation impacts regardless of the
source.
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THE INFLUENCE OF DISPOSAL CAPACITY ON THE COURSE OF SITE
REMEDIATION
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Abstract

The availability of, or more accurately the lack of, disposal capacity has altered the course of
decontamination and decommissioning of radioactively contaminated sites. Political
sensitivities in the 1970s caused a congressional restructuring of the disposal system in the
United States. At the same time, the 1970s saw a movement towards reexamining many
previously decontaminated facilities with a new emphasis on environmental protection.

A reexamination of accessibility to disposal capacity began in the 1980s because the three
states with disposal facilities wanted to restrict use of their facilities and create new capacity
in other states. The passage of the federal Low-Level Radioactive Waste Policy Act and
Amendments Act permitted states to form compacts to restrict use of disposal facilities in
their region. The Amendments Act also permitted the collection of surcharges that ultimately
increased the cost of disposal by 300% within a decade.

Radioactive facilities that were reevaluated include radium facilities of the first decades of the
Twentieth Century, government and private facilities that took part in atomic weapon
development during the World War II era, and older facilities licensed under the Atomic
Energy Act in the latter half of the century. The reevaluations resulted in modern day
conclusions that further remedial actions may be needed. The solution appeared
straightforward: removal of the radiological contamination that is in excess of current day
environmental standards.

The large volumes of slightly contaminated debris and the limited, costly disposal capacity
have created a need for alternatives to excavation and removal. Some of the techniques have
created opportunities such as specialized disposal sites (e.g., Envirocare), reuse of
contaminated metals, more aggressive decontamination processes, and recycling (e.g., mill
reprocessing).

Former Radiation Sites

Public health and environmental concerns over uranium mill tailings culminated in the
passage of the Uranium Mill Tailings Radiation Control Act of 1978 (P.L. 95-604)
authorizing the U.S. Department of Energy (DOE) to remediate inactive mill sites and
associated contaminated properties. Thousands of properties contaminated with tailings were
remediated to U.S. Environmental Protection Agency (EPA) standards (40 CFR 192). Where
possible, the remedial action involved returning off-site contaminated material to the
originating mill tailings sites. In the case where urban development surrounded the tailings
pile, the pile was relocated, as was the case with the Vitro mill site in Salt Lake City. A
natural extension of the investigation of contamination from inactive uranium mill tailings
sites was the investigation of an even earlier industry: the processing of ore for its radium
content in the first quarter of the Twentieth Century.
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This lead to finding radium contaminated sites in western states where the ore was mined and
in the northeastern states where dial painting took place. Many properties in Denver,
Colorado, were contaminated from the National Radium Institute's work to produce radium
for continued domestic research and medical care during World War I. Portions of several
towns in Illinois, New Jersey, New York and Pennsylvania were contaminated with radium
waste from the processing of carnotite to produce radium and/or the painting of watch dials.

Radium necrosis was first observed in the New Jersey dial painters who ingested radium by
tipping the paint brushes in their mouths. In 1929, radium necrosis was recognized as a
compensable disease under the New Jersey Workmen's Compensation Act. But the legacy of
this first US radium site was not over. In 1991, the New Jersey Supreme Court determined
that the radium company, that is still in existence, is liable for present-day cleanup and
damages because it knowingly engaged in abnormally dangerous activity 50 years ago. The
Court ruling stated Aradium has always been and continues to be an extraordinarily dangerous
substance."

About the same time, the U.S. Department of Energy initiated a review of all federally owned
or operated facilities that operated in the 1940s - 1960s under the U.S. Army Corps of
Engineers' Manhattan Engineer District and the U.S. Atomic Energy Commission. Most of
the sites were previously decontaminated to meet the health and safety standards of those
times. However, the 1970s reevaluation indicated a majority of the sites needed more
investigation to determine if they would meet current environmental standards. After
investigation, the DOE determined that one-third of them (31) needed further consideration.
Additional sites would be added as the program continued. The review program and
subsequent remedial actions were performed under the Formerly Utilized Sites Remedial
Action Program (FUSRAP). As a result of congressional action in 1997, the U.S. Army Corps
of Engineers is now responsible for the implementing remedial action at many of the same
sites which became contaminated as part of the development of the atomic bomb over fifty
years ago.

Early Commercial Low-Level Radioactive Waste Disposal Facilities

In rapid succession, six disposal facilities came on-line: Maxey Flats, Kentucky (1963);
Beatty, Nevada (1963); West Valley, New York (1963); Richland, Washington (1965);
Sheffield, Illinois (1967); and Barnwell, South Carolina (1971). Over the next ten years, the
annual volumes of low-level radioactive waste accepted at these six sites increased steadily.
By 1980, the amount of low-level radioactive waste going to the three operating commercial
disposal sites was approaching 93,000 cubic meters.

In the late 1970's, there was a series of packaging and transportation accidents involving low-
level radioactive waste. In addition, primarily as a result of poor site performance, the sites in
Illinois, Kentucky and New York closed in 1975-1978. The governors in the states with the
remaining sites became concerned that they would to be the only states continuing to bear the
burden of burying the entire country's radioactive waste. At the urging of the Nevada, South
Carolina and Washington governors and with the support of the National Governors
Association, the U.S. Congress passed the 1980 Low-Level Radioactive Waste Policy Act.

The 1980 Act was deceptively simple. Each state was responsible for providing disposal
capacity for the low-level radioactive waste generated within its borders, and states were
allowed to enter into compacts with other states to develop new disposal capacity by January
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1, 1986. After this date, a compact, with congressional consent, would be able to exclude,
with congressional consent, waste from non-member states. When the deadline approached it
become clear that no new disposal capacity would be available by 1986.

Increased Disposal Difficulties

The majority of wastes disposed at the commercial disposal facilities are resins, protective
clothing, biological tissue, radioactive sources, syringes, etc., from such activities as the
production of electricity at nuclear power plants; research and development at pharmaceutical
companies and other industries, universities and medical schools; and diagnostic or
therapeutic medical care. Slightly contaminated soil, concrete, tree trunks and other debris
were not a significant part of a commercial disposal facility's waste streams. In addition,
wastes contaminated with naturally occurring radioactive materials such as radium or
uranium/thorium mill tailings generally are not acceptable at these commercial disposal
facilities. Another difficulty is that some of the radioactively contaminated waste was also
commingled with hazardous chemicals, thus becoming mixed waste. The Amendment Act
clarified that states were not obligated by federal law to provide disposal for naturally
occurring radioactive materials or radioactive waste from the Formerly Utilized Sites
Remedial Action Program, but the states voluntarily can provide disposal for these wastes.

Amendments to the law, the 1985 Low-Level Radioactive Waste Policy Act Amendments
(P.L. 99-240), were needed to "encourage" timely development of new disposal capacity. The
Amendments Act established a series of milestones for compacts or states to achieve in order
to continue to use the three operating disposal facilities. States had to demonstrate progress by
joining a compact, selecting a host states, developing a siting plan, selecting candidate sites,
characterizing sites, submitting a license application, obtaining an operating license, and
finally opening new disposal sites to receive radioactive waste generated within the state or
compact. Unfortunately the past twenty years have shown this to be a difficult task: full of
unpredictable technical, regulatory and political turns.

The 1985 Amendments Act stipulated milestones, surcharges and penalties for states to meet
over a seven-year period from planning to opening new disposal capacity. The surcharges that
started out at $10 per cubic foot in 1986 reached $325 per cubic foot by 1995. By the mid-
1990s, the surcharge was more than three times the base disposal charge at Barnwell.

In the early 1970s, there were six states with disposal sites. By the late 1970s, there were
three. Federal law stipulated that the three sites remain open to waste from other states until
1993, provided progress was being made in developing new capacity. By 1988, there were 13
states undertaking activities to site and develop new disposal capacity with Nevada, South
Carolina and Washington providing conditional access to their disposal sites. At present,
states or compacts have developed no new disposal capacity, and essentially all siting or
licensing activities have ceased. States and compacts are in the process of reassessing their
options as the private sector responds to the lack of cost-effective disposal.

Increased Waste Management Options

During the early 1980s, the DOE characterized the extent of contamination and began
consolidating off-site contaminated soils into storage piles at the FUSRAP sites. Concurrently,
the DOE wanted each state with significant quantities of FUSRAP waste to develop disposal
capacity. The DOE's FUSRAP activities in New Jersey consolidated over 140,000 cubic
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yards of uranium, radium and thorium contaminated soil and debris into three storage piles.
As the disposal solution remained elusive, the DOE would place greater and greater emphasis
on techniques that would reduce the amount of radioactively contaminated material requiring
excavation or disposal.

One of the first remedial actions to stress the disposal system was radium-contaminated soil
from New Jersey. Under the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA), the EPA initiated a removal action in 1985 to excavate radium
contaminated soil from residential properties in Montclair and Glen Ridge, New Jersey, with
the highest radon progeny levels. The radium-contaminated soil was to go to the Beatty,
Nevada, site. When Nevada became aware of the soil quantities, the State and Clark County
protested and instituted a new permitting requirement that New Jersey was unable to meet. As
a result, 14,000 containers of radium contaminated waste remained in storage for several
years. The radium waste was finally disposed when it was used as fill to pack tritium
contaminated respirators going to Washington for disposal. Shortly thereafter, Washington
instituted a new regulatory requirement that limited disposal of naturally occurring radioactive
materials, including radium-contaminated soil, to 1,000 cubic feet per year per waste
generator.

In 1988, a new facility was licensed by Utah that specifically addressed the need for disposal
of large volumes of low-activity radioactive waste. The disposal facility was located on land
adjacent to the Vitro mill pile relocated from Salt Lake City. Envirocare of Utah purchased all
the land that was previously characterized by the DOE for the relocation of the Vitro pile. The
facility used a mill tailing disposal design for the disposal of the large volumes of low-activity
waste from radium sites.

Each time the surcharge increased for the use of disposal facilities subject to the Amendments
Act, it became more economically attractive for the nuclear industry to expend greater efforts
to look for a means to reduce disposal volume and/or find disposal elsewhere. Additional
techniques were developed to minimize waste generation during operations, to segregate and
sort waste materials for decontamination, recycling or disposal, and to reduce waste volume
by melting, compacting or incinerating. Although these techniques reduced the amount of
contaminated material requiring disposal, there still is a need for additional economical
disposal.

The Future

By the end of the 1990s, sites that in the past would not have considered accepting radioactive
materials may become available for remedial action wastes. The volumes of contaminated
soils and debris from one remedial action site can exceed the entire annual volume of low-
level radioactive waste typically disposed by nuclear power plants, universities, medical
facilities and industry. Mill sites, tailings sites, and hazardous waste sites are becoming
interested in receiving part of the millions of cubic meters of contaminated wastes that will
result from major remedial actions at Department of Defense sites, Department of Energy
sites, Army Corps of Engineer FUSRAP sites, and Environmental Protection Agency
CERCLA sites.

This interest has come with some controversy. States in which the hazardous waste landfills
and mill sites are located have raised objections and concerns over the appropriateness of
these sites receiving radioactive soils and debris. The Department of Health, which regulates
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radioactive materials in California, is investigating the disposal of FUSRAP waste from New
York State at the Buttonwillow hazardous waste facility. The Governor of Utah is raising
questions to the Nuclear Regulatory Commission on its approval for the White Mesa site to
accept FUSRAP waste as feed material at the mill.
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TRANSFERABILITY OF SOIL CLEANUP STANDARDS IN REMEDIAL ACTIONS
ASSOCIATED WITH TECHNOLOGICALLY ENHANCED NATURALLY
OCCURRING RADIOACTIVE MATERIALS: GEOCHEMICAL PERSPECTIVES

E. LANDA
U.S. Geological Survey, XA9953157
Reston, Virginia, United States of America

Abstract

The regulation of public exposures to technologically enhanced naturally occurring
radioactive materials (TENORM) by the U.S. Environmental Protection Agency (EPA) and
other regulatory and advisory organizations is the subject of a report released early this year by
the National Research Council. Some organizations have developed guidelines for TENORM
in soil based on concentration limits in current EPA guidelines for cleanup of soil
contaminated with 226Ra at uranium mill tailings sites. A conclusion of the National Research
Council report is that the transferability of standards developed for a specific class of
TENORM is limited to the extent that the physical and chemical properties of the TENORM
being considered, as well as projected exposure pathways, are similar to those considered for
uranium mill tailings. The radon emanation coefficient and teachability of 226Ra for
TENORMs can vary over a considerable range, thus influencing the inhalation and ingestion
pathways of radiation exposure.

Background

An evaluation of guidelines for exposures to technologically enhanced naturally occurring
radioactive materials (TENORM) was recently completed by a committee convened by the
Board on Radiation Effects Research of the National Research Council [1]. The discussion
below derives from the author's participation on that committee. TENORM spans a wide
spectrum of raw materials and products destined for use, recycling, or disposal. Sources of
TENORM include: uranium mining overburden, phosphate fertilizer and elemental
phosphorous production wastes, residues of coal combustion, oil and natural gas production
and processing wastes, municipal water treatment sludges, metal mining and processing
wastes, metal casting materials, and residual materials from former radium processing or
manufacturing sites.

A 226Ra concentration in soil of 5 pCi/g (0.2 Bq/g) appears frequently in Federal and State
regulations dealing with TENORM disposal or site cleanup in the US. This value derives
from standard setting during the early 1980's (U.S. Code Of Federal Regulations, 40 CFR
192) associated with the Uranium Mill Tailings Radiation Control Act of 1978 (UMTRCA).
UMTRCA governs remedial action for uranium mill tailings disposal sites and discontinued
uranium milling facilities. This law covers (1) the disposal of the impounded tailings and
other wastes associated with the extraction of uranium and thorium, and (2) the dispersed
tailings and associated wastes that have contaminated surrounding land, buildings, and soil.
The impounded tailings, classed as byproduct materials under the Atomic Energy Act, are
typically of much higher activity concentration [about 300 - 1000 pCi/g (11 - 37 Bq/g)] than
the contaminated soils in the latter group, and are intended to be maintained in perpetuity
under Federal or State control. Diffuse TENORM typically has an activity concentration
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similar to that seen in the soils contaminated by dispersed tailings. The UMTRCA regulation
addressing these soils (hereafter referred to as the "soil radium cleanup standard") calls for the
concentration of 226Ra in remediated sites to not exceed background levels by more than 5
pCi/g (0.2 Bq/g) in the uppermost 15 cm of soil, nor more than 15 pCi/g (0.6 Bq/g) in
subsurface layers.

Alternative cleanup standards for contaminated sites covered by 40 CFR 192 that were
considered by EPA during the drafting of these regulations would have allowed for an average

Ra concentration of 5, 15, or 30 pCi/g at all depths in the soil. [30 pCi/g is the present
cleanup standard in some state regulations]. Under a conservative external exposure model,
i.e., one that assumes continuous exposure to an infinite quantity of material, a 226Ra
concentration in soil of 30 pCi/g resulted in an estimated dose of 4.7 mSv (470 mrem) per
year to the maximally exposed individual, close to the Federal Radiation Protection Guidance
for exposure of the general public from all sources combined that was then set at 5 mSv (500
mrem) per year [2].

The Nuclear Regulatory Commission (NRC) has applied this soil radium cleanup standard to
the decommissioning of active, NRC-licensed uranium mills (10 CFR 40; Appendix A).
Examples of the regulatory extension of the soil radium cleanup standard to waste materials
other than uranium mill tailings can be seen in other remedial programs managed by
Department of Energy (DOE) and EPA. DOE guidelines for soil cleanup at Formerly Utilized
Sites Remedial Action Program (FUSRAP) sites use this soil radium standard (DOE, 1997).
EPA is using the standard from 40 CFR 192 as an ARAR (Applicable or Relevant and
Appropriate Requirement) in establishing cleanup levels for Superfund sites with 226Ra
contamination, as opposed to the general, dose-based, cleanup guidance of 0.15 mSv per year
[3]. Finally, and of considerable practical importance to regulation of TENORM in the U.S.,
the standard, and variations on that standard, form the basis of many existing and proposed
State regulations dealing with TENORM.

The soil radium cleanup standard has been extended broadly to encompass soil contamination
from other uranium- and thorium-series radionuclides. For example, the dose associated with
the soil radium cleanup standard is being considered by the NRC as a "benchmark" for the
cleanup of other radionuclides in connection with license termination at uranium and thorium
mills, and in-situ leach (specifically, uranium solution extraction) facilities [4]. A 1993
memorandum from the Director of the EPA's Office of Radiation and Indoor Air regarding
the application of the 40 CFR 192 soil radium cleanup standard to soils at a New Jersey
FUSRAP site (and other non-UMTRCA sites) notes that the concentration criterion for
surface soil was developed for the UMTRCA sites, and that one would have to determine
whether the risk scenarios at this FUSRAP site were sufficiently similar to those in UMTRCA
to warrant the use of this health-based standard [5]. This concern also applies to the non-fuel
cycle TENORM.

The scientific validity of applying the soil radium cleanup standard to TENORM wastes
outside the nuclear fuel cycle, including industrial materials that are not classified as wastes,
depends upon the degree of similarity that such materials exhibit to the UMTRCA materials
for which the standard was derived. Yet many non-fuel cycle TENORMs have initial
mineralogies and processing histories different from uranium mill tailings. This results in
materials in which the radionuclides may have different solubilities, bioavailabilities, and
radon emanation coefficients than do uranium mill tailings.
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Leachability

The leachability of radionuclides from TENORM may vary widely. For example, radium
occurring as a coprecipitate in a barite (BaSO4) matrix, as in some oil production pipe scales,
may show very limited release to contacting natural waters, due to the low solubility of barite.
In contrast, the radium in wastes from the wet-process phosphate industry occurs in a gypsum
matrix ("phosphogypsum"), a relatively soluble material. Studies on the Mississippi River and
the Rhine estuary have shown that where phosphogypsum is discharged to fresh or brackish
waters, the gypsum dissolves rapidly, releasing the radium which either remains in solution or
sorbs onto suspended sediment [10, 11].

Chlorination is a process in which ores are with treated with chlorine gas and then water, to
recover soluble, metallic chloride salts. The process is used extensively with gold ores. At a
plant in Oregon, chlorination of zircon-bearing sands was used to extract zirconium,
columbium, tantalum and hafnium. The process rendered radium, as well as these economic-
metals water soluble. The finely ground, process tailings contained about 18.5 Bq/g (500
pCi/g) of 226 Ra, most occurring presumably as soluble RaCl2 . Seepage water at this tailings
disposal site contained up to 1670 Bq/L (45,000 pCi / L) [12, 13]. Similarly, hydrochloric-acid
treated carnotite residues may exist in soils from former radium processing or manufacturing
sites [14]. The solubility of radium here would be expected to be greater than in the
UMTRCA materials, where similar ores were treated with sulfuric acid or sodium carbonate.

Radon Emanation Coefficient

The radon emanation coefficient is the fraction of the radon produced in a radium-bearing
solid that escapes to the surrounding atmosphere. The thermal process involves heating the
phosphate rock to about 1300°C to yield an elemental phosphorous product and a CaSiC>3
vitreous slag waste containing about 0.74 - 1.85 Bq/g (20 - 50 pCi/g) of 226 Ra. A low radon
emanation coefficient from this glassy material limits the radon exposure pathway. Radon
emanation from coal combustion ash is a possible exposure pathway from both ash disposal
pile and from use of fly ash as a concrete aggregate. The low radon emanation coefficients of
glassy materials such as coal ash and phosphate slag mitigate exposures. While data is not
presently known to exist for water treatment residues such as ferric hydroxide-bearing sludges
and manganese-oxide coated polymers, extrapolation from related materials suggests that
these may exhibit relatively high radon emanation coefficients.

Zircon-bearing sands used in the metal casting industry are an example in which both
leachability and radon emanation coefficients play a role in radiation exposure. The common
occurrence of zircons as detrital minerals in river and beach sands is due to this mineral's high
resistance to mechanical and chemical weathering. Leaching of radionuclides from zircons is
low [6]. In contrast, radium and other radionuclides in uranium mill tailings may be quite
leachable; e.g., up to 40% of the 226Ra content of an acid-processed, uranium mill tailings
sample may be released by a 1-hour extraction with distilled water at room temperature and a
0.01% solid/solution ratio [7]. While uranium mill tailings tend to have radon emanation
coefficients of about 10 - 40 %, the values for zircons tend to be less than 5 % [8, 9]. Thus,
because of significantly lower leaching and radon emanation exhibited by zircon sands, the
environmental mobility of radionuclides from these materials is much lower than for uranium
mill tailings. As a result, the potential for internal radiation exposure from a zircon source
(e.g., leaching of radionuclides into ground water, and emanation of radon to the atmosphere)
is considerably lower than for UMTRCA materials. TENORM soil cleanup standards in some
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states in the U.S. have included an allowance for higher 226Ra concentrations when the
contaminant materials displays low radon flux rates (typically below 20 pCi {0.7 Bq} per
square meter of soil per second) [15].
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PROTOCOLS MANUAL (MARLAP) FOR SITE CLEANUP ACTIVITIES
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Abstract

MARLAP is being developed as a multi-agency guidance manual for project managers and
radioanalytical laboratories. The document uses a performance based approach and will provide
guidance and a framework to assure that laboratory radioanalytical data meets the specific project
or program needs and requirements. MARLAP supports a wide range of data collection activities
including site characterization and compliance demonstration activities. Current participants
include: U.S. Environmental Protection Agency (EPA), U.S. Department of Energy (DOE), U.S.
Nuclear Regulatory Commission (NRC), U.S. Department of Defense (DoD), U.S. National
Institutes of Standards and Technology (NIST), U.S. Geologic Survey (USGS), U.S. Food and
Drug Administration (FDA), Commonwealth of Kentucky, and the State of California. MARLAP
is the radioanalytical laboratory counterpart to the Multi-Agency Radiological Survey and Site
Investigation Manual (MARSSIM). MARLAP is currently in a preliminary draft stage.

Background

Each year hundreds of millions of dollars are spent on projects and programs which rely to
varying degrees on radioanalytical data for decision making. These decisions often have a
significant impact on human health and the environment. Of critical importance to informed
decision making is data of known quality appropriate for its intended use. Making incorrect
decisions due to data inadequacies, such as failing to remediate a radioactively contaminated site,
necessitates the expenditure of additional resources, causes delays in project completions and,
depending on the nature of the project, can result in the loss of public trust and confidence. The
Multi-Agency Radiological Laboratory Analytical Protocols (MARLAP) Manual (hereafter
referred to as MARLAP) addresses the need for a nationally consistent approach to producing
radioanalytical laboratory data that meets a project's or program's data requirements. MARLAP is
a document which provides guidance for the planning, implementation and assessment phases of
those projects which require the laboratory analysis of radionuclides. The guidance provided by
MARLAP is both scientifically rigorous and flexible enough to be applied to a diversity of
projects and programs. This guidance is intended for project planners, managers and laboratory
personnel.

MARLAP is divided into two main parts. Part I is aimed primarily at project planners and
managers and provides guidance on project planning with emphasis on analytical planning issues
and analytical data requirements. Part I provides guidance on preparing project plan documents
and radioanalytical statements of work (SOWs), obtaining and evaluating radioanalytical
laboratory services, data validation and data quality assessment. The guidance provided in Part I
of MARLAP covers the entire life of a project that requires the laboratory analysis of
radionuclides from the initial project planning phase to the assessment phase. Part II of MARLAP
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is aimed primarily at laboratory personnel and provides guidance in the relevant areas of
radioanalytical laboratory work. The chapters in Part II are intended to serve as a resource base of
information on the laboratory analysis of radionuclides and provide guidance on a variety of
activities performed at radioanalytical laboratories including sample preparation; sample
dissolution; chemical separations; instrument measurements; data reduction, etc. While the
chapters in Part II do not contain detailed step-by-step instructions of how to perform certain
laboratory tasks, the chapters do provide information on many of the options available for these
tasks and discuss advantages and disadvantages of each.

MARLAP was developed collaboratively by the following federal agencies: the Environmental
Protection Agency (EPA), the Department of Energy (DOE), the Nuclear Regulatory Commission
(NRC), the Department of Defense (DOD), the National Institute of Standards and Technology
(NIST), the United States Geological Survey (USGS), and the Food and Drug Administration
(FDA). State participation in the development of MARLAP involved contributions from
representatives from the Commonwealth of Kentucky and the State of California. Brief mission
statements of each of the participating federal agencies are located in the Preface.

Purpose of the Manual

MARLAP's basic goal is to provide guidance and a framework for project planners, managers
and laboratory personnel to ensure that radioanalytical laboratory data will meet a project's or
program's data requirements and needs. To attain this goal, the manual seeks to provide the
necessary guidance for national consistency in radioanalytical work in the form of a performance-
based approach for meeting a project's or program's data requirements. In general terms, a
performance-based approach to laboratory analytical work involves clearly defining the analytical
data needs and requirements of a project or program in terms of measurable goals during the
planning phase of a project. These project-specific analytical data needs and requirements then
serve as measurement performance criteria for selections and decisions as to exactly how the
laboratory analysis will be conducted during the implementation phase of a project and they are
subsequently used as criteria for evaluating analytical data during the assessment phase.
Therefore, through a performance-based approach, MARLAP provides guidance in the planning,
implementation and assessment phases for those projects which require the laboratory analysis of
radionuclides. The manual focuses on activities performed at radioanalytical laboratories as well
as activities and issues which direct, affect or can be used to evaluate activities performed at
radioanalytical laboratories. The guidance in MARLAP is intended to help ensure the generation
of radioanalytical data of known quality appropriate for its intended use.
Specific objectives of MARLAP include:

• Promoting a directed planning process involving individuals from relevant disciplines
including radiochemistry,

• Highlighting common radioanalytical planning issues,
• Providing a framework and information resource for using a performance-based

approach for radioanalytical work,
• Providing guidance on linking project planning, implementation and assessment,
• Providing guidance on obtaining and evaluating radioanalytical laboratory services,
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• Providing guidance for evaluating radioanalytical laboratory data, i.e., data verification,
data validation, and data quality assessment,

• Promoting high quality radioanalytical laboratory work, and
• Making collective knowledge and experience in radioanalytical work widely available.

As indicated by the list of objectives, MARLAP provides guidance to project planners, managers
and laboratory personnel for a range of activities for those projects and programs which require
the laboratory analysis of radionuclides.

Use and Scope of the Manual

MARLAP can be used for a wide variety of projects and programs that require the laboratory
analysis of radionuclides. The guidance contained in MARLAP is intended for both
governmental and private sectors. Examples of data collection activities that MARLAP supports
include:

• Site characterization activities,
• Site cleanup and compliance demonstration activities,
• Decommissioning of nuclear facilities,
• Remedial and removal actions,
• Effluent monitoring of licensed facilities,
• License termination activities,
• Environmental site monitoring,
• Background studies,
• Routine ambient monitoring, and
• Waste management activities.

In support of cleanup and decommissioning activities, MARLAP and the Multi-Agency Radiation
Survey and Site Investigation Manual (MARSSBVI) are complimentary guidance documents.
MARSSBVI provides guidance to demonstrate that a site meets appropriate release criteria.
Specifically MARSSIM describes a methodology for planning, conducting, evaluating, and
documenting environmental radiation surveys conducted to demonstrate compliance with cleanup
criteria. MARLAP provides guidance and a framework for both project planners and laboratory
personnel to ensure that radioanalytical data will meet the data needs and requirements of cleanup
and decommissioning activities.

Users of MARLAP include: project planners, project managers, laboratory personnel who
perform radioanalytical work, regulators, auditors, inspectors, data evaluators, decision makers,
other end users of radioanalytical laboratory data and other stakeholders.

Since MARLAP employs a performance-based approach to laboratory measurements, the
guidance contained in the manual is applicable to a wide range of programs, projects and
activities which require radioanalytical laboratory measurements. While MARLAP is designed to
support a wide range of projects, some topics are not specifically discussed in the manual. These
include high-level waste, mixed waste, and medical applications involving radionuclides. While
not specifically addressed, much of MARLAP's guidance may be applicable in these areas. While
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the focus of the manual is to provide guidance for the planning, implementation and assessment
phases of those projects which require the laboratory analysis of radionuclides, much of the
guidance on the planning and assessment phases can be applied wherever the measurement
process is conducted, for example, in the field. In addition, MARLAP does not provide specific
guidance on sampling design issues, sample collection, and field measurements, however, a brief
discussion of some aspects of these activities can be found in the manual for completeness.
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REMEDIAL MEASURES IN CZECH HOUSES WITH HIGH RADIUM CONTENT
IN BUILDING MATERIAL

J H U L K A XA9953159
National Radiation Protection Institute,
Praha, Czech Republic

J.THOMAS
State Office for Nuclear Safety,
Praha, Czech Republic

Abstract

Three groups of houses built from materials having elevated natural radioactivity content were
found in the Czech republic. These are:

1) about hundred old houses in Jachymov (Joachimstal) in Northern Bohemia, where
residues from factory producing uranium paints were used as plaster and mortar
before the World War II (radium concentration up to 1 MBq/kg, indoor gamma dose
rate up to 10-100 (iGy/h)

2) some 20 000 family houses built from highly emanating aerated concrete with radium
content 500-1000 Bq/kg (produced from flying ash) in the period 1963-1980

3) more than 2000 family houses from slag concrete of radium content about 3 kBq/kg in
average (indoor gamma dose rate up to 2 |i.Gy/h) made in the period 1972-83

Remedy measures were undertaken with state financial support. Intervention levels were laid
down 200 Bq/m3 for EEC (equivalent equilibrium radon concentration - it is equivalent to
radon gas concentration 500 Bq/m3), 2 jiGy/h for indoor gamma dose rate. Weighted sum of
indoor radon and indoor gamma dose rate was used if the latter was above 0,5 u.Gy/h. The
central heat recovery ventilation units were used largely as the remedy measures. Some houses
were demolished, in some houses local contamination of plasters was removed. Other tested
measures (removal of the contaminated building material in great amount, gamma shielding,
wall coating, etc.) proved to be not effective or not acceptable in practice.

Introduction

The Czech Republic belongs to countries with highest indoor Rn concentration in the world.
The primary cause is the high Rn concentration in the soil gas (typical range 10-100 kBq/m3,
however case above 1 MBq/m3 are not rare). The indoor radon survey carried out in more than
100 000 houses outlined the mean radon concentration of 140 Bq/m3, more then 15000 houses
above intervention level (expected number is 60 000) and some houses with indoor Rn up to
20 000 Bq/m3.

Beside this there were found three groups of houses with elevated radium concentration in the
building materials: some houses in Joachimstal, family houses from slag concrete and family
houses from aerated concrete.
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Houses in Joachimstal.

Jachymov (Joachimstal), the mining town known from Middle Age thanks to silver-mines and
coinage, later uranium mining industry, radium producing factory, radon spa and also
epidemiological studies of lung cancer among uranium-miners. Due to silver and uranium
exploration and factory producing uranium paints, the town was locally contaminated in the
past. All residues from uranium paints factory were also used as additive into plaster and
mortar in a lot of the Joachimstal's houses, with 226Ra mass activity up to 1 MBq/kg in
extreme cases and indoor gamma dose rates in the range of 10-100 (iGy/h. The contamination
was not uniform. The case was revealed in the seventies and there was no national legislation
concerning indoor radon and indoor radioactivity in this period. The remedy measures carried
out in the seventies were drastic - the worst houses were demolished and material taken away
and processed in uranium ore mills. Most remaining contaminated houses were mitigated later
in the nineties. Remedial measures were based on detailed radon and gamma diagnostic and
targeted removal of plasters and mortar, if there was only local contamination.

Family houses from aerated concrete

In the 1980 there was found the group of family houses built from aerated concrete with
typical radium mass activity of 1 kBq/kg. Because of high emanation coefficient of this
materials (range 15- 30 %), the indoor radon concentration was up to 1000 Bq/m3 in extreme
cases. The indoor gamma dose rates were in the range of 0.1-0.3 (j,Gy/h, what is the upper
level of normal outside dose rate background in Bohemia. Some 20 000 houses from this
material were built in the period 1963-1980. Fortunately, the aerated concrete was used in
most of them only as the minor part of building material and hence indoor radon
concentrations exceeded the intervention level only in about 1-2 % of these houses.

As effective mitigation were used enforced central or local ventilation systems. Different
radon barriers (special painting and special wallpapers) were tested without good results.

Family houses from slag concrete

The last group was discovered in the 1987. There were found about 2000 factory-made family
00 f\

houses from slag concrete panels with mass activity of Ra in the range 1-10 kBq/kg. The
source of the activity was slag from a small power plant burning high radioactive local coal
from a mine near Prague. The first Producer Company knew the radioactive danger of the slag
from the fifties. After changes in the factory ownership the new management took no care of
this danger and more than 2000 family houses were built in the period of 1972-1983
distributed all over the country, most of them in Central Bohemia around Prague. All the
peripheral and supporting walls were made from this material, while some partition walls
were from bricks. Because of small emanation coefficient of the material (only 1-5%) the
indoor radon concentration were only in the range of 200-800 Bq/m3 (EEC 100-300 Bq/m3).
The indoor gamma dose rates in this group of houses were in the range of 0.5-2 |lGy/h; the
spatial variation in rooms was characterized by a factor of 2, with highest values in the corner
of peripheral walls. The first guideline for limitation of exposure in these houses was prepared
in 1987. As the limit value was chosen the highest gamma dose rate in the "potential
permanent used place" of the room not closer than 0.5m to the walls. The results of the
measurements of the individual doses of inhabitant (by personal dosimeters) showed later, that
individual doses were only about 70% of expected maximal doses.
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Having in mind that people are exposed both to radon daughters and to gamma the special
intervention level that summed both exposures was defined as:

S=D/2 + EEC/200,

where D is the gamma dose rate (|0.Gy/h) and EEC is the long-term equilibrium equivalent
radon concentration (Bq/m ). This sum rule was used only if D > 0.5 jxGy/h. The intervention
level S = 1 was exceeded in about 75% of houses.

The owners of these houses were aware of the cause of their trouble and apply for remedial
measures or the possibility to buy up these houses by the government. The government has
agreed after great struggle in 1991. Most of the owners have accepted remedial measures, only
80 owners have sold their house. There was clear after some experiments, that only radon
removal by enforced ventilation is the effective and reasonable measure. The ventilation
system with heat recovery, controlled by a central computer, was found to be most effective
countermeasure and was used in practice. Radon level was reduced to 30% of the former
values in average. Other remedial measures (gamma shielding, removal of building material,
wall covering by special radon proof materials, etc.) were not effective and were rejected. This
case revealed the problem of risk perception.

Conclusion

Contemporary Czech legislation concerning indoor natural radioactivity and remedial
measures is based on the Atomic Act No.18/1997 and Decree No. 184/1997. The intervention
levels and recommended remedial measures are in the following tables.

Indoor gamma dose rate (intervention levels)

Dose rate (\iGy/h)
> 1
> 2
>10

Remedial measures (recommended)
usage arrangement of the area

the restriction of the human stay
elimination of the stay of persons

Indoor Radon (intervention levels)

EEC
(Bq/m3)

200 - 300

300 - 600

600 - 2000
>2000

Radon gas
(Bq/m3)
500-750

750-1500

1500-5000
>5000

Remedial measures (recommended)

simple mitigation
(e.g. ventilation improvement)
more sophisticated mitigation

(e.g. simple building reconstruction changes or enforced
ventilation)

large building reconstruction
elimination of the stay of persons

large building reconstruction
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SPANISH REGULATORY PERSPECTIVE FOR THE DECOMMISSIONING OF AN
OLD CIVILIAN NUCLEAR RESEARCH CENTRE (CIEMAT)
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Nuclear Safety Council XA9953160
Madrid, Spain

Abstract

The Center for Energy-related, Environmental and Technical Research (CIEMAT) is the main
Spanish energy research center. CIEMAT is the heir of the former Nuclear Energy Board
(Junta de Energfa Nuclear - JEN), which was created in 1951 with a view to promoting the
development and use of nuclear energy in Spain.

Most of the centres for civilian nuclear research created in the fifties, like the JEN, had among
their basic objectives to carry out investigations guided to the industrial development of the
nuclear fuel cycle. The majority of them were endowed with experimental facilities that re-
produced in a pilot scale the different stages of the full nuclear cycle facilities.

The JEN main experimental facilities were:

• Plants for the treatment of uranium ores and for the concentration process;
• The manufacturing of fuel elements for research reactors;
• The JEN-1 thermal neutron experimental reactor, and CORAL fast reactor;
• The pilot plant for the treatment of irradiated fuel (M-l);
• The metallurgical hot cells for research relating to irradiated fuel; and
• Plants for the treatment and storage of liquid radioactive wastes.
•

It should be pointed out that most of these installations were designed, built, operated, and
even definitively shut down, prior a regulatory system as currently conceived is in force.

The Science Act was passed in 1986, transforming the JEN into CIEMAT, and assigning to
the latter a series of new functions, while making it the direct heir of the assets and strategic
functions of its predecessor. The CIEMAT continued the process of "denuclearization" of the
installations inherited from the JEN, and used certain of them for the performance of research
projects oriented towards the development of decontamination and dismantling techniques.

Current Situation of CIEMAT

No significant quantities of nuclear material currently exist at the CIEMAT installations, al-
though in some cases there are remains of the materials that were formerly used or processed.

Administrative situation

The Spanish regulatory system is based on the Nuclear Energy Act of 1964, which was en-
acted by way of a set of regulations issued in 1972 and establishing the procedure to be used
for the licensing of nuclear and radioactive installations. This regulatory basis was updated
with the Law creating the Nuclear Safety Council, in 1980, and regulations governing protec-
tion against ionizing radiation, in 1982. Until the CSN came into being, the JEN was respon-
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sible for the regulatory function, being at the same time the owner and controller of its own
installations, most of which were not subjected to the licensing process as we now know it.

Very briefly, the process of licensing of nuclear activities in force in Spain is as follows:

• The owner of each installation or activity is responsible for its safety.
• The siting, design, construction, operation and decommissioning of the installa-

tions or activities, and any other intervention affecting the safety, are required to
have an authorization issued by the Ministry of Industry and Energy (MINER).

• The owner of an installation is required to attach to each request for authorization,
a safety study on the activities that he intends to carry out, demonstrating compli-
ance with the regulatory provisions under both normal operating and accident con-
ditions.

• The CSN assesses the safety study and reports to the MINER on its compliance
with the regulatory requirements. The CSN report is binding if negative or if it
imposes any limits and conditions on the installation or activity.

• The MINER authorizes the installation or activity in accordance with the terms set
by the CSN, as regards nuclear safety and radiological protection.

• The CSN inspects all the installations and activities to check for compliance with
the regulatory provisions and the conditions under which the authorizations were
issued.

•
The administrative situation of the JEN, regularized in 1980, recognizes that all the facilities
in existence constituted a "unique nuclear installation" with regard to application of the stan-
dards. At that time, most of the nuclear fuel cycle installations were already shut down, and
only the maintenance operations necessary to guarantee their safety were carried out. Since
this process of administrative regularization, both the Center overall and each of its individual
facilities have been subject to the nuclear standards in the same terms as the rest of Spain's
nuclear and radioactive installations.

In the mid eighties, work began on the decontamination and dismantling of certain of the ex-
perimental fuel cycle installations that in some cases included complete dismantling and ad-
ministrative decommissioning. The rest of the experimental facilities involved in the fuel cy-
cle are "administratively active" and subject to the radiological controls appropriate to this
physical situation, although productive activities are not carried out.

This situation entails a series of circumstances that requires the attention of the safety authori-
ties beyond the administrative requirements to be fulfilled on a daily basis:

• The ageing of the installations progressively complicates the maintenance and
other activities that will eventually be necessary for their definitive shutdown.

• The contamination existing inside the facilities, although low in level, means the
continuation of a situation of risk without any benefit.

• The retirement of the technicians who formerly worked at the facilities means a
loss of "memory" of the tasks performed during their operation. This will imply an
additional difficulty when their decommissioning is addressed.
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Radiological situation

Certain of the buildings that housed these installations were affected by the activities carried
out and by certain operating incidents that occurred during their operation. In certain cases,
these also affected to the sub-soil beneath the buildings and the immediate surroundings.

At the beginning of the nineties, CDEMAT undertook a general radiological characterization
program at the Center. This was performed in various stages and was aimed at gaining real
and detailed insight into the contamination existing at the surface and in the sub-soil of areas
affected by the activities carried out in the past.

According to the preliminary results of those characterization studies, certain of the areas and
buildings of the Center have levels of contamination in excess of the reference levels currently
used to determine zones of free access, although due to their situation and characteristics these
do not imply any direct or imminent risk of exposure.

Adaptation of the Centre to the New Orientation

The Center might be said to be in a situation deriving from past radiological practices that
need adaptation to that which will be prevail from now on. The rehabilitation of the Center
requires a set of actions that should be qualified as an non-emergency intervention aimed at
optimizing the reduction of the exposure currently existing to levels considered acceptable,
taking into account the activities to be performed at the Center in the future.

Definition of scope

The scope of the action plan necessary to adapt the Center to its new functions will be condi-
tioned by three circumstances that will require some decision by authorities:

• The type of activities to be carried out at the Center in the future;
• The services to be rendered to society by the Center as the heir of the former JEN;

and
• Management of the wastes to be generated during the activities.

The action plan should contemplate the dismantling of certain of the existing installations and
the decontamination of the facilities and the Center to levels suitable for these new activities.
These dismantling and decontamination activities will necessarily generate radioactive wastes,
which in certain cases may contain minor quantities of long-lived radionuclides. It should be
remembered that the JEN carried out practically all of the activities involved in the nuclear
fuel cycle at pilot level.

In accordance with the General Radioactive Waste Plan, radioactive wastes containing radi-
onuclides with long half-life are stored at the facility at which they were generated, pending
the construction of a centralized storage facility. Under these circumstances, the wastes gener-
ated during the action plan will have to be stored at CIEMAT itself until such time as they are
transferred to a centralized facility
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Regulatory aspects of the action plan

The CSN should participate in the action plans from three different perspectives.

• Awarding of the authorizations required for performance of the plan;
• Tracking of plan performance; and
• Regulatory control of the installations which will continue to be used for nuclear or

radioactive activities once the Center has been completely transformed
•

As it has been explained repeatedly, the CIEMAT installations were designed, constructed and
operated prior to the regulatory framework currently in force coming into being. We are con-
fronted with situations as special as the need to authorize the decommissioning of various
installations whose construction and start-up were never authorized, due to the absence of any
suitable regulatory framework when they were built. It will be necessary to carry out a very
detailed analysis of the administrative situation of each facility, and of the Center overall, with
a view to accurately defining the regulatory decision to be taken in each case.

The administrative situation is also unique from the point of view of Community standards; it
should be remembered that Spain joined the European Union in 1986. In this context it will be
necessary to analyze in detail the extent to which dismantling of the JEN installations should
be reported to the Commission, in accordance with Article 37 of the EUR ATOM Treaty. A
similar situation arises in relation to the regulations governing the declaration of the environ-
mental impact, applicable to the dismantling of certain of the Center's facilities.

Furthermore, CIEMAT is located in the Madrid University City, which is qualified as an area
of historic and artistic interest. The buildings of the Center will be required to conserve their
external appearance from the architectural point of view, and any intervention in this area of
Madrid attracts the attention of numerous institutions and public groups.

No special consideration should be given to performance of the action plan from the regula-
tory perspective. The CSN must limit its participation to the exercising of its functions of as-
sessment, inspection, control, information and the proposing of penalties, assigned to it by the
Law by which it was set up. The nuclear and radioactive installations existing at the Center
following performance of the action plan should not have any special consideration from the
regulatory point of view.

Decision-making process

Addressing an integrated safety improvement program at a center having the characteristics of
CIEMAT clearly transcends the actual capacities of the Organizations directly involved (MIE,
CIEMAT, CSN and ENRESA) inasmuch as the economic, social and political, etc. implica-
tions go beyond the functions assigned to these Organizations.

For this reason it is essential in addressing this issue that a line of work be established in-
volving, to a greater or lesser extent, other institutions and bodies linked to the program less
directly, in particular:

• the CIEMAT workers, since they will partly be the material performers of the pro-
gram

• the University Authorities, because of the location of the Center
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• the Municipal Authorities of Madrid, since it will be necessary to obtain municipal
works licenses

• the Authorities of the Autonomous Community of Madrid, inasmuch as certain ar-
eas of competence have been transferred to them from the Central Administration

• other Ministries habitually participating in a general manner in the contracting of
works of a certain economic level in the public sector.

• other social organizations or bodies that might have some degree of interest in the
activities to be performed.

In establishing the decision-making process it is important to recognize the fact that there is
no real or imminent risk associated with the current condition of the Center that requires ur-
gent decisions to be taken. The actions may be undertaken in a sequence free from time re-
straints, this allowing for the performance of detailed and rigorous preliminary studies.
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MOBILE LABORATORY-BASED ENVIRONMENTAL RADIOACTIVITY
ANALYSIS CAPABILITY OF THE U.S. ENVIRONMENTAL PROTECTION
AGENCY

G.DEMPSEY XA9953161
U.S. Environmental Protection Agency, Radiation & Indoor Environments National
Laboratory,
Las Vegas, Nevada, United States of America

S. POPPELL
U.S. Environmental Protection Agency, National Air and Radiation Environmental
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Abstract

This poster presentation will highlight the capability of the U.S. Environmental Protection
Agency, Office of Radiation and Indoor Air to process and analyze environmental and
emergency response samples in mobile radiological laboratories. Philosophy of use,
construction, analytical equipment, and procedures will be discussed in the poster
presentation. Accompanying the poster presentation, EPA will also have a static display of its
mobile laboratories at the meeting site.

The United States Environmental Protection Agency, Office of Radiation and Indoor Air
(ORIA) has responsibilities under the Atomic Energy Act (AEA), the National Contingency
Plan (NCP) and the Federal Radiological Emergency Response Plan (FRERP) for Agency
response related to radioactive materials and incidents. ORIA operates two laboratories the
Radiation and Indoor Environments National Laboratory (RIENL), in Las Vegas, Nevada and
the National Air and Radiation Environmental Laboratory (NAREL), in Montgomery,
Alabama. The two laboratories implement the bulk of the EPA field response capabilities for
radiation incidents. Each laboratory operates mobile laboratories and support vehicles to
rapidly analyze and make assessments about environmental samples, which might be
collected, in the field to support decision-making on a radiation incident response. The
purpose of this paper is to discuss this capability in detail.

EPA's Eastern Environmental Radiation Facility, a predecessor of NAREL, took the first
steps within EPA to establish a mobile laboratory capability. Developed primarily to support
the NASA Apollo program during the early 1970's, the mobile laboratory was essentially a
refitted eight-meter long recreational vehicle. It contained a single sample liquid scintillation
counter, several open window gas flow proportional counters and several sodium iodide
detector systems. This equipment was state of the art at that time. Sample preparation was
accomplished within the vehicle for the most part. This vehicle responded to the Three Mile
Island incident in 1979, but was not utilized due to political issues [1]. Following Three Mile
Island, the majority of EPA's radiation mobile laboratory capability was developed. The Las
Vegas Facility, a predecessor of RIENL, began development of a semi-trailer based mobile
laboratory, which was completed in 1982. NAREL eventually switched to van-based mobile
laboratories in the early 1980's. One of these vehicles was primarily a communications
vehicle; the other was fit with equipment from the recreation vehicle-based mobile laboratory.
ORIA's mobile laboratories evolved with time to include more current versions of liquid
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scintillation counters, thin and open window gas flow proportional detectors, and lithium
drifted germanium detectors.

As time proceeded, it became apparent that the missions of the mobile laboratories had shifted
from an early development emphasis on nuclear power plant accidents. ORIA was continually
being asked to assist onsite at EPA's Superfund sites where radiation was a problem. New
focus in emergency response in the late 1980's and early 1990's focused on nuclear weapons
movement primarily due to treaties mandating weapon destruction following the end of the
Cold War, to a refocus on weapons of mass destruction (WMD) incidents which continues
today.

One of the problems identified in these vehicles was the lack of good sample preparation
capabilities to prevent the possibility of contamination accidents from occurring in the
counting portion of the mobile laboratory. An additional problem occurred due to technology
and design: the fact that sample throughput or the amount of samples that could be processed
in a given period of time was slow. Improvement was needed.

Following a review in 1994, ORIA decided to redirect its mobile laboratories into the
configuration they remain in today. Part of the re-prioritization was to develop a secondary
vehicle for both laboratories in which only sample preparation would occur. Two sample
preparation laboratories, one for each laboratory, were built around the following philosophy:

• Increase bench space for sample processing.
• Allow "simple" counting geometries to be prepared.
• Allow storage of generic supplies needed to process samples.
• Provide a small hood area and oven area for the more simple drying and distillation

preparation procedures needed for some analyses.
• Provide storage capability for radioactive and hazardous materials used in

preparation.
• Provide capability to store a limited amount of samples, which might require

refrigeration.
• Have a large sink area to wash sample preparation equipment. Hold that waste

onboard.
• Be easily decontaminated in the event of a spill and lend themselves by design to

make contamination accidents preventable.
• Be easily moved in the event of an accident and be mostly self-contained.

Perhaps the most important part of the philosophy was to establish adequate counter space. In
these vehicles, it was decided that the best counter top material was stainless steel, which
could be covered by laboratory grade absorbent paper prior to use. Each lab has roughly five
m2 of counter space. It has been the experience in ORIA for all of the response types, that
decision makers often choose to collect a wide variety and great quantity of environmental
samples, ask for quick analysis with low quality assurance, and make decisions based around
those initial results. This philosophy gathers a lot of information quickly, and is pathway
specific. Samples could be prepared for a variety of gamma counting geometries; wipes,
smears, and air filters could be set up for gross alpha/beta analysis, and those few liquid
samples not requiring gamma analysis could be prepared for liquid scintillation analysis.
Electronic balances were added for mass determination. Commercial restaurant equipment,
being mostly stainless steel and other plastic materials were used in processing environmental
samples. Each vehicle contains hot and cold running water, and tanks to hold waste water.
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Regular laboratory procedures for sample preparation were employed with slight
modifications for the most part. The vehicle also had an onboard generator capable of running
an air conditioner/heater unit.

As an added support feature, each vehicle was fitted with a separate shower area and toilet
(water closet) area. While these features are certainly of use to field teams and help with site
health and safety concerns, in a redesign they would not be added since it made both vehicles
rather long and ungainly.

Mobile Laboratories were also redesigned with higher sample through put a priority. The
mobile laboratory at RIENL was redesigned within the original semi-trailer. Several of the
original design features, including a sample pass-through port, a HEPA-based positive
pressurization system, and the ability to be moved by a commercial tractor (lorry) were
desirable. A small sample preparation area was removed. Additional shields were installed to
add three new germanium detectors to the first one already on board. A drawer-type gas flow
proportional counter was added, with separate counting drawers for both 5 cm and 10 cm air
filters. A newer liquid scintillation counter replaced an older one, capable of quench and
chemiluminescence correction. Each of these systems were computer-based, software run
devices. All are laboratory grade and were modified by EPA staff to survive being moved over
the road. Heavy items like shields tie directly into the trailer frame.

Staff liked the differences in sizes of the mobile laboratories, from a large semi-trailer at
RIENL, to a smaller van-based laboratory at NAREL. Both had advantages for mobility and in
certain scenarios. It was decided to purchase two replacement vehicles for NAREL and refit
them. One of the laboratories is completed at this time, and includes two germanium detector
based gamma systems and one gas flow proportional counting system. The other vehicle,
when completed, will contain two additional germanium counters, and a small liquid
scintillation system. With the NAREL vehicles, center-of-gravity is an important
consideration, and heavy items like shields are placed low and secured directly to the vehicle
chassis.

Staff from both laboratories chose not to place alpha spectroscopy devices in their vehicles.
Staff felt that sample preparation of samples was too tedious to be accomplished in a mobile
lab setting, and these samples were better processed by a fixed lab.

In use, EPA prefers to have mobile laboratories set away from other activities, like hotlines
and other areas used by field teams. Prep labs are not set directly next to mobile laboratories.
The goal is to reduce the possibility of contamination in the vicinity of the mobile laboratory.
In practice, EPA often employs a rough or first-cut sample preparation laboratory in addition
to the main sample preparation laboratory, where field teams or other persons can log samples
into an analysis queue, perform simple preparations like removing samples from bags or
check for external contamination.

As a set up, EPA prefers the following sequence in order of distance from a hotline or
sampling operations:

Hotline—^Sample Storage—^Initial Sample Prep-»Detailed Sample Prep-»Mobile Laboratory

EPA has structured its mobile laboratories for maximum information from minimal analyses.
This is in conformance with recommendations by the IAEA [2]. Simple analyses are those
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which have high reproducibility and high accuracy. These are separated into three categories:
simple alpha/beta analysis, gamma spectroscopy, and liquid scintillation analysis. Simple
gross alpha/beta analysis is accomplished on a laboratory grade gas flow proportional counter,
which has been modified to survive in an on-the-road environment. Usual laboratory
procedures are used to establish counting efficiencies, and to choose a voltage for both
simultaneous alpha and beta counting. Only two types of samples are counted for alpha and
beta activity: smears/swipes/air samples and water samples. In the case of smears, swipes or
air samples, the media is loaded directly into the appropriate counting planchet, be it 5 or 10
cm. Water samples can be dried according to many standard reference procedures [3]. This
drying is accomplished in a sample preparation laboratory.

Gamma Spectroscopy Analysis accounts for the bulk of analytical capability. Known
geometries are used; some being rather unusual. The use of marinelli beakers for liquid
samples could be problematic in a large field operation simply because they may become
unavailable. EPA has calibrated for such geometries as 4-liter cubitainers and one gallon
commercial milk jugs (the latter being commonly available in the U.S.). Large bulk
geometries are also considered, especially for vegetation. Many smaller geometries are used
for high activity samples that may have to be split or fractionally diluted. The shields around
the intrinsic germanium detectors are built in such a way that a series of shelves can be used to
minimize dead time problems on samples. The choice of shielding material is important also
and must be able to be rigidly attached to the mobile laboratory frame. Lids on shields must be
able to be locked during transit. EPA has made special provisions in its mobile labs to ensure
that shields do not become projectiles in the event of a rapid stop, rough road, or minor
collision.

In the area of liquid scintillation analysis, commercial grade counters were modified and
mounted only in the Las Vegas mobile laboratory, owing to its large size. Water, soil, and
vegetation samples can be processed for analysis by azeotropic distillation and simple
distillation, or only by simple distillation, whichever is appropriate. This analysis takes a little
longer in sample preparation, and would only be used for confirmation of contamination prior
to sample shipment to a fixed location laboratory.

By coupling multiple analyses on samples, isotopes of interest can be identified. In the case of
single radionuclides, a combination of gamma spectroscopy yielding near background results
coupled with high alpha or beta, could identify isotopes like Pu-239, Po-210 or in the beta
example, a non-gamma emitting radionuclide like Sr-90.

All of EPA's laboratory analytical equipment is protected by uninterruptible power supplies
capable of holding power for about thirty minutes in the event of a power failure. Systems are
configured to have high sample activity count termination (when appropriate counting
statistics are achieved) or low count rate rejection (for those samples below a threshold).
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USING PROVEN, COST-EFFECTIVE CHEMICAL STABILIZATION TO
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Abstract

Rocky Mountain Remediation Services, L.L.C. (RMRS) has deployed a cost-effective metals
stabilization method which can be used to reduce the cost of remediation projects where
radioactivity and heavy metals are the contaminants of concern. The Envirobond process
employs the use of a proprietary chemical process to stabilize metals in many waste forms,
and provides an excellent binding system that can easily be compacted to reduce the waste
into a shippable brick called Envirobric . The advantages of using chemical stabilization are:

(1) Low cost, due to the simplicity of the process design and inexpensive reagents.
(2) Chemical stabilization is easily deployed in field applications, which limit the

amount of shielding and other protective measures.
(3) The process does not add volume and bulk to the treated waste; after treatment

the materials may be able to remain on-site, or if transportation and disposal is
required the cost will be reduced due to lower volumes.

(4) No secondary waste.

The simplicity of this process creates a safe environment while treating the residues, and the
long-term effectiveness of this type of chemical stabilization lowers the risk of future release
of hazardous elements associated with the residues.

Introduction

Over the past four years, RMRS has deployed an innovative, easy to use process for
immobilizing heavy metals in soils and soil-like waste. This process uses a non-hazardous
chemical binder called Envirobond that chemically binds metal contaminants, preventing
leaching under the most stringent conditions. Envirobond™ employs the use of a proprietary
formulation of phosphate and select additives. The reagents are brought in contact with metals
to form a new compound that incorporates the metal into the phosphate structure. The metals
are chemically bound at two or more sites on the ligand, resulting in a ring formation that is
inherently stable. This bond cannot be broken in the harsh oxidizing environment of the Toxic
Characteristic Leachability Performance (TCLP) test or with multiple extractions with acid.
Envirobond™ has been adapted in a variety of ways at mining sites, soil washing projects,
sediment removal sites, and others to produce a treated product that meets criteria for on-site
containment, storage, or off-site disposal. The technology can be adapted for a variety of waste
streams, and binds many types of heavy metals at high levels of contamination, including
arsenic, barium, chromium, lead, silver, cadmium, selenium, and zinc below the Resource
Conservation and Recovery Act (RCRA) treatment standards. Laboratory data also indicate
that the Envirobond™ reagents can be effective in treating radionuclides such as uranium,
thorium, radium, and strontium.
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Envirobond™ Process Chemistry

The Envirobond™ metals treatment process uses a patented phosphate chain that sequesters a
wide range of metal ions (including radionuclides) to form insoluble phosphate metal
complexes. As shown in Figure 1, metal ions bond to the oxygen sites on the phosphate
ligand. Envirobond™'s multiple site bonding capability results in metal phosphate complexes
that have extremely low Ksp (solubility product) values and the ability to capture metals with
2+ and 3+ valences. Typical results of treating sludge with heavy metals are seen in Table I.
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,TMTable I: Envirobond sludge treatability results for select metals

Metal

Arsenic

Barium

Cadmium

Chromium

Lead
Mercury

Selenium
Vanadium

Zinc

Pre-Treatment
TCLP (ppm)

17

34,083
147

61

680

500

190

1.7

108

Post-Treatment
TCLP (ppm)

0.13

0.03

0.41
<0.10

0.15
0.07

0.89
<0.50

2.00

Regulatory Levels

RCRA UTS
5.0

100

1.0

5.0

5.0

0.2

1

NS

NS

5.0

21

0.11

0.65

0.75
0.025

5.7

1.6

4.3

NS = no standard
Example Projects

The following are case studies of sites using Envirobond to successfully stabilize lead, arsenic,
cadmium, and other RCRA metals. The examples cited are typical of the types of sites where
Envirobond™ has been deployed and include remediation of a "Brownfield" type of site, a
former battery recycling site, and waste water sludge treatment.

In-situ Treatment of Mining Waste at Former Mining Site

The effectiveness of the Envirobond™ process with mining waste and mill tailings has been
superb. In addition to meeting the Environmental Protection Agency (EPA) standards for TCLP,
the results of the TCLP testing have typically met the more stringent Universal Treatment
Standards (UTS). At a mining site in Central City, Colorado, arsenic, lead, and zinc were the
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contaminants of concern, exceeding the EPA's threshold level. Untreated soil was given the
TCLP test, and lead and zinc exceeded the standards without treatment. Arsenic was present at
4 ppm, which is just below the RCRA standard. After treatment with Envirobond™, all three
metals were below the UTS standards. The primary objective of the project was to stabilize the
waste to levels that would meet the EPA criteria for releasing the site for development.
Equipment included a front-end loader, a road grader, a tractor-tiller, spreading equipment, a
water truck, and a sheep's foot field compactor.

This project demonstrated the versatility of Envirobond™. Less than 4 wt. %, Envirobond™ and
fly ash were added to the volume of soil, and it was mixed using field equipment. The treated
soil was used to form a base for future construction. The soil was successfully layered, mixed
and compacted to meet the proctor specifications for construction. Finally, Envirobond™ did
not add bulk to the waste, which is especially important when the waste is transported to a
disposal facility.

Costs are reduced when compared to cementation or excavation and hauling. With cementation,
the additional bulking of the waste can easily add a 100% volume increase. The cost of
materials handling and mixing is also higher. With excavation and hauling, there are additional
transportation and disposal costs, and the excavated material would have to be replaced with
clean fill dirt.

Treatment of Metals Contaminated Sludge

,TM

The Envirobond product can also be used to treat contaminated sludge from water treatment
plants, evaporation ponds, waste treatment plants, and mining and milling operations. Typical
contaminants in sludge include cadmium, lead, chromium, arsenic, aluminum, zinc, and barium.
The treatment plant in this case study treats water from a mining district where the primary
metals of concern are cadmium, zinc, and manganese. If the treated sludge exceeds 1 ppm
cadmium, it must be shipped to a hazardous waste disposal site. The other metals are not a
factor in shipping, but it is desirable to reduce them to a level as low as possible.

The plant produces between 800 and 1,400 cubic yards of 40 wt. % sludge per year. The plant
uses a typical co-precipitation process that generates the sludge. In addition to the co-
precipitation process, the plant treats the sludge to stabilize the cadmium to a level that will meet
the RCRA TCLP standard for land disposal (less than 1 ppm cadmium). Envirobond™ was
successfully used to treat this sludge. The flow sheet for the process estimates the weight
percent of the cadmium, zinc, and manganese to be 0.017 wt.%, 1.9 wt. % and 3.64 wt. %
respectively. Envirobond™ has treated the cadmium in the sludge to below 1 ppm TCLP.
Significant reductions were also seen in the zinc and manganese. It is estimated that the cost to
treat the sludge with Envirobond™ is about one-half the traditional treatment.

Treatment of Battery Recycle and Disposal Sites

Envirobond™ has been used at battery sites. The levels of lead at battery sites are usually very
high, often more than 90,000 ppm total, and as much as 1,200 ppm after extraction using the
TCLP test. There are many sites where spent lead-acid batteries were reprocessed to recover
metals. The batteries were typically cut open and sulfuric acid was allowed to drain into holding
ponds. Soil contaminated by these ponds was saturated with the lead-containing acid, which
accounts for the high levels present. The battery casings were then discarded and lead was
recovered and smelted into ingots for reuse in the battery industry. Typical contamination
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around battery sites includes surface, groundwater, and soil that are contaminated with acid and
extremely high concentrations of heavy metals such as lead, cadmium, and arsenic. The lead is
typically very leachable due to the high acid content of the soil.

Table II: Results of Envirobond™ Treatment of Lead Battery Site

Contaminants Total Lead Pre-Treatment
TCLP

Envirobond™
Treated TCLP

Treatment
Standard

Lead
(Treatability Result)
Lead
(Treatability Result)
Field Results
(1,000-ton batches)

1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons

74,800 ppm

47,800 ppm

47,000 ppm to
95,000 ppm

956 ppm

1,160 ppm

956 ppm to
1,160 ppm

1.97 ppm

1.47 ppm

3.7 ppm

3.96 ppm
2.07 ppm
1.54 ppm
0.13 ppm
0.91 ppm
0.30 ppm
1.61 ppm
1.0 ppm
1.2 ppm
0.33 ppm

5 ppm

5 ppm

5 ppm

5 ppm
5 ppm
5 ppm
5 ppm
5 ppm
5 ppm
5 ppm
5 ppm
5 ppm
5 ppm

Treatment of these soils with Envirobond™ reduces the leachability of the lead and other metals
found in contaminated soil to the RCRA TCLP standards. Table II shows the treatability results
and actual site results for a typical battery site. For this project, the soil was transported to a
mixing area of about 1,000 square feet. Approximately 1,000-ton batches were mixed. The
contaminated soil was layered in two layers with Envirobond reagents in the middle. Mixing
was accomplished with a backhoe.

The results show that excellent results were obtained, with all batches achieving the RCRA
standard of 5 ppm after TCLP testing.

Summary

RMRS has deployed an innovative, cost-effective, easy to use process for immobilizing heavy
metals in soils and soil-like waste. This process uses a non-hazardous chemical binder called
Envirobond™ that chemically binds metal contaminants, preventing leaching under the most
stringent conditions.

The metals stabilization method reduces the cost of remediation projects where radioactivity and
heavy metals are the contaminants of concern. It is easily deployed in field applications, which
creates a safe environment while treating the residues and limits the amount of shielding and
other protective measures. Furthermore, there is no secondary waste produced that eliminates the
generation of additional radioactive waste typical in many processes. The long-term
effectiveness of this type of chemical stabilization also lowers the risk of future release of
hazardous elements associated with the residues.
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Abstract

Depleted uranium (DU) has been developed in the past two decades as a highly effective
material for armor penetrating rounds and vehicle shielding. There is now a growing interest
in the defense community to determine the presence and extent of DU contamination quickly
and with a minimum amount of intrusive sampling. We report on a new approach using
deconvolution techniques to quantitatively map DU contamination in surface soil. This
approach combines data from soil samples with data from in situ gamma-ray spectrometry
measurements to produce an accurate and detailed map of DU contamination. Results of a
field survey at the Aberdeen Proving Ground are presented.

Introduction

In this article we describe a new approach to mapping DU fragments and residue using data
obtained with field spectroscopy measurements and soil core sampling analysis, and present
the results of a field measurement project conducted at a site with known DU contamination.
DU alloys are currently being used extensively for kinetic energy penetrators due to their
unique ballistic characteristics and low cost relative to other heavy metal alloys. DU
penetrators are being procured and developed by several countries and may be widely used in
the future [1]. Because the gamma-rays are of low intensity, and because the alpha-particle
emission energies are generally not adequate to penetrate the epidermis, the external
radiological hazard from DU projectiles and residual contamination is relatively small.
However, concerns about inhalation, ingestion, or possible risks to environmental resources
have created a growing interest in the detection and quantification of DU, and in the
monitoring of areas where testing and use of DU projectiles has occurred.

In-Situ Gamma-Ray Spectrometry

Field techniques for the measurement of gamma-ray emitting radionuclides in soil with high-
resolution germanium detectors are well-established [2]. These methodologies (referred to as
in situ spectrometry) have been employed for site characterizations in the U.S. [3] and have
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been utilized by European organizations to determine the extent of deposited radioactive
contamination resulting from the Chernobyl accident [4]. In situ gamma ray spectrometry is
particularly well suited for determining levels of contamination over large areas quickly and
with a minimum amount of surface intrusion.

A series of in situ measurements can be used to ascertain the spatial distribution of gamma-
emitting radionuclides in surface soil. A data analysis program, ISD97, was previously
developed and applied to the analysis of a series of in situ measurements on a grid to flag
potential "hot spots" that might be hidden in the data [5,6]. It was developed as a tool to be
used for evaluating compliance with regulations that set limits on the size and magnitude of
"hot spots". The program has been modified here to produce a smoother activity distribution
and to permit the combined analysis of in situ and soil sample data.

The Survey

The site selected for the survey lies within the boundaries of the U. S. Army Aberdeen Test
Center, near Aberdeen, Maryland, U.S.A. This facility is authorized to use DU by the U. S.
Nuclear Regulatory Commission, and has localized soil contamination resulting from normal
test operations. Contaminated soils are located only in controlled and restricted areas.

An extensive discussion of the measurement of uranium contaminated soils with in situ
techniques is available in ref. [7]. The first two gamma-emitting progeny in the uranium series
(234Th and 234mPa) were used to measure the DU. These nuclides have half-lives of 24.1 d and
1.17 min, respectively, and obtain secular equilibrium with 238U in a few months. The detector
used was a 42% relative efficiency (relative to a 7.6 cm x 7.6 cm sodium iodide detector)
high-purity, p-type germanium detector. A total of 19 in situ measurements were taken,
including 1 replicate. The pattern of in situ measurements and soil samples are shown in
Figure 1. A 5 m triangular grid was used with a random starting location. The detector was
uncollimated and all measurements were taken at a height of 1 m above the ground. The
procedure consisted of moving the detector to the measurement location, collecting a 5 min
spectrum, storing the spectra to disk, analyzing the spectrum for 238U and recording the results
in a log book.

Soil samples were collected using a 8.9 cm diameter soil cutter at eight locations in the survey
area. Two of the eight soil cores were segmented in 5 cm intervals to a depth of 15 cm. The
other cores were single 10 cm cuts. The samples were weighed, oven dried at 100°C, and
weighed again. The soil was homogenized using a ball mill and then sieved to remove

Table 1. U-238 concentrations from soil cores and computed values from deconvolution

Soil sample

Location (X,Y)
23 0. 71 5
28 0. 9.1.5
41.0.71.5
23 0. 76.0
28.0. 76.0
36.0. 7.6.0
31 0. 30.0
36 0. 30 0

U-238 Concentration (pCi/g)
(lpCi/g = 37Bq/kg)

Measured
809.7
336.0

7.7
14.0
5.6
7.8
7.3
1.9

Calculated
784.3
335.8

7 7
13.5
5.5
7.1
2.3
18

128



material larger than 0.5 mm. An aliquot was packed in a 90 cm3 can for gamma spectrometric
analysis. The sampling procedure and sample preparation are described in EML Procedures
Manual [8]. The results of the soil samples can be found in Table 1.

Analysis of Soil Sample Data and of the Combined In-Situ and Soil Sample Data

A finite number of measurements cannot provide all of the information that is needed to
reconstruct a continuous distribution of activity on the ground. Therefore, the analysis of such
types of data requires finding a "best estimate" that fits the data. In our case, this means the
soil sample data and the in situ measurements to within experimental error. For a set of soil
sample data, the usual procedure is to select an interpolation method to estimate the
distribution over the total area. However, it is difficult to interpolate in situ measurements
because the data does not reflect the activity at a point, but a weighted average taken over a
large area. For this combined data we have developed the approach described below.

We first analyzed the soil sample data only, using an interpolation method based on radial
basis functions [9]. This distribution, shown in Figure 2 (left), fits the soil sample data but it
does not fit the in situ measurements: the average chi-square per in situ measurement is 130.7
(as opposed to ~1 for a good fit). Taken alone, the soil data do not contain any information
between sampling points.

The analysis of the combined soil sample and in situ measurements was done using a two-step
process. We first constructed an approximate smooth distribution (the default distribution)
using the same interpolation method using data from both the soil sample and in situ
measurements. The result of this first step is a distribution that fits the soil sample data within
experimental error, but does not fit the in situ measurements. We then used a modification of
the code ISD97 to do a deconvolution of the in situ data, using the approximate smooth
distribution as an initial estimate (or default distribution). The final distribution, shown in
Figure 2 (right), is smooth, and it fits both the soil-sample data (see Table 1) and the in situ
data: the resulting average chi-square per in situ measurement is 1.0.

Conclusion

In this paper we have demonstrated that in situ measurements and soil sample data can be
used together to produce a distribution of DU activity in surface soil. To analyze the combined
set of soil sample data and in situ measurements, we have introduced a two-step process that
includes an interpolation scheme that makes use of both types of data followed by a
deconvolution analysis of the in situ data only. The final result is a smooth distribution that
agree both with the soil sample data and the in situ measurements to within experimental
error. Results of field measurement at the Aberdeen Proving Ground show that this approach
is practical, efficient and accurate.
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Abstract

The Measurement Applications and Development Group at the Oak Ridge National
Laboratory (ORNL) has collected and analyzed data with the purpose of evaluating the in-situ
detection capabilities of common hand-held detectors for depleted uranium (238U) in soil.
Measurements were collected with one each of the following detectors: a FIDLER operated in
a gross (full spectrum) mode, a FIDLER operated in a spectrum specific (windowed) mode, a
1.25" x 1.5" cylindrical Nal detector operated with a gross count rate system, and both open
and closed-window pancake-type detectors. Representative samples were then collected at the
same location and later analyzed at an ORNL laboratory. This report presents a correlation
between the measurements and the soil concentration results and should be helpful to anyone
interested in estimating measurement sensitivities for depleted uranium in soil.

Introduction

Radiological investigations performed in support of decommissioning tasks will typically
consider direct measurements as well as sampling requirements. As such, the quantification
of detection ability is a key issue to consider when selecting instrumentation for radiological
investigations either prior to or following remedial actions. The Measurement Applications
and Development Group at the Oak Ridge National Laboratory (ORNL) has collected and
analyzed data with the purpose of evaluating the in-situ detection capabilities of common
hand-held detectors for depleted uranium in soil. This information will be useful to anyone
involved with remedial investigations associated with sites contaminated with depleted or
natural uranium.

Measurements were collected at a contaminated site with one each of the following detectors:
(a) a large, thin Nal detector (FIDLER) operated in a full spectrum mode; (b) a FIDLER
operated in a spectrum specific (windowed) mode; (c) a 1.25" x 1.5" cylindrical Nal operated
with a gross count rate system; and (d) both an open and closed-window pancake detector.
Representative samples were then collected at the same location and later analyzed for
uranium and radium content at ORNL. This brief report presents the results of the field
measurements and the laboratory results and forms a correlation between the two. The
information will be helpful to anyone who must estimate scan or measurement sensitivity for
these types of detectors when evaluating residual, depleted uranium in soil.

Methods

Data was collected specifically for the evaluation of the in-situ detection capabilities for
depleted uranium in soil using a FIDLER, a 1.25"xl.5" Nal and a pancake detector using the
following detector configurations:
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• a FIDLER Nal detector connected to a portable multi-channel analyzer (MCA) and
operated in a full spectrum mode,

• a FIDLER operated with a spectral window set from about 40 keV up to around
150 keV— also connected to a portable MCA,

• a 1.25"xl.5" Nal detector operated in full spectrum mode,
• a Geiger-Mueller (GM) "pancake" without a beta shield, and
• a GM "pancake" with a beta shield.

After performing typical survey scans at the contaminated property, locations were chosen for
this study such that a range of possible contamination levels would be included. Each detector
was placed at contact with the top of the soil prior to any surface disturbance and a
measurement, in counts per minute (cpm), was collected. Following the measurement, a
sample was collected from the top two inches of the soil at the same point and prepared for
transport to the laboratory. A second measurement was then collected at the bottom of the
two-inch depth with each detector. A second sample was collected over the subsequent two
inches of soil, e.g. a two to four inch sample, and packaged for transport. All samples were
analyzed at an ORNL laboratory for gamma-emitting uranium, thorium, and radium isotopes
using solid-state gamma spectrometry.

Results

Review of the sample data indicated that the only isotope of appreciable activity (above
background) in the collected samples was uranium depleted of 235U, i.e., the mass ratio of 238U
to 235U was appreciably less than 0.7%. The vertical distribution of uranium within the top 4
inches of soil varied among measurement locations so, for analysis purposes, the data set was
broken into two distinct groups:

• exponential profile— locations where the activity in the top two-inches of soil was
greater than twice the activity in the bottom two-inches of soil, and

• uniform profile— locations where the activity was relatively uniform throughout the
entire four inches of surface soil.

Field measurement data for each of the two groups of sample locations were then correlated to
the uranium activity concentration in the collected soil samples. To normalize the
measurement data for charting purposes, all detector data was divided by typical detector
background count rates. Background data was selected by choosing measurement locations
where laboratory assay results indicated natural levels of radioisotopes in the soil. The ratios
are referred to here as relative responses, carry a unit-less dimension and are similar in
concept to signal-to-noise ratios.

The relative response of the detectors as a function of 238U activity concentrations are shown
graphically in Figures 1 and 2. The windowed FIDLER response tracked almost identical to
the full spectrum FIDLER and, as would be expected, the closed window pancake data
showed very poor response at such low uranium concentrations. These data sets were
therefore excluded from the plots. A linear fit was performed for the remaining data sets and
have been superimposed on Figures 1 and 2.
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Conclusion

For the case where residual uranium was found primarily in the top two-inches of soil the
results indicated that the detection sensitivity was best for the open-window pancake detector,
although there was poor consistency in the results. The FIDLER Nal detection system showed
a second-best sensitivity response while the 1.25" x 1.5" Nal system ranked third. Unlike the
pancake data, both Nal detectors indicated a reasonably predictable pattern of response as a
function of uranium soil concentration - as would be expected considering the primary
radiation being measured by each type of detector.

The detection sensitivity for a detector can be estimated using a number of means. Static
measurement sensitivities are typically estimated by considering statistical parameters
associated with nuclear counting [see side-bar]. For scanning, a typical approach for
estimating sensitivity is to define a target source configuration - such as a 1 m2 soil area - and
to then set a detection threshold that could be adopted during survey scans. The detection
threshold (cpm), sometimes referred to as an action level, can then be directly related to
detection efficiency (cpm Bq"1 g) information to formulate an expected measurement
sensitivity (Bq g"1).

The specification of detection sensitivity values is a process that leads to varied results—
depending on the needs and wants of whomever is evaluating the data. As such, no attempt is
made in this brief paper to derive specific estimates of measurement sensitivities. Ultimately,
the selection of measurement and sensitivity criteria must be made by those directly involved
with a specific site. To that end, the data presented here is a critical parameter that should be
considered when evaluating detector responses for measuring depleted uranium in soil.

SIDE BAR: MORE ABOUT MEASUREMENT SENSITIVITY

Static Measurements
Standard methods for calculating minimum
detectable concentrations (MDCs) are available for
estimating sensitivities of static measurements with
pulse-counting types of radiation detectors. While
these approaches are reasonable for laboratory
conditions where detector backgrounds are
relatively constant, i.e. predictable, the application
of similar methods to field measurements can lead
to overly optimistic predictors of detection ability.
The natural background of most detectors will vary
significantly across a region of investigation when
collecting measurements on soil. As such, the
background response will be represented as a
distribution and may or may not follow a Guassian
profile. If one has enough information about the
distribution, then probabilistic intervals can be
postulated for estimating detection sensitivities
which are very similar to those used in standard
MDC formulae. A more practical approach is to
simply select a background value at the upper end

of what will be expected during a survey. This will
insure that realistic estimates of detection ability are
being used.

Scans
Scanning sensitivities are more typically estimated
using less precise methods. Instrument - specific
count r ate action levels are selected which are
believed to represent reasonable criteria for
personnel to consider as significantly greater than
background. The most common method for
estimating action levels is to set a feel-good criteria
that is believed to be a reasonable detection
threshold for the detector in use. For a high count
rate instrumentation such as Nal count - rate
systems, this criteria will normally fall in the range
of 50 % to 100 % above the detector background
response. For low count rate instrumentation, such
as GM pancakes, this value will typically be at least
100% above background.
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Fig. 1 Graphical correlation of measurements when there was uniform uranium
contamination in the top four inches of soil. All measurements were collected at contact
with the soil surface.
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Fig. 2 Graphical correlation of measurements when there was non-uniform, or
exponential, uranium contamination in the top four inches of soil. All measurements
were collected at contact with the soil surface.
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Abstract

A primary risk management goal for Federal agencies is protection of human health from
exposure to hazardous materials in the environment. Although there is generally consensus
among U.S. Federal agencies on the methods for evaluating risks associated with exposures to
hazardous materials, risk management practices have evolved separately. All U.S. agencies
use institutional controls as a long-term risk management tool for the disposal of hazardous
materials. Regulatory programs depend in part on institutional controls to ensure the integrity
of a disposal site is maintained. Yet the emphasis on institutional controls differs among the
regulatory programs, as do the specific institutional control requirements. The poster session
discusses and compares the historical evolution and current use of institutional controls
developed by the U.S. Environmental Protection Agency (EPA), U.S. Department of Energy
(DOE) and U.S. Nuclear Regulatory Commission (NRC) under their various statutory
authorities.

Introduction

The primary Federal goal for long-term management of radioactive waste and property
containing radioactive material is protection of the public and environment. Institutional
controls — actions taken by an institution for long-term site management and control — are a
necessary component of any disposal or control system; other components include natural and
engineered barriers and source term controls (i.e., limits on radioactive concentrations or site
inventories). Active institutional controls include controlling site access, performing
maintenance or remedial actions, controlling or remediating releases, and disposal system
monitoring. Passive institutional controls include land ownership or use requirements,
markers, and public records, archives, or other methods of preserving knowledge of a site and
its hazards.
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Background and Evolution of Regulatory Systems

Under the authority of the Atomic Energy Act (AEA), [1] the U.S. Federal government was
responsible for the management and disposal of most radioactive material, except for uranium
mill tailings. In 1954, the AEA was amended to allow for civilian possession of radioactive
material under a licensing program; the Federal government continued its oversight and
control of radioactive material and waste from its defense and research activities. In the
1950's and 60's operational considerations continued to be emphasized. Along with the
creation of EPA, DOE and NRC in thel970's, more information on the health and
environmental effects of exposure to radioactive materials became available; new Federal
responsibilities and statutory requirements significantly changed the regulatory landscape. A
greater emphasis was placed on public health and environmental protection after operations
cease. Risks from non-radioactive hazardous materials was also considered.

Three Agencies have principal Federal responsibility for management of radioactive material
and waste. EPA develops generally applicable standards for release of radioactive materials
into the environment; site specific regulations to limit the releases from particular disposal
facilities; regulates possession and disposal of non-radioactive hazardous materials, and
regulates many remediation activities. DOE disposes of waste at its sites and conducts
remediation and long-term care activities. NRC develops site-specific regulations to limit
releases from disposal facilities, licenses use of radioactive material, except by DOE, and
disposal of radioactive waste, including disposal of particular wastes by DOE in particular
facilities.

Principal Federal Requirements Addressing Institutional Controls for Radioactive
Wastes and Residual Radioactive Material

The principal Federal requirements for institutional controls are defined in the following
regulatory and guidance documents, developed primarily under the authority of the AEA and
related statutes. Additional requirements may be imposed for some radioactive wastes or
situations based on the requirements of the Resource Conservation and Recovery Act
(RCRA) [2] or the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA), [3] otherwise known as Superfund. RCRA sets forth a framework for the
management and disposal of non-hazardous solid wastes. Superfund is the Federal
Government's program to clean up the nation's uncontrolled hazardous waste, from
abandoned or active sites contaminated with hazardous or radioactive materials.

High-Level Radioactive Waste, Transuranic Waste, and Spent Nuclear Fuel1

'EPA and NRC are developing standards for the proposed Yucca Mountain geologic
repository in 10 CFR 63 and 40 CFR 197, respectively. 10 CFR 60 will not apply to Yucca
Mountain. Neither will the disposal standards of 40 CFR 191.
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(a) EPA 40 CFR2 191 Environmental Standards for the Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes. [6]

(b) EPA 40 CFR 194, Criteria for the Certification and Re-Certification of the Waste
Isolation Pilot Plant's Compliance With the 40 CFR Part 191 Disposal Regulations.
[7]

(c) NRC 10 CFR 60, Disposal of High-Level Radioactive Wastes in Geologic
Repositories.

Uranium Mill Tailings

(a) PA 40 CFR 192, Health and Environmental Protection Standards for Uranium and
Thorium Mill Tailings. [9]

(b) DOE directives for remediation of uranium mill tailings and long-term surveillance
and maintenance of uranium and thorium mill tailings. [10,11]

(c) NRC 10 CFR 40, Domestic Licensing of Source Material, including Appendix A,
Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings
or Wastes Produced by the Extraction or Concentration of Source Material From
Ores Processed Primarily For Their Source Material Content. [12]

Low-Level Radioactive Waste

(a) NRC 10 CFR 61, Licensing Requirements for Land Disposal of Radioactive Waste.
[13]

(b) DOE 435.1, Radioactive Waste Management, and DOE 5400.5, Radiation Protection
of the Public and Environment. [14]

Property Released Under Restricted Use

(a) NRC Subpart E, Radiological Criteria for License Termination of 10 CFR 20,
Standards for Protection Against Radiation. [15]

(b) DOE 5400.5, Radiological Protection of the Public and Environment. [16]

Summary

Institutional controls are a necessary component of any risk management system. Active
institutional controls protect against intrusion and ensure that a facility is performing as
designed. Passive institutional controls are generally more long-term and assure that a facility
will not be compromised by future intruders or forces of nature. Combined with other system
components such as engineered and natural barriers and source term control, institutional
controls help to assure protection of the public and the environment. Hence, although there
are differences in the reliance on institutional controls for different wastes or situations, these
differences should not be considered out of context. For example, although there is greater

2The Code of Federal Regulations (CFR) is a codification of the rules published in the Federal
Register by the Executive departments and agencies of the U.S. Federal Government.
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reliance on active institutional controls for long-term management of uranium mill tailings
than that for high-level radioactive waste or transuranic waste, the overall risk management
system in all cases is protective of the public and the environment.
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EPA'S APPROACH TO THE COMMERCIAL LOW-ACTIVITY MIXED WASTE
PROBLEM
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Abstract

The U.S. Environmental Protection Agency is proposing an environmental standard for the
disposal of commercial low-activity mixed waste (LAMW), waste characterized by the
presence of both hazardous chemicals and very low-level radioactive materials. LAMW is
and will be generated in large amounts by environmental restoration efforts, nuclear power
production and, in smaller amounts, by medical and educational facilities, industrial activities,
and the process of research and development. The dual regulatory nature of this waste
(covered by two very different statutes) is currently an impediment to its permanent disposal.
The proposed standard addresses this issue by creating a voluntary regulatory option under
which LAMW that meets the proposed radionuclide concentration limits may be disposed of
via disposal technology based upon the Resource Conservation and Recovery Act (RCRA)
hazardous waste disposal requirements. Such a facility would also have to be licensed by the
NRC. EPA will explore the attributes of this disposal technology to develop concentration
limits that are protective of the public health for LAMW.

LAMW and the Nature of the Problem

LAMW is characterized by the presence of both hazardous chemicals and radioactive
materials regulated under the Atomic Energy Act (AEA), and excludes high-level waste,
transuranic waste, spent nuclear fuel, or byproduct material defined as uranium or thorium
tailings. Typically, however, LAMW contains radioactive materials similar to those found in
Class A low-level waste, regulated under 10 CFR Part 61, but at lower concentrations.
Commercial LAMW otherwise is analogous to other wastes classified as Resource
Conservation and Recovery Act (RCRA) hazardous waste [1]. Most of these wastes are and
will be generated in varying amounts well into the future by many categories of waste
generators, including environmental restoration, medical, educational, industrial, and nuclear
power plants.

A national profile of mixed waste volumes and characteristics developed by the Nuclear
Regulatory Commission indicated that, based on 1990 practices, commercial facilities alone
generated about 3,950 cubic meters of mixed waste and held another 2,120 cubic meters in
storage [2]. These mixed wastes are being stored on site by approximately 3000 small volume
generators, in part, because treatment and disposal options are extremely limited due to the
dual regulatory requirements of RCRA and AEA. These dual requirements create relatively
high costs for the disposal of small volumes of mixed waste. Estimates of the number of
individual sites where mixed waste is stored have been as high as 10,000 [3].
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Environmental Restoration and the Rule

Although EPA's immediate purpose in developing this standard is to provide another disposal
option for mixed waste currently being generated through routine operations (or being held in
storage), simplifying mixed waste disposal also has clear potential benefits for those
managing waste from environmental restoration efforts.

EPA expects a significant proportion of mixed waste from cleanups to be either soil or debris
that is only lightly contaminated with radionuclides; however, unless the volumes are large
enough to allow economical disposal at the single available facility, generators of restoration
waste are faced with the same lack of management options as generators of operational waste.
This situation has the potential to delay necessary cleanups, allowing conditions to worsen.

As currently structured, the proposed standard would allow disposal of remediation mixed
waste from NRC licensees. This could include waste from reactor decommissioning as well as
from site cleanups. However, there are other restoration waste streams that are likely to
involve significant volumes, but are not covered by the proposal. These other waste streams
include waste from: Department of Energy (DOE) sites; sites in the Formerly Utilized Sites
Remedial Action Program (FUSRAP), which is operated by the U.S. Army Corps of
Engineers; and sites contaminated with Technologically Enhanced Naturally Occurring
Radioactive Material (TENORM), which is not currently regulated at the Federal level.

EPA is taking comment on the advisability of extending the proposed approach to waste from
these sources. The extent to which the rule is put to use for these waste streams will depend
heavily on the input from other involved Federal Agencies, the States, and comments received
from the public at large.

Legislative Encouragement

Congress recognized the problem of lack of facilities to treat and dispose of mixed waste and
encouraged EPA and NRC to devote resources to develop a strategy to address the issues [4].
Also, Congress expressed concern to the Council of Environmental Quality (CEQ) about this
problem which "has persisted for over 11 years and still no resolution in sight." Congress
asked the Council what action is being taken to help resolve the problem [5].

Elements of the Standard

EPA is proposing a standard under which LAMW could be disposed of in RCRA-C disposal
cells. These disposal cells would be required to meet both RCRA requirements and NRC and
Agreement State requirements for radioactive waste disposal, which would be modified for
LAMW to incorporate EPA's standard. The proposed standard would consist of one or more
tables of maximum allowable radionuclide concentrations in wastes, which provide long-term
public health protection corresponding to specific dose limits to a member of the Critical
Population Group (CPG) and to workers. The standard also includes notification, record
keeping, and environmental monitoring requirements for disposal facilities, and requires the
waste generator to have the waste treated and solidified. The generator must also certify that
the waste complies with the concentration tables.

EPA is also considering whether it would be appropriate to allow RCRA-C owners or
operators to use site-specific information to calculate alternative allowable
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concentration levels so long as it can be demonstrated to the licensing authority, i.e., NRC,
that the maximum radiation doses will be consistent with the reference dose levels used in the
EPA proposed rule now under development.

Other Aspects of the Rulemaking

The proposed standard will not relieve the operators of commercial facilities from having to
comply with all applicable regulatory requirements for characterizing and treating hazardous
materials prior to disposal. Nor will the proposed standard relax existing RCRA waste
acceptance criteria for disposal facilities regulated by the EPA and State and local agencies.

The proposed LAMW disposal rule will do is to permit an additional disposal option, not
currently available, for certain types of mixed wastes. It is important to note that the proposed
rule does not impose new requirements that would act to increase the cost of doing business. It
does not require a change in current disposal practices for those who do not wish to take
advantage of this option.

Potential savings in disposal costs are directly dependent upon on the actions of waste
generators, as well as on legal constraints arising from other Federal and State regulations and
how the NRC chooses to implement the approach within the commercial sector. It is expected
that waste generators and treatment facilities would utilize this new disposal option to reduce
the costs associated with storage and treatment of mixed waste. The cost savings are expected
to result from:

• The reduced need for interim waste storage;
• The development and availability of new waste treatment techniques;
• The development and application of new waste segregation techniques;
• Reduced waste transportation costs (compared with transport to a single facility); and
• The availability of lower-priced LAMW disposal in RCRA-licensed disposal cells

Indirect returns are also expected from the increased use of testing and research methods that
are currently being curtailed due to limited mixed waste disposal options.

Although the risks associated with disposal are essentially unchanged, the reduced need for
interim storage is expected to reduce storage risks in the long-term. Transportation risks are
expected to be reduced as well once local LAMW disposal capacity becomes available.

Conclusions from the Analysis

This analysis suggests there are benefits from the proposed standard, both in terms of greater
public health protection and in terms of savings to be realized by the use of alternative
disposal technologies for commercial mixed waste. Expedited and inexpensive access to
approved disposal facilities should provide an inducement to the many generators currently
storing such waste to proceed with disposal and to improve public health protection.
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OF SUBSURFACE RADIONUCLIDE CONTAMINATION
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Abstract

The Measurement Applications and Development Group at the Oak Ridge National
Laboratory has used a FIDLER to characterize a site where numerous localized and dispersed
concentrations of uranium had been previously discovered beneath a poured concrete floor.
The thick floor impeded the evaluation of the distribution of regions containing uranium
without boring numerous holes through the concrete. The purpose of this study was to
perform a radiological assessment of the building in preparation for remediation of the site.
Integrated counts were taken with the FIDLER probes fixed in place on a systematic grid
across the area to be evaluated. The results were then superimposed on a drawing of the area
of evaluation. This approach allowed the boundaries of the regions with subsurface
contamination to be resolved much better than by using standard survey techniques and
decreased the number of borehole samples and subsequent analyses. The study demonstrated
that this survey technique provides rapid and essential characterization information and
reduces sampling, analytical, and remediation costs.

Introduction

A simplistic approach was deployed to map contaminants by observing the low-energy
radiation emanating through cover material in order to characterize the distribution and
concentration of radioactive contaminants beneath dirt-filled areas and poured concrete floors.
Most of the radiation surviving the traverse through the cover material is scattered photons,
therefore the measurement of the low-energy band, from 30 to 700 keV, is an efficient manner
to detect the presence of subsurface contamination. This approach will aid the decision
making process for discerning the number and location of subsequent samples. A Field
Instrument for the Detection of Low-Energy Radiation (FIDLER) probe1 has been used
because of its high sensitivity to low-energy gamma and x-ray radiation, portability, and
directional bias. The detector has a sodium iodide (Nal) crystal 1.6 mm in thickness and 13
cm in diameter. The detector has a 2-mm-thick beryllium window and uses a quiet
photomultiplier tube with low noise characteristics. The detector geometry makes it highly
suitable for detecting low-level, low-energy gamma radiation both in full spectrum and
spectroscopic applications.

To evaluate the potential viability of the FIDLER to detect subsurface contaminants, a site
near Pittsburgh, Pennsylvania was selected because it was in the planning stages for
remediation, and it had subsurface uranium contamination as determined by a limited
radiological survey [1]. One core sample indicated 238U in concentrations up to 740 Bq/g,
mostly in a 6-cm layer under 10 to 25 cm of concrete. The facility was an operating business
and the FIDLER survey attempted to delineate the extent of the contamination, minimize the
number of core samples required and thus reduce the impact on normal business operations.

1 Model G5 FIDLER , BICRON Corporation, Bodegraven, The Netherlands
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Methodology and Discussion

A radiological survey team from the Measurement Applications and Development Group of
ORNL conducted a thorough investigation of the site following standard protocol [2]. The
survey included the use of Nal scintillation detectors (4.4 cm by 3.8 cm diameter) typical area
scans and exposure correlation measurements, Geiger-Mueller pancake probes for
beta/gamma surface contamination, and ZnS scintillation detectors for alpha contamination.
The results were similar to previous efforts; the highest exposure rate was -45 mR/h.

Figure 1. Relief map of FIDLER results as related to facility floor plan

The FIDLER survey was based on a 1.5 m by 1.5 m grid and timed counts of 2-minute
duration. The detectors were placed on each grid point with the beryllium window about lcm
from the concrete surface. The results were entered into a database, normalized to account for
differences in detectors, and overlaid onto a building floor plan. The measurements are
graphically given in a relief map as shown in Figure 1. The areas of highest exposure are
obvious and correlate to previous data. Areas where the FIDLER measurements showed
minor variations were not recognized by typical walkover scanning surveys and were
candidates for sampling.

The FIDLER results were reviewed and formed the basis for subsequent core samples through
the concrete. Ten locations coinciding with the FIDLER results were bored to a maximum
depth of 76 cm. Samples were collected every 6 cm. The samples were analyzed at ORNL
for the uranium isotopes and their decay progeny. Table I compares the results of the FIDLER
measurements and analytical concentrations of 238U. The depth and thickness of each
contaminated layer is also given. The comparison of the results illustrates that measurements
greater than background using the FIDLER usually indicated elevated concentrations of
contaminants; however, the converse cannot be inferred. The absence of elevated exposure
rates could not be used to infer the absence of contaminants.
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Table I. Comparison

FIDLER results,
cpm above background

500
1000
1000
1000
1000
1000
2000
3000
4000
17000

of FIDLER results

Maximum 238U
concentration, Bq/g

2.4
0.1
0.15

.2
5.6
8.6
11
185
12

740

with 238U analytical results.

Depth of contamination
layer below concrete, cm

15-46
15-30
15-30
15-30
15-45
15-61
15-45
15-60
30-45
31-46

As the site was being remediated, the FIDLER data served as a guide to expected
contamination levels, an estimation of the volume of soil to be removed, and other
remediation logistics. The use of the FIDLER probes has been demonstrated at other sites [3]
[4] with equal success in predicting subsurface contamination.

Conclusions

The FIDLER detector probes were successfully demonstrated to provide an indication of
subsurface contamination when gamma-emitting nuclides are present. The mapped FIDLER
measurements clearly delineated areas of elevated gamma radiation within the facility, even
when conventional Nal detectors had only indicated background. Based on the results of this
evaluation (and others cited), it is believed that FIDLER detection systems can be a valuable
tool to help guide conventional sampling and site remediation. By obtaining integrated counts
recorded on a fixed grid across the area of interest, use of the FIDLER detector will likely
provide insight into the location of subsurface contaminants.

Disadvantages of the FIDLER detectors are the relative cost per detector, fragility and relative
weight. Because of these concerns, it is not expected that the FEDLERs will replace the more
compact, rugged, and less expensive scintillation probes commonly used for gamma radiation
scanning survey applications when searching for relatively high-energy gamma and x-ray
emitters. When faced with the prospect of evaluating the potential presence of subsurface
contamination, however, it is believed that the use of this technique enhances the detection
sensitivity beyond using the standard Nal systems.

It should be noted that as with any other detection method where the contaminant to detector
geometry is questionable, observations equal to the detector background cannot be interpreted
to mean that no contamination exists; rather, it simply means that nothing out of the ordinary
was observed. It should also be mentioned that although the FIDLER measurements clearly
documented areas of higher gamma radiation levels, they cannot unambiguously be related to
the uranium concentration levels or the volumes of these concentrations. This is because
neither the thickness nor exact composition of the floor and subsoil, nor the distribution of the
uranium in the soil, can be accurately known.

146



References

[1] Foley, R.D., Cottrell, W.D., Crutcher, J.W., Results of the Radiological Survey at
Conviber Inc., 644 Garfield Street, Springdale, Pennsylvania (CVP001), Oak Ridge
National Laboratory, ORNL/RASA-89/18 (1991).

[2] Coleman, R.L., Murray, M.E., Brown, K.S, Results of the Supplementary Radiological
Survey at the Former C. H. Schnoor and Company Site, 644 Garfield Street,
Springdale, Pennsylvania (CVP001), Oak Ridge National Laboratory, ORNL/RASA-
94/3 (1995).

[3] Murray, M.E., Johnson, C.A., Results of the Independent Radiological Verification
Survey of the B Ditch at Du Pont Chamber Works, Deepwater, New Jersey
(DNJOOIV), Oak Ridge National Laboratory, ORNL/RASA-97/12 (1998).

[4] McKenzie, S.P., Uziel, M.S., Results of the Independent Radiological Verification
Survey of Remediation at Building 31, Former Linde Uranium Refinery, Tonawanda,
New York (LIOOIV), Oak Ridge National Laboratory, ORNL/RASA-96/10 (1998).

147



MULTIAGENCY RADIATION SURVEY AND SITE INVESTIGATION MANUAL
(MARSSIM) OVERVIEW AND USE FOR FINAL STATUS (VERIFICATION)
SURVEYS AT SEVERAL SITES IN THE UNITED STATES

C.PETULLO XA9953168
U.S. Public Health Service, detailed to U.S. Environmental Protection Agency,
Las Vegas, Nevada, United States of America

M. DOEHNERT
U.S. Environmental Protection Agency, Office of Radiation and Indoor Air,
Washington, DC; United States of America

R. MECK, G. POWERS
U.S. Nuclear Regulatory Commission,
Rockville, Maryland, United States of America

K. DUVALL
U.S. Department of Energy,
Washington, DC; United States of America

C. GOGOLAK
U.S. Department of Energy, Environmental Measurements Laboratory,
New York, New York; United States of America

D. ALBERTH
U.S. Army,
Aberdeen Proving Ground, Maryland; United States of America

J. COLEMAN
U.S. Air Force, Boiling Air Force Base,
Washington, DC; United States of America

K. MARTILLA
U.S. Air Force, Brooks Air Force Base,
San Antonio, Texas; United States of America

D. FARRAND, L. FRAGOSO
U.S. Navy,
Norfolk, Virginia; United States of America

Abstract

This paper will provide an overview of the Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM). MARSSIM was written by the four United States agencies
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most involved with radioactive site cleanups. MARSSM provides a single, nationally consistent,
flexible, performance based approach for scientifically planning, conducting and evaluating
cleanup demonstration measurements and making subsequent decisions. MARSSIM works with
any cleanup goal, dose, risk, or radioactivity concentration.

In addition, this paper will report on the use of the MARSSIM methodology for Final Status
(Verification) Surveys at several types of sites in the United States. MARSSIM's use at these
sites produced improved survey plans and caused fewer costly measurements to demonstrate that
the sites had been remediated.

Overview

Objectives

MARSSIM was written in order to provide a consensus technical guidance document oriented
toward dose or risk based regulations for; planning and determining survey objectives and data
quality needs; conducting sampling and measurements; assessing if the sampling objectives were
met; making decisions based on assessment results.

History

MARSSIM began in January, 1994, and was developed through the efforts of the Multi-Agency
Radiation Survey and Site Investigation Manual Workgroup. MARSSIM received intensive
review by federal agencies, states, the public and a formal multi-agency technical peer review.

Scope

MARSSIM has limited scope: it focuses on surface soils (to about 15 cm) and building surfaces
only. Groundwater, surface water and subsurface soils are NOT addressed, to name a few.
MARSSIM applies to "real property" or real estate - what you can't take with you, such as exit
signs, which stay on the wall, and not pictures which you can remove and take with you.

Decision Framework

MARSSIM provides a decision framework that is comprised of existing approaches, alternate
(new) approaches and a MARSSIM approach that is self-contained and fully described in the
MARSSIM. When used in conjunction with MARSSIM, the existing and alternate (new)
approaches can still benefit from using many parts of MARSSIM.

Demonstrating Compliance

From a technical perspective, demonstrating compliance with a cleanup standard written in the
form of a release criterion as dose or risk based regulation involves:
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• Translating the dose/risk level via modeling into activity concentrations or areas (e.g.,
pCi/gm, pCi/cm2). This area is outside the scope of MARSSIM.

• Measuring the activity concentration via surveys and sampling.

• Deciding if the area under consideration meets the cleanup standard.

Terminology

Before one can begin to understand MARSSIM, a few key terms need to be defined:

(a) Area Classification (Class 1, Class 2, and Class 3): Implies the type of Final Status
Survey an Area is projected to require. Class 1 applies to areas with the highest
potential for contamination and small areas of elevated activity. Class 2 applies to
areas with low potential for delivering a dose above the release criterion and little
or no potential for small areas of elevated activity. Class 3 applies to areas with
little or no potential for delivering a dose above the release criterion or for small
areas of elevated activity.

(b) Derived Concentration Guideline Level (DCGL): A derived radionuclide specific
activity concentration within a Survey Unit corresponding to the release criterion.
The DCGL is derived from activity/dose relationships through various exposure
pathway scenarios (models).

(c) Release Criterion: The regulatory limit expressed in terms of dose or risk.

(d) Small Area of Elevated Activity: The maximum point estimate of contamination
or "hot spot". Note: the term "hot spot" has been purposefully omitted from
MARSSIM because the term often has different meanings based on operational or
local program concerns.

(e) Survey Unit: A geographical area consisting of structures or land areas of
specified size and shape at a remediated site where a separate decision will be
made whether it meets or exceeds the cleanup standard.

Process

When survey results are used to support a decision, one needs to ensure that the data will support
that decision with satisfactory confidence. Usually one will make a correct decision after
evaluating the data. However, since uncertainty in the survey results is unavoidable, positive
actions must be taken to manage the uncertainty in the survey results so that sound, defensible
decisions may be made. These actions include proper survey planning to control known causes of
uncertainty, proper application of quality (QC) procedures during implementation of the survey
plan to detect and control significant sources of error, and careful analysis of uncertainty before
the data are used to support decision making. These actions describe the flow of data throughout
each type of survey, and are combined in the Data Life Cycle shown below.
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(a) Planning Phase: Plan for data collection using the Data Quality Objectives (DQO)
process and develop a quality assurance project plan.

(b) Implementation Phase: Collect data using documented measurement techniques and
associated Quality Assurance and Quality Control activities.

(c) Assessment Phase: Evaluate the collected data against the survey objectives using data
verification, data validation and Data Quality Assessment.

(d) Decision-Making Phase: Make the decision keeping in mind some decisions are
quantitative, while others are qualitative based on best available evidence and
professional judgement.

Radiation Survey and Site Investigation Process (RSSI) - Six Steps

The RSSI process is a series of six steps used to collect information to demonstrate compliance
in order to release a site. The six steps are: Site Identification, Historical Site Assessment
(HSA), Scoping Survey, Characterization Survey, Remedial Action Support Survey and Final
Status Survey (FSS). MARSSIM focuses on the Final Status (Verification) Survey - the last step
in the process. The success, design and conduct of the FSS is based on the prior surveys. Each
and every action and survey should have clearly defined objectives - why is the survey being
performed and what questions is it trying to answer.

Use of MARSSIM at Several Sites in the United States

Use of MARSSIM at a site contaminated with thorium

A final status survey was conducted by the Environmental Survey and Site Assessment Program
of the Oak Ridge Institute for Science and Education. The objective of the final status survey
was to implement MARSSIM methodology in Class 1 and Class 2 land area survey units at a site
contaminated with thorium. Survey activities conducted included document reviews, surface
scans and surface soil sampling and analysis. Both survey units passed the Wilcoxon Rank Sum
(WRS) statistical test, but the Class 1 survey unit did not pass the Elevated Measurement
Comparison (EMC). The WRS test was used to evaluate the Th-232 concentrations in the Class
1 and Class 2 survey units because the contaminant of concern (Th-232) was present in
background. Additionally, while the Class 2 survey unit did pass the release criterion, it was
evident that the background reference area did not sufficiently represent the Class 2 area - further
emphasizing the need for proper reference area selection.

Use of MARSSIM at a Light Water Reactor (LWR)

One of the first field tests of MARSSIM was performed at a LWR site. The areas selected for the
survey contained low-levels of residual radioactivity from site operations that would be
classified as Class 1 or Class 2. To be an effective test, the level of "residual activity" was
selected to be near the cleanup level, since an area with either no residual activity, or a heavily
contaminated area would be easy to identify using almost any reasonable procedure.
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The field test was conducted on both interior and exterior survey units. The radionuclides of
concern were 60Co and 137Cs. The interior Class 1 survey unit was 61 m2 in size. A GM probe
and sealer unit were used for the surface measurements. The following activity and concentration
release criteria were used, based on a conservative, surface activity screening level approach:
60Co 1260 dpm/100 cm2 and 137Cs 1120 dpm/100 cm2

Since the measurements were not radionuclide specific, a reference area was found in a nearby
building constructed of similar material. Background in the reference area was estimated to be
about 2240 dpm/100 cm2 with a standard deviation of 400 dpm/100 cm2.

Results:

Samples
Average
Std. Deviation
Median

Reference
Area
40
58
10
59

Survey
Unit
50
88
92
58

Wilcoxon Rank Sum Test (WRS): The sum of the ranks of the adjusted reference area
measurements, 2432, is greater than the critical value 2023. Thus, the null hypothesis that the
Survey Unit as a whole uniformly exceeds the release criterion is rejected.

Elevated Measurement Comparison (EMC) with DCGL=30: One area of 1.5 m2 (Area Factor of
8) exceeds 240 GM counts; An area of 6 m2 (Area Factor less than 3) averages about 230; A 24
m2 area (Area Factor of 1.2) averages about 130. The Survey Unit Fails based on the results of
the EMC.

Use of MARSSIM on a Depleted Uranium Survey Unit

A final status survey was also conducted on a 500 m2 survey unit at a facility that had been
contaminated with depleted U (90% 238U, 8% 234U 1% 235U) and subsequently remediated. The
DCGL was determined to be 1.03 pCi/g for 238U. Natural background for 238U in the vicinity was
estimated to be about 1 pCi/g with a standard deviation of approximately 30%. During the DQO
process it was determined that there was no radium contamination at the site. Thus the 226Ra
concentration in each sample could be used as a surrogate to determine the net residual 238U
activity in each sample. This eliminated the need for sampling a background reference area and
reduced the total number of samples required for the survey. In-situ gamma spectrometry was
used at 24 locations in the survey unit to determine that the survey unit met the release criterion.

Conclusion

As part of the process of preparing a site for unrestricted release, it must be demonstrated that
residual radioactivity in facilities and environmental media has been reduced to acceptable levels.
Typically, compliance with radiological criteria for unrestricted release was demonstrated by
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conducting final status surveys of the site or facility and reporting the survey results to the
cognizant regulatory agency for evaluation. Previous federal guidance for such surveys had
limitations that become apparent as residual radioactivity approaches background levels. Among
these are the prescription of fixed sampling densities and the assumption that the data are
normally (or lognormally) distributed. MARSSIM provides a nonparametric statistical technique
that does not require the data to have a specific distribution, can be applied to data containing
non-detects, and specifies sampling densities that depend on the specific DQOs of the user. This
methodology, after being successfully applied to several types of sites, generally results in final
status survey plans that are flexible and accurate, while being more efficient than previous
methods.
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SITE REMEDIATION AND THE FUTURE OF RADIATION PROTECTION
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Abstract

An ongoing project on The Future of Radiation Protection is exploring the most important radiation-
related challenges that may emerge between now and 2025. Project participants have already
identified the restoration of sites contaminated by radioactive residues as one of the central challenges
of the generation ahead. Scenarios developed in the project explore a wide range of plausible
radiation protection futures, from highly desirable futures to futures dominated by problems and
crises. The most negative scenario involves many developments that produce radioactive residues,
from accidents that release radionuclides and scandals over the improper handling and disposal of
radioactive wastes to accelerating proliferation of nuclear weapons and incidents of radiological
terrorism. A majority of expert participants in focus groups conducted as part of the project view this
negative scenario as the most probable future. Other scenarios explore a "greater use" future (e.g., a
second generation of nuclear power) and a future where advancing technology leads away from the
use of radioactive materials. These two scenarios elicit strong enthusiasm from different sets of
participants, but neither of them is viewed as likely. A final "Whole System Protection" scenario is
viewed favorably by the widest range of participants and is viewed as reasonably likely. This scenario
is being developed further in the current stage of the project. It is being developed to highlight
common ground between participants in terms of agreement on "principles for guiding action."
Principles such as total accounting, pollution prevention, risk harmonization, public right to know,
stewardship, and sustainability may form a framework for guiding action that can transcend
traditional debates and revitalize the field of radiation protection.

Project on the Future of Radiation Protection

With support from the U.S. Environmental Protection Agency, the Institute for Alternative Futures is
undertaking a project on The Future of Radiation Protection to help the radiation protection
community identify the most important radiation-related challenges and opportunities that may
emerge over the generation ahead. The first stage of the project explored the breadth of the radiation
protection mission and the most important radiation-related issues that will need to be dealt with
between now and 2025. Input was gathered from over 100 thought leaders in the radiation protection
field through personal interviews and workshops.1

In these interviews and meetings, the clean up of large defense facilities and the restoration of other
sites contaminated with radioactive residues emerged as one of fifteen major "sectors" of the broad
radiation protection mission. Of forty "key issues" identified by participants, four dealt with
environmental restoration:

1 Workshops were conducted at the CRCPD National Conference of state radiation protection officials,
the ASTSWMO Radiation Task Force, the NAREL and RIENL national laboratories, and the U.S.
Environmental Protection Agency's Office of Air and Radiation (ORIA).
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(a) Allocation and efficient use of resources
(b) Radiological assessment of sites
(c) Remediation technologies and strategies
(d) Remediation standards

The second stage of the project, which is currently underway, began by using the forty "key issues"
identified by participants as a basis for creating alternative scenarios of how issues related to radiation
protection might unfold between now and 2025. The scenarios are designed to explore a broad
"possibility space," ranging from highly desirable futures to futures dominated by problems and
crises.

The "Things get Worse" Scenario

In the most negative of the four scenarios, "Things Get Worse", many developments produce
radioactive residues, creating a need for environmental restoration. Some of the developments over
the next 25 years include:

(a) Incidents of radiological terrorism involving nuclear dispersion devices
(b) Accidents involving the release of radionuclides in the former Soviet Union, Japan, the

USA, and several developing nations
(c) Environmental and public health scandals involving improper handling and storage of

radioactive wastes
(d) Transportation accidents involving mixed and low-level wastes
(e) Proliferation of nuclear weapons, with residues produced by weapons production and

nuclear testing
(f) Mishandling and misuse of Naturally Occurring Radioactive Materials (NORM) and

Technologically Enhanced NORM (TENORM)
(g) Failure to solve the waste management problem - In the USA, YUCCA has never opened,

resistance to opening new low-level waste sites has continued, and it has become
politically unacceptable to ship waste overseas

The scenario highlights many other negative possibilities. Public perception of radiation risks is
increasingly fear-based and disconnected from facts. An internet-fueled hysteria develops about
radioactivity lurking in consumer products, imported metals and materials, and a variety of
"unexpected places." Anti-nuclear protests frustrate efforts to move ahead with a second generation
of nuclear power, but other energy alternatives to nuclear and fossil fuels have not been developed.
More coal is burned for power generation in the U.S., China and other nations, and global
temperatures are beginning to rise rapidly. Lawsuits are underway for damages caused by medical and
occupational radiation exposures. Huge expenditures for the restoration of Department of Energy
(DOE) and Superfund sites have often been boondoggles. Funding for radiation protection has been
cut sharply, but the radiation protection community is being blamed for failing to prevent worsening
problems.

The majority of participants to date view this scenario as the most likely future, the future that most
current developments appear to be trending toward. Several participants argue that this is far from a
"worst case" scenario. In this view, even worse developments are highly plausible over a 25 year time
span, such as a new nuclear arms race, a nuclear exchange between India and Pakistan or other
nations, runaway proliferation of nuclear weapons, or terrorist uses of bombs rather than dispersion
devices.
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The "Different Technology, Greater Use" Scenario

Most of the problems in the "Things Get Worse" scenario are prevented or mitigated by
improvements in technology and management in the "Different Technology, Greater Use" scenario.
Some of the key developments over the next 25 years include related to restoration of environments
include:

(a) Large scale DOE and Superfund environmental restoration projects are carried out
efficiently and avoid costs of meeting unnecessarily high levels of protectiveness

(b) First generation nuclear power plants are safely decommissioned
(c) A safe, acceptable waste disposal program is put into place for all forms of waste

In this scenario, ongoing research demonstrates that there is a relatively high threshold for health
effects of radiation and that low level sources pose no significant health risks. Exaggerated fears of
radiation fade as public perceptions of radiation risks move more into line with scientific assessments.
New uses of radiation in industry and for diagnosis and treatment in health care provide benefits that
clearly outweigh risks. A second generation of smaller, standardized, inherently safe reactors is
initiated in the USA and other nations. Education programs for nuclear engineering and health
physics expand rapidly to strengthen the technical infrastructure for radiation protection.

For a number of the participants in the project to date, the "Different Technology, Greater Use"
scenario is what one called "the best of all worlds." But even the participants most enthusiastic about
this image of the future do not believe the scenario is highly probable. The overwhelming majority of
participants see this scenario as becoming less and less likely over time. They see many current trends
in public opinion and public policy moving away from it rather than supporting it.

The "High Tech Rad Lite" Scenario

Like the "Different Technology, Greater Use" scenario, the "High Tech Rad Lite" scenario is
successful in preventing or mitigating most of the problems that dominate the "Things Get Worse"
future. The scenarios are parallel to some extent. Both involve successful decommissioning and
decontamination of commercial and government reactors, major efforts to restore environments with
radioactive residues, and significant progress in waste management and disposal. But in the "High
Tech Rad Lite" scenario, both governments and businesses increasingly pursue a strategy of
minimizing radiation exposures and the creation of radioactive residues.

The scenario does not portray an "anti-technology," "appropriate technology," or "soft energy path"
future. Instead, technological advancements in many areas support reducing the use of radioactive
materials and offer superior performance at lower costs. Dramatic improvements in energy efficiency
reduce the need for electrical generation. Nonpolluting fuel cells are widely used in buildings and
vehicles for decentralized power generation. Photovoltaics and other advanced energy supply options
expand rapidly. Global treaties lead to the elimination of weapons testing and production, and over 90
percent of existing nuclear weapons are dismantled. Technical advances provide substitutions for
most uses of radioactive materials in industry and for all uses in consumer products. Advanced
modalities for diagnosis and treatment reduce the use of ionizing radiation in health care.

This scenario elicited great enthusiasm from some participants, but others view it as problematic and
improbable. Today's historically low oil prices are a strong barrier to both improvements in energy
efficiency and investment in new technologies. The scenario requires many technological
breakthroughs, some of which might turn out to be expensive, or might generate other problems.
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Even the scenario's strongest advocates do not believe that public opinion and public policy are yet
moving strongly in this direction.

The "Whole System Protection" Scenario

Unlike the other scenarios, the "Whole System Protection" scenario will not be an end state
description of 2025. For example, the scenario description will not specify whether or not a second
generation of nuclear power emerges in this future. Instead, the scenario will describe the principles
for guiding action and the process that emerges for making sound decisions. The procedure for
developing this scenario is essentially a search for common ground. It is already clear that restoring
sites with radioactive residues will be one of the main topics dealt with in the scenario.

The concepts listed below are the first "principles for guiding action" to be recommended in the
project's focus groups. The next phase of the project will focus on exploring what such principles
imply for restoring environments with radioactive residues and other aspects of the radiation
protection mission.

(a) Pollution Prevention - Wherever feasible, prevent pollution (including radioactive
residues) from being generated in the first place, rather than treating it at the end-of-the-
pipe

(b) Total Accounting - Assess the full cradle to grave costs and benefits of decisions,
including impacts on natural systems

(c) Risk Harmonization - Harmonize radiation and chemical regulatory programs, based on a
careful crosswalk between chemical and radiation models, parameters, risk calculations,
and measurement techniques

(d) Public Right-to-Know - Assure easy public (and public manager) access to complete and
up-to-date information on the state of radiation in the environment

(e) Stewardship - Assure that the expertise and organizational capability for dealing with
responsibilities is maintained across generations

(f) Sustainable Development - Develop in ways that meet current needs without undermining
the ability of future generations to meet their own needs; find development strategies that
simultaneously pursue economic well-being, environmental protection, equity, and quality
of life

(g) The Natural Step - A framework of principles for building an ecologically sustainable
society adopted by over 60 corporations such as McDonalds, Electrolux and IKEA
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Abstract

IAEA TECDOC-987, Application of radiation protection principles to the cleanup of
contaminated areas, provides a coherent framework and consistent guidance needed for
approaches to cleanup that encompass the entire range of contamination situations. A major
goal of cleanup is usually to re-establish that the environment can acceptably support
habitation and use. Difficult situations include chronic exposures due to radioactivity
associated with the discovery of contamination from a previously discontinued practice and
post-accident situations. and post-accident situations. The concepts of justification,
optimization, and limitation can be applied to cleanup from "trivial" to "intolerable" situations
by taking into account not only radiological risk, but the entire range of social values
including the ability of the society to feed and shelter itself and to sustain a productive
economy. TECDOC-987 proposes six ranges, or bands, of doses that correspond to trivial,
acceptable, tolerable - clean-up unlikely (unless constrained), tolerable - clean-up likely,
unacceptable, and intolerable risks. Remedial actions may vary from "none" to elaborate
decontamination or restricted or prohibited use.

Introduction

At the present time there is a gap in the guidance offered by the international agencies
concerned with radiation protection in the area of chronic exposure to residual radioactivity.
This gap arises from past practices, which may have been discontinued at a particular site, and
may have resulted in contamination either routinely from the previous activities or else from
an accident, where adequate cleanup had not been undertaken or completed. These are
commonly known as "cleanup situations". The term "cleanup" in this context has
approximately the same meaning as the words "rehabilitation", "reclamation", and
"remediation" used elsewhere. In these situations some remedial actions may be necessary,
such as removal, cover and/or mixing of radioactive materials in soil, treatment of ground and
surface waters, and the decontamination of structures. Decisions on remedial actions should
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be guided by appropriate radiological criteria. Considerations for the development of such
criteria are summarized in the following sections [1].

Types of Contamination Situations

Cleanup may be needed when environmental media have been contaminated as a result of a
variety of human activities involving radionuclides. The activities past and present that may
lead to contaminated areas and eventually to cleanup include amongst others:

• Various phases of nuclear fuel cycle (mining and milling of uranium ore,
enrichment and fuel fabrication, energy production and reprocessing);

• Radioactive waste disposal, either on land or in the marine environment;
• Nuclear weapons production;
• Nuclear tests and other detonations;
• Use of radionuclides in medicine and research;
• Use of sealed and unsealed sources in industry;
• Ore processing, mineral extraction of materials containing natural radionuclides,

and other activities with may generate enhanced levels of natural radionuclides
(radium, thorium, rare earths, phosphates, oil and gas production);

• Misuse of natural or man-made materials containing natural radionuclides, which
have been used in construction (e.g., uranium mill tailings used in landfills or in
residential construction); and

• Accidents

The type and extent of the contamination will depend on the scale of the operation, the source
term, the nature of the radionuclides and the contaminated environmental media involved.
This will lead to different contamination situations. They may be confined to the site of the
operation or may extend to off-site areas. In the latter case, the contamination situation may
be caused by inadequately controlled discharges, either by current operations, or by operations
in the past, transportation accidents (including satellites and weapons) and major accidents
with nuclear installations, causing large scale off-site contamination. Apart from the
terrestrial contamination, such releases may also contaminate off-site groundwater, aquifers
and river, lake and estuarine sediments.

Development of Cleanup Criteria

The approach suggested for establishing criteria (action levels) for cleanup operations
involves the justification/optimization principles of radiation protection and also defines a
maximum generic annual dose level to constrain the residual dose following cleanup
operations. This maximum, generic annual dose level is based on a series of international
recommendations on intervention and exemption levels and on the perspective supplied by the
variation of annual individual doses from natural sources.

Figure 1 displays the range of possible cleanup situations, divided into six sections or "bands",
each covering approximately an order of magnitude in dose or risk. For easy reference, these
are numbered from 1 (annual doses less than 10 |J.Sv or 1 mrem above background) to 6
(annual doses with the potential to cause serious deterministic effects in less than a year).
Each band is categorized into two aspects: the need or for cleanup if this level of exposure
would result from the initial level of contamination, and the post-cleanup measures that would
be implied if the situation were to be used as the end-point, indicating its possible suitability
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Band Risk Index Actions

if this is the initial level

Acceptability status of this
level for release as "new

background"

Additional annual Additional annual Additional
dose projected, dose projected, rem y~ annual risk

mSv y"1 1

Intolerable Clean-up or prevent use

Not suitable for release.
Restrict use -100 -10

Unacceptable Clean-up or restrict use

- 1 0 -1

- 10 "

Tolerable (if
A LARA)

(Clean-up likely)

Clean-up decisions based on
justification/optimization

Release may be possible
subject to regular review of

situation

-0.1

- 1 0 '

(Clean-up unlikely unless
constrained)

Release possible - situation
may need occasional review

Acceptable Clean-up unlikely to be
necessary on the basis of

radiological risks

Release likely - review only if a
problem becomes apparent

-0.1

-0.01

-0.01

-0.001

~10"E

Trivial No clean-up necessary Can be released without
controls

-10"7

Figure 1. Scale of proposed actions for different dose and risk levels



as a release level. The doses are chronic and to be considered additional to the level of doses
attributable to the natural environment.

Band 1 represents annual doses less than 10 fi,Sv (1 mrem) above background, and represents
risks that would be regarded as trivial in the vast majority of situations. Criteria for triviality
of risks have been published in the context of exemption of practices and sources and
clearance of materials from practices. The Basic Safety Standards [2] specifies criteria for
exemption and clearance, when the effective dose expected to be incurred by any member of
the public is on the order of 10 |J,Sv or less in a year, and the collective dose committed by one
year of performance of the practice is no more than about 1 man-Sv.

Band 2 represents annual doses (typically tens of jxSv y"1 above background) in the range that
would be considered acceptable, as additional exposures imposed on members of the public as
a result of a set of planned actions with an overall net benefit to society (i.e., a justified
practice, such as the use of smoke detectors).

Band 3 represents risks that might be considered tolerable as additional risks from a justified
practice, provided that they were as low as reasonably achievable; the upper bound of Band 3
corresponds approximately to the ICRP [3] dose limit for members of the public (1 mSv y"1 or
100 mrem y"1 above background). Also, many national authorities have adopted dose
constraints, typically between a hundred to some hundreds of u.Sv y"1 to apply to new and/or
existing practices, and international recommendations have been made about rationales for
choosing constraints [4, 5]. However, these levels of risk are low enough that they would be
considered acceptable in many other situations.

Examples of situations involving decisions for Bands 1-3 involve the presence of natural
radionuclides (e.g., 226Ra) in construction fill material. Depending on the levels of radium,
and hence radon, and the resultant radon daughter concentrations, decisions would need to be
made based on the cost of repair and on the benefit thereof.

Band 4 represents risks corresponding to doses of the order of mSv y"1 (up to a few times
average background). These would not normally be considered acceptable if they were
deliberately imposed on the public, but are low enough that they would be acceptable in other
situations, such as:

• If the individuals are exposed voluntarily and receive a direct compensating
benefit; e.g., radiation workers or people receiving medical x-rays, then risks of
this magnitude would be acceptable if they were as low as reasonably achievable;
or

• Radiation risks of this magnitude are routinely accepted from natural sources, and
variations of this magnitude in levels of background radiation do not appear to
influence people's behavior.

Band 5 (doses of tens of mSv y"1) represents risks that would generally be regarded as
unacceptable from any source (with the exception of necessary medical treatment) because the
stochastic risks associated with exposures in this band are too high to be tolerated under
normal circumstances.
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Band 6 represents risks (whether in terms of serious deterministic effects or a high probability
of stochastic risk) that are clearly intolerable in all but the most exceptional circumstances
(e.g.; radiation therapy to treat cancer). Both the risk of serious deterministic effects and
stochastic risks would always be so high as not to be tolerated under any circumstances.

It is clear that the annual doses dividing the bands can only be approximations in view of the
uncertainties involved. Nevertheless it is convenient to have single numbers to represent
criteria, and considerable presentational problems may be expected if slightly different
numbers are quoted in different situations.

In this case, the most significant criterion that cannot readily be linked to existing criteria is
probably that dividing Bands 4 and 5. This represents a point above which cleanup would
normally be expected to be undertaken in unconstrained situations, and therefore also
represents the maximum level of residual risk that (apart from exceptional circumstances)
might be considered acceptable as a "new background" level. Therefore, situations with
annual individual doses above this level would never be considered as normal, whereas
situations with annual doses below this level would in most cases - but not always - would be
considered normal.

The choice of 10 mSv y"1 (or 1 rem y"1) for this boundary is necessarily a judgement, but is felt
to be robust in the face of a number of considerations, including:

• Worldwide variation in natural background dose;
• Action levels recommended by ICRP and IAEA for radon in dwellings and

workplaces;
• Doses implied by interdiction levels of activity in foodstuffs; and
• IAEA recommendations on criteria for resettlement of populations.

Real Example Situations

An example of a challenging clean-up situation is the former nuclear weapons testing site,
Semipalatinsk, in the Republic of Kazakhstan. Initial findings of dose assessments indicate
annual exposures in the region of 10 mSv (1 rem) predominately due to external exposure. If
these areas were permanently settled in the future, estimated exposures could be up to 140
mSv (14 rem) per year. Remedial action is considered necessary for these localized elevated
areas. However, due to budgetary and other constraints, the most appropriate remedial action
at this time may be to restrict access to these areas [6].

Another example is the Bikini nuclear weapons testing area in the Republic of the Marshall
Islands in the Pacific Ocean. The annual background (excluding the effects of the nuclear
weapons testing) is 2.4 mSv (0.2 rem). Without any intervention, the total effective dose
could have been about 15 mSv (1.5 rem). Following an optimized remediation strategy, the
estimated effective dose is reduced to 2.8 mSv (0.3 rem). This effective dose rate (which
includes the contribution from the natural environment) becomes the "new background" level
[7].

The above examples are consistent with a generic criterion in the region of 10 mSv y1 or 1
rem y1 as a level above which some form of cleanup would normally be expected.
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Abstract

Under the present circumstances, in correlation with the national nuclear program and
strategy, it is foreseen to stop the exploitation activities in two important uranium mining
areas from Romania. This close-out action is involving a number of technical decisions for
environmental restoration. Reduction of waters radioactive contamination in these zones, both
during the operating period and after the closeout period, is one of the main components of the
environment rehabilitation strategy.

In this paper there are presented the today situation and the program foreseen for ground and
surface water treatment at an uranium mining unit situated in the SW side of Romania,
program based on the results of our own research carried out to decrease the content of
pollutant radioactive elements.

General

Nowadays the uranium industry has to face the lowering of uranium price on market. The
interested companies are adopting various strategies to survive. The actual restructuring
strategy of Romanian uranium industry is to stop the activity in several mines.

In Romania there are three mining districts: Bihor in NW, Banat in SW and Suceava in the
NE side of the country. The uranium ore mined in these zones is sent to the processing plant
in the country center. In the future, as a result of the closeout politics, some mines from Banat
and Bihor will undergo processes of closeout and ecological remediation.

In Banat district there are several mines still operating i.e. Ciudanovita, Dobrei North, Dobrei
South and Natra. The geological exploration of uranium ore bodies in Banat started in 50's
but the exploiting activity of these uranium deposits started at different times for each mine.
The geological and mining conditions of uranium deposits, corroborated with the existence on
the mines surface of water flows, sites communications, have led at the mining methods only
with filling in the excavated space. The area where mines are located has mountainous relief,
forested slopes and narrow valleys with the hydrographic network consisting mainly of
tributaries from the left bank of the Caras river basin. The main watercourses are Jitin
(crossing Ciudanovita) and Lisava (crossing Natra and Dobrei) brooks. These surface flows
influence the underground waters. Their flow rate isn't constant, varies from 0.2 to 1.0 m3/sec.
The multi-annual average of rainfall is 860 mm.
Figure 1 presents the diagram of opening works for this studied area, including the
underground water evacuation system.
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Figure 1. The diagram of opening works - underground waters
evacuation system

Generally, the polluting sources from uranium mine are: (1) mine and surface waters (2) waste
and poor ore heaps or dumps and (3) radon release. The main pathway of contamination is
water: mine water and water washing ore piles. This water discharge to surface water has the
greatest environmental impact. When closing a uranium mining area it is very important to
settle a water treatment strategy in order to reduce the hydro-network contamination.

Major sources of the surface water contamination are:
Surface discharges from controlled underground discharges from treatment plants;

- Leaching of radionuclides by surface streams flowing through or eroding spoil
heaps;
Contaminated groundwater from uncontrolled discharges from surface drifts; and

- Run-offs from surface spoils heaps.

The Present Mine Water System

Different laboratories sampled the waters courses from Banat area in the past twenty years
viewing the assessment of environmental impact of uranium ore mining. The Romanian
standards for discharge waters are the drinking water standards specifying the following
accepted limits for radionuclides:

Natural uranium
Radium

0.021 mg/1
0.088 Bq/1

These limits are more restrictive than those of almost all-European states. The existing levels
of U and Ra measured in surface waters exceed the limits. There were sampled also the
sediments from rivers and brooks at different distances upstream and downstream from mines.

There were analyzed the mine waters to find which are the polluting elements and their
contents. The analysis showed that the pollutants exceeding the Romanian standards are solid
suspensions (which proved to contain radionuclides), uranium and radium in soluble forms
and sometimes arsenic. The radionuclides content was varying in time, depending on the
mined ore quality. The content of solids in suspension was 5-10 g/1, uranium concentration
was sometimes (in the years with intense mining activity) greater than 4 mg/1 (now is 1.5-2
mg/1) and radium content is 0.1-0.5 Bq/1.

At present there are treatment stations at Ciudanovita and Dobrei South that processed mine
water to decrease its uranium content. Their capacity is 1000 (12 1/s) respectively 1500 (18 1/s)
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m3/day. The mines closeout program includes a flooding strategy along with water treatment
strategy. The water treatment strategy depends on which type of flooding is chosen.

If only Ciudanovita mine is going to be closed by stopping the pumping of the deep mine
water from below -70 m it means that:

- it'll be decommissioned the treatment station;
the deep waters will flood the mine's depths and overflow down the -70 m roadway
into the Dobrei mining complex;

- the inflow from Ciudanovita will require an increased capacity for water treatment in
Dobrei with additional groundwater problems; and
during periods of high rainfall it is to be expected high levels of groundwater
contamination from surface waters that cross the spoil rock piles, thus it will be
necessary to treat this contaminated water.

Other closeout strategies include the construction of high or low-pressure plugs with totally or
partially controlled flooding.

Water Treatment Technology

The present operating water treatment stations, whose capacity is already too small, are
treating the water only to diminish uranium content. Thus, the '98 average inflow U content
was 2.71 mg/1 and the discharged water had 0.176 mg/1. The future situation generated by
mines closeout will imposed a new, enlarged strategy, developed to perform uranium removal
from a much larger volume of water, to a greater extent and also to remove solid suspension
and radium as to comply with the standards. The technological present flowsheet is presented
in figure2.

The new mine water treatment technology has three main phases:

- removal of solids in suspension by natural or forced decantation in multi
compartmented horizontal decanters;
- uranium removal by ion exchanging in batteries of 3-4 columns filled with ion
exchange resin; the process occurs in fluidized bed system, each column being possibly
to be disconnected; and
- Radium removal by adsorption on active coal columns linked serially to the ion
exchange columns of each battery.

Water is pumped with flocculant addition into decanters. The clear overflow is passed into a
reservoir and from there enters the ion exchange battery. The ion exchange columns are
operating till the uranium content in discharge reaches the maximum accepted limit of
0.02 lmg U/l. At this moment the first operating column is disconnected from battery, washed
with water and eluted with a mixture of sodium carbonate and chloride. The first two BEVs of
eluate with a minimum content of 5 g U/l are to be stocked in a tank and sent to the uranium
processing plant for uranium recovery as sodium diuranate. The eluted resin is washed,
regenerated and connected back in exchanging circuit. The discharged water from ion
exchanging battery is supplying the activated coal columns till the discharged water from the
last column reaches the accepted limit. The coal columns may be washed with a hydrochloric
acid solution and radium co-precipitated as Ba(Ra)SO4.
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Estimated Capacities and Costs

The composition of artesian mine water likely to appear at surface when the Ciudanovita mine
flooding is completed is actually estimated. However the mine water has a relatively high pH,
the sulfide concentration in ore is relatively small so it'll be possible to suppose that the
carbonate content will buffer the water and the increase of radionuclides concentration during
flooding will be insignificant. The results of geochemical modeling of the flooding process
suggest an estimate of 1.6 mg U/l and for Ra 0.2 Bq/1.

The costs depend on the estimated capacity correlated with the chosen flooding variant.
Estimation of the investment costs for water decontamination has been made without taking
into account the existing treatment stations nor salvage or reuse of some equipment. It was
thought that a single treatment plant to control all mines discharges is more advantageous.

The following data were taken as future parameters for the treatment plant:
Solid in suspension in feed water
Uranium concentration in feed water
Radium concentration in feed water
Uranium concentration in discharged water
Radium concentration in discharged water
Fixing cycle
Resin or coal columns charge

max. 5g/l
2-2.5 g/1
0.2-0.3 Bq/1
max. 0.021 mg/1
max. 0.088 Bq/1
max. 60 days
3.6 m3

167



In these conditions result the following necessary equipment and investment costs:
for 10 1/s mine water flow-rate: a battery of three ion exchange columns and two
activated coal columns; the cost could be 65,000 US$;
for 20 1/s mine water flow-rate: two batteries of three ion exchange columns and
two activated coal columns each; the cost could be 75,000 US$; and
for 30 1/s mine water flow-rate: three lines of three ion exchange columns and two
activated coal columns each; the cost could be 85,000 US$.

The cost of processing water could be about 0.1 US$/m3 of decontaminated water. It wasn't
taken into account the uranium recovered from mine water that can be used to offset the cost
of water treatment. The estimated costs for water treatment are to be compared with other
costs concerning the environmental remediation.

168



APPROACH FOR SELECTING THE BEST REMEDIATION OPTION FOR A
CLOSED URANIUM MINE IN SLOVENIA

B. KONTIAE XA9953172
Institute "Jozef Stefan"
Ljubljana, Slovenia

Abstract

For uranium mine and mill at Zirovski vrh, Slovenia, which stopped operating in July 1990,
four remediation options were evaluated. Basically, these options were close-down
alternatives focusing on final disposition of the residues, primarily mill tailings.

A multi-attribute evaluation approach was applied for the comparison between alternatives
and as a decision support. The main considerations were given to the economy of the
alternatives and their environmental and health impacts. Altogether, fifty seven basic
attributes, organized in an evaluation (decision) tree, were applied.

In the paper, results of the first two iterations of the evaluation are presented. The third
iteration, which is presently under execution and involves more thorough long-term
performance and uncertainty assessment associated to mill tailings disposal, are also briefly
discussed.

Summary of Basic Information

Background

Uranium mine and mill at Zirovski vrh (RZV) produced first yellow cake in late 1984 and
stopped mining and milling in 1990. About 600000 tonnes of ore were processed in this
period. The facilities are located 35 km W-NW of Ljubljana in a valley drained by river
Brebovs'eica. The facilities consist of underground mine, mill and several deposits of mine and
hydrometallurgical wastes.

After the stopping of mine activities the mine was left without sufficient maintenance. Due to
this situation zones of instability in the mine have developed and some pit rooms ceiling
collapsed. As a first step towards decommissioning, a part of the then excavated ore (about
5000 tonnes) was taken back to the mine.

During operational period the material was excavated and sorted on the basis of uranium
content (gamma radiation measurements). Ore with higher contents than 300 g U3O8 per tonne
was used for production, while lower grade ores were disposed of at nine waste piles. Today
four such piles exist, one permanent at Jazbec and three temporary.

The RZV mill design capacity was 160000 tonnes of processed ore per year. The ore was
crushed and leached with sulphuric acid. The mill tailings with about 20 % moisture were
transported to the disposal site at Borst, nearly 3 km from the processing plant. These tailings
(altogether 640000 tonnes) are deposited on sloping area. Due to heavy rain in November,
1990 a substantial part of the tailings deposit with nearly 2.5 million cubic metre of the
underlying natural bedding rock began to slide. The investigations indicated that land
movement was due to heavy inflow of ground water. Stability study showed that lowering of
water table by about 20 m would stop the slide. Therefore a drainage tunnel was constructed
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under the sliding area to collect the seeping ground water. Afterwards, relatively rapid sliding
stopped.

Radiological impact in the present situation

The existing concentrations of radionuclides in air, water, soil, forage and food, when
evaluated in the form of radiological impact of RZV on the population in the vicinity of RZV
show (considering all relevant pathways) that the inhalation of radon and its progeny is
responsible for major part of doses. Farmers in the valley are reported to be the most exposed
group of the population; representative individual receives 0.30 mSv per year. Children are
the most exposed segment of the critical group of population who receive annual effective
dose of 0.44 mSv. Persons from the region working away from the site get an annual effective
dose of 0.24 mSv. Much lower doses are due to ingestion of contaminated agricultural
products and food (in average 0.050 mSv), external radiation (in close proximity to disposals-
0.005 mSv, gamma radiation from Rn and its daughters-0.003 mSv) and fish consumption
(0.005 mSv). Other sources like drinking water can be neglected.

Radiological impact in the future

After the implementation of the RZV basic decommissioning project, which anticipates
complete sealing of the underground mine and covering the above ground tailings with
impermeable layer, it is expected that the airborne releases of radioactivity from the closed
RZV will become of minor importance. Radon shall no longer be the main contributor to the
doses of the exposed population. Consequently, airborne exposure pathways as a whole would
become less important, probably irrelevant, and instead of them events and processes towards
eventual leaching of the mine and mill residues would gain the significance. Especially critical
could be a situation when a drainage tunnel under the sliding area at Borst will not perform
effectively, so at certain conditions all the mill tailings could slide in a valley, i.e. Todraseica
creek, a tribute of the river Brebovseica. This kind of incident can be expected in a case of a
heavy rain period, similar to that in November, 1990.

Bearing in mind such an incident a Board of Directors RZV raised a question of eventual
changing the basic decommissioning plan in terms of relocating the mill tailings from Borst to
Jazbec or into the mine galleries. Three alternatives of this relocation were identified:

• Partial removal of the tailings into the mine galleries. Since the additional purpose
of this relocation is the prevention of further collapsing of the pit rooms ceiling in
the mine, the amount of the relocated tailings depends on this purpose. It was
evaluated that approximately a half of the tailings, i.e. 300000 tons, should be
removed. This alternative was identified as Option A.

• Total removal of the tailings into the mine galleries. This option was identified as
Option B.

• Total removal of the tailings on the site Jazbec where the lower grade ore was
disposed together with the red mud. This alternative was identified as Option C.

Options A and B involve solidification of the tailings in the form of concrete. According to
the associated feasibility study, mixing of the tailings with cement, aggregate and water would
be performed outside the mine immediately prior to pumping the mixture into the mine
galleries.
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The Board of Directors RZV required that all the three options should be compared with the
basic option, i.e. Option Ao, which means the existing situation, i.e. leaving the tailings on the
site Bor§t as they are. The comparison should take into account economical as well as
environmental and human health considerations, including exposure of the workers engaged
in the activities.

Method of Evaluation

A transparent, computer supported multi-attribute evaluation model was developed for
ranking remediation options as a function of site and contamination characteristics
(environmental and health point of view), as well as characteristics of the remediation options
themselves (economy). The main components of the model are presented on Figure 1, while
the tree structure of the attributes that need to be taken into account when evaluating and
deciding upon the best remediation option is illustrated in Figure 2. All together, fifty seven
basic attributes (leaves of the evaluation tree) were included in the evaluation model. The
evaluation approach is described in more detail in [1,2]. Very similar approach is described in
[3].

Identify and characterise
inventory and site

Appropriateness of

remediation option

Identify and characterise
attributes

environmental
health
economic

Identify and characterise
remediation options

feasibility
longevity
cost
side effects

• space organisation
• direct impact
• indirect impact
- land use
• perception
•etc.

- dose to public
- dose to workers

Economics

- cost
other social

interests

Assign scores to identified
attributes for each
remediation option Figure 2: The top of the evaluation tree

Evaluate and rank options

Decision-maker

Figure 1: The main components of the evaluation model
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Results

Results of the first iteration show that only Option C is feasible. Other options either do not
solve the problem (Options Ao and A) or cause high exposures of the workers (Option B).
Associated with options A and B is a problem of preparing durable, high strength concrete in
the presence of considerable concentrations of sulphate ion in the tailings.

The second iteration was made assuming that the on-going remediation measures at the site
Borst (drainage, stopping the slide) will prove effective for longer period of time, and that
solidification of the tailings - preparation of concrete with desired characteristics - is feasible.
These options were then identified as "optimistic" (Ao optimistic, A optimistic, B optimistic,
C optimistic). The result of ranking is as follows:

• option Ao optimistic;

• option B optimistic;

• option C optimistic (needs certain dewatering and drainage improvements); and

• option A optimistic (still inappropriate, because it does not solve the problem).

Conclusion

Since the evaluation of long-term stabilization of the site Borst as well as associated
environmental impact has not been performed comprehensively in the first two iterations it
was decided to make a thorough risk assessment in the third iteration. The approach for
making this risk assessment is described in [4]. It is expected that final decision about the best
remediation option will be achieved based on the results of the third iteration.

References

[1] BOHANEC, M., RAJKOVIC, V., DEX: An Expert System Shell for Decision
Support, Systemica, 1(1) (1990) 145-157.

[2] KONTIC, B., EIA and long-term evaluation in the licencing process for radioactive
waste disposal in Slovenia, Journal of Environmental Assessment Policy and
Management, in print

[3] WRAGG, S.K., JACKSON, D., BOUSHER, A., ZEEVAERT, T., STIGLUND, Y.,
NORDLINGER, S., BRENDLER, V., HEDEMANN JENSEN, P., "Remediation
strategies for radioactively contaminated sites and their close surroudings
(RESTART)", Proceedings of the 6-th SRP International Symposium Southport, 1999,
(THORNE, M.C., Ed.), ISBN 0-7058-1784-9, 283-286

[4] HOLMES, R.W., "Uncertainty analysis for the long-term assessment of uranium mill
tailings", Uncertainty analysis for performance assessments of radioactive waste
disposal systems (Proceedings of an NEA Workshop, Seattle, 1987), OECD (1987)
167-190.

172



MARSSIM GUIDELINES FOR NON-IMPACTED AREA IDENTIFICATION IN
SUPPORT OF PARTIAL SITE RELEASE PRIOR TO LICENSE TERMINATION

D. PARISH
Big Rock Point Restoration Project,
Charlevoix, Michigan, United States of America

Abstract

Regulations are in place which allow plants undergoing decommissioning to remove obsolete
requirements from their licenses. Large buffer areas to the site boundary, needed for
emergency planning purposes during power operation, are not required for permanently
defueled facilities.

It is important that non-impacted areas be removed from license restrictions as soon as
possible post shutdown to allow rapid asset recovery and return the large environmental
resources these areas represent to beneficial use. License termination surveys are not required
for non-impacted areas in accordance with the guidance of U.S. Nuclear Regulatory
Commission (NRC) NUREG-1575 (MARSSIM), and NRC Draft Regulatory Guide DG-4006.
Thus, such areas do not fall under the license termination requirements of 10CFR50.82 (U.S.
Code of Federal Regulations). This report describes methods of classifying areas as non-
impacted in accordance with MARRSIM and other NRC guidance, and the licensing options
for release of non-impacted areas prior to license termination. The status of Big Rock Point's
efforts toward early release of non-impacted areas also is provided.

Introduction

Expansive owner controlled buffer zones that were once appropriate for operating nuclear
plants are no longer necessary for those plants undergoing decommissioning. It is important
that large areas of property which are determined to be non-impacted be released from the site
license as soon as possible. Release of these areas will provide rapid asset recovery and
promote the return of extensive environmental resources for beneficial use. MARSSIM
presents guidance on methods for establishing the non-impacted status of such areas.

Big Rock Site

Physically, Big Rock Point consists of a few acres of buildings and structures located in a
forested area on the Lake Michigan shoreline. The site license describes an owner controlled
area of approximately 600 acres; less than ten of these acres were utilized for actual plant
operation. Early evaluation and documentation of non-impacted areas has provided the benefit
of field experience with procedure use, instrumentation, and survey planning in preparation
for license termination survey activities of those site areas with known or suspected
contamination.
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Removal of non-impacted property from the site exclusion area is expected to assist in the
radiological control of those areas by eliminating them from demolition activities and the
potential for contamination. As non-impacted areas are removed from the site definition, they
become unavailable for licensed activities enabling a higher level of control for those land
areas.

While it is considered advantageous to release excess property early in the decommissioning
process, it is important to retain sufficient area for materials storage, equipment laydown, and
staging. It also is advisable to retain sufficient buffer around the radiologically impacted
areas to assure that radioactivity migration does not occur into the released areas prior to or
during remediation of the impacted areas.

Early Release yj;. Termination

Excellent guidance for non-impacted area classification and release is given in the
MARSSIM document. In accordance with the MARSSIM process, data quality objectives are
initiated to perform a historical site assessment of the area to be evaluated. When the
objectives have been satisfied, a determination can be made as to the true status of the area.
The flow path for this decision process is described in Figure I below.

Site Identification

Design Historical Site
Assessment (HSA) Using Data Quality

Objectives (DQO's) Process

Reassess DQO's

T
No

Perform HSA

Are the DQO's
Satisfied ?

Validate Data
and Assess Data

Quality

-Yes Is the Area
Impacted ? No

Document Findings
Supporting Non-

Impacted Classification

Document Findings
Evaluate per
10 CFR 50.82

Release Area

Figure 1 MARSSIM Guidance on the Identification and Release of Non-Impacted Areas
If findings support a non-impacted classification, there are no additional survey requirements
and the area should be released. If the area is determined to be impacted, the license
termination process applies. Inputs to this process include the following:
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(a) Process knowledge and historical review of the movement of contaminated material.
(b) Historical documentation of spill, burning, or burial of contaminated material.
(c) Surface water and aquifer flow.
(d) Airborne incident history. Surface winds and conditions.
(e) Scoping survey data.

The termination of license conditions described in 10CFR50.82 are not appropriate for the
evaluation and release of non-impacted areas. The majority of termination requirements are
not applicable to these areas. There is good logic for this: since non-impacted areas contain no
radioactive materials generated by license activities, licensing is not applicable.

Options for Release of Non-impacted Areas

There are two options available for the release of non-impacted areas prior to termination of
the 10CFR50 license. Both methods require that safety concerns, such as requirements for site
boundary distances under emergency conditions and security plan criteria, are satisfied.

Option I involves moving the site description from Technical Specifications to the Updated
Final Safety Analysis Report (UFSAR) by license amendment. The foundation for this move
is in 10CFR50.36 which allows decommissioning plants to revise technical specifications on a
case-by-case basis to allow for circumstances specific to decommissioning. This amendment
to the license may be accomplished by an NRC administrative action. A precedent for this
option has been set with the Yankee Rowe license amendment finalized earlier this year. With
appropriate supporting analysis, the UFSAR site description may then be amended under the
10CFR50.59 process to remove non-impacted areas from the site description.

Option II is the direct change of technical specifications to the newly defined site description,
excluding non-impacted areas, by license amendment. This may require a detailed regulatory
evaluation of the basis documentation for the requested change, and such a request may risk
an NRC decision that a formal license termination survey be performed prior to release of the
proposed area.

We are presently pursuing Option I: movement of the site description into the UFSAR in
preparation for changes under 10CFR50.59. Data Quality Objectives and Historical Site
Assessment evaluation of the non-impacted site areas have been initiated in preparation for
possible release prior to license termination.

Summary

Both the MARSSBVI and other NRC guidance (DG-4006) support the conclusion that the
license termination process does not apply to non-impacted site areas. Results of studies at
Big Rock Point to date indicate that all but approximately ten acres of the 600 acre site is non-
impacted. The Big Rock Point Restoration Project is pursuing a license amendment to move
the site description from the Technical Specifications to the UFSAR which would allow
subsequent release of non-impacted areas by means of the 10CFR50.59 process.
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Abstract

In August 1994, 18-year-old David Hahn (David) was detained by police in Clinton
Township, Michigan. When the police searched his car, they discovered a locked tool box
and other containers that David said contained radioactive materials resulting from
experiments he had conducted with the radioactive materials from, primarily, consumer
products. From the ages 14 to 18, David spent his spare time at his Union Lake, Michigan,
home attempting to concentrate, burn, chemically alter, and experiment with: the thorium
from hundreds of lantern mantles, radium from various luminescent sources and clock dials,
americium from smoke detector sources, and radioactive materials from natural ores. In the
process, he had contaminated a wooden shed in his backyard and his bedroom, and exposed
himself. In 1995, EPA, their emergency response contractor, and the Michigan Department of
Public Health (MDPH) performed an emergency assessment and removal at the property. The
response and removal were conducted cost-effectively and generated approximately 10 cubic
yards of radioactive waste.

Introduction

On August 30, 1994, 18-year-old David, who resided at the home of his father and stepmother
in Clinton Township, Michigan, was detained by Clinton Township police. While searching
the car, police discovered material stored in a locked, aluminum foil-covered tool box that
David reported to be radioactive. Clinton Township police contacted MDPH to verify the
information provided to them by David. After MDPH verified the items to be radioactive, the
police locked the items in a small storage building detached from the police station building.
Among the items removed from the car by police were numerous foil cubes containing a
radioactive gray powder, a package of small discs, cylindrical metallic objects, mercury
switches, and small packages wrapped in duct tape and aluminum foil. Gamma spectroscopy
analysis performed by the MDPH on the gray powder showed Thorium, estimated at 5 to 8%
by weight, resulting from chemical processing. These materials are regulated by the Atomic
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Energy Act. Since Michigan is not an Nuclear Regulatory Commission (NRC) agreement
state, MDPH notified the NRC, Region 3.

During subsequent interviews with David, MDPH learned that David had been conducting
chemical experiments with radioactive materials in a wooden shed at the home of his mother
in Union Lake, Michigan. The experiments included burning of and attempted concentration
of radioisotopes of thorium from lantern mantles, recovery of radium from various
luminescent sources (including clock dials), recovery and concentration of americium from
smoke detector sources and miscellaneous other materials, including natural ores containing
radionuclides. The home in Union Lake is situated in a residential subdivision. The shed was
located in the backyard. On November 29, 1994, MDPH conducted a radiological survey at
the Union Lake home. The findings concluded that the wooden shed at the Union Lake site
and the items stored in the shed were contaminated with radioactive materials. The U.S.
Environmental Protection Agency (U.S. EPA) was contacted by MDPH to assist with further
investigation and possible disposal of contaminated articles and the shed.

Table 1 summarizes results of measurements by MDPH in picocuries. To obtain the activity
in becquerels, divide by 27.03.

TABLE 1

Sample Number

SS-94-134

SS-94-135

SS-94-136

SS-94-137

Description

Silver/gray
cylinder

Gray rocks

Black/white
granular material
Flat 7mm object
in aluminum foil

Am-241,
pCi/each
500,000 ±
100,000

500,000 ±
100,000

Ra-228 pCi/each

40,000 ± 5,000

28,000 ± 4,000

Ra-228 is reported as a daughter of Th-232. Inferred Thorium-232 concentration in two
samples, based upon Ra-228 activity, assuring Th-232 in equilibrium at same activity, can be
calculated as follows:

SS-94-135 estimated sample mass = 4.4 grams
SS-94-136 estimated sample mass = 4.8 grams

Th-232 concentration in

SS-94-135 -- 40.000 pCi = 9,100 pCi/g (8.3% by weight)
4.4 grm

SS-94-136 -- 28.000 pci = 5,800 pCi/g (5.4% by weight)
4.8 grm
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Am-241 sources at 500,000 pCi each appear to be smoke detector sources with a
nominal activity of 0.5 wCi each.

Site Assessment

Initial screening for beta/gamma contamination was conducted using Ludlum Model 3
rate meter equipped with a Ludlum Model 44-40 shielded Geiger-Mueller (G-M)
pancake probe. This was followed by screening of the interior surfaces of the shed for
alpha contamination using a Ludlum Model 43-63 gas proportional detector with an
Eberline Model ESP-2 rate meter, calibrated at a 24 percent efficiency. Calibration
procedures and survey methodologies were taken from NUREG/CR-5849 Manual for
Conducting Radiological Surveys in Support of License Termination, June 1992.

Readings taken from the floors, walls, and shelves in the shed ranged from background
levels of 2 counts per 20 seconds per 100 square centimeters (c/20s/100 cm square) to
431 c/20s/100cm square. Individual items in the shed depicted readings of up to 50,000
counts per minute. The shed measured 16 feet long by 5 feet wide by 8 feet in height.
Table II lists the results of the survey in disintegration per minute. The SI unit for
activity is the becquerel (Bq). 1 Bq = 1 disintegration per second.

A radiation survey was also conducted at the Clinton Township residence. All the
surfaces and structures in the house recorded background readings. A pair of pliers and

TABLE II Selected Field Measurements of the Shed and its Contents

Item/Area and Location on
Sketch

Background

Top of air conditioner

Metal on air conditioner

Shelf

Lead sheeting

Roof-shingle floor

Copper bowl

Metal vegetable can

Paper scraps

Black residue on rocks/concrete

Pancake
GM

(cpm)

40 to 50

~

1,500

~

250

1,600

6,000

50,000

3,000

3,000

(dpm/100 cm2)

~

35,000

--

~

~

-

--

-

69,000

Gas Proportional,
Alpha

(cpm)

-

1,500

14,000

2,000

-

4,000

5,000

~

~

(dpm/100
cm2)

~

5,100

48,000

6,800

-

14,000

17,000

~

-

—
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a spoon from David's desk recorded 1,200 c/20s/100 cm square using a gas proportional
detector, and were found to be the only contaminated items at the Clinton Township
residence.

The contaminated items from the Clinton Township residence, as well as all the items
confiscated by the police during the initial incidence, were brought to the shed in Union
Lake for packaging and disposal. Following items were retrieved from the police
station:

• Over 50 foil cubes containing gray powder determined to be Th-232 and its
daughters, Ra-228 at 9,100 pCi/g

• Several small disks and cylindrical metallic objects, confirmed to be smoke
detector sources of 0.5 wCi Am-241 each

• Lantern mantles, a clock face
• Rocks, ores, and refined products
• Miscellaneous foil-wrapped and duct-taped packages containing Th-232 and

its daughters, Ra-228 at 5,800 pCi/g
• Lead chunks
• 100 mercury switches, batteries, vacuum tubes, fireworks, wire, activated

charcoal, acids, and other chemicals

TABLE III

Composite Waste Sample Content
Radio Nuclide

Actinium-228

Americium-241

Bismuth 212 and Lead-212

Lead-214

Potassium-40

Radium-224

Radium-228

Thorium-230

Thorium-232

Cesium-137

Uranium-235

Range of Values (pCi/g)

0.92 - 360

3.8-1,700

0-410

0-4.5

8.5-31

0.39 - 370

0 - 0.73

2.1 - 160

0.3 - 58

0.0042 - 0.38

0 - 0.29
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The Clean-up

PHASE I

Composite samples were collected for waste profile and preshipment analyses for
eventual waste disposal at Envirocare of Utah. Composite waste sample content is
presented in Table III.

PHASE II

Ingestion and inhalation were determined to be primary hazards. Appropriate dermal
and respiratory protection was used. The shed was dismantled and sized. The shed and
its contents were packaged in 36 drums (-10 cubic yards). One drum contained
contaminated lead sheeting macro encapsulated in concrete. The drums were disposed
at Envirocare of Utah. Shipment total activities were measured in millicuries as
follows:

No. Of
Containers

36

Volume-cu ft

266.4

Am-241

0.014

Th-232

0.005

Th-230

0.013

The post-removal radiation survey confirmed that the cleanup was complete. All post-
removal instrument readings were at the background levels.
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STATES' PERSPECTIVES ON REGULATING REMEDIATION OF
ENVIRONMENTS WITH RADIOACTIVE RESIDUALS
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Abstract

States in the United States regulate the use of radioactive material by applying their own
statutes, as well as many federal, municipal, and county regulations. This results in a
complicated arena for the cleanup of sites that have radioactive material. This paper will
discuss the relationship between state and federal authority with regards to regulating
radioactive material. It will discuss the states input to and perspectives on the U.S. Nuclear
Regulatory Commission's Radiological Criteria for License Termination 10 CFR 20 Subpart
E. It will also describe the states' role in restorations and an overview of past and current
standards applied to them. Finally, lessons learned by states performing restorations will be
presented.

Regulatory Arena

To understand the states' perspectives on remediation requires an understanding of the
regulatory world for states. States regulate the use of radioactive material by applying state
statutes, as well as many federal, municipal, and county regulations. This results in a
complicated arena for the cleanup of sites that have radioactive material and, often, other
substances as well. For instance, states must interact with the Environmental Protection
Agency (EPA) for Superfund or Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) sites, the Nuclear Regulatory Commission (NRC) for NRC-licensed
sites, the Army Corps of Engineers for sites under the Formerly Utilized Sites Remedial
Action Program (FUSRAP), and the Department of Energy (DOE) for DOE controlled sites.
In addition, each state is organized differently and often there are many state agencies
involved.

States are classified into two main categories for the regulation of radioactive materials -NRC
states, also called Non-agreement States and Agreement States.

In an NRC state, NRC retains the authority to license and inspect all facilities using
radioactive material, in accordance with the Atomic Energy Act (AEA) of 1954 as amended.
The Act gives NRC authority over reactors and facilities using reactor-produced
radionuclides. It does not cover radionuclides produced by accelerators or naturally occurring
radioactive material (NORM) (with an exception for uranium and thorium used in the nuclear
fuel cycle or radium and its daughters when they are byproduct material related to uranium
mining or milling).

Agreement states are those which have a written agreement with NRC to assume
responsibility for licensing, inspection, and control over radioactive material at most facilities
in their state. They must have regulations very similar to the NRC's as part of the Agreement.
NRC still retains authority over reactors, fuel fabrication facilities, and any other facility
having more than a specified quantity of Special Nuclear Material (plutonium, uranium-233,
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and uranium 235), essentially any facility which has the potential for a nuclear criticality.
NRC also retains responsibility for federal facilities (other than DOE sites) such as Veterans
Administration hospitals.

The primary difference between NRC and state authority is that the Atomic Energy Act gave
NRC authority only over reactor-produced byproduct material, source materials, and special
nuclear material. States generally have authority over all radioactive material and all types of
radiation. Currently there are 19 NRC states and 31 Agreement States.

States Role in the Development of 10 CFR Part 20 Subpart E Radiological Criteria for
License Termination

Since all states adopt regulations compatible with NRC regulations, states actively participate
in the development and implementation of NRC rules. Agreement States consider themselves
partners with the NRC in regulating radioactive material. In most states, NRC regulations are
used as the basis for regulating all radioactive material in the state whether it is AEA material
or not. The change to Part 20 addressing termination of licenses was no exception. It had
considerable input from the states.

Restricted Release

Several states worked with NRC to incorporate additional higher cleanup dose levels for
restricted release. These were primarily states that had completed cleanups involving NORM,
in particular, radium. The higher limits require the use of restrictions such as institutional
controls.

Even though states requested the allowance for restricted use, they feel strongly that every
attempt should be made to meet the requirements for unrestricted release. Most states would
use restricted release only when complete remediation is not reasonably achievable due to lack
of appropriate technology or very high cost. Some states will not include the provision for
restricted release in their own regulations

Unlike NRC, states that allow restricted use and institutional controls will retain a role at the
site. States will periodically review the institutional controls to verify they are still functional.
This would be carried out at both former state licensees and former NRC licensees within the
state.

Remediation and the States

States have been regulating cleanups for years. Potentially every state can become involved in
such projects because of NRC's limited authority. Typically, the licensee or its contractor
does the actual cleanup. The state's role is to review the decommissioning plan and amend
the facility license to cover these activities. If it is a large project, inspections are performed
throughout the process. A state inspector can be more assured that the cleanup is proceeding
in accordance with procedures and is meeting cleanup objectives by making on site physical
observations. The inspector may also conduct surveys during decontamination as a
verification of licensee results.
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Once the cleanup is complete, the state reviews the licensee's final termination survey results
and report. State inspectors generally do verification surveys and sampling. The amount of
surveys performed can vary, but usually not more than 10 % of the surveys are duplicated.

Cleanup Standards

Historical Cleanups

In the past, prior to the EPA or NRC attempts to set standards, labs, nuclear medicine clinics,
NORM processing facilities and many other sites were cleaned and the licenses terminated.
Many of these were done using NRC Regulatory Guide 1.86 Termination of Operating
Licenses for Nuclear Reactors as guidance. This guidance was published in June 1974.
Although it was originally published for nuclear reactors, it has been applied to other licensed
facilities as well. Regulatory Guide 1.86 Table I Acceptable Surface Contamination Levels
contains average, maximum and removable contamination levels in activity per area. The
guide has not yet been superceded, but the NRC draft guidance, DG-4006 Demonstrating
Compliance with the Radiological Criteria for License Termination Guidance will replace
much of it.

Regulatory Guide 1.86 has several limitations including having no values for soil or
groundwater cleanup. When unusual situations arose, for instance soil contamination,
decisions were made on a case-by-case basis, sometimes after consulting with another state.
This was very time consuming and created inconsistencies among and within states.

Current Situation

NRC has adopted a rule, however the other standard-setting federal agency, EPA, has not
concurred with it. There is no easy way to resolve the fundamental differences between
EPA's and NRC's approach to cleanup standards. EPA uses a risk based approach for all
standards and has a separate limit for groundwater, whereas NRC uses a dose based approach,
and has no separate groundwater limit. Reconciling these differences at cleanup sites is a
major concern for states.

Lessons Learned

After having decommissioned many facilities, states have learned several lessons. The first is:

A licensee can never do enough characterization.

There will always be surprises no matter how much surveying, sampling, and research into the
facility's history are performed. Previously unknown radioactive or hazardous sources will be
found. Therefore, always assume a much larger waste volume than is calculated from
characterization. This can be as much as 50% higher. This also indicates that the surety set
aside to pay for cleanup should be increased by 50%.
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The second lesson is:

Cleanup is the easy part.

We know how to work with radioactive material; we know how to dispose material.
Remediation uses variations of the methods and techniques used to work with radioactive
material safely in other types of work. We assure the licensee keeps contamination from
spreading, wears appropriate protective clothing, conducts air sampling, wears dosimeters
when needed, and packages material correctly. The technical methods for cleanup exist in
many cases or can be revised to fit the situation. Once a cleanup level is determined, the work
can proceed. It may take time and money, but it is usually possible.

And while it is proceeding, it is important to remember the third lesson:

The potential for release of radioactive material increases when remediation begins.

The mechanisms used during licensed operations to confine material, such as ventilation, are
often gone. The very nature of remediation is to open up previously contained material,
decontaminate it, remove it; all acts which increase the potential for releases.

The fourth lesson is:

Chemicals often become the controlling materials.

For example this is true for mill tailing sites where fluorides, sulfates, total dissolved solids,
and metals can often become the major health risk. Sometimes this means mixed waste is an
issue, but often it is the chemicals alone that drive the remediation. This requires the licensee
and the state to work with other state and federal agencies to ensure all appropriate regulations
are met.

The fifth lesson is:

Both field measurements and lab sample results are necessary for verification surveys.

The combination is necessary to reliably determine that the cleanup level has been attained.
Using the best field instrumentation available generally provides a 90% assurance that the area
is clean, provided the cleanup level is not too low. Laboratory results should then provide
confirmation of the field measurements, instead of revealing unexpected findings.

If field instruments cannot be used due to very low cleanup limits, the time and money spent
on cleanup verification would rise drastically. In addition, lab samples alone do not prove that
cleanup is complete. Every square inch of a site cannot feasibly be sampled, whereas nearly all
of it can be surveyed with a field instrument.

This leads to the sixth lesson:

Decisions must often be based on practical considerations.

While, theoretically, states would like cleanup to be determined solely on a scientific basis, in
fact, the feasibility of cleanup in terms of expense and time must be considered. In addition
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decisions on how far to dig or how deep to sample are often based on other considerations
such as the geology of the site. This is why decisions are often made on a case-by-case basis,
especially at more complicated facilities. States will continue to embrace practical
considerations no matter which cleanup standard is finally agreed upon by all agencies or
which cleanup guidance is used.

This leads to the seventh and final lesson:

D&D is varied, challenging, and the exception is often the rule.

D&D will never be totally defined by one document because of the variations at sites.
Notwithstanding the many simple projects that can and have been done, D&D projects can
become incredibly challenging.

Conclusion

States are ultimately responsible for the safety of their citizens. No matter how varied their
statutes and philosophies, they are all aiming at that goal. They are involved with all sites in
their state whether the site is licensed by NRC, licensed by themselves, regulated by DOE, or
an unlicensed site using NORM because each of them will eventually be decommissioned and
the state must assure that the next users are adequately protected.
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THE DECOMMISSIONING OF THE BARNWELL NUCLEAR FUEL PLANT

S^ g i n e w m g , « • • •
North Charleston, South Carolina, United States of America

Abstract

The decommissioning of the Barnwell Nuclear Fuel Plant is nearing completion. The owner's
objective is to terminate the plant radioactive material license associated with natural uranium
and transuranic contamination at the plant. The property is being released for commercial-
industrial uses, with radiation exposure from residual radioactivity not to exceed 0.15
millisieverts per year. Historical site assessments have been performed and the plant
characterized for residual radioactivity. The decommissioning of the uranium hexafluoride
building was completed in April, 1999. Most challenging from a radiological control standpoint
is the laboratory building that contained sixteen labs with a total of 37 glove boxes, many of
which had seen transuranics. Other facilities being decommissioned include the separations
building and the 300,000-gallon underground high-level waste tanks. This decommissioning in
many ways is the most significant project of this type yet undertaken in South Carolina. Many
innovations have been made to reduce the time and costs associated with the project.

The Barnwell Nuclear Fuel Plant

The BNFP lies approximately six miles west of Barnwell, South Carolina. The plant is owned
by Allied-General Nuclear Services (AGNS). The plant property, mostly wooded, comprises
1632 acres.

The plant was built in the early 1970s to process spent nuclear fuel from commercial power
reactors. It was never used for this purpose. It was tested using natural uranium as a surrogate
material from 1976 through 1983. Research and development work using plutonium and other
transuranics was also performed at the plant.

In 1983, the plant was shut down and partially decontaminated. But significant radioactive
contamination remained inside much of the processing equipment and inside gloveboxes and
fume hoods located in the laboratory building. Some facility surfaces also remained
contaminated.

Planning the Decommissioning

In August of 1997, AGNS proceeded with planning to decommission the plant, which would
result in termination of the possession-only radioactive material license issued by the South
Carolina Department of Health and Environmental Control (SCDHEC). A contractor team was
brought in for this purpose. Its members were U S ENERGY Corporation of Aiken, SC and
Life Cycle Engineering of Charleston, SC.
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Figure 1. The Barnwell Nuclear Fuel Plant. The cluster of buildings in the right
foreground — the Separations Facility, the Fuel Receiving and Storage Facility, the
Plutonium Nitrate Loading Station, and the Hot and Cold Laboratory Area — formed
the heart of the plant.

The team developed a planning strategy based on its experience with planning the
decommissioning of the Heavy Water Components Test Reactor at the Savannah River Site and
on the experience of key team members with the nuclear decommissioning of the Charleston
(South Carolina) Naval Shipyard. Elements included:

• Release of the property for commercial-industrial uses with no restrictions other than
limitation to such uses.

• Dividing the plant into five distinctly different areas for planning purposes. These included
the uranium hexafluoride facility, the laboratory building, the separations building and the
high-level waste tank facility, along with a fifth area comprised of the remaining parts of the
plant.

• Beginning with a detailed historical site assessment of each area.

• Performing detailed characterization to determine the extent of the radioactive
contamination.
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• Developing site-specific cleanup guidelines using the RESRAD and RESRADBUILD
residual radioactivity computer codes to ensure that the regulator's cleanup limits were
achieved.

• Preparing a decommissioning plan for each of the five different plant areas.

These tasks were completed over a period of approximately six months.

Historical Site Assessments

The historical site assessments followed guidance in the Multi-Agency Radiation Site Survey
and Investigation Manual (MARSSIM). They began with review of the records. Inspections
and walkdowns of the various facilities followed. Photographs were taken in each area. Team
members interviewed key former employees. Technicians took radiological scoping surveys to
help identify needed characterization.

The team documented the assessments in five separate reports. These were designed to clearly
lay out information about each area in a usable fashion. They included descriptions of the
facilities and how they were used, along with explanations of the processes that were utilized
during the plant testing phase. Summaries of plant radiological data and that data generated
during radiological scoping surveys appeared in the reports, as well as recommendations for
characterization. Team members briefed the regulator on the results of the assessments.

Characterization of the Plant

Among the techniques employed were: (1) detailed sample and analysis plans, (2) alpha and
beta-gamma scan measurements, (3) microR/h and microRem/h meter surveys of facility
surfaces and equipment, (4) laboratory analysis of smears and material samples, (5) opening
equipment for internal surveys and (6) in-situ gamma spectroscopy of installed equipment.

The in-situ gamma spectroscopy made use of the Canberra ISOCS system. This technique
proved to be especially important in characterization of sealed glove boxes and for equipment in
the Separations Building. The characterization program was completed in approximately four
months.

Developing the Decommissioning Plans

During early discussions with the regulator, the team outlined the planned use of the RESRAD
and RESRADBUILD computer codes to derive the cleanup guidelines. The team proposed the
scenarios to be used in the computer modeling for different areas of the plant and obtained
SCDHEC agreement. Later, SCDHEC reviewed the calculation results and concurred on the
resulting cleanup guidelines.

The team completed the five decommissioning plans over a period of approximately four
months. Decommissioning plans which covered piping contaminated with natural uranium
incorporated an innovative approach for determining that internal contamination levels fell
below the cleanup guidelines. Utilizing correlations between external contact dose rates and
surface contamination levels inside the piping, this approach made it practical to determine with
a simple external scan survey whether piping and ventilation ducts met the cleanup guidelines.
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Accomplishing the Decommissioning Work

The first facility completed was the Uranium Hexafluoride Building. This eight-story steel-
frame structure was contaminated in 1976 and 1977 with natural uranium that had been used for
testing plant systems. The decontamination and decommissioning of this structure began in
June of 1998 and was completed ten months later. The approach followed incorporated several
innovative features, such as the use of external dose rate surveys of piping to determine whether
the cleanup guidelines were achieved. The work was accomplished by small crews of
radiological control technicians.

The laboratory building proved to be the most challenging facility from a radiological controls
standpoint. One large glove box contained pilot plant equipment heavily contaminated with
plutonium. Working inside a specially-designed containment tent, workers carefully dismantled
the equipment and the glove box itself. Most of the TRU waste associated with the project
came from this one glove box.

The biggest surprise associated with the decommissioning involved the 300,000-gallon
underground high-level waste tanks. Two of the three tanks were known to be contaminated
with natural uranium and were expected to contain a small quantity of water. Instead one tank
was found to contain some 5000 gallons of organic and aqueous mixed waste, with a high
concentration of uranium. The other tank was found to be floating. Rainwater had infiltrated
the concrete tank vault, filling the space around the tank and approximately 70,000 gallons of
water had entered the tank itself. Altogether some 100,000 gallons of radioactive liquid waste
in the plant was processed by evaporation.
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REMEDIATION OF A RADIOACTIVELY CONTAMINATED SODIUM DISPOSAL
FACILITY

P. RUTHERFORD, J. BARNES, A. KLEIN
Boeing North American, Rocketdyne Division,
Canoga Park, California, United States of America

XA9953177

Abstract

A former cleaning and disposal site was radioactively contaminated to a small extent. The
cleanup objective was to remove both chemical and radiological contaminants. Radiological
release of the former Sodium Disposal Facility (FSDF has been successfully accomplished.
The project was performed under a Department of Energy contract.

Site Location and Physical
Setting

The site is located in Southern
California, about 30 miles (48 km)
northwest of Los Angeles. It lies at
the western boundary of a large
laboratory owned by Boeing North
American (BNA). The laboratory
is surrounded by high value
residential and recreational
property. There is a vocal,
concerned citizenry who are
environmentally sensitive, which
placed this remediation project into
high visibility by the public, by
regulators and by BNA
management.

Figure 1 Site (1991)

The 3 acre (1.2 ha) site is on a gentle downslope, and is characterized by rugged sandstone
layers overburdened with thin layers of alluvial soil. The triangular site shape is defined by
eastern and western exposed rock outcroppings. The upslope region to the south is a flat,
treeless meadow (today) and the area to the north is rugged terrain with natural watercourses
that drain to neighboring private property.

Site Usage
The site was built for cleaning and disposal of alkali metal bearing components, for disposal
of organic compounds and was used for these purposes during the 60's and 70's.
Subsequently, enclosed cleaning and disposal facilities were constructed, and this site was
abandoned. Objects that were left as scrap were allowed to sink into the soil. Although
undocumented, it is believed the site was used for uncontrolled waste disposal, a conclusion
based upon the later findings of conventional and construction wastes and debris. Mercury,
TCE and man made radionuclides have been found at the site, but there are no records as to
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when their disposal occurred. It was never a practice to dispose of radionuclides on the
laboratory grounds, and their source is unknown; but is believed to have occurred by error or
oversight—given the low activity level of the materials.

Area wide gamma surveys were routinely performed, and the conditions at this site were long
known. The activity was mainly attributable to Cs-137, which was a byproduct of nuclear
research performed at the laboratory from the 1950s through the 1970s.

Chemical cleanup of the site was initiated by a finding of chlorinated hydrocarbon
contaminants in the groundwater at the laboratory site, and belief by regulators that the FSDF
was one likely source. BNA was ordered by the Regional Water Quality Control Board
(RWQCB) to clean the site within a 15-month period, including restoration. Radionuclides
were not the focus of the cleanup, but their presence significantly complicated the process.

Radiological Release Criteria

Two sets of radiological criteria were relevant to the project. One pertains to the release of
land for unrestricted use and the other pertains to disposal of wastes (were they radioactive or
not?). For materials to be disposed of as non-radioactive wastes, the DOE criterion of "no
detectable activity above background" was applied. The site release criteria were applied to
analyses of soil samples, and to ambient gamma survey measurements.

Table I Criteria for Site Closure

Criteria for releasing land for use without radiological restriction
The ambient gamma field limit is based on NRC and State of California guidelines:

< 5 uJR/hr (gamma) above background at 1 meter from the surface, and
The annual dose limit is based on DOE Order 5400.5, Chapter IV, release limits:

< .15 mSv/yr. based on RESRAD code and identified radionuclide constituents

Criteria for characterizing material as not radioactive (or mixed) waste
The following are based on DOE performance objectives for identification of mixed wastes

1. Surface contamination 5400.5 surface contamination limit (with in-house limits for ALARA)
Alpha Beta

In-house limits ( dpm/100 cm2)
Removable < 20 < 100
Total bkgd bkgd

2. Volumetric contamination a) Less than detectable levels above background activity inherent in
the material.

The waste classification criteria were established before excavations began and applied to
each and every increment (approximately 1 cubic-yard (0.75 m3)) of soil excavated. The
activity levels and computed dosage factors were evaluated using commonly accepted
computer based codes (i.e. RESRAD and IMPACTS-BRC).
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The volumetric criteria were developed from measurements
of background soils. The soils were placed in a container
equipped with a central hollow tube. A sodium iodide
detector was lowered into the tube and the output "counted"
for one minute. Sufficient data was collected to establish the
background soil statistics. Gamma spectroscopic and other
isotope specific soil samples from the background soil
verified that only primordial isotopes and typical fallout
levels existed. A 95% confidence level was applied to the
background data against which an excavated soil sample's
count could be compared. If the excavated sample exceeded
the statistically significant activity level, it was deemed
radioactive.

The authorities responsible for oversight accepted these
criteria and their methods of application. Application of the
criteria is discussed below.

Figure 2 Counting fixture

Site Remediation

The most important field remediation tasks were proper classification and disposal of wastes.
Classification bore directly upon field worker safety, packaging, labeling, storage and
shipping. The procedure was:

WASTE CLASSIFICATION

1. Excavate a batch (approximately 1 cy (0.75 m3)) of soil and determine if it was
radioactive. This was the one and only test for radioactivity.

2. If the soil was radioactive, this fact was noted, together with the location from where the
soil was taken. A composite map of the site had been prepared setting out the regions of
known radioactivity and known chemical contamination.

a) If the radioactive soil was extracted from a chemically contaminated location, the
soil was classified as "mixed wastes," pending final chemical analysis. Soils
fitting this description were placed into 2 cy (1.5 m3) radioactive containers and
labeled.

b) Radioactive soils from a non-contaminated area were classified as low level
waste, pending final chemical analysis; then similarly containerized.

3. If the soil was not radioactive:and came from a chemically contaminated area, it was
classified as "hazardous wastes," pending final chemical analysis.

4. The soils were placed into 15 cy (11 m3) containers labeled,
a) and came from areas believed clean, the soils were identified as "conventional,"

and
b) placed into 15 cy (11 m3) containers.

Four waste streams were thus generated, and each had to be chemically analyzed to confirm
its final classification. Objects that were unearthed, structural elements that were demolished,
and wastewater collected were handled in a similar fashion.

All disposal sites require the originator to characterize the wastes. Chemical analyses were
performed on all waste streams and radionuclide analyses performed on radioactive wastes.
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The analyses yielded a waste distribution of: a) 425 cy (319 m3) of "mixed wastes", b) 295 cy
(221 m3) of low specific activity wastes, c) 1202 cy (902 m3) of hazardous wastes, and d) 9953
cy (7465 m3) of conventional wastes. Based on the analysis of radioactive waste samples it is
estimated that a total of 6 millicuries of Cs-137 and 1 millicurie of Sr-90 were removed from
the FSDF. The average concentration of Cs-137 in the radwaste stream was 8pCi/gm though
concentrations as high as 100 pCi/gm were noted. The relatively low radioisotope
concentrations precluded the need for DOT identification of the shipment as radioactive
material.

A key DOE objective for remediation projects was waste minimization. The process of
measuring radioactivity in small batches resulted in producing the least amount of radioactive
wastes. It may have less costly to combine all wastes from the radioactive areas and send
them to a mixed waste site; however, this would have been contrary to DOE's waste
minimization objectives.

WASTE DISPOSAL

As a result of issues at other DOE sites, a nationwide moratorium was placed upon the
shipment of wastes to hazardous disposal sites, if the wastes originated from a location that
could have radiologically contaminated the wastes. Such locations were identified as
Radioactive Material Management Areas (RMMA), and this site was one of a series of
facilities at the laboratory so designated. The development of procedures that provided
sufficient assurance that the wastes were free of radioactivity seriously complicated the
remediation project.

At the outset of the project, mixed wastes were not considered an issue. Although low
radioactivity levels were known to exist at the site, it was believed that the sources were
discrete and physically removable. This assumption proved to be false, and mixed wastes were
generated, due to the presence of mercury and volatile organics of various types. A
demonstrable method of treating mixed waste was identified as a necessary solution to
disposal of mixed wastes as no other options were then available. The successful process was
one, which exploited the volatility of the contaminants.

The thermal extraction method of treating the mixed wastes was found to be acceptable and
formed the technical rationale for resuming the site excavation work. Effort was expended to
implement the process, however local regulators resistance was immediately felt; and the
matter of the high costs was of concern to the sponsors. DOE required radwaste disposal at
DOE sites, however a commercial disposal site was found to be in use by other DOE
contractors for low level wastes. With DOE's permission, all radioactive wastes from this
project were sent to Envirocare Inc., Utah, substantially lessening the costs and greatly
pleasing California regulators.

Release of the Site

Shortly after the excavations from the areas of radioactivity, the RWQCB sampled the site and
found that only background levels of radioisotopes remained. Soon after, the California State
agency having oversight responsibility for the radioactive license held by BNA, sampled the
site and confirmed the absence of radioactive contamination. BNA later performed an
ambient gamma survey of the site, again showing the exposure levels to be at background. A
comprehensive site cleanliness verification program was conducted by an independent
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laboratory (mainly for residual chemicals) but from which, soil and rock split samples were
sent for radioisotope analysis by the Oak Ridge Institute of Science and Education (ORISE).
Of the 78 samples, most were typical of local background, 3 samples showed levels of Cs-137
between 0.3 and 0.57 pCi/g and 4 samples showed Sr-90 up to 0.57 pCi/g. These levels are
slightly above what is found naturally in soils locally, but well within typical background
found across the US, and well below regulatory agency approved residential cleanup
standards. USEPA has reported that the typical US background Cs-137 and Sr-90 is 0.7
pCi/gm.

Shortly thereafter, California was requested to release the site. The agency returned to the site
and took samples from the remediated zones, and from downslope drainage channels. No
findings resulted. Another year later, more soil samples were taken from other parts of the
facility, including subsurface samples down to bedrock. Again, there were no findings.

As a result of 6 separate and independent sampling surveys, the FSDF was found to be free of
radioactive contamination that could result in any exposure or risks to current or future users.
In May 1998, the facility was removed from the requirements of the radioactive materials
license and formally released for unrestricted use.

Personnel Radiation Exposures

Approximately seventy persons were authorized entry into the controlled radioactive work
area during the cleanup. There were no instances of exposures greater than 50 mrem (0.5
mSv) to any person. All site workers were given quarterly bioassays with no significant
intakes noted.

Conclusions

Although the contamination levels at this site were exceedingly low, all of the elements
(except class B protective clothing) for a radioactive decontamination project were
accomplished. The regulatory and public involvement issues represented the greatest
challenges, and continue to do so for the residual chemicals at the site, nearly 9 years after the
project initiation.
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SOME SINGULARITIES OF APPLICATION OF THE PRINCIPLE OF
JUSTIFICATION FOR DECISION MAKING ABOUT NEW PRACTICES

V.HOLUBIEV, O.MAKAROVSKA
State Nuclear Regulatory Administration of the Ukraine,
Kiev, Ukraine XA9953178

Abstract

For the purpose of establishing a unified approach for the regulation of activities that are
connected with exposure of people, ICRP, ENS AG and the IAEA have developed the series of
regulations in which a variety of practical kinds of activities are brought together in terms of
PRACTICES and INTERVENTIONS. For the overwhelming majority of real situations, the
exposure of people from radiation sources occur due to the side effect of the utilization of
atomic energy. Recommendations that are developed in detail about regulation of such
activities by authorities could be applicable for a majority of situations. However, for some
cases, where planned exposure of people isn't directly connected with atomic energy
utilization or with radiation accident consequences, mitigation and liquidation, the estimation
of the situation in terms of the definitions of PRACTICE and INTERVENTION is acceptable
with some restrictions. It is necessary to work out new approaches for making decisions by
regulatory authorities for these situations.

The principles of radiation protection, which are developed by ICRP and ENSAG, are a basis
for development of standards by the IAEA in the sphere of protection of population health.
National regulatory authorities in accordance with these standards, create or revise their own
legislative base and use it for making decisions. In the process of reviewing situations
connected with practices or interventions, the regulatory authority, as a rule, studies
expediency and/or sufficiency of additional measures for radiation protection. In these cases,
an additional radiation factor already exists for intervention or this factor inevitably arises as a
result of a new activity.

In the case of practices, when regulatory authority considers design of a new facility, operation
of which will be the reason for having new sources of radiation or new paths of irradiation,
they have to take into account sufficiency of scheduled measures for radiation protection that
were proposed in the design. In the case of intervention, the regulatory authority should take
into account the principle of justification according to which the advantages of preventing an
irradiation should be more than suffered expenditures. In these cases, the regulatory authority
considers the influence of the radiation factor as inevitability, and the accepted solutions are
estimated from a point of view of slacking of the influence of this factor. Meanwhile, the
possibility of classification some kinds of activity in terms PRACTICES AND
INTERVENTION, as well as applicability of justification principle for radiological evaluation
of projected new facilities, sometimes rises doubts.

For example such situation arises in the case of safety evaluation of placing industrial
facilities in contaminated territory, which do not use sources of radiation in their activity, and
which their operation does not have a radiological influence on the environment and on the
population. The choice by the licensee of placing their facilities in the contaminated territory
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is not obligatory and the designer can justify the decision of their project location from a point
of view of minimization of expenditures for constructing the facility or its operation.

Another example is the return of people to their homes after temporary relocation during
emergency exposure situations. Intervention levels are established in [1] for initiating and
terminating temporary relocation, but the decision to return the people to their homes when
contamination of the territory is stable have to be made subject to the justification principle. In
this case authorities should take into account both radiological and non-radiological (social,
political etc.) circumstances. As a result in both cases, an additional quantity of people run the
risk of exposure, so both of these cases should be considered as undesirable.

Since the direct application of the justification principle for the above mentioned situations
may be difficult, the following approaches by the regulatory authority to making decision for
the above mentioned occasions seem to be useful:

• The categorical prohibition of placing of "pure" facilities in "dirty" territories or
for the return of people to the stable contaminated territory;

• The application of the most conservative models for the estimation of the possible
influence on the environment, staff and population when installing a facility,
enforcement of the strict requirements for radiation protection as well as for
individual monitoring; and

• The approval of measures for radiation protection stage by stage, in view of
outcomes of radiological monitoring of staff and contamination of the site in the
process of construction and commissioning of the facility.

The choice of one of these approaches depends on the:

• Value of the committed effective dose,
• Possibilities of the application of measures for protection of people against the

exposure and effectiveness of such measures, and
• Necessity to fix some restrictions for people and possibility to check up whether

these restrictions are maintained or not.
•

For all reviewed cases, radiation protection of people should be considered as the priority
since the alternative decision, which isn't connected with exposure, is possible. The necessity
to take expensive measures for radiation protection of people may be the most effective
barrier against making a decision that is connected with ungrounded exposure at a new
practice.

Reference

[1] International Basic Safety Standards for Protection against Ionizing Radiation and for
the Safety of Radiation Sources. Safety series No. 115. International Atomic Energy
Agency, Vienna, 1996
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APPLICATIONS OF RESRAD FAMILY OF COMPUTER CODES TO SITES
CONTAMINATED WITH RADIOACTIVE RESIDUES1

C. YU, S. KAMBOJ, J. CHENG, D. LEPOIRE, E. GNANAPRAGASAM, A. ZIELEN
Argonne National Laboratory,
Argonne, Illinois, United States of America

W.A. WILLIAMS, A. WALLO, AND H. PETERSON XA9953179
U.S. Department of Energy,
Washington, DC, United States of America

Abstract

The RESRAD family of computer codes was developed to provide a scientifically defensible
answer to the question "How clean is clean?" and to provide useful tools for evaluating human
health risk at sites contaminated with radioactive residues. The RESRAD codes include (1)
RESRAD for soil contaminated with radionuclides; (2) RESRAD-BUILD for buildings
contaminated with radionuclides; (3) RESRAD-CHEM for soil contaminated with hazardous
chemicals; (4) RESRAD-BASELINE for baseline risk assessment with measured media
concentrations of both radionuclides and chemicals; (5) RESRAD-ECORISK for ecological
risk assessment; (6) RESRAD-RECYCLE for recycle and reuse of radiologically
contaminated metals and equipment; and (7) RESRAD-OFFSITE for off-site receptor
radiological dose assessment. Four of these seven codes (RESRAD, RESRAD-BUILD,
RESRAD-RECYCLE, and RESRAD-OFFSITE) also have uncertainty analysis capabilities
that allow the user to input distributions of parameters. RESRAD has been widely used in the
United States and abroad and approved by many federal and state agencies. Experience has
shown that the RESRAD codes are useful tools for evaluating sites contaminated with
radioactive residues. The use of RESRAD codes has resulted in significant savings in cleanup
cost. Analysis of 19 site-specific uranium guidelines is discussed in the paper.

RESRAD Family of Codes

The RESRAD family of computer codes is a suite of dose assessment programs developed by
Argonne National Laboratory for the U.S. Department of Energy to evaluate radiologically
and chemically contaminated sites and buildings. Table I lists and compares the RESRAD
family of codes in terms of contamination source and type evaluated, end points of concern,
operating system, and the availability of probabilistic calculations.

The RESRAD codes include (1) RESRAD, for soils contaminated with radionuclides; (2)
RESRAD-BUILD, for buildings contaminated with radionuclides; (3) RESRAD-CHEM, for
soil contaminated with hazardous chemicals; (4) RESRAD-BASELINE, for baseline risk
assessment with measured media concentrations of both radionuclides and chemicals; (5)
RESRAD-ECORISK, for ecological risk assessment; (6) RESRAD-RECYCLE, for recycle
and reuse of radiologically contaminated metals and equipment; and (7) RESRAD-OFFSITE,
for off-site receptor dose/risk assessment. Among these seven codes, RESRAD, RESRAD-
BUILD, RESRAD-RECYCLE, and RESRAD-OFFSITE also have probabilistic (uncertainty)
analysis capabilities that allow the user to input distributions of parameters. Recent
improvements made to the RESRAD family of codes include an inhalation pathway area
factor, external dose model, tritium model, and calculation of time-integrated dose and risk.
Documents prepared to support the changes are available on the RESRAD web site
(http://www.ead.anl.gov/resrad).

Applications of the RESRAD Code
RESRAD is the most widely used among this family of codes. Several supporting documents
have been published for RESRAD/7-2/. The RESRAD code has been applied to more than
300 sites in the United States and abroad. RESRAD has been verified and validated [3], and

1 (Work supported by the U.S. Department of Energy, Office of Environmental Policy and
Assistance and Office of Environmental Restoration, under Contract W-31-109-Eng-38)
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its use has resulted in significant monetary savings in terms of reduced cleanup costs. The
U.S. Department of Energy has been using RESRAD to derive soil guidelines (cleanup
criteria) at contaminated sites, as well as for dose assessment, for sites contaminated with
radioactive residues. Such sites include the Savannah River site, Hanford site, Oak Ridge site,
Rocky Flats site, Los Alamos site, and many other sites, including those under the Formerly
Utilized Sites Remedial Action Program (FUSRAP). Table II lists 19 site-specific uranium
guidelines derived using RESRAD. All uranium guidelines were derived on the basis of site-
specific parameters, including distribution coefficients, area and thickness of the contaminated
zone, and other soil properties. For the 19 sites analyzed, the uranium guidelines varied from
0.74 to 32.6 Bq/g (20 to 880 pCi/g).

Table I. Comparison of RESRAD family of codes

Computer
Code

RESRADa

RESRAD-
BUILDa

RESRAD-
CHEM

RESRAD-
BASELINE
RESRAD-

RECYCLEa

RESRAD-
ECORISK
RESRAD-
OFFSITEa

Source of
Contamination

Soil

Buildings

Soil

all media

Scrap metals
(Steel, copper,

Aluminum)

Soil

Soil

Type of
Contamination
Radionuclides

Radionuclides

Chemicals

Radionuclides
and chemicals
Radionuclides

Chemicals

Radionuclides

Transport
Media
On-site

environmental
media

Rooms in a
building

Environmental
media

Environmental
media
Air,

intermediate,
and end
products

Environmental
media

On-site and off-
site

environmental
media

End Points
of Concern

Human
health

Human
health

Human
health
Human
health
Human
health

Ecological
systems
Human
health

Operating
Systems

Windows

Windows

DOS

Windows

Windows

DOS

Windows

a This code also has the probabilistic uncertainty analysis capability.

Table II indicates that for a large distribution coefficient (greater than 100 cm3/g) and a thick
source (greater than 1 m), radon inhalation and plant ingestion pathways are very important.
For sites with these characteristics, the maximum dose would occur at 1000 years or longer.
For low distribution coefficients, water-dependent pathways become important because of
leaching of radionuclides. Maximum dose would occur at different times depending on the
travel times of uranium through the unsaturated/saturated zone. For small contamination
depths, dust inhalation and external exposure are important pathways; while for larger
contamination depths, the plant ingestion pathway becomes important. The maximum doses
would occur immediately following remediation in both cases. For 19 sites analyzed, most of
the contaminated areas were greater than 3000 m2, and the guideline values were found to be
insensitive to this parameter.

Discussion and Conclusions

The RESRAD family of codes is a suite of user-friendly computer software designed for the
evaluation of contaminated soils and buildings. The RESRAD code has been extensively
tested and verified and it has been proven to be a useful tool for derivation of soil cleanup
criteria. Analysis of 19 site-specific uranium guidelines indicates that the cleanup criteria vary
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Table II. Comparison of uranium guidelines for 19 sites

Site

Ashland 1 & 2
Niagara Falls
Peek Street

Latty Avenuec

St. Louis Airport0

St. Louis
Downtown

Linde
Elza Gate
Shpack

Aliquippa Forge
Ventron

Alba Craft Lab
BNL

Ottawa Lake
Aircraft Tool

Baker Brothers
B&T Metals

NBS
Windsor

Uranium
Guideline

Values
[Bq/g

(pCi/g)l

3.52 (95)
2.48 (67)

22.57 (610)
16.65 (450)
16.65 (450)
12.58 (340)

2.85 (77)
3.52 (95)
2.85 (77)
0.74 (20)

17.76 (480)
11.47(310)
5.92(160)
23.31 (630)
28.86 (780)
18.5 (500)

32.56 (880)
15.91 (430)
20.72 (560)

Important
Pathwaysa

W
W

I.P.E
I.P.E
I.P.E
R,P,E

W
W
W

w
I,P,E

W
W

P.I.E
I,E,P
R,E,P
I,E,P
R,E,P
E,I,P

Distribution
Coefficient

(cm3/g)

10
16
40
9.5
9.5
150

25.3
114&6.8

16
6

50
50
35

200
100
128

1410
1500

59000

Area of
Source
(m2)

40000
37000
16200
61000
87000
22000

37000
70600
32400
32400
12100
3000
3100
4000
10000
23000
12000
900

2x 10G

Thickness
of Source

(m)

2
6

0.3
0.9
2.1
2.4

2
1.5

0.76
0.5
3

0.5
7.9
1

0.3
1.5

0.15
3.8
0.3

Time of
Maximum

Dose
(years)

1000b

1000b

0
0
0

1000b

700
790
507
90
0

275
400

0
0

1000b

0
1000b

1000b

a w = water ingestion, I = dust inhalation, E = external exposure, P = plant ingestion,
R = radon inhalation.
D The 1000th year is the end of the assessment period; maximum dose would occur at
some time beyond 1000 years.
c For these sites, uranium reaches the water table because of low distribution
coefficient, but the maximum dose still occurred at time 0.

from site to site. Therefore, applying a generic cleanup criterion to all sites is not a good
practice; it may result in unnecessary costly cleanup or in releasing of still contaminated sites.
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DERIVATION OF RESIDUAL RADIONUCLIDE INVENTORY GUIDELINES FOR
IMPLACE CLOSURE OF HIGH-LEVEL WASTE TANKS

L. YUAN, Y. YUAN
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Las Vegas, Nevada, United States of America

Abstract

Residual radionuclide inventory guidelines were derived for the high-level waste tanks at a
vitrification facility. The decommissioning scenario assumed for this derivation was that the
tanks were to be stabilized at the present locations and the site is released for unrestricted
use following a 100-year institutional control period. It was assumed that loss of institutional
control would occur at 100-years following tank closure. The derivation of the residual
radionuclide inventory guidelines was based on the requirement that the effective dose
equivalent (EDE) to a hypothetical individual who lives in the vicinity of the site should not
exceed a dose of 0.15 mSv/yr off-site and 5 mSv/yr on-site following closure of the tanks.
The RESRAD computer code, modified for exposure scenarios specific for the site, was
used for this evaluation. The results of the derivation indicate that the allowable off-site
dose limit will not be exceeded. The estimated potential doses to individuals using water off-
site from a creek are negligibly small fractions of the 0.15 mSv/yr allowable dose limit.
With an assumed 3% heel remaining in the tanks, the estimated peak dose rate for the future
offsite water user is about 0.00025 mSv/yr. The residual radionuclide inventory guidelines
derived based on potential doses to the on-site resident farmer indicate that, with the
exception of Tc-99 and C-14, a 3% heel remaining in the tanks would not result in doses
exceeding the 5 mSv/yr allowable dose limit. For this on-site exposure scenario, the peak
dose rates occur at about 2000 years after tank closure. The peak dose rate is calculated to be
25 mSv/yr, with greater than 99% produced by four radionuclides: C-14, Tc-99, Np-237, and
Am-241. Ingestion of contaminated vegetation contributes most (90%) of the peak dose.
Since the inventories used for the derivation are mostly estimated from fuel depletion
calculations. There is a need to determine further the actual inventories of these
radionuclides in tank heels after vitrification. If these relatively mobile radionuclides still
remain in the tanks, specific methods to remove them should be fully investigated.

Introduction

The Federal and local government agencies are in the process of evaluating alternatives for
the decontamination and decommissioning of high-level waste (HLW) tanks at a
vitrification facility. One of the decommissioning alternatives being considered is to fill the
tanks with concrete for in place closure at their present locations. A major consideration in
developing a decommissioning plan based on this alternative is the amount of residual
radionuclides that may be allowed to remain in the tanks. This paper presents the results of a
pathway analysis to determine the residual radiological inventory that will be acceptable.

The guidelines to be derived are the radionuclide inventories (in curies) in the
decontaminated tanks that must not be exceeded in order to meet a prescribed dose limit of
0.15 mSv/year off-site and 5 mSv/yr on-site to the reasonably maximally exposed individual
(RMI). The closure scenario assumed was that: For the first 100-years after tank closure,
the calculated rate of water infiltration (0.01 m/yr) is assumed to be limited by the clay cover
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above the tank. After this 100-year period, an increasing time dependent infiltration rate
representative of a gradually degraded clay cover is assumed for the remainder of the
analysis.

The primary function of the closure scenario is to prevent long-term migration of
contaminants into the environment. The primary path of migration is via rainwater that
infiltrates from the surface into the tanks and then carries radionuclides from the waste to the
environment. Therefore, reducing water infiltration into the waste tanks and the infiltration
rate is one of the most important objectives of the closure system.

The RESRAD computer code (Gilbert et al. 1989; Yu et al. 1993), with enhancements for
exposure scenarios specific for the site, was used for the pathway analyses and dose
evaluations. The enhancements are necessary to model the exposure pathways to individuals
residing off-site, and the surface contamination pathways associated with eventual tank
overflow (bathtubbing).

The radionuclide inventory in the tanks at closure (the "heel") was assumed to be 3% of the
total contents before the vitrification.

Pathway Analysis Approach

The estimation of radiation doses is dependent on the physical and radiological
characteristics of the HLW tanks and their contents as well as the scenarios of human
exposure judged to be credible and to result in reasonable upper bound estimates. The
magnitude of the potential doses to the RMIs is dependent on two factors: the projected uses
of the site and the location of the RMIs.

It was assumed that use of the site will continue to be restricted or controlled for 100 years
following site closure. During the 100 years of control, access to the site is limited by
fences, markers, and intrusion barriers. Security surveillance continues and maintenance of
fences and intrusion barriers is provided if required. During this period, the institutional
controls are assumed to be effective. The only potential radiation exposure is from the off-
site use of contaminated water.

Table I Summary of Pathways Included in the Exposure Scenarios

Pathway

1. External Exposure
2. Inhalation (Resuspension)
3. Ingestion of Drinking Water
4. Ihgestion of Vegetables
5. Ihgestion of Meat
6. Ingestion of Milk
7. Ingestion of Aquatic Food

(A) Off-Site
Water
User Scenario

No
No
Yes
Yes
Yes
Yes
Yes

(B) Qn-Site
Resident
Farmer Scenario

Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Unrestricted use of the site was assumed possible following the 100-year institutional control
period. During unrestricted use of a radioactively contaminated site, the maximum exposed
individual usually proves to be an individual exposed as a result of a residential/agricultural
scenario. The two exposure scenarios assumed for assessing post-closure doses may be
identified as: (A) the surface water user scenario; and (B) the on-site resident farmer
scenario. The exposure pathways considered for each of these scenarios are summarized in
Table I.

An enhanced version of the RESRAD code was used to calculate doses to both the on-site
and off-site hypothetical resident farmers from the leaching and transport of radionuclides
from the high-level waste tanks. RESRAD provides a comprehensive and reasonably
conservative means to assess the long-term (greater than 1000 years) radiological impacts
from a radioactively contaminated area. It includes major features necessary to model water
infiltration through radioactive waste materials and the transport of radionuclides through
the unsaturated (vadose) zone and saturated zone (aquifer) to a well or point of seepage into
surface water. The code considers radionuclide decay and ingrowth and source leaching
from the time of disposal to the time of human exposure. This feature of the code is
especially important for the assessment of long half-lived americium-241, neptunium-237,
and plutonium-239 and their decay series nuclides because all three series include a few
progeny which are radiologically important.

Derivation of Residual Radionuclide Inventory Guidelines

The residual radionuclide inventory guideline is defined as the radionuclide inventory
(curies) of residual radioactive material that can remain in the tank farm without causing the
allowable dose limit (ADL) of 0.15 mSv/yr off-site or 5 mSv/yr on-site to be exceeded

Table II - Derived Residual Radionuclide Inventories

Radionuclide

Am-241
C-14
1-129
Cs-137
Np-237
Pu-238
Pu-239
Pu-241
Sr-90
Tc-99
Total-NuclideinTank

Scenario A:
Off-site Water

User
limiting Cî

1E7
3E3
2E4
4El l (SAL)
2E3
2E8
1E7
4E8
7Ell (SAL)
1E7
2E8

Scenario B:
On-site Resident

Farmer
Limiting Ci2)

3E3
4
10
4El l (SAL)
8E-1
2E3
3E2
8E4
1E8
10
8E4

!) Based on a maximum allowable off-site EDE of 0.15 mSv/year.
2) Based on a maximum allowable on-site EDE of 5 mSv/year.
SAL: Specific Activity Limit Maximum.
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following in place closure of the tanks. The residual radionuclide inventory guideline, Gi,
for individual radionuclide i at the tank farm is calculated as

Gi = ADL/DSRi

where DSRi is the calculated unit dose factor or the dose to source inventory ratio for
individual radionuclide i. The calculated residual radionuclide inventory guidelines for
individual radionuclides and the total-nuclides are presented in Table H for both Scenario A
(the off-site water user) and Scenario B (the on-site resident farmer). These inventory limits
are linearly proportional to the dose limit used in the calculation. For an on-site ADL of
0.15 mSv/yr rather than 5 mSv/yr, the curie limits in Table II should be multiplied by 0.03.

When implementing the derived radionuclide inventory guidelines for decontamination of
the HLW tanks, the sum-of-fraction rule would apply. That is, the summation of the
fractions of radionuclide inventories, Si, remaining in the tanks, divided by their guidelines,
Gi, should not be greater than unity, or

v Si

Discussion of Results

The estimated potential doses to individuals using water off-site are negligibly small
fractions of the 0.15 mSv/yr allowable dose limit. With the assumed 3% radionuclide heel
remaining in the tanks, the estimated peak dose rate for the future water user (Scenario A) is
about 0.00025 mSv/yr. This peak dose rate is primarily from the fast moving Np-237 and C-
14 at about 400-500 years after tank closure.

The residual radionuclide inventory guidelines derived based on potential doses to the on-
site resident farmer (Scenario B) indicate that, with the exception of Tc-99 and C-14, a 3%
heel remaining in the tanks would not result in doses exceeding the 5 mSv/yr allowable dose
limits (Table II.).

For this on-site exposure scenario, the peak dose rates occur at about 2,200 - 2,300 years
after tank closure. Tc-99 produces the highest dose rate, about 66% of the total peak dose.
The peak dose rate is calculated to be 25 mSv/yr, with greater than 99% produced by four
radionuclides: C-14 (9%), Tc-99 (66%), Np-237 (15%), and Am-241 (10%). Ingestion of
contaminated vegetation contributes most (90%) of the peak dose.

Since the peak doses are contributed from four radionuclides, Tc-99, Np-237, Am-241, and
C-14, there is a need to determine more accurately the actual inventories of these
radionuclides in HLW tanks. At present, the inventories available for use are mostly
conservatively estimated values from fuel depletion calculations. If these relatively mobile
radionuclides are found still remaining in the tanks following vitrification, specific methods
to remove them should be fully investigated.
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Abstract

This paper presents DOE's requirements, process, and implementation guidance for the
control and release of property that may contain residual radioactive material. DOE requires
that criteria and protocols for release of property be approved by DOE and that such limits be
selected using DOE's As Low as is Reasonably Achievable (ALARA) process. A DOE
Implementation Guide discusses how the levels and details (e.g., cleanup volumes, costs of
surveys, disposal costs, dose to workers and doses to members of the public, social and
economic factors) of candidate release options are to be evaluated using DOE's ALARA
process. Supporting tools and models for use within the analysis are also highlighted.

Introduction

The U.S. Department of Energy operates a variety of nuclear facilities (e.g., reactors,
accelerators, weapons test facilities, medical and research facilities), many of which are aging
and undergoing remediation and decommissioning. DOE has developed a process and
implementation guidance for DOE and contractor personnel who perform cleanup of property
contaminated with residual radioactive material and who must determine the disposition of
property under the requirements in Order DOE 5400.5 [1] and its proposed successor, 10 CFR
Part 834 [2]. The control and release of property containing residual radioactivity has its basis
in the analysis of candidate release options using the DOE As Low As is Reasonably
Achievable (ALARA) process [3].

Principal Requirements

Site-specific authorized limits are used to govern releases of sites, structures, and materials
such as soil. Authorized releases are those approved by DOE to permit the release of property
from DOE control. The DOE's framework of radiation protection standards for workers and
the general public is presented in another paper within these Proceedings [4]. Requirements
for the control and release of property containing residual radioactive material include the
following: (a) doses shall not exceed applicable dose limits (1 millisievert per year, mSv/y)
and constraints (one quarter of the primary dose limit, 0.25 mSv/y); (b) authorized limits shall
be derived through application of the DOE ALARA process; (c) survey or characterization of
the property; (d) compliance with other applicable U.S. federal or state requirements; (e)
appropriate public involvement and notification; (f) independent verification of the
radiological condition of the property prior to its release; and (g) compliance with DOE
quality assurance requirements.
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Implementation Guidance

The DOE options analysis process and supporting guidance for selecting an appropriate
release option is described in the DOE Implementation Guide for Control and Release of
Property with Residual Radioactive Material [5]. The Implementation Guide contains
guidance for the control and release of both real (e.g., land and structures) and non-real (e.g.,
equipment and tools) property. This paper focuses on guidance for the release of lands and
structures. Key elements of the process are highlighted below.

ALARA Principles and Process as the Basis for Authorized Release

ALARA, as applied by DOE, is not a numerical level or limit, but rather a process which is to
be used to ensure that appropriate factors are taken into consideration in arriving at decisions,
in this case regarding the control and release of property, which could affect the degree of
protection for workers and the public against radiation. The ALARA process considers dose,
cost, and health risk, as well as public, political, cultural, ecological, and site-specific
considerations for the candidate release options being evaluated. It is DOE's experience that
political sensitivities and public perception, rather than dose and health risk factors, are often
the key determinants for whether or not material is ultimately approved for release.

Use Scenarios

Authorized release options must be evaluated to ensure that doses to individuals using the
property under "actual" and "likely use" scenarios will be below the dose constraint. Actual
and likely use scenarios represent the expected use of the property within the reasonably
foreseeable future (e.g., the first fifty years). Authorized release options should also consider
potential doses under the "worst plausible use" of the property over the long term to assess the
consequences should restrictions that control use of the material fail or expectations of use be
incorrect.

Evaluation of Individual and Collective Dose

The DOE does not allow the release of property that is likely to cause an individual to receive
a dose at or near the primary dose limit. This is because DOE's primary dose limit applies to
all sources and pathways combined, and the assumption that there is potential for an individual
to also receive doses from other sources of radiation (e.g., licensed facilities; normal operating
releases). Therefore, DOE requires that authorized limits be constrained at 0.25 mSv/y to the
maximum exposed individual, considering actual and likely future use scenarios. The
ALARA release options analysis is completed for several dose levels, with at least two dose
levels below the 0.25 mSv/y recommended constraint. The dose levels are spaced to
adequately describe the dose-cost benefit relationship, and at least one option that controls
potential annual individual doses to a few tens of microsieverts or less is typically evaluated.
Although the individual dose constraint is used to ensure that an individual or group of
individuals does not receive an inordinate fraction of the dose, in general, it is the monetary
value of preventing collective dose that should be compared to costs and other factors when
conducting the release options analysis process. Therefore, in those cases where collective
dose is significant it should be a controlling factor in the ALARA analysis of options, and in
the final selection of the release option. If collective doses for release options are likely to
exceed 1 person-Sv/y, then a quantifiable optimization analysis should be considered. In these
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cases, one or more alternatives that reduce collective doses to less than 0.10 person-Sv/y are to
be considered.

Time Intervals for Integrating Collective Doses and for Assessing Doses to Current versus
Future Generations

Most residual contamination concerns are due to the presence of long-lived radionuclides.
These long-lived radionuclides may have the potential for causing doses to persons for more
than one generation. If initial options analysis suggests that doses to future generations may
be important, optimization analyses are conducted to integrate collective doses for periods
longer than the first generation of use, possibly up to about two hundred years. If collective
doses are integrated over periods longer than a few hundred years, data should be evaluated
qualitatively, as uncertainties in such data are too large for its use in a quantitative ALARA
analysis. Ultimate disposition of the contaminated material is also factored into the policy
decision for the cleanup effort. Consideration of disposal impacts are difficult to assess and
compare quantitatively beyond a few hundred years because of uncertainties in land use and
other factors over long periods at both the disposal site and the cleanup site.

Evaluation of Site-Specific Factors in the Release Options Analysis

Site-specific factors may also be important in the evaluation and selection of release options.
For example, specific waste management units may have waste acceptance criteria that are
based on local background radiation levels. Wastes, such as soil, from one region having high
background could conceivably exceed waste acceptance criteria if local radiation background
levels are low, even if it has very little residual contamination. Similarly, actions to remove
soil with small amounts of residual radioactive material in low background soils may in
balance have a negative benefit if background levels in the replacement soil are high. Such
factors are to be considered when selecting remedial alternatives for mitigating the effects of
residual radioactive material. Finally, when non-radioactive contaminants are present
coincident with residual radioactive material, decontamination or remedial measures should
consider the hazards of both materials and be in compliance with other applicable regulations
governing such material.

Specific Applications of the Authorized Release Process

Land

Authorized limits (e.g., in Bq/kg) for release or control of residual radioactive materials in
soils are developed consistent with the requirements, goals, and guidance presented above.
The RESidual RADioactivity (RESRAD) code, developed by DOE, is recommended for
assessing potential dose associated with the release or use of soils containing radionuclides.
An overview of the RESRAD family of codes is presented in another paper within these
Proceedings [6]. The Implementation Guide contains supporting guidance on appropriate soil
averaging areas, and the evaluation of hot spots that have residual radioactive material above
levels in the surrounding area. Methods for site-specific surveys and averaging areas, and
statistically-based sampling protocols are provided in the Multi-Agency Radiation Survey and
Site Investigation Manual [7]. Specific concentration limits are provided for radium (185
Bq/kg for soils within the top 0.15 m of soils; 555 Bq/kg in any subsequent 0.15 m layer),
which are maximum concentrations permitted in soils for properties being released from DOE
control. DOE requires that ALARA be implemented when these limits are applied, such that
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the authorized limits are selected at or below these concentrations, unless site-specific dose
assessments can justify alternative concentrations.

Structures

The Implementation Guide contains surface activity guidelines providing allowable total
residual surface activities (dpm/100 cm2) for groups (e.g., transuranics; alpha; beta-gamma) of
radionuclides for release of structures. Release of property at these surface activity guidelines
ensures that doses are well below the primary dose limit and generally less than 0.25 mSv/y.
Measurements to demonstrate compliance with these surface activity guidelines should be
made according to guidance in the Environmental Implementation Guide for Radiological
Survey Procedures [8]. DOE requires that ALARA be implemented when these values are
used, such that the authorized limits are selected at or below these concentrations. When
using these guidelines for structures, primary emphasis is placed on continued use of the
structure under an appropriate use scenario. Consideration is also given to the ultimate
disposition of the structure in the future. The DOE has also established separate limits for
radon in habitable structures. Property may be released if indoor radon levels are less than
0.02 working level (i.e., about 148 Bq/m3). The DOE has not established DOE-wide approved
activity guidelines for release of structures containing residual radioactive material in mass or
volume. Authorized limits in these cases must be derived consistent with the requirements
and processes discussed previously in this paper.
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RECYCLING AND DISPOSAL OF FUSRAP MATERIALS FROM THE
ASHLAND 2 SITE AT A LICENSED URANIUM MILL

B. HOWARD
ICF Kaiser Engineers,
Richmond, VA, United States of America

D. CONBOY
U.S. Army Corps of Engineers,
Buffalo, New York, United States of America

M. REHMANN, H. ROBERTS
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Abstract

During World War II the Manhattan Engineering District (MED) used facilities near Buffalo,
N.Y. to extract natural uranium from ores. Some of the byproduct material left from the ores
(MED byproduct), containing low levels of uranium, thorium, and radium, was deposited on a
disposal site known as Ashland 2, located in Tonawanda, NY. On behalf of the United States
Army Corps of Engineers (US ACE, or the Corps), ICF Kaiser Engineers (ICFKE) was tasked
to provide the best value clean-up results that meet all of the criteria established in the Record
of Decision for the site. International Uranium (USA) Corporation (IUC), the operator of the
White Mesa Uranium Mill, a Nuclear Regulatory Commission (NRC)-licensed mill near
Blanding, Utah, was selected to perform uranium extraction on the excavated materials,
therefore giving the best value as it provided beneficial use of the material consistent with the
Resource Conservation and Recovery Act (RCRA) intent to encourage recycling and recovery,
while also providing the most cost-effective means of disposal.

Challenges overcome to complete this project included (1) identifying the best-value location
to accept the material; (2) meeting regulatory requirements with IUC obtaining an NRC
license amendment to accept and process the material as an alternate feed; (3) excavating and
preparing the material for shipment, then shipping the material to the Mill for uranium
recovery; and (4) processing the material, followed by disposal of tailings from the process in
the Mill's licensed uranium tailings facility. Excavation from Ashland 2 and processing of the
Ashland 2 material at the White Mesa Mill resulted in a cleaner environment at Tonawanda, a
cost avoidance of up to $16 million, beneficial recovery of source material, and
environmentally protective disposal of byproduct material.

Project Overview

USACE worked with the local community near the Tonawanda site, and after considering
public comment, selected a remedy requiring the removal of soils that exceed 40-
picocuries/gram (pCi/g) thorium. The soil exceeding the cleanup standard was to be
transported to an off-site location that was licensed to manage this type of material.
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As a rule, the Corps performs a formal Value Engineering (VE) Study on projects with cost
estimates greater than $2 million. A proposal to consider recycling of FUSRAP uranium
byproduct materials, as an option to direct disposal, was proffered in a FUSRAP VE study in
1998. Consistent with this process, the contractor selected to perform the cleanup activities,
the Total Environmental Remediation Contractor (TERC) for the USACE in the region, was
tasked to provide the best value clean-up results that meet all the criteria. To this end, rather
than focusing solely on disposal-only options, ICFKE also evaluated options that included
possible beneficial reuse, effectively reducing cost associated with the disposal as well.
International Uranium (USA) Corporation (IUC), the operator of the White Mesa Uranium
Mill, a Nuclear Regulatory Commission (NRC)-licensed mill near Blanding, Utah, responded
with a proposal to perform uranium extraction on the excavated materials. IUC's proposal was
selected as the best value as it provided beneficial use of the material consistent with the
Resource Conservation and Recovery Act (RCRA) intent to encourage recycling and recovery,
while also providing the most cost-effective means of material disposal.

Remediation of the Ashland 2 site began in spring of 1998. Excavation and shipment of
material from the Ashland 2 site continued through February 1999, and recycling of the
material commenced November 16, 1998 after a majority of the material had been received at
the Mill.

Description of Material

The material was predominately granular soil. Radioisotopes, including thorium at levels up
to 3,200 pCi/g and uranium at levels up to 800 pCi/g, were distributed throughout a four-acre
site at depths as great as 11 feet. Interspersed throughout the thorium- and uranium-
contaminated material was radium at levels averaging about 150 pCi/g. The total volume of
soil that was excavated and shipped was approximately 44,000 CY.

Cost Considerations

The material to be removed at Ashland could not be treated at the site, so any treatment, if it
were to be performed, would have to take place elsewhere. Also, the range of thorium
contamination varied from levels as low as 35-40 pCi/g to as high as 3,200 pCi/g, which,
when combined with the added content of uranium and radium, limited the number of sites in
the United States capable of accepting the material. ICFKE discovered that IUC could process
the materials for uranium recovery, and then dispose of the byproduct in their NRC-licensed
disposal facility. ICFKE requested proposals from five vendors in the U.S., and IUC was the
lowest offeror. After all the materials were transported to IUC for processing, the savings
associated with IUC's ability to accept different categories of material were tabulated. The
cost avoidance to the government ranged from $12 to $16 million when compared to the
direct-disposal options.

Regulatory Considerations

Regulatory issues included amendment of the Mill's NRC license to accept the alternate feed
material, and a review of the data on hazardous constituents potentially in the material. Under
the NRC "Final Position and Guidance on the Use of Uranium Mill Feed Material Other Than
Natural Ores" ("Alternate Feed Guidance"), the NRC permits licensees to process alternate
feed material (material other than natural ore) in uranium mills as long as:
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(1) The material meets the NRC definition of "ore" as "a natural or native matter that
may be mined and treated for the extraction of any of its constituents or any other
matter from which source material is extracted in a licensed uranium or thorium
mill";

(2) The feed material contains no "listed" hazardous waste. U.S. Environmental
Protection Agency (EPA) regulations exempt those alternate feed materials that
exhibit only a characteristic of hazardous waste (ignitable, corrosive, reactive,
toxic) from hazardous waste classification by providing that byproducts being
reclaimed are not regulated as hazardous waste; and

(3) The ore is being processed primarily for its source material content. This
determination may be based on a variety of criteria, including the uranium content;
other economic considerations; the physical or chemical similarity of the material
to 1 le.(2) byproduct material; or other grounds.

The NRC granted IUC an amendment to the Mill's NRC license for this particular alternate
feed in June of 1998.

Excavation, Transportation, Receiving and Storage

Upon receipt of the NRC license, the shipping and manifesting requirements were modified.
As the material was classified as alternate feed, the transportation requirements followed
could be streamlined to meet transportation regulations. The streamlined approach saved
many man-hours on the project, while still ensuring safe transport of the material. In addition
to transportation requirements, operations at the Ashland 2 site had to meet all water and air
emission standards. Full time air monitoring stations were established, and soil and erosion
control measures were undertaken to preclude any runoff problems. A half-acre
decontamination area was established in the work zone to clean equipment. Most importantly,
all aspects of human health and safety requirements were enforced so that the job was
completed with no lost time accidents.

The excavation task at the Ashland 2 site was straightforward. The waste had originally been
deposited off the side of a gravel haul road and pushed down a small ravine. Once the area
was filled, the site was partially covered with a six-inch soil cover. First, the site was
radiologically surveyed, and an additional 15 surface soil samples were taken to confirm the
field survey findings and the absence of listed hazardous chemical contamination. Excavation
began in lifts using rough terrain excavators and off-road dump trucks. After scanning
confirmed no external contamination, the soil was transported using off-road dump trucks via
a constructed haul road to the rail site. A concrete and asphalt rail siding was constructed to
speed the loading and unloading of intermodal containers. The siding was a spur off the main
railroad line and was dedicated to construction activities. The soil was then transported by rail
to an off-load site near East Carbon, Utah and trucked to the White Mesa Mill near Blanding,
Utah for processing. A round trip per rail car averaged 28 days. An added benefit of this rail
transport scenario was that no demurrage resulted due to the quick off-load and reload of
intermodal containers at the Utah site.

Mill Process and Waste Management

The White Mesa Mill was permitted and constructed in the early 1980s, originally to process
uranium and vanadium ores from the Colorado Plateau mining district, and later from the
high-grade breccia pipe mines in northern Arizona. The Mill circuit operates at leach
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temperatures up to 90 degrees centigrade and pH levels as low as 0.5, utilizing sulfuric acid.
The Mill has eight high capacity thickeners, which can be configured into groups or series of
parallel stages. Three separate solvent extraction (liquid ion exchange) circuits are capable of
handling aqueous flows up to 800 gallons per minute. Final products are dewatered and dried,
or calcined, at temperatures up to 650 degrees centigrade.

The soil was introduced into the milling process by use of a semi-autogenous grinding (SAG)
mill that reduces the ore to a slurry form at 35-50% solids by weight. The ore slurry was then
leached for approximately 18-24 hours in an atmospheric leach utilizing sulfuric acid and
steam. The slurry then went to liquid/solid separation where the solids were washed and
discharged to the tailings ponds at 30-40% density. The solution bearing the uranium values
was clarified and then fed to the SX circuit, where the uranium values were further
concentrated and purified. The concentrated strip solution from the SX circuit was neutralized
with anhydrous ammonia to precipitate the uranium values. The precipitated uranium was
then dewatered and calcined to make a U3O8 product.

Waste streams that result from the ore processing are discharged from the washing circuit in
the form of a 30-40% solid/liquid slurry. The slurry is pumped to the Tailing Management
System where the solids are allowed to settle and the liquids are evaporated or recycled back
to the Mill for use as wash water. Liquid tailings from the solvent extraction circuit are also
pumped to the tailings system and evaporated or recycled.

The wastes generated during the process were disposed of in uranium byproduct material
impoundments which are subject to stringent regulatory criteria set forth in 10 CFR Part 40,
Appendix A. The Appendix A criteria impose soil and groundwater protection standards for
radioactive and non-radioactive (hazardous) waste constituents that provide protection
equivalent to that provided by RCRA. Indeed, with respect to potential impacts of byproduct
material to groundwater, the Mill tailings facility offers an exceptional degree of protection in
that these uranium mill tailings impoundments are separated from the nearest aquifers by at
least 1,000 feet of impermeable rock. In addition, the long-term management and monitoring
of uranium mill tailings facilities is regulated under the Uranium Mill Tailings Radiation
Control Act (UMTRCA), which requires measures sufficient to provide reasonable assurance
of stability without active ongoing maintenance for at least 200 years and as long as 1,000
years, far beyond the regulatory horizon of RCRA. UMTRCA requires that upon closure,
custody of the uranium byproduct material impoundments is transferred to the DOE which, in
turn, becomes an NRC licensee with the primary responsibility for perpetual maintenance and
surveillance of such sites. Post-closure funds will be transferred from the NRC to the DOE at
the time of the license transfer, providing a long-term surveillance fund for perpetual
management and monitoring, at no cost to the Government.

Summary and Conclusions

Working with the public, the USACE selected a remedy for Ashland 2 that is protective of
human health and the environment, complies with Federal and State requirements, and meets
commitments to the community. Consistent with the VE process, alternatives to direct
disposal were investigated by ICFKE and the Buffalo District for this project. Recycling the
material through a licensed uranium mill was selected as the best value as it provided
beneficial use of the material consistent with RCRA's intent to encourage recycling and
recovery, while also providing the most cost-effective means of material disposal. Such
recycling encouraged conservation of energy and natural resources, and reaped the benefit of
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reduced disposal costs. Use of the VE concept avoided $12 to $16 million in additional
Federal taxpayer costs on Ashland 2 while reducing the radioactivity of the byproduct
requiring disposal, and providing for environmentally protective disposal of such byproduct.
The Corps was able to use the savings to remediate more of the FUSRAP lie.(2) material
than originally planned. In fact, more than three times the volume of contaminated material
was remediated at the Ashland 2 site, as compared to initial estimates, with less than a 50
percent increase in cost.
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THE POSSIBLE WAYS FOR SOIL COMPLEX PURIFICATION FROM
RADIONUCLIDES IN CONDITIONS OF LARGE-SCALE CONTAMINATION AND
EFFECTIVENESS OF USED METHODS

Y. BONDAR, E. KONOPLIA
Institute of Radiobiology NASB, XA9953183
Minsk, Belarus

Abstract

There has been a considerable aggregate effect of natural factors on soils contaminated with
radioactive pollution by autopurification. Such factors such as natural decay, vertical
migration of nuclides over the soil profile, as well as cyclic carrying of nuclides from the soil
by vegetation, have been analyzed. The contaminated Belarus Polessie soils, as the result of
the Chernobyl Catastrophe, have shown that during the past 13 years, a 1.5-1.7 fold decrease
of long living radionuclides has taken place in the rooting layer. The qualitative characteristics
of the soil purification process by phytocoenosis have been established, and the effectiveness
and limitations of this method have been demonstrated. The effect of microbiological soil
processes on the radionuclides mobility have been studied and the issues of the migration
process intensification by means of optimal nutrient media have been considered.

Hydroseparation of highly dispersed soil particles with simultaneous consideration of the soil
organic substance contents allows attainment of a purification coefficient of 1.5-2. Further
increase of Cpur leads to irreversible humus substance loss and depriving the soil of its fertility,
in addition the quantity of solid wastes dramatically increases that should be localized. A soil
cut has been carried out on an experimental plot. It has been shown that the effectiveness of
this method is high in comparison with other appropriate methods. However, with time, the
purification rate decreases due to the radionuclides exceeding the bounds of the cutting layer
caused by migration.

Radioactive Contamination of Belarus Soils and Taken Countermeasures

As a result of the Chernobyl Catastrophe great solid masses of Belarus soils were
contaminated by long living radionuclides. About 23% of the Republic territory, and this is
4600 km2, have a density of contamination with Caesium-137 over 37 kBq/m2. On the lands
referred to as the zone of first and foremost settling (137Cs>1840 kBq/m2, 90Sr>lll kBq/m2,
238"240Pu>3.7 kBq/m2) [1], any economic activity connected with soil covering damage is
prohibited by the law. There are different levels of restriction measures on using the fertility
soil layer in other zones with less radioactive contamination density. The imposed restrictions
on using the contaminated lands are stipulated by the complicated radioecological situation,
and this, in its turn, burdens the Republic's economy.

After the Chernobyl Catastrophe, the soil complex turned into a depot where the long living
radionuclides accumulation and stay for long periods. Today the contaminated soil is
functioning as a secondary source delivering radionuclides to different biosphere components.
The soil decontamination activities were performed in the most contaminated localitions for
several years. Methods of contaminated ground removal were mainly used, as well as surface
covering with sand or relatively clean soil. The rehabilitation program of radioactive
contaminated territories was approved by the Government of the Republic of Belarus.
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Radionuclides in Soil under the Influence of Natural Factors

Vertical migration of radionuclides in soil and their natural decay

The analysis of experimental data and prognosis calculations show that soil autopurification
caused by vertical migration of radionuclides will proceed extremely slow. Though the
migration intensity will change in accordance with peculiarities of a concrete landscape-
geochemical situation, the basic stock of 137Cs in the near decades will still be in the
accumulative soil horizon. Thus, if after 10 years from the Accident the contents of 137Cs in a
centimeter soil layer at the depth of 40 cm was 0.01-0.04 % of the total stock, then in 50 years
it will contain 0.04-0.36 % [2]. The estimated values of effective period of semipurification by
137Cs for soils of the most key plots exceed 20 years. Thus, decrease of the radioactive
contamination level of soils will, first of all, be carried out as a result of natural decay of
caesium-137(TableI).

Table I Decrease of Caesium-137 and Strontium-90 in soil layer (0-5 cm) owing to natural
decay and vertical migration

Radionuclide

caesium -137

strontium-90

Period from the
accident, years

13
50
13
50

Autopurification coefficient

owing to
decay

owing to
migration

1.3 1.2
3.1 3.0
1.3 1.3
3.2 4.0

Total
coefficient

1.56
9.3
1.69
12.8

Migration velocities of caesium -137 vary between 0.1-0.9 cm/year. Even at a maximum
migration velocity, the median caesium activity value will reach the middle plowing horizon
by the end of the century.

Strontium-90 is characterized by a higher migration capacity in soil profile, and respectively
the contribution of the fast migrating component is more considerable (30-50 %). The
strontium-90 migration is carried out mainly by a fast translocation mechanism, as a result it is
observed a more essential radionuclide movement factor as compared with caesium-137. In
separate cases there are plots with high strontium migration velocity over the soil profile.
Autopurification of such plots may be 5-10 times quicker. Such quick strontium-90 migration
can be explained by extremely poor carbonates content in these soils. Today, topsoil layers
contaminated as a result of the Chernobyl Accident, autopurified 1.5-1.7 times at the expense
of natural running processes. In 50 years, as a result of migration and decay, we can expect a
9-13 fold reduction of radionuclide content in contrast to the initial contamination.

Phytocoenosis role in soil autopurification

Phytocoenosis makes its annual contribution hindering the radionuclide migration along the
soil profile. The experimental valuation of radionuclides removed from soil into vegetation
phytomass for the vegetative period of the total content of each nuclide in the soil is from 0.02
to 0.13 % of caesium-137 and from 0.04 to 0.48 % of strontium-90. Assimilation of
strontium-90 by the vegetation exceeds caesium-137 penetration in the above ground part of
the plants by 2-3 times.
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At the end of the vegetative period, the radionuclides coming into the grassy vegetation almost
completely return to the sod and litter. The analysis of the vegetation mass shows that the
specific activity of caesium-137 and strontium-90 in samples are respectively 5-7 and 15-20
times lower than in the vegetation mass selected at the end of growing. Studying the forms of
radionuclides presence in the soil of the pine forest has shown that the contents of mobile
forms of caesium-137 in the litter-fall are 7-10 times higher than in the soil, and a share of
fixed forms is 5-7 times less. The contents of exchange forms of strontium-90 practically
coincides both in the litter-fall and the soil.

Radionuclides leaving the dying off of phytomass in the process of mineralization replenish
the stock in the topsoil layer, actually compensating the nuclide decrease caused by migration.
As a result of this annual repeated process the topsoil layer is re-stocked with strontium-90
and caesium-137 mainly in mobile forms thus lowering the effectiveness of the soil
autopurification by migration. In prospect to the extent of the radionuclides deepening along
the soil profile, the nuclides carried out by plants will decrease, and the action of this cyclic
process of second contamination will stop only when the nuclides exceed the rooting layer
bounds. This can be expected not earlier than in 50-70 years.

Influence of soil microbes on radionuclides mobility

In the course of studying the biological processes connected with the activity of soil
microorganisms, the density influence of microorganisms populations, participating in the soil
organic substance mineralization, on migration processes in the topsoil layer, have been
recorded. The microorganism numbers of principal ecology-trophic groups and the activity of
enzymes which catalyze transformations of complex organic compounds and redox reactions
in humus-peaty soils are 1.5-3 times higher than in soddy-podzolic ones.

The analysis of radionuclides distribution in humus-peaty soils has demonstrated that in
medium with high microbiology activity the radionuclides migration velocity is substantially
higher than in sterile soils [3]. During a five month test, soil samples with high microbiology
activity had 95% of the strontium-90 concentrated in the top 7-8 cm layer, while in sterile soil
95% of the activity was in the top 0-3 cm layer. Caesium-137 in sterile soil was fully
concentrated in the top 2 cm soil layer. In the soil complex, where the microorganisms life
activity is developed, caesium-137 was almost equally distributed in the 4th layer. Increase in
the radionuclides mobility under natural conditions is stipulated by the organic substance
decay caused by soil microorganisms. Table II shows median values of caesium-137 and
strontium-90 distribution in an ion initial form for sterile and non-sterile humus-peaty soil, as
well as the velocity parameters.

Table II Influence of favorable conditions of microbiological activity on the radionuclides
mobility in humus-peaty soil

Radionuclide

137Cs
90Sr
90Sr

Test period,
days

60
60
150

Median

sterile soil
0.54
0.64
1.13

value, cm

non-sterile soil
1.98
0.70
7.02

Migration velocity, cm/year

sterile soil non-sterile soil
3.2 11.8
3.8 4.2
2.7 17.1

216



The velocity of caesium-137 migration along the soil profile occurred to be 3.6 and for
strontium-90, 6.2 times higher under the conditions of soil microorganisms activity. This
means that under favorable conditions (temperature, humidity, rich nutrient media) it is
possible to accelerate the process of soil autopurification from technogenic radionuclides
owing to the accelerated migration to the bottom soil horizons.

Technogenic Methods of Soil Purification

Separation of fine soil particles

The studies of radionuclide distribution on soil particles of different dispersion have shown
that fractions with 1-50 |im dimension have specific activity of 10-100 times greater than
other soil particles, and mass of 5-15% [4]. More of a contrast is observed in sandy soils.
These soil properties were used for its purification by a method of hydroseparation. Fine soil
particles were separated with simultaneous consideration of soil organic substance, weight of
the separated fraction and its activity. The results of hydroseparation purification have shown
that optimally we can attain a purification coefficient of 1.5-2 in separation of silty and clayey
fractions with dimensions of 1-50 |im. Further increase of Cpur caused by separation of greater
fractions leads to irreversible humus substance loss (>50%) and depriving the soil of its
fertility. In addition, the quantity of solid wastes to be localized (>20%) sharply increases.

Soil purification by means of top contaminated layer removal

Multiple data on vertical distribution of technogenic radionuclides in various soil types show
that the principal share of nuclides is kept in the top most layer for a long time. Cutting and
localization of this layer may allow attainment of high purification coefficients. On the
contaminated area of the populated area of Savichi near the settling out zone of Chernobyl
NPP jointly with IPSN removed the top 3 cm soil layer from an area of 2250m2. The removed
contaminated layer (110 m3) was localized on a specially prepared ground. According to the
evaluation made it contained (5-21)108 Bq 137Cs and (3-5)108 Bq 90Sr. This made caesium-
137 85-94 % (CpUr 6.6-16.6) and strontium-90 56-66% (Cpur 2.3-2.9) of the total content of
radionuclides on the decontaminated plot.

It has been shown that by means of this method a great effectiveness is attained even 7 years
after the contamination occurred as compared with other methods of soil purification. For
caesium-137, cerium-144 and plutonium the purification degree will be high for a long time
and can attain the Cpur values of 30 - 60. With time, the purification effectiveness will lower
for quickly migrating nuclides (9CSr, 125Sb) at the expense of radionuclides exceeding the
bounds of the removed layer as a migration result. The thinner the removed layer, the less the
quantity of solid wastes.
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FUTURE APPROACH TO REMEDIATION OF CONTAMINATED SITES IN THE
UNITED KINGDOM

D.BENNETT XA9953184
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Bristol, United Kingdom

Abstract

The UK has no large scale sites associated with, for example, uranium extraction or weapons
testing, but there is a wide range of smaller sites originating from historical practices such as
radium luminising and gas mantle production.

The UK Government is considering the introduction of new regulations that would require
sites potentially contaminated from historical practices to be identified and investigated.
Where resultant doses based on current use of the site are considered to be unacceptable,
remediation would be carried out.

The paper summarises work recently commissioned by the Environment Agency and the
Department of the Environment, Transport and the Regions, to provide supporting
information for any future new regulations. This included the development of a screening
methodology to enable decisions to be taken on whether sites are clearly 'suitable for use', or
whether further assessment and/or remediation is appropriate.

A wide range of remediation technologies has been reviewed which would achieve dose or
risk reductions through influencing the source, pathway or receptor. The main options for
smaller sites in the UK are to excavate and dispose of contaminated material as radioactive
waste, or to influence pathways by use of barriers.

Types of Radioactive Contaminated Land Sites Encountered in the UK

The UK has a rich and varied industrial history. Consequently there is a wide range of
industrial processes and other activities which have been carried out and may have led to the
radioactive contamination of sites. These can be categorised as:

1. Ones where natural radioactivity was present and this happened to be concentrated as the
result of some process e.g. tin or copper smelting.

2. Ones where naturally radioactive substances have been intentionally concentrated and
used. These may have been used for reasons associated with their radioactivity, e.g.
radium in luminising applications, or for other reasons e.g. thorium in gas mantles.

3. Applications involving man-made radioactive substances e.g. civil nuclear power and
military applications.

hi the early part of the 20th Century (or even before for some practices), the understanding of
hazards associated with radioactivity, and consequently the degree of regulatory control, was
poor. There are consequently likely to be a number of sites in the UK which fall into
categories 1 & 2 above. The most common source of radioactive contamination is likely to be
from applications involving radium. Luminous paints were used in military instruments, and
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also for clocks, watches and other applications. A large number of premises were
consequently involved in the preparation and application of luminous paints.

Current Arrangements for Regulating Remediation

A regime for ensuring that radioactive wastes are appropriately managed is well established in
the UK. Those wishing to store or dispose of radioactive wastes require prior authorisation
from the appropriate Agency under the Radioactive Substances Act 1993 (which replaced the
1960 Act). In England and Wales this is the Environment Agency. The exception to this is the
regulation of waste storage on nuclear licensed sites (major sites such as nuclear power
stations and nuclear fuel production and reprocessing plants) which is the responsibility of
Her Majesty's Nuclear Installations Inspectorate.

Where the development of radioactively contaminated land is being carried out, a developer
will need authorisation from the relevant Agency for the accumulation and disposal of
radioactive wastes. As a consequence the Agency frequently becomes involved when a site is
being developed and the developer wishes to discuss arrangements for authorising the disposal
of radioactive wastes.

Where radioactively contaminated sites have been developed, normal practice has been to
remediate through removal of as much of the radioactivity as possible and disposal of this
material as radioactive waste. Practices other than removal and disposal (e.g. isolation by
capping with inactive material) have sometimes formed part of the remediation strategy.

When considering proposals for remediation of radioactively contaminated sites, the
Environment Agency will encourage a developer to carry out a supporting risk assessment.
Such an assessment should be based on the envisaged use of the land after development and
should address the expected doses to the critical group. A risk assessment will assist in
indicating the preferred remediation strategy and the extent of activity removal that will be
required.

Where radioactive wastes are produced from contaminated land remediation, their fate is a
function of their radioactivity content. The main disposal routes applicable will be:

• "Low level waste" is waste below a defined specific activity, normally disposed to a
facility operated by BNFL at Drigg in Cumbria, although under certain circumstances it
may be safely disposed of to a specified landfill site.

• "Very low level waste" has a specific activity range below that of low level waste and can
safely be disposed of with ordinary refuse.

The Agency encourages developers to adopt a structured approach to site investigation and
remediation, including considerations of such issues as:

• Ensuring maximum use is made of records relating to the site prior to starting intrusive
investigations.

• Avoidance of cross-contamination during site investigation and remediation.
• Effective sorting of material during remediation to minimise volume of waste to be dealt

with as radioactive, and to optimise the use of available disposal routes for radioactive
wastes.
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• Protection of nearby residents during remediation work e.g. from airborne radioactive
dust.

• Adoption of appropriate quality assurance systems.

Future Approach to Regulation

The Environment Act 1995 gave the Government powers to establish a regulatory regime for
radioactively contaminated land by secondary legislation. The Government is currently
considering how best to apply the provisions of this Act. In February 1998 the Government
consulted [1] on the possible principles a new regulatory regime, which may be based on a
similar regime being introduced for chemically contaminated land in 2000. The principles of
the potential new regime for radioactive contaminated land were set out as:

• Sites which are potentially radioactively contaminated as a result of historical activities to
be identified and investigated;

• Source-pathway-receptor linkage to be assessed to identify whether doses are unacceptable
on the basis of current use of sites;

• Remediation to be carried out by site owner/occupier in agreement with Environment
Agency, or to be required by a "Remediation Notice";

• Regime would not cover nuclear licensed sites, nor naturally occurring radon gas.

The consultation paper invited comments on what doses might constitute an appropriate level
of intervention.

In order to prepare for the possible introduction of new regulations, the Environment Agency
and the Department of the Environment, Transport and the Regions commissioned work [2] to
collate information on what techniques may be appropriate for site identification,
investigation, dose assessment and remediation, concentrating on those which would be
applicable to the range of sites likely to be encountered in the UK. "Sites" should be
interpreted as the totality of the land, the buildings and the services for them. The key points
are summarised below.

Site identification

Records of early practices involving radioactive substances are incomplete. An exercise to
identify what activities took place, where they took place, their scale and features would
therefore require considerable effort, utilising information from a number of sources,
including local knowledge, old detailed maps, trade and business directories, and planning
records.

Site investigation and assessment

Once a site is identified as potentially contaminated, site investigation would need to be
staged and carefully planned. The steps of such an investigation could be as follows:

1. A desk study to precede and help plan physical investigations. This should identify site
boundaries, the history of the site uses, types and likelihood of contamination, barriers to,
and routes for migration (permeable areas, local hydrogeology, potential for dust
generation etc.).
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2. Site survey design to delineate areas on basis of previous use and form, identify
appropriate monitoring and sampling techniques and equipment, and to set down
protocols.

3. Initial survey to establish background radiation levels, confirm radionuclides present and
plot results (e.g. dose rate map).

It is envisaged that, should this approach be taken, there would be a large number of sites
identified as being potentially contaminated, but relatively few would be actually
contaminated. A screening approach has been proposed for contaminated soil that could be
used to identify relatively easily those sites that would be 'suitable for use':

1. A number of distinct scenarios were considered: recreational use; housing; site
development activity; commercial use and agriculture.

2. Various pathways were considered for each scenario, namely external radiation, inhalation
and ingestion.

3. Several activity distribution possibilities were considered: wide and uniform distribution
in top 15 cm of soil; surface patches (<20%) of site; and contamination buried at greater
than 15 cm.

4. Screening levels were identified for a number of radionuclides, in terms of Bq/g, for any
given dose. For example, for Radium 226 the most restrictive scenario for activity evenly
distributed in the top 15 cm of soil, the screening levels for an illustrative dose of 1 mSv/y
dose would be 1.15 Bq/g. This could be factored up or down for whatever dose level is set
as an intervention level.

Site-specific assessment

Should activity levels be in excess of screening levels, a site-specific assessment would be
triggered. This would provide a more realistic assessment of doses based on more detailed
assessments of radionuclide distributions, dose rates and land uses. It might require further
information from site monitoring or sampling.

Site remediation

The study has addressed site remediation techniques that may be applicable to the types of
contamination that may exist in the UK. These include removal of radioactive material for
disposal elsewhere, in-situ disposal (covering, barriers), and in-situ and ex-situ remediation.

The most common technique used to date has been to excavate and dispose of material off-
site. In common with many other countries, there is significant public concern regarding
radioactivity in the UK, with associated blight effects. It is therefore frequently in any
developer's interest to remediate in order to maximise the saleability (and sale price) of land.

The expected small scale of sites requiring remediation under any future regulatory regime,
together with the potential for local concern, would probably lead to removal of excavated
activity in many cases. However there are limited facilities for the disposal of radioactive
wastes in the UK; a matter that must be addressed in the planning of any future regime.

Should remediation be required for any site, it is likely that the Environment Agency would
require a thorough consideration of the options available, leading to the identification of a
preferred option. This would clearly depend on form of any regulations and associated
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options, but could address the effectiveness of options in reducing dose rates; their costs; and
the associated disruption, and wider social and economic consequences.

Conclusions

The work carried out will help the development of UK policy, the drafting of regulations and
the provision of supporting guidance.
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REMEDIATION OF THE LOW-LEVEL RADIOACTIVE WASTE TAILING POND
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Abstract

The town of Kowary was the centre of uranium mining activities in Poland. The headquarters
of the uranium mining company ZPR-1 (Zaklady Przemyslowe R-l) were located there, as it
was the only uranium processing plant in Poland. Mining in Uranium in Poland ceased in
1963, but processing of low-grade dumps was continued in Kowary until 1972. As a result of
these processing activities, a significant volume of wastes was produced and the tailings pond
in Kowary was constructed to accommodate these wastes. The tailings pond covers an area of
1,3 ha. It is a hydrotechnical construction closed on three sides by a dam, which has been
modified a number of times over the years. It is now 300 m long (the sum of the three sides)m
with a maximum height of 12 m, and is at the limits of the geotechnical stability. As a result
of the uranium processing activities, the tailings pond was filled with about 2,5 x 105 t of
disposed fine-grained gneisses and schists containing about 4,5 t of uranium and about 440
GBq of radium (from processing of uranium ores).

A prompt remedial action in this case is particularly necessary because the tailings pond is
located in a steep mountainous vally where the local climate involves rapid summer rains with
heavy erosion. The nearest buildings in the town of Kowary are located literally at the foot of
the 12 m high dam and private gardens extend onto the dam slope. The urgency has recently
been demonstrated during the flood of summer 1997 when the base of the dam eroded.

In the early seventies, Wroclaw University of Technology (WUT) received, by a governmental
decision, ownership of both the area and the facilities of the former uranium mining company
ZPR-1. Subsequently, the company Hydromet, Ltd., owned by WUT, has continued to use the
existing chemical plant for the various experimental processes of rare (radioactive) metals,
chemical production and galvanic processes. As a result, 30 t of mixed heavy metals and 300 t
of the remnants from the processing of rare metal concentrates have also been disposed in the
pond.

The remediation programme of the tailings pond, prepared in 1997 by the WUT, is still being
carried out.

Introduction

In Poland in the Lower Silesia region extensive exploration and mining activities were carried
out under direction of the Soviet Union experts. Prospecting for uranium in Poland was
initiated in 1947 when a bilateral agreement between the Poland and USSR governments was
concluded. According to that agreement all uranium produced in Poland was transported to
the Soviet Union. A systematic exploration programme, including geological, geophysical and
geochemical surveys and related research, was carried out until 1966.
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Extensive uranium exploration was undertaken in number of localities in the Lower Silesia.
Uranium mining took place in Kowary Podgorze, Radoniow and Kletno. Kowary town was a
centre of uranium mining activities in Poland. The headquarters of the uranium mining
company Zaklady Przemyslowe R-l (ZPR-1) were located there. Uranium ores from the
underground mines were transported directly to the Soviet Union. Chemical treatment of the
low-grade ores was opened in Kowary in 1969, being the only uranium processing plant in
Poland.

The uranium mining in Poland terminated in 1963, but processing of low-grade dumps was
continued at Kowary until 1972. As a result of those processing activities, a significant
volume of wastes was produced and a tailing pond in Kowary was constructed to
accommodate them.

Laws and Policies

All mining and processing activities in Poland ceased more than 25 years ago, and since them
companies responsible for the associated environmental problems have no longer existed.
However, a real need to remediate the environment still exists. The Geological and Mining
Law stipulates that the State Treasury is liable for the liabilities from the uranium production
in Poland which terminated in 1972. Therefore, the government is responsible for the funding
of the remediation, either from the national or the district Environmental Protection Fund.

The regional Voivodship authority and its special inspectorates or offices are responsible for
the different aspects of the remediation. Finally, the local authority has to approve remediation
plans and to supervise their execution and effects. The Inspectorates of Environmental
Protection of the Voivodships are responsible for environmental monitoring. The President of
the National Atomic Energy Agency is responsible for the radiological monitoring which is
considered a part of the environmental monitoring.

According to the Polish regulations, there are no specific maximum admissible concentrations
defined for natural radioisotopes, with few exceptions, and limits for chemotoxic
contaminants are partially available from several regulations.

The admissible exposure for members of a critical group is derived by calculation from the
general limit for the additional effective dose equivalent: 1.0 mSv/a.

Construction and development of the tailing pond

A tailing pond covers an area of 1,3 ha. It is a hydrotechnical construction closed about three
sides by a dam which has been modified a number of times over years and is now 300 m long
(the sum of three sides), with a maximum height of 12 m; the whole being at the limits of
geotechnical stability.

The current status of the dam is shown in the cross-section in Fig.l. There have been three
stages of development:

Stage I: Construction of the tailing pond by barricading off part of the Jedlica river valley with
a dam made from local materials, i.e. mixture of slope clays and detritus (sandy clay plus rock
wastes). This source material provides a shallow base for the dam. The bowl of the settling
pond was lined. With a layer of a loamy soil it creates a screen against infiltration of water
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from the pond to the ground water. Altitude of the top of the dam at this stage was about 570
m above sea level. From the old maps of mine workings it appears that the portion of dam at
the south side of settling was constructed over an adit connected to the shaft of the old
Wolnoceae uranium mine. This adit is situated about 4 m below the base of the dam, and the
mouth, which can be seen in the scarp of the Jedlica river-bed, was sealed with a 30 m
concrete plug. In spite of this sealing, continuous water drainage is observed at the adit mouth.
This water comes from the underground works of the old Wolnooeas uranium mine.

Stage II: Raising of the dam by hydraulic silting up method to an altitude of about 572 m
above sea level. Waste material used was produced from iron-ore mine dumps. Both the dam
lifting and pond filling was done with material of granulation corresponding to medium to
fine sands, with some additives of chippings and fine-clay soils. This layer of sediments is
water-permeable, therefore the silted-up dam at stage II is not leak-proof and allows for
wastewater seepage.

Stage HI: It involved the construction of a settler for galvanic waste waters. The dam was
lifted by another 1.5 to 2.0 m by placing an embankment atop of the existing dam from the
same slope clays as used in stage I. Eventually, the top of the dam reached an altitude of 576
m above sea level.

As a result of the uranium processing activities, the tailing pond has been filled with about 2,5
x 105 t of disposed fine - grained gneisses and schists of average uranium content of 30 ppm.
In the early seventies, the Wroclaw University of Technology (WUT) received, by the
governmental decision, the ownership of both the area and facilities of the former uranium
mining company ZPR-1. Subsequently, the company owned by WUT has continued to use the
existing chemical plant for various experimental processes on rare metals, chemical
production and galvanic processes. As a result, about 300 t of remnants of rare metals
processing and 5xl03 m3 of post - galvanic fluids with up to 30 t of solids with high content
of Al, Ni, Zn and Na sulfates, were also disposed of in the pond.

Remediation program

Poland is one of the co-beneficiary countries of the Phare programmes:

• Preparing remediation at uranium milling and mining sites in the Phare
Countries; provisions of means to assess radiological risk (completed in 1998).
The special equipment to conduct the radiological monitoring has been given to
Polish side thanks to this programme. From the beginning of 1999 the radiological
monitoring of the historic uranium liabilities in the Lower Silesia Region is
provided by the Office of the NAEA located in Jelenia Gora town.

• Multi-Country Environmental Sector Programme "Remediation Concepts for the
Uranium Mining Operations in CEEC. The objectives of this Programme are to
make inventory of the existing situation and to implement a pilot projects. Two
projects implementing in the framework of this Programme have a direct relevance
to the situation at Kowary:

- Technical planning of the long-term stabilisation of tailing ponds
- Concepts and design of resharping and covering the Sillamae radioactive

tailing pond, particularly in relation to dam stability problems.

226



The information available from the Phare pilot projects should also be relevant to the
established Kowary project.

The remediation programme of the tailing pond prepared in 1997 by the Wroclaw University
of Technology is still carried out. The different steps of the overall remediation project, with
approximate dates, can be summarised in the following way:

preliminary investigation;
construction of water purification plant (completed summer 1999);
pumping the pond waters through the water purification plant and discharge
into the river (to be completed late summer 1999);
detailed site investigation involving gathering geotechnical, geological,
hydrogeological, hydrological, seismic, chemical and radiometric data, with
creation of database (works started in June 1999 and will continue until
June 2000);
formulation of general remediation plan based on above data (by the end of
June 2000);
approval of general plan by a local authority (summer 2000),
detailed technical design of:

drainage system to eliminate inflow of water resulting from
precipitation and from surface of groundwaters (late summer/
autumn 2000),
cover of the dried out tailing pond to ensure long-term stability
(late summer/autumn 2000);

submission and approval of above technical designs (end of 2000);
corresponding construction work: drainage system, pond cover and general
reclaiming of the land (end of 2000 to the end June 2001 at the latest); and
post reclamation continuous monitoring of all the water; radiological and
geotechnical monitoring (to be continued during c.30 months).

A number of bodies have contributed and are contributing to the project:

Wroclaw University of Technology,
Regional Environmental Protection Fund,
National Environmental Protection Fund,
State Committee for Scientific Research, and
European Commission, DGXI.

The remediation programme for the historic uranium liabilities in the Lower Silesia region is
under preparation by the local authorities.
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Abstract

3,700 measurements were made on a site of area in excess of 10 Ha using "LARCH", the
Large Area Radioactive Characterisation system. LARCH is a mobile system that combines
the use of high resolution gamma spectroscopy with automated mapping techniques to
generate a radiation contamination map of the surveyed area. The advantages of using high
resolution gamma spectrometry, the means of correcting for contributions from radioactive
plant, and the interpretation of results are presented. The techniques used permit a rapid and
cost-effective location, identification and quantification of radioactive contamination or
demonstration of compliance with clearance criteria. Possible applications of LARCH to
other situations in site restoration are discussed.

Following the first stages of decommissioning, in which most plant external to the cores of a
two-reactor site in the United Kingdom had been removed, an assessment was carried out of
the extent of remaining ground contamination. The site area was about 13.5 ha, of which
roughly 30% was inaccessible due to continued operations or the presence of buildings.

An initial study had identified a number of areas where contamination was known or was at
risk of being present. Contamination would most likely have been present at the surface
(typically from spills ) or near to the surface (e.g. from contaminated or leaking drain lines).

High resolution gamma ray spectrometry was chosen to carry out the measurements as:
• A high sensitivity was required to confirm that no surface material would require

treatment as low level waste, and to identify possible sub-surface sources
• Simple gross measurements would not discriminate between natural background and

man-made activity
• Low resolution measurements require long data acquisition times to separate man-

made isotopes from natural background as the broad photopeak from Cs-137 (662
keV) overlaps that of Bi-214 (609 kev) and is on the Compton continuum from K-40
(1461 keV) and other natural lines

• High resolution measurements enabled assay with confidence to below the equivalent
of 0.04 Bq g"1 uniform contamination with Cs-137 in less than 30 seconds, over an
area of a few m2

The Larch Area Radioactive Characterisation technology enabled measurements to be taken at
the rate of close to 100 per hour. A high resolution detector with integral liquid nitrogen
dewar was mounted on the rear of a small four-wheel drive vehicle, with the electronics
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mounted in the cab. (Fig. 1) Determination of measurement position was semi-automatic: in
open areas, DGPS was used with an accuracy of about 0.3 m in the horizontal plane: in built-
up areas, where an adequate constellation of satellites was not in view, an automatic total
station was used to determine the measurement position by laser ranging. In both cases,
spectra were recorded along with the coordinates of their measurement location.

Figure 1 The LARCH buggy in use: the detector is mounted in the
container at the end of the boom.

A total of 3700 measurements (fig. 2) were taken over all areas of the site which were
accessible, over a period of several days. Measurements were spaced on a grid of nominally 5
metres. Laser ranging was required on about 30% of the site due to the presence of the
remaining reactor buildings obscuring the sky.

Over much of the site, a significant man-made background could be seen by an unshielded
detector from radioactive plant or waste stores. The effects of this were minimised by placing
the detector in a lead shield, which had the advantage of defining its field of view to a radius
of -2.5 m. Whenever man-made photopeaks were recorded above background, a further
spectrum was taken with the front face of the detector shielded with a lead block. This
allowed discrimination between gamma flux originating in or on the ground, and that coming
from extraneous sources.

Results are interpreted as unscattered (photopeak) gamma ray flux at the detector (typically 1
m above ground). Data can be presented as a spreadsheet, or mapped using either a custom
programme or a GIS package (Maplnfo©) (fig. 3). The latter often enables visualisation of
features which cannot readily be seen in the raw data: for instance, the line of a drain can
clearly be seen to the west of the site. The use of gamma ray flux enables interpetation of
results in a variety of ways with the help of simple shielding codes (e.g. Microshield©): for
instance, as a semi-infinite source, as a surface source, or as a point source.
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Figure 2 Location of 3,700 measurements on the site

Figure 3 Output from the GIS package showing 662 keV flux from Cs-137.

Results of interpretation of Cs-137 data assuming a shallow surface source (top 5 mm) are
shown in figure 4.

The majority of the site was rapidly surveyed as clean to a level of sensitivity and quality
assurance which will enable a convincing case to be put for eventual delicencing. A small
number of areas were identified as suspect and will require further investigations. A rapid

231



survey such as this enables limited resources to be concentrated where required.
Other potential areas of application of LARCH include:

• Ground clearance (where, for example, the results may be interpreted as if all man-
made radiation is coming from a specified depth. Sentencing is then possible as clean
or suspect against a quantifiable limit. Following mechanical stripping down to that
depth, further surveys can continue to identify clean or suspect areas, giving a large
reduction in waste volumes without the use of conveyor based measurement systems)

• Investigations of NORM or TENORM

Land > 0.4 Bq/g Cs137 = 1125 sq m

7

Figure 4 Cs-137 contamination over 0.4 Bq g" assuming a shallow surface source (top 5
mm)
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