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v+ General findings and conclusions

+ Liquid waste disposal - Options to be Evaluated: for
discussion & expansion

Discussion: Lessons for Fukushima tritium management

Reserve & reference - not presented given the short time available
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Large Velumes of Liguid Waste

+ Beside liquid wastes from the oil industry, foday all kinds of
industrial and municipal hazardous (and radioactive) liquid
wastes have to de disposed of

+ International conventions (e.g. no sea dumping of rad waste)
and national regulations offer opportunities for -
or restrictions on - the management and disposal of liquid

hazardous wastes

mcem

Liguid Waste Management ©Options

+ Injection in deep boreholes (with or without conditioning)

+ Solidification and disposal

+ Decay storage (for short lived radioactive liquid waste)

m Open pond storage
m Tank storage on the surface
m Subsurface tank storage
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Mining and Liguidi\Waste

+ Liquid radioactive waste, in the absence of other management
solutions, has to be stored in ponds at the surface or mixed with
cement and injected as sludge

m c m Olympic dam mine australia http://www.nuclear-heritage.net/index.php/Uranium_Mining

The radioactivity levels in produced
waters are generally low but the
volumes to be handled at each site
are large

v Produced waste waters are:

+ re-injected into deep wells

+ discharged into non-potable — :
http://www.dailymail.co.uk/sciencetech/article-2163265/ The-poison-beneath-How-
COGSTGI Wa'l-er\s toxic-waste-injection-wells-endangering-U-S-water-supply-years-come.html#p-6-1

+ discharged into lagoons or the
sea
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US — Well Classification

Class 2: Enhanced recovery wells (oil and gas) and 3

wells used for oil and gas-related waste
Class 3: Solution mining (e.g. salt/uranium)

Class 4: Banned in 1984. Injection into shallow
rock formations near to, or containing, drinking
water aquifers

Some class 4 wells still exist as parts of
government-run groundwater clean-up plans

Class 5: The catch-all category for almost
everything else that is injected underground
Viewed by the EPA as a substantial risk to water
supplies

mcem

Class | wells- | | Class Il wells-
Isolate hazardous, | Class |l wells- | Minimize |
industrial and municipal § injectollandgas | environmental impacts

wastes threugh | production wastes from solution mining |
deep injection | | operations |

3 .

| 4 i
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Class IV wells-
Prevent ground water
contamination
by prohibiting
the shallow Injection
of hazardous waste
except as part of
authorized
cleanup activities
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http://water.epa.gov/type/groundwater/uic/wells_classl.cfm
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UIC Class I Deep/High Technology
Hazardous Waste Wells

B o He ells
B 110 Hvw wells

B 11-20 Kl
Bl - 70 H wWells

Most of the wells are located along the Gulf coast, the Great Lakes and
Florida. Texas has 78 facilities and Louisiana has 18
In several States, Class 1 wells are banned

http://people.uwec.edu/piercech/HazwasteWebsSp04/DeepWellInjection/DeepWellInjection.htm
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Evaluation of Underground Injection of
Industrial Waste ! |

ON OF UNDERGROUND INJECTION
STRIAL WASTE IN ILLINOIS

societal impacts, and each option poses some risks to
public health and safety

+  Deep well injection ranks among the least costly options
and has a less severe impact on USDW and the surface
environment than does the land burial option

+  If contamination should occur detection and clean-up
may be more difficult, costly, and uncertain than for
contamination from surface or near-surface sources

v  Banning deep well injection as such appears to be an
inappropriate option in light of the increased risk
resulting from disposal of some waste components in or
near the surface environment

http://stateimpact.npr.org/texas/files/2012/03/IW.png
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http://stateimpact.npr.org/pennsylvania/2014/02/page/2/

The Oppoenents

«In South Florida, 20 of the nation's most stringently
regulated disposal wells failed in the 1990s, releasing sewage
into aquifers that may one day be needed to supply Miami's
drinking water

+ Despite new regulations accidents keep cropping up from early
80™ In late 2008, samples contain radium municipal drinking
water

+In 2010, contaminants bubbled up in a west Los Angeles dog
park.

<+ The GAO concluded that most of the contaminated aquifers
could not be reclaimed because fixing the damage was "too
costly" or "technically infeasible"
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Installations:

Examples USA
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http://columbiariverkeeper.org/wp-
I I a n f O r d (tan k Sto rag e) content/uploads/2011/09/hanford_angdFhe_river_final2.pd

operations generated about 2 M m3
of liquid HLW, containing 1.5 x 107
TBq

0 2 4 6 B 10kiometers
0123 4 Smies

I Tritium (MCL 20,000 pCi/L)
%0 Strontium (8 pCiL)
[ Uranium (20 pgiL)

B % Technetium (300 pCi/L)

+ Wastes, often initially placed in
storage tanks, were later removed
and conditioned for disposal -
including leakage to ground
("soakaway")

+ Total remediation costs:
FY 2013 $876,612,000

mcem

)4
operated between 1964
and 1984

+ E.g. between 1977 and 1979

ir. Volume of Volume of
a total of 1.2 million | of grouc S
o o Injecti Dat () (gal) () (gal) (c1)

waste solution containing 2T = -
. . . IW-15  6-30-77 344,400 91,000 549,000 145,037 26,528
81,780 Ci of radionuclides IW-16  11-17-77 208,200 55,000 301,000 79,500 15,982
. . I-17  9-1-78 311,500 82,300 520,400 137,500 22,362
was anZCTCd IW-18  5-19-79 325,600 86,014 526,100 139,000 16,908

1,189,700 314,314 1,896,500 501,037 81,780

+ Operation stopped in 1984 -
potential leaching into
groundwater
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ldaho National Engineering Laboratory

(Tritium 1njections)

routinely

v The Snake River Aquifer is of
economic importance as used for the
irrigations of farmlands

-

+ The average annual concentration of
tritium from 26 wells decreased
from 250 pCi/mL (10 kBq/I) in 1961
to 18 pCi/mL (660Bq/l) in 1988, or 93
percent

+ In 1988, water from only one
production well had with 27 pCi/mL
(1 kBq/l), a tritium concentration
exceeding the maximum contaminant
level of 20 pCi/mL (740 Bq/I) set by

EXPLANATION
O DISPOSAL WELL

20 OBSERVATION OR PRODUCTION WELL COMPLETED
® IN SNAKE RIVER PLAIN AQUIFER—Entry, 20 is local

Atomic City

well identifier
0 5000 10,000 Feet
—— INEL BOUNDARY ’
01000 3%0 Meters
1
ATOIA
Larry J. Mann and L. DeWayne Cecil 1990
15

T T LI B B

20 CUMULATIVE CURIES OF TRITIUM IN WASTEWATER
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Liquid Waste from Nuclear
Installations:

Examples Russia
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Russia: River. and
- lLake Discharge

stored in tanks

v LLW and ILW waste are further et et i S e
discharged to the Karatschai-lake

TABLEY9  STATUS OF RADIOACTIVE WASTE FROM REPROCESSING IN THE
RUSSIAN FEDERATION [16, 28]

v 12 M m3 of the liquid waste have Dnduseil — Sberfan Chemical  Miing & Chiemical
o o . Mayak Tomsk-T Krasnoyarsk-26
been injected in Krasnoyarsk-26 (Ozer) (Severs) Eilesmogorst)
SOLID WASTE
Volume (1000 nr’) 451 72 43
Activity (TBq) 1.1E7 11E3 not available
LIQUID WASTE
High level
Volume (1000 o'} 30.7 not available not available
Activity (TBq) 14E7 not available not available
Intermediate level
Volume (1000 ') 20 188 138
Activity (TBq) 44E6 46E6 39E6
Low level
Volume (1000 o'} 19,400 3000 not available
Activity (TBq) 52E3 21E7 not available
Underground disposal
Valume (1000 nr’) not available 7000 5000
Activity (TBq) 21E7 11E7
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Well'Injection - Tihree Sites

Sand- and limestone at a depth
of 1400 m

1600 km Deep Well Injection of Liguid

v Injection of (L/ILW) is ongoing = s
but efforts to SOlldlfy waste are @ Sites of deep well injection of LRW et
now made e

TABLE 1. ESTIMATES OF INJECTED WASTE PROPERTIES AT KRASNOYARSK. DECAY -
CORRECTED TO 1 JANUARY 1995 [18] AND [17] —

Type of waste / parameters HLW ILW LLW
Volume of disposed waste, m’ 6.8 x 10* 2,136 x 10° 2.78 x 10¢
Total activity of the waste, Bq 42x 10" 54x10% 57x 104
pH 2-3 10-12 8-10
m c m Salt content, g/ 250-350 30-350 1-30
19

The Principle

(2) Low Pressura Pipsline

(8) Wasta Praparation Unit

(&) Pumping Station
@lmnsmsm'm

(B) Pressurized Pipoline

(7) Maintenance Buiking
w-csnnwuk

(8) Waste Disposal Horizon
{i0) Observation Wells

() Coliector-Herizon Filled with Wasle
2 1soiating Imparmeable Rocks

and monitoring boreholes

+ Injection into sandstones or limestones
with low or stagnant GW flow

v Injection layers confined by low
permeable clay layers

v Institutional controls” until
contaminants will decay to permissible
levels before reaching the site
boundary”

Fault zone
— — Boundary of allotment area
- -~ Boundary of injection area

.4




Conclusions

SU
Long institutional control periods and a closure concept are critical
And

The TAEA is critical of deep-well injection because the method “has no
packaging or engineered barriers, and relies on the geology alone for
safe isolation”

And
Not an acceptable option for Member States of the European Union

mem
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to Sea: example from UK

mcem
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Sea Discharge

+ Direct discharges to rivers and streams

+ Through pipelines and sewers at industrial
/ nuclear sites

Discharge from ships / platforms etc. is now
banned by national and international
agreements / conventions
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Sellafield Sea Discharge

v  Where practicable, the waste streams
are now routed via the Medium Active
Evaporator, or the Salt Evaporator, to Key discharges to Irish Sea
interim decay storage pending
treatment in the Enhanced Actinide + Mid-1970s:

Removal Plant (EARP) prior to m 4000 TBq/y of caesium-137
discharge m 50 TBq/y of plutonium-alpha
+ 2007:

+  The remaining low-level liquid wastes
are discharged to seaq, after
monitoring, via the Sellafield pipeline
pipelines extending 2.5 km seaward

m 7 TBq/y of caesium-137
m 0.1 TBq/y of plutonium-alpha

mem
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Sellatield

m decommissioning older
facilities and replacement

m use of specific waste
treatment plants

m storage medium active
waste - further treatment

mem

Figure 1a : Historie liquid discharges from the Sellatield site (alpha discharges)

Discharge (T}
g

BNFL Sellafield: The Future for Discharges
'RG Marley, 'P Dumbop and D Jackson
'BNFL. Sellaficld, Scascale, Cumbria, CA 114G, United Kingdom,
“Westlakes Research Institine, Moor Row, Cambria, CA2 302, United Kingdom.

1971 1976 1981 1986 1991 1996

Figure 1b : Historic liquid discharges from the Sellafield site (beta activity)
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Sellafield — seawater

» Tritium discharges — relatively high - ~2000 TBq per year

« Mean seawater concentrations — ~10 — 20 Bq per litre

4500 30
[ Sellafield discharge
4000 + —a&— Seawater concs. 0t
T 25
3500 +
AA |
c'g-“ 3000 + 120 8
E H
o 2500 4 @
; 2000 4 — { :
= g
X 1500 + + 10 =
1000 4+
+5
500 4
0 ! -0
1979 1963 1987 1991 1995 1999 2003 2007

ww.sfrp.asso.fr/IMG/pdf/11-SJenkinson.pdf. 26



Release of Contaminated \Water, to the Sea

F

A

¥ Very sensitive in Japan, safety of release of such contaminated water may
need to be communicated by using past experience - e.g. Sellafield releases
into Irish Sea - What are the actual risks of sea discharge?

¥ What are the risks for alternative disposal routes?

¥ Such past experience also highlights potential concerns to be addressed

There is a common agreement that discharge of liquid radioactive waste has to be minimised
Radiological Protection Institute of Ireland concluded that:
"Doses resulting from operational discharges are low and, on the basis of current scientific
understanding, do not pose a significant health risk at this time" but the potential risk of contamination
which might occur as a result of accidents remains a cause for concern”

mcem
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General findings and
first conclusions

mcem
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General Findings and Conclusions (1)

v Early solutions were often simple dumping on the surface, to
rivers, water bodies and are now not acceptable to the scientific
community regulatory bodies and the public

v The list of operational failures / accidents, unexpected behaviour
of the discharged / disposed waste and operational failures
resulting in major environmental impact is long - too long

% International and national regulations focus on waste minimisation,
solidification and the application of best available techniques

mem
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General Findings and Conclusions (2)

+ Site assessment and aquifer characterization are required to
determine suitability of site for wastewater injection / releases

v Extensive assessments must be completed prior to receiving approval
from regulatory authorities

v A well defined inventory of materials & radionuclide activity levels
forms the basis of a transparent and structured disposal plan

+ Several disposal options are available for most hazardous and non-
hazardous waste components but

+ Each option has its own economic, environmental, and societal impacts,
and each option poses some risks to public health and safety

mcem
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General Findings and Conclusions (3)

m for land based disposal, a comprehensive site characterisation
programme is needed (geology, geochemistry, hydrogeology,
long term site evolution......)

m for sea discharge a detailed assessment of e.g. the rate of
input discharges, their chemical speciation in contact with
seawater, the hydrographic conditions and their interactions
with suspended particles, sediments and biota is a prerequisite
for a licence and public acceptance

m Both options are time consuming and resource intensive
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General Findings and Conclusions (4)

+ The public worries when they receive mixed messages from the
scientific community on the potential risks of managing liquid
waste

v A fransparent open discussion outlining all options, opportunities,
uncertainties and risks is required

Japanese town uses regulations to protect groundwater from nuclear waste '
Tochigi town passes water-protection ordinance to block nuclear waste plans .
September 20, 2014

THE ASAHI SHIMBUN
A town in Tochigi Prefecture has found a novel way to block the construction of a final disposal site for radioactive
waste from the 2011 Fukushima nuclear crisis by passing an ordinance that will protect its natural resources.
The ordinance, passed unanimously by the Shioya town assembly on Sept. 19, will protect an area that includes local
springs, as well as mountain forest that was designated by the Environment Ministry as a candidate for the final disposal
facility

mcem
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General Eindings and Conclusions (5)

than expected (effects of complexation, colloids, microbes, ...

)

+ Extensive remediation and / or very long periods of institutional
control needed (..indefinite site exclusion) for several disposal
routes

v Despite of significant discharges to the sea (Sellafield / La Hague
and others), independent institutes concluded that the resulting
radiation dose is unlikely to have had a detrimental effect on
health.

% The regulators will asks for alternatives, but treatment
(concentration and solidification) of contaminated water is often
impracticable (large volume of waste) or impossible (especially for
tritium)
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Geological disposal Sea discharge

Concentration /
Solidification and
geological disposal

Tank Storage
Surface and subsurface

Open Pond Storage Well injection Sea discharge

(pipelines)

Technical feasibility
/ Technology
available

Possible in principle

At least till borehole
closure concept is
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period
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. NA
is hazardous
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Environmental
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Potential for
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constraints NA geologies
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boundary regulations regulations

conditions
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Acceptance None ? Difficult

Time required for
implementation
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Release ofi Contaminated \Water. to the Sea

F

¥ Very sensitive in Japan, safety of release of such contaminated water may
need to be communicated by using past experience - e.g. Sellafield releases
into Irish Sea - What are the actual risks of sea discharge?

¥ What are the risks for alternative disposal routes?

¥ Such past experience also highlights potential concerns to be addressed

There is a common agreement that discharge of liquid radioactive waste has to be minimised
Radiological Protection Institute of Ireland concluded that:
"Doses resulting from operational discharges are low and, on the basis of current scientific
understanding, do not pose a significant health risk at this time" but the potential risk of contamination
which might occur as a result of accidents remains a cause for concern”
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