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ABSTRACT 
 
The DOE/National Nuclear Security Administration’s (NNSA) “Sister Laboratory” program 
allows for bilateral technical cooperation in peaceful uses of nuclear energy for developing 
nations. The program establishes a direct line of communication between U.S. scientists and the 
nuclear research and scientific communities in participating countries.  Los Alamos National 
Laboratory (LANL) currently has Sister Laboratory arrangements with Romania, Mexico, Egypt 
and Peru on the subject of low and intermediate level waste management.  Romania generates 
low and intermediate level (LIL) radioactive waste from the operation of a research reactor and 
related nuclear research facilities, nuclear power generation, and from industry; they are in need 
of a final near-surface LIL waste repository.  Collaborations have included the topics of site 
selection and characterization, repository design, waste conditioning, performance assessment, 
environmental monitoring, and radioactive waste policy/regulation development.  Similarly, 
Mexico generates LIL waste from their nuclear power program, nuclear research activities 
including the operation of a research reactor, and from industry.  Mexico has operated a 
radioactive storage and disposal facility to the northeast of Mexico City.  However, public and 
political pressures are requiring that they site a new repository and move the existing inventory 
to that location.  Technical collaborations have included site selection criteria, site 
characterization methodology, performance assessment, environmental monitoring, and waste 
conditioning.  Egypt and Peru do not have nuclear power programs, but in both countries LIL 
wastes are generated from the operation of research reactors and associated nuclear research and 
from industry (e.g., medical and mining).  The Egyptian Atomic Energy Authority (EAEA) 
operates a radioactive waste storage and disposal facility north of Cairo in the Nile delta region.  
Disposal operations are historic, and further disposal awaits licensing of this or a new facility.  
Consultations have included an evaluation of their current program, discussions and literature 
exchange on radioactive waste management, including site selection and characterization, 
repository design, performance assessment, and waste conditioning.  Peru’s radioactive waste 
management program is centered at the Instituto Peruano de Energia Nuclear (IPEN), which 
operates a research facility northeast of Lima.  Currently, their wastes are conditioned and stored, 
pending the licensing of a near-surface repository for final disposal.  LANL technical experts 
have consulted on and provided technical literature on site selection and characterization, 
repository design, performance assessment, environmental monitoring and waste conditioning. 
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INTRODUCTION 
 
The Department of Energy’s (DOE)/National Nuclear Security Administration’s (NNSA) “Sister 
Laboratory” program allows for bilateral technical cooperation in peaceful uses of nuclear 
energy for developing nations.  This program fulfills, in part, US commitments to peaceful uses 
of nuclear energy outlined in Article IV of the Nuclear Non-proliferation Treaty.  The program 
establishes a direct line of communication between U.S. scientists and the nuclear research and 
scientific communities in participating countries.  Los Alamos National Laboratory (LANL) 
currently has Sister Laboratory arrangements with Romania, Mexico, Egypt and Peru on the 
subject of low and intermediate level waste management.  Technical collaborations typically 
include the exchange of scientific literature, site visits by technical experts, hosting visits from 
foreign scientists, provision of software, and training.  The program gives developing nations, 
with limited resources, access to leading experts and state of the art technology in the field of 
radioactive waste management. 
 
ROMANIA 
 
Radioactive Waste Management Activities 
 
Romania generates low and intermediate level (LIL) radioactive waste from the operation of a 
research reactor and related nuclear research facilities, nuclear power generation, and from 
industry.  The majority of their LIL radioactive wastes are generated from nuclear research and 
the nuclear power industry. 
 
Nuclear research is conducted at the Romanian Institute of Nuclear Research (ICN), located in 
Pitesti.  Activities that generate LIL include the operation of a TRIGA research reactor, hot cell 
and laboratory research, R&D, and from the operation of a CANDU fuel fabrication plant for 
their CANDU nuclear power plant.  Solutions contaminated with fission products are generated 
from the TRIGA reactor.  These solutions are evaporated, and the resulting solid concentrate is 
then mixed with concrete and poured into 220 l (~55gallon) steel drums for final disposal.  In 
order to ship radioactive waste within Romania, the external dose rate on individual waste drums 
must be less than 2 mSv/hr.  Currently these wastes are shipped to an abandoned uranium mine 
near the town of Baitza, where the mine has been converted to a geologic repository.  Liquid 
wastes resulting from the CANDU fuel production operations are treated on-site at ICN.  The 
resulting water is reduced to low levels of natural uranium (<1 mg/L) and then discharged into 
the adjacent river.  The capacity of this operation is approximately 2000 m3 per year of 
discharged liquid.  Solid wastes generated by laboratory and hot cell operations at the ICN are 
first compressed in small stainless steel cans, which are then stacked into larger steel cans and 
welded shut.  These waste cans are fixed in cement within 200-l steel drums for eventual 
shipment and storage at the geologic repository at Baitza. 
 
Romania operates a CANDU power reactor near the city of Cernavoda, which is located on the 
Danube River, near the Black Sea.  Currently, they operate one reactor, with another planned to 
be on-line in the near future.  Currently, LIL wastes generated at this facility are stored on-site 
waiting final disposal.  Due to the large distance to the Baitza repository, these wastes are 
destined for a yet constructed near-surface repository located near Cernavoda. 
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Sister Laboratory Activities 
 
In March 1999, a U.S. delegation, including LANL, ORNL, and DOE personnel, visited 
Romania for the official signing of the arrangement (between DOE and the Ministry of Industry 
and Commerce) for technical cooperation in peaceful uses of nuclear energy.  Following the 
signing, the delegation met with ICN staff and management at ICN's nuclear center located near 
Pitesti.  During the site visit, the various operations were toured including the TRIGA reactor, 
the CANDU fuel testing facility, the Hot Cell, and the radioactive waste conditioning and 
management operations.  ICN technical staff indicated that they needed assistance on radioactive 
waste management techniques, and that they needed assistance in the siting of a new near-
surface LIL repository near the Cernavoda Nuclear Power Plant (NPP).  Several tasks for Sister 
Laboratory collaborations on radioactive waste management emerged during the visit, including 
repository site selection and characterization, repository design, waste conditioning, safety 
(performance) assessment, contaminant transport modeling, and environmental monitoring.   
 
To date, LANL technical experts have made several site visits to tour and evaluate waste 
management operations, to tour and evaluate their proposed disposal site near Cernavoda, 
provide scientific literature and consultation, and provide training.  Training topics have included 
waste site selection and characterization, radioactive waste management methodology, and 
radiological performance assessment including contaminant transport modeling.  Additionally, 
several Romanian scientists from ICN have traveled to LANL for further training in radioactive 
waste management, contaminant transport modeling, and measurement of radionuclide transport 
parameters.  Romanian scientists are working with LANL scientist on modeling the vadose and 
saturated zones beneath the proposed near-surface repository near the Cernavoda NPP.  They are 
using the modeling code FEHM (Finite Element Heat and Mass) transport, which is the state of 
the art code used for modeling contaminant transport at LANL’s radioactive waste disposal sites. 
 
Recently, LANL has begun consultation on a new Sister Laboratory topic with Romania.  LANL 
technical experts are providing consultation radioactive waste policy and regulation development 
based on models from the U.S. and other countries with developed radioactive waste policy. 
 
Future collaborations include continued consulting on vadose zone and saturated zone modeling, 
and the evaluation of the geologic repository for LIL at Baitza. 
 
MEXICO 
 
Radioactive Waste Management Activities 
 
The Instituto Nacional de Investigaciones Nucleares (ININ) has the responsibility of managing 
all radioactive wastes generated in Mexico, outside of the Laguna Verde Nuclear Power Plant.  
Laguna Verde currently manages all its radioactive wastes on-site.  Radioactive wastes that ININ 
manages are generated from ININ operations (research reactor operations and 
radiopharmaceutical production), historic uranium mining and milling operations, the medical 
industry, other industrial activities, and clean-up residues from accidental releases of radioactive 
materials.   
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Waste types that are currently generated and/or stored include bulk uranium mill tailings, U-238 
mineral waste, conditioned and unconditioned spent sources, contaminated soils, contaminated 
asphalt, and conditioned liquid radioactive waste treatment residues.  The majority of these  
 
wastes are classified as low-level radioactive wastes; however, some of the spent sources include 
Ra-226 and Am-241, which are considered intermediate level radioactive wastes. 
 
All Mexican radioactive wastes (except those generated at Laguna Verde) are processed through 
ININ for storage and eventual disposal.  ININ treats liquid radioactive waste (aqueous and 
organic) to produce residues that are conditioned in cement.  Wastes are generally placed into 
200-l (55-gallon) drums.  Spent sources are in some cases conditioned in cement.  Larger spent 
sealed sources are not conditioned, and are stored in their original packaging.  Containers have 
an external dose rate of less than 2 mSv/hr, which is the Mexican transportation limit. 
 
Long-term storage of radioactive wastes managed by ININ is done at the CADER site, near the 
town of Maquixco.  Currently, the CADER site receives about 20 drums/year for storage.  The 
CADER site was used to manage spent radioactive sources and uranium mill tailings in the 
1970’s and these materials were stored outside on the surface of the site.  These materials have 
been subsequently removed.  The spent sources are now in storage, and the uranium mill tailings 
are staged in trucks awaiting final disposition.  In addition to the surface storage of waste, the 
CADER site has five trenches used for below grade storage.  These trenches were originally 
constructed for use as disposal trenches, but the decision has been made to retrieve the wastes for 
disposal elsewhere.  The trenches are approximately 200 meters long and several meters deep.  A 
small quantity of the waste stored in the trenches is spent sources that are considered 
intermediate level waste, and will require long-term storage once retrieved.  The remainder of the 
waste is low-level and will go to final disposal after retrieval. 
 
Currently, Mexico does not have a site for low-level radioactive waste disposal.  In the 1970’s 
the CADER site was used for disposal, but subsequent political and public pressure has forced to 
the site to be decommissioned in the near future.  Mexico is in the process of locating a site for a 
near surface repository for low-level radioactive waste.  Given the current rate of waste 
production and the storage capacity at CADER, Mexico will need a licensed repository in 
approximately 8 years. 
 
The CADER radioactive waste management site has an environmental monitoring program.  The 
CADER site personnel conduct surveys of the stored waste with hand-held detection equipment 
to ensure site safety.  Additionally, ININ conducts site surveillance to ensure site safety to the 
surrounding public.  Environmental surveillance includes surface soil and water sampling, three 
air-monitoring stations, and three 300-meter groundwater-monitoring wells.  ININ produces an 
annual surveillance report that is provided to the CADER site personnel and the Mexican 
regulatory authority.  To date, no releases to the surrounding environments have been detected. 
 
Sister Laboratory Activities 
 
To date LANL technical experts have visited the Mexican facilities at ININ and CADER to 
evaluate operations, provide consultation, and to identify the needs of ININ staff on the topic of 
radioactive waste management.  One of the major identified needs are the tools and training to 
site a near-surface repository, characterize it, and prepare a safety assessment for the site.  Sister  
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Laboratory technical collaborations have included the exchange of literature and training on 
repository site selection criteria, site characterization methodology, safety (performance) 
assessment, environmental monitoring, and waste conditioning.   Scientists from the ININ have 
also visited LANL several times for tours and training in radioactive waste management.  Tours 
have included the operating LLW facility at LANL and the associated characterization and 
storage facilities.  Training has included the procedures and methodologies for radioactive waste 
storage and disposal and the general steps for preparing a safety assessment (performance 
assessment) for a radiological repository.   
 
Future collaborations are planned that focus on training specifically on contaminant transport 
modeling as it applies to safety assessment.   
EGYPT 
 
Radioactive Waste Management Activities 
 
The Egyptian Atomic Energy Agency (EAEA) is responsible for the management and final 
disposal of Egypt’s low and intermediate level (LIL) radioactive wastes.  The radioactive waste 
management program is located at the Hot Lab and Waste Management Center that is part of the 
Nuclear Research Center at Inshas.  Inshas is located north of Cairo, within the Nile delta region. 
 
Unlike Romania and Mexico, Egypt does not have a nuclear power program, and their LIL waste 
is generated from nuclear research, medicine, and industry.  The four main sources of LIL waste 
are EAEA hot laboratory wastes, EAEA operated research reactors (Inshas I and Inshas II), 
medical radioactive waste, and spent, sealed radioactive sources from medicine and industry.  
Since 1990, Egypt has produced approximately 200 m3 of LIL waste. 
 
The EAEA acquired a LIL radioactive liquid waste treatment station from Russia, which has 
been in operation since the early 1990’s.  The station is used to convert liquid radioactive waste 
to sludges which can then be conditioned into cement.  Processes used include ion exchange, 
evaporation, and precipitation.  The cement waste forms generated are 1-m3 blocks.  
Additionally, the EAEA also operates a small drum compactor for volume reduction of low-
density wastes.  Spent sealed sources are not conditioned; they are stored in their operational 
configuration, providing they are still sealed.  Other sources, such as radium needles, are 
conditioned by placing the source in lead pigs, which are subsequently cemented into drums. 
 
At Inshas, the EAEA has a designated radioactive waste storage area.  Currently, they have 4 
above ground storage buildings.  These buildings are for storage of conditioned wastes and 
sealed sources, and each building includes about 18 subsurface storage pits for high activity 
wastes.  Also, located at the site is a historic, below-grade, concrete storage trench.  It is no 
longer in use and has been sealed with concrete.  At this time it is unclear whether the waste in 
the trench will be relocated to a final disposal trench or disposed of in situ. 
 
The EAEA currently does not have a formal disposal site for LIL waste.  They have chosen their 
radioactive waste storage area adjacent to the Inshas facility as the preferred location for a near-
surface LIL repository.  The site is primarily for Egypt’s LIL waste, but mention was made of 
possibly taking toxic and hazardous waste also. 
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The conceptual design of the repository is a near-surface facility comprised of concrete trenches.  
At least four trenches will be needed with individual dimensions of 10 m X 5 m X 3.3 m deep.  
The trench cap will extend 0.3 m above the ground surface.  The trenches will be constructed of 
20-cm thick reinforced concrete.  The base of the trench is designed with an inclined multiple 
barrier comprised of an engineered liner (clays and HDPE) and leachate collection system.  The 
cover is also designed as a multiple barrier system (clay and HDPE).  Some level of 
characterization and possibly modeling has been conducted; however, to date, a formal safety 
assessment for proposed site has not been prepared.  A major concern is that the repository 
would be located approximately 1 km from a Nile channel, within the deltaic sediments of the 
Nile floodplain.   
 
Sister Laboratory Activities 
 
In December 2000, LANL technical experts on radioactive waste management conducted a site 
visit to the EAEA facilities.  The purpose of the visit was to evaluate their radioactive waste 
management operations and identify EAEA needs and topics for technical collaboration.  EAEA 
personnel identified needs related to the development of a Waste Acceptance Criteria (WAC) for 
LIL waste generators within Egypt, waste generator certification procedures, QA/QC and 
verification of waste packages, and the tools, training, and procedures for conducting a safety 
assessment.  Additional topics included in the collaboration are LIL repository siting, 
characterization and design.  Since the site visit, LANL has provided an evaluation of their 
current operations and have provided literature related to WAC and safety assessment.  
Additionally, a scientist from the EAEA has visited LANL for collaborations and tours related 
radioactive waste management and environmental monitoring techniques.   
 
Future collaborations planned include preparing and conducting a workshop on radioactive waste 
management.  The workshop will be held in Egypt at the EAEA in Inshas, and topics from 
radioactive waste policies and regulations to the technical aspects of site selection and safety 
assessment will be covered. 
 
PERU 
 
Radioactive Waste Management Activities 
 
Peru’s radioactive waste management program is centered at the Instituto Peruano de Energia 
Nuclear (IPEN), which operates the RACSO Nuclear Research Center northeast of Lima.  
Peruvian radioactive wastes are generated at the RACSO Nuclear Research Center and from 
hospitals and industry throughout Peru.  The RACSO waste management facility has the 
responsibility for managing these wastes.  Waste types include both liquid and solid waste forms.  
Peru does not have a nuclear power program. 
 
Liquid wastes are generated at the RP-10 research reactor and the radioisotope production 
facility at RACSO.  Liquids are stored and allowed to decay.  Liquids with short-lived 
radioisotopes are discharged into the sanitary liquid waste, after decaying to permissible 
activities.  Liquids with long-lived radioisotopes are treated.  Treatment includes ionic exchange 
using resins and chemical precipitation.  Exchange resins are located in filtration systems for the 
research reactor cooling water.  Chemical precipitation occurs at the waste management facility, 
within the RACSO facility. 
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Solid wastes include the resins and chemical precipitates generated during liquid waste 
treatment, contaminated trash generated in radiation areas, activated materials, spent sources, and 
radium needles from Peruvian hospitals.  Materials and trash that are activated and/or 
contaminated with short-lived radioisotopes are allowed to decay, and are then either reused or 
disposed with the sanitary trash.  Solids contaminated with long-lived radionuclides are volume 
reduced, stabilized, containerized, and then stored awaiting final disposal.  Compressible 
materials are compacted using a drum compactor.  Wastes are stabilized in 200-l drums with 
cement.  Higher activity material such as radium needles is encased in lead “pigs” prior to 
stabilization in cement.  Storage occurs at the RACSO waste management facility while awaiting 
final disposal. 
 
The preferred final disposition of Peruvian, solid low to mid-level radioactive waste is shallow 
land burial.  The preferred location for a disposal location is the RACSO center, adjacent to the 
existing waste management facility.  Prior to the construction and use of the disposal facility, it is 
necessary for IPEN to prepare a safety assessment for the location to ensure the long-term safety 
of the facility to the public.  IPEN waste management personnel have begun a very preliminary 
safety assessment.   
 
Sister Laboratory Activities 
 
In July 1999, LANL technical experts conducted a site visit to the RACSO facilities to discuss 
collaborations on the topic of radioactive waste management and to tour their radioactive waste 
management facilities.  Based on this visit and needs expressed by IPEN staff, collaborations for 
this Sister Laboratory arrangement include repository site selection and characterization, 
repository design, safety (performance) assessment, environmental monitoring and waste 
conditioning.   
 
The highest priority need expressed by IPEN was the need to site a repository for their low and 
medium level radioactive waste.  Their desire is to site a repository at the RACSO facility.  
During the site visit LANL experts evaluated the site and provided recommendations on a path 
forward.  Recommendations included using shallow land burial for their solid low-level and 
medium-level radioactive waste, conducting geological characterization of proposed disposal site 
at RACSO center, preparing a safety assessment of disposal site; and working with LANL to 
acquire modern transport and dose assessment codes, along with training on their use.  To date, 
LANL has provided technical literature on the collaboration subjects, but due to budget 
limitations, IPEN has only been able to make minimal progress. 
 
Future plans include hosting an IPEN scientist for tours of LANL radioactive waste management 
facilities and to receive training on safety assessment methodologies, including contaminant 
transport modeling using FEHM. 
 
CONCLUSIONS 
 
LANL Sister Laboratory collaborations on the topic of radioactive waste management with 
Romania, Mexico, Egypt, and Peru have been successful.  In all cases, these foreign research 
agencies are very enthusiastic about the technical collaborations, and they indicate that these 
collaborations are extremely beneficial to them.  A common thread with each country is limited 
funding for radioactive waste management activities.  However, they realize the importance to  
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their country and the international community for responsible radioactive waste management and 
final disposal.  For example, Romania is very interested in becoming a member of the European 
Union, and as part of the actions they must take to be accepted, they must show that they manage 
their nuclear research and power program responsibly, including safe and state of the art waste 
management and disposal. 
 
None of the four countries currently have a licensed radioactive waste repository for their low 
and intermediate level wastes.  Romania, Mexico and Egypt currently have sites that have, or are 
currently, receiving waste for disposal, however, none of them have had formal safety 
assessment evaluations.  These facilities could be considered much like the legacy radioactive 
waste sites at U.S. DOE facilities.  Each country would prefer to use a near-surface type of 
repository, and understand the need to prepare a safety assessment following the IAEA or US 
guidelines.  Collaborations have focused heavily on providing their scientist with the literature, 
training, and software they need to meet this goal.  Romania has made the most progress out of 
these countries, and this collaboration is serving as the model for training Mexico, Egypt and 
Peru on the topic of radiological safety assessment. 
 
Collaborations will continue with these countries on the current topics, with the freedom to 
evolve as new needs are expressed by the participating countries. 
 
 


