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Solvent Extraction Process for Americium-241 Recovery from Radioactive Sealed Sources
Executive Summary
At the request of Oil Services Forum on Radiation Safety and Security, Pacific Northwest National Laboratory (PNNL) proposes to recover high-purity americium-241 (241Am) for beneficial re-use as new source material for well-logging in oil exploration and other priority needs.  At present, the national supply of 241Am is exhausted, and 241Am is not currently being produced.  New source material is needed to produce well-logging sources.  This proposal to recover and re-use 241Am from previously used 241Am-beryllium sources, committed at present to safe holding under the U.S. Department of Energy (DOE) Off-Site Source Recovery Project, would be a short-term solution; however, the near-term need is critical, and a long-term supply may be years away.  Therefore, it is necessary to use 241Am resources that are presently available from the Off-Site Source Recovery Project.  

PNNL proposes to use the capabilities of the Radiochemical Processing Laboratory (RPL), located in Richland, Washington, to recover the high-purity americium contained in the excess radioactive sealed sources.  The RPL is a DOE Hazard Category 2 nuclear facility, with full hot cell, radiochemistry, processing, and analytical capabilities for handling, opening, processing, analyzing, and packaging purified 241Am.  PNNL’s working knowledge of RPL and its hot cells helped establish the feasibility and cost and schedule estimates to perform this work.  This proposal provides information on the available technology, technical deployment, and environmental and safety considerations required to perform the work.   

PNNL evaluated different separations approaches utilizing its established expertise in chemical and radiochemical separations.  The application of solvent extraction separation of americium from beryllium was chosen for its ability to meet or exceed the purity specifications of 99.9%.  Although other processes may be adequate and less expensive in the short term, solvent extraction was chosen on the basis of improved confidence in americium recovery and process control over competing methods.  Given the technology basis, a set of work plans and chemical development tests were developed for the recovery of the americium from the americium-beryllium (AmBe) radiological sources.  Work plans were used to evaluate the potential impacts to the RPL and its equipment to be ready to accept sources for processing.  Equipment will need to be fabricated, refurbished, procured, and tested to meet the work plans.  Procedures will be written and reviewed internally.  The technical development and readiness activities will be conducted in the phase 1a effort.  Phase 1b will accept americium-beryllium sources and separate the americium into high-purity americium oxide.  Phase 2 of the project will process additional radiological sources on a routine basis.  The activity of sources estimated to require processing in phase 2 is 8,000 curies.
A rough order of magnitude cost for phase 2 is provided in this proposal.  A more detailed cost and schedule proposal for the second phase of work will be provided at the completion of phase 1b, when actual cost and schedule data from the phase 1 activities can be factored into the phase 2 estimates.  

Project Management

For this process, PNNL’s management approach will provide a structured framework to efficiently and effectively plan, implement, and control the integrated technical effort necessary to conduct readiness and achieve success of this Americium Recovery Project, within the project schedule and funding profile.
An Integrated Project Team approach will be used to ensure focused coordination and communication of the major activity areas.  The Integrated Project Team members include the following: 

· Project manager Stephan Schlahta
· Cognizant engineer James Toth
· Process readiness task lead Randy Thornhill
· Technology task lead Dr. Gregg Lumetta. 
Principal team members will meet with project controls on a regular basis to assess progress and hold monthly internal status reviews to maintain focus and report earned value. 
As part of the initial tasks of phase 1a, the Project Management Plan addressing technology application, process readiness, safeguards and security, environmental safety and health, and hold points required to deliver the specified americium products will be validated.  Management and schedule of key interfaces and dependencies on other activities will be addressed.  The quality assurance plan will be prepared in the phase 1a task.  Upon successful completion of the phase 1a effort and readiness assessment,  the first lot of radioactive sealed sources will be accepted for processing.
Phase 1a Technology Application
The technology application performed in phase 1a will be focused on mitigating the project technical risks, preparing equipment, procedures and training required to recover 241Am. 
Technology development will be required to ensure the source decladding and chemical separation of the americium from the beryllium, to optimize the flowsheet, and to verify the process performance; i.e., to ensure that the desired product purity will be achieved with minimal losses of americium. 
There are a number of options available for decladding the americium-beryllium sources and separating the americium from the beryllium.  The baseline approach taken here is designed to achieve high purity (>99.9 percent) AmO2 with minimal americium loss.  The key step in the process is separation of americium from beryllium using the transuranic extraction (TRUEX) process (Horwitz et al. 1985).  Figures 1 and 2 illustrate the primary steps in the technology process, which include:
1. Decladding by fission gas release and breaching the source under controlled conditions in a hot cell to release the helium within the source

2. Cutting the source into small pieces
3. Digesting the opened source in nitric acid (HNO3) to dissolve the americium and beryllium 
4. Filtering the solution to remove any un-dissolved solids and pieces of the source cladding.

5. Adjusting the acid concentration to ~3 M HNO3
6. Running the adjusted feed through the TRUEX solvent extraction cycle including extraction, scrubbing, stripping of the americium, and solvent washing.

7. Adding formic acid (H2C2O4) to the americium product stream from TRUEX and digesting at 40 to 50°C to precipitate the americium oxalate

8. Filtering the precipitate

9. Washing the precipitate with HNO3/H2C2O4.
10. Converting the americium oxalate in a crucible with heat at 600 – 800°C to AmO2.

Decladding by Fission Gas Release and Breaching
This function will provide for a fission gas release system in the hot cell to release gas that may have accumulated in the source.  The concept of utilizing a puncturing device constructed from a needle valve with a sharpened valve stem, similar to that used for puncturing target rods as has been performed previously at PNNL, will be tested.  Other alternatives include investigating altered drill press configurations previously used to introduce 0.030-inch-diameter defects in spent fuel rods. 
After the source of fission gas is released, the source will be breached so that the source material can be dissolved in HNO3 for the subsequent separation steps.  The end of the outer capsule will first be cut off using a tube cutter to expose the inner capsule.  If possible, the inner capsule will then be extracted by simply tipping the source in a controlled manner so that it slides out. 
The technology development to be performed on source breaching will include fabrication of mock source containments including the outer and inner casings (based on the available schematic drawings), design and fabrication of the puncturing equipment, and testing of the method with the mock casings.
Dissolution in Nitric Acid
Americium and beryllium are assumed to be in the forms of AmO2 and beryllium metal, respectively, in the neutron sources.  Both of these can be dissolved in HNO3 solution.  The stainless steel cladding material will not dissolve in HNO3, so this can easily be removed by dissolving the americium and beryllium “away” from the cladding.  Although the dissolution step is straightforward, some technology development is required to optimize the amount of HNO3 used to dissolve the AmO2.  Ideally, the HNO3 concentration in the solution coming out of the dissolver should be ~3 M.  This would allow direct feed to the TRUEX purification process without adjustment of the acid concentration.
Existing stocks of 243Am at PNNL will be used to test and to optimize the dissolution process.  Small aliquots of AmO2 will be treated with HNO3 solutions of varying concentrations at different solution-to-solids ratios.  The mixtures will be heated to promote dissolution.  The extent of dissolution will be assessed visually.  Based on the results of these experiments, the optimal condition will be chosen for the source dissolution.
No elaborate equipment is needed for the source dissolution.  A suitably sized (probably 500 to 1000 mL) stainless steel beaker and a hot plate should be sufficient to perform this unit operation.  Handles may be welded onto the beaker to aid in using the beaker with the hot cell manipulators.

Feed Clarification and Adjustment
The dissolved source solution will be clarified using off-the-shelf vacuum filtration equipment.  This will consist of a glass-frit funnel attached to a vacuum flask.  Significant technology development is not anticipated to be necessary in selecting this equipment.
The feed adjustment requirements will be dictated by the outcome of the source dissolution process development and feed volume requirements for the TRUEX process.  The TRUEX process can be successfully operated at HNO3 concentrations greater than 0.5 M, so there is a wide margin for this parameter in the TRUEX feed.  As a first approximation, 3 M HNO3 is a reasonable target for the HNO3 concentration in the feed.  The dilution requirements to achieve 3 M HNO3 will be determined based on the dissolution conditions chosen.  However, another factor to be considered is the volume of feed needed to properly operate the solvent extraction equipment.  As part of the TRUEX flowsheet development (see below), the minimum feed volume to reach steady state will be determined.  It is anticipated that this volume will be in the range of 1 to 2 L.  This factor will also influence the feed adjustment requirements.

Transuranic Solvent Extraction
The specifics of the flowsheet (Figure 1) will need to be determined by process modeling (e.g., using the Argonne Model for Universal Solvent Extraction code) and testing.  Specific parameters that will need to be optimized include the flowrates, and the number of extraction, scrub, and strip stages.  The need for a diluent wash of the americium product to remove entrained solvents such as CMPO and TBP will also need to be determined.
The technology development activities to be performed to support the TRUEX process development will include:
· Measurement of beryllium distribution coefficients as a function of nitric acid concentration

· Determination of the organic phase limit-of-concentration for americium; this information is vital for developing a viable flowsheet free of third-phase formation

· Modeling-assisted flowsheet design; existing codes will be used for this purpose—either the AMUSE code or the Generic TRUEX Model, both available from Argonne National Laboratory

· Flowsheet testing using batch solvent extraction contacts using simulant solutions; these experiments are important not only for verifying the expected process performance, but they also can help identify potential processing issues such as third phase or interfacial crud formation

· Non-radioactive set up and shake-down testing of the solvent extraction equipment; existing 2-cm centrifugal contactors will be used in this work

· Counter-current flowsheet test using simulant feed solution
Following successful completion of these activities, the solvent extraction equipment will be installed in a hot cell.  Further tests will be performed using radioactive simulants prepared from existing PNNL stocks of americium to verify the process performance before proceeding with processing of actual AmBe sources.
Oxalate Precipitation
The americium oxalate precipitation process is fairly well described in the literature, but it is typically operated at HNO3 concentrations somewhat higher (0.5 – 1.0 M; Gray et al. 1981) than that expected for the americium stream from the TRUEX process (~0.05 M).  Thus, technology development is required to optimize oxalate precipitation from the americium stream from the TRUEX process.  Preliminary experiments will be performed using a non-radioactive lanthanide (e.g., neodymium or europium) as a surrogate for americium.  The efficiency of the oxalate precipitation will be determined as a function of HNO3 concentration and the effects of entrained TRUEX solvent and diluent will be evaluated.  The anticipated conditions for the oxalate precipitation are as follows (based on the conditions described by Gray et al. 1981):
· Heating of the feed solution to 60°C

· Adding 0.9 M H2C2O4 to the feed solution (relative volumes to be determined)

· Digesting for four hours at 40 – 45°C to promote large crystal growth

· Cooling to ambient temperature

· Collecting the americium oxalate precipitate by vacuum filtration
· Washing of the americium oxalate with several portions of 0.6 M H2C2O4/0.2 M HNO3 to wash out the beryllium
For the most promising precipitation conditions, test will be performed at scale using the same equipment that is to be used for the actual process in the hot cell.  This will serve two purposes.  First, it will allow operational experience to be gained on the equipment in a non-radioactive environment.  Secondly, it will allow the conditions used to wash the oxalate precipitate to mimic what will occur in the hot cell.  Again, the equipment is not anticipated to be complex and can be assembled from off-the-shelf items.  The precipitation will be conducted in a stainless steel beaker and a hot plate equipped with a temperature controller.  The need for mechanical agitation of the solution will be assessed during the non-radioactive tests.  The oxalate precipitate will be collected on a glass-frit funnel attached to a vacuum flask.  The funnel will have sufficient volume to allow for addition of washing solution.  For these full-scale tests, the loss of the trivalent lanthanide ion to the oxalate filtrate will also be quantified, as this will be important in the technology development effort for the process to recover americium lost to the oxalate filtrate (see below).  The results obtained with the non-radioactive simulant will be verified on a smaller scale using simulants made from in-stock sources of americium.
Calcination to Americium Oxide
Calcination of the americium oxalate to AmO2 is the final step in the chemical process.  This chemistry is well documented so a significant technology development effort is not required.  However, some testing on a small scale is necessary to determine the physical characteristics of the AmO2 formed when calcining in the presence of residual HNO3 and H2C2O4.  Off-the-shelf equipment can be used including ceramic crucibles and a muffle furnace capable of temperatures in excess of 800°C.  The furnace must be capable of a controlled ramp-up in temperature to allow for smooth conversion of the oxalate to AmO2.  The off-gas from the furnace will be passed through a sintered metal filter or other suitable collection system to capture any americium dispersed from the crucible during calcination.
Americium Recovery from Oxalate Filtrate
The amount of americium lost to the filtrate from the oxalate filtration step is unknown.  The losses could be on the order of 1 percent, in which case it might be desirable to recover this americium rather than incur charges for its disposal.  If this is the case, a TRUEX solvent extraction cycle will be used for this purpose. 
We have not included the americium recovery from the oxalate filtrate in the phase 1b estimate.  Phase 1a will investigate the feasibility of increasing americium recovery by this method, and the impact on disposal costs.  Presumably, it will be implemented only if it is economically advantageous to do so.
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Figure 2.  Precipitation, Filtration, and Calcination Processes for Recovery of Americium
For this recovery to be successful, the oxalate ion will need to be destroyed.  Gray et al. (1981) reported on the manganese(II)-catalyzed destruction of oxalate ion in similar solutions.  This method of oxalate destruction is compatible with the TRUEX recovery of americium.  Figure 4 presents a conceptual flowsheet for the americium recovery process.  Note, the americium-depleted raffinate could be recycled to the AmBe dissolver (provided the oxalate concentration is sufficiently low) and that the stream containing the recovered americium is recycled to the oxalate precipitation step.  The key technology development activities needed to implement the americium recovery process are:
· Optimization of the oxalate destruction step

· Acid dependence

· Temperature dependence

· Dependence on the Mn2+ concentration

· Completeness of oxalate destruction

· Counter-current flowsheet tests with simulants to optimize the TRUEX process performance


· Demonstrate concentration of americium stream for recycle back to the oxalate precipitation step

· Demonstrate concentration of the americium-depleted raffinate for recycle back to the AmBe dissolver

· Impurities in this stream must not adversely affect downstream operations if recycled to the dissolver
Phase 1a Facility and Operational Readiness 
The RPL, also designated the 325 Building, is a Hazard Category 2 nonreactor nuclear facility
 located in the 300 Area of the Hanford Site, Richland, Washington.  Work Performed at RPL involves spent nuclear fuel, waste characterization and remediation, separation and processing of medical isotopes, examination and extraction testing of tritium target rods, plutonium disposition, and other activities.   The requirements driving the facility readiness review process include start-up of a new program within RPL where the radioactive material inventory meets or exceeds the Hazard Category 3 criteria (0.52 Ci of 241Am).    
The proposed activities will take place in a number of the RPL laboratories and material balance areas (MBAs) as shown on Table I.  Neutron sources will initially be received into the RPL shipping and receiving area and transferred to laboratory areas that address personal safety issues and storage issues.  Prior to release of a designated drum for source recovery, sources will be moved to the RPL high bay area where the material identity will be verified and activity measured.  The sources will be placed into the High-Level Radiation Facility where the sources from the drum will be breached and the americium beryllium powder will be dissolved in nitric acid.  The dissolved powder will be transferred to the Shielded Analytical Laboratory, which is another group of hot cells within the RPL. 

The Shielded Analytical Laboratory will be used to separate the americium and beryllium using the transuranic extraction process and precipitation, filtration and calcination.  The RPL will dedicate selected hot cells to this project.
Technical Safety Analysis

Technical Safety Requirements are the DOE-approved limits, controls, and related actions that establish the specific parameters and requisite actions for safe operation of the RPL and include operating limits and surveillance requirements.  

The total in-process radioactive material inventory in each room will not exceed 90 curie 239Pu Equivalent as a control range limit.  Due to neutron effects, the 239Pu Equivalent for 241Am will be lowered from 90 curie to 34.3 curie.  The allowable americium-241 inventory allowed in each room will be 34.3 curie, neglecting any contribution of additional radioactive material.  

Table I.  Locations Involved in the Radiological Source Recovery
	Laboratory Name
	Room Designation
	Operation

	RPL Receiving 
	East Storage Yard 
	Drum Receiving 

	RPL 
	40c, or East Storage Yard
	Short Term Storage of Drums 

	
	
	

	RPL 
	603
	Source Retrieval, Sorting and Non Destructive Assay (NDA)

	RPL High Level Radiation Facility 
	601
	Decladding

	RPL Shielded Analytical Laboratory
	200 
	TRUEX Solvent Extraction and Precipitation & Filtration, Calcination

	RPL Shielded Analytical Laboratory  
	201
	

	RPL Shielded Analytical Laboratory 
	203
	Retrieval for Assay and Transfer to Qualified Container

	RPL Shielded Analytical Laboratory 
	Alternative Mini Cell 
	Calcination and Retrieval for Assay and Transfer to Qualified Container

	RPL 
	200
	Interim Storage and Shipment of High-Purity Am Oxide

	Waste Management Activities will occur in RPL 528.


The sealed sources accepted by the RPL will be contained in U.S. Department of Transportation (DOT) certified Type A containers.  Supporting documentation with the sealed sources will include the special form radioactive material certificates. 

Dose modeling of shielded americium-beryllium sources was conducted to understand the effect of neutron dose.  Due to the hot cell shielding designs, the hot cell dose contribution from neutron effects is expected to outweigh the effects from the beta-gamma contribution.  The neutron dose contribution with two steel shielding cases was considered with 9 inch and 12 inch of steel shielding.  The result of the preliminary dose modeling is presented on the table below.  Neglecting beta-gamma, the results confirm the need of at least 12 inch of steel shielding equivalent for processing the neutron doses with flux up to 4,200,000 neutron/second.
Safeguards and Security

PNNL’s Nuclear Material Safeguards program operates under a DOE approved Material Control and Accountability Plan that provides for the protection of Category III and IV quantities of nuclear materials.  Physical and administrative controls are in place for the effective protection of up to 6 kilograms of americium oxide within a processing area (subject to quantities of other collocated materials).  The americium recovery action will accept less than 100 grams of americium oxide to the RPL at one time, well below this administrative control limit of 6 kilograms.    

Table II.  Dose Contribution from Neutrons Shielded with Steel
	Nominal Activity
	Nominal Neutron
	Dose Contribution from Neutron Flux (mrem/hour)

	(milliCurie)
	Flux (N/s)
	9 in of steel
	12 in of steel

	15000
	3.98E+07
	29.55
	3.36

	4000
	6.30E+06
	4.68
	0.53

	18500
	4.22E+07
	31.34
	3.56

	19000
	3.10E+07
	23.02
	2.68

	8000
	1.27E+06
	0.94
	0.11


The MBAs are defined and established for the proper accounting and control of the nuclear materials and localization of potential losses, and are based around related research activities.  An MBA Custodian, Alternate Custodian, and MBA Manager are appointed by cognizant research organization management and approved and trained by the Safeguards organization.  One MBA is established in the Shielded Facility Operations (SFO) and will cover all operations associated with this proposed work.

Entrances to the SFO areas are secured, with entry requiring access through an automated access control system (proximity card).  Routine access to these areas requires the approval of appropriate SFO management.  The current inventory in SFO is a Category IV quantity of nuclear materials.  The Category IV limit is 2 kilograms of americium oxide, subject to other collocated materials. In the proposed action, the RPL will accept up to 10 drums of americium oxide, each drum containing an inventory of 10 gram of americium oxide or less, well below the Category IV limit. 

Upon receipt the source shipping containers will be checked for identity and integrity against tampering.  The identity of the sources will be verified and non-destructive assay performed to establish the beginning americium inventory prior to beginning processing.  Measurement and measurement control procedures will be reviewed and approved by the Safeguards organization with key measurement points identified in the process for inventory control and reporting.  Measurements will also include monitoring the waste streams for accountable quantities of nuclear material.  Periodic material balance closure will occur in addition to a monthly book inventory certification and reconciliation.  Physical inventories of all americium oxide material in process or in storage for this project will be performed by Safeguards on a biennial basis. 

The shipping containers with sources or product material loaded will be tamper-safed and held in locked interim storage with access accorded only to authorized individuals.  Any transfers of material into or out of the SFO MBA will require prior approval of the Safeguards organization.

Procedures are in place to address nuclear material control and accountability-related incidents of security concern.  Incidents that may arise include transfer check failures (shipping container identification doesn’t match the shipping papers or there is evidence of tampering), shipper/receiver differences (a difference between what the shipper reports as having been shipped and what the receiver reports as having received), a misplaced or missing item, measurement results that differ from that expected by more than allowed by the established control limits, other differences between the book and the physical inventory that exceeds established control limits, or any malevolent action taken against the material or process.  Response actions are documented in the Material Control and Accountability Plan and all appropriate notifications are made as required.
Beryllium Monitoring 
The management of beryllium requires keeping the foot print for beryllium processing as small as possible.  In source decladding, the potential risk of airborne beryllium in hot cells will be minimized by the use of a vacuum-sealed source degassing system.  The system limits the release of airborne beryllium to the inside of the vacuum chamber.   

During source dissolution, the dissolver vessel will be covered to limit dispersion of beryllium-containing mists or aerosols within the hot cell.  Very limited or negligible beryllium dispersion will occur under normal operation of the separation process.  The separations processes are conducted in counter-current solvent extraction system.  The start-up, operation, and shut down of the solvent extraction system will result in pumping solution through a closed system of centrifuge contactors, or other suitable solvent extraction equipment (e.g., mini mixer-settlers).    

The beryllium separated from the americium in the solvent extraction process will be provided in the form of beryllium nitrate in about 3 molar nitric acid solutions.  The acid solutions require sorption and fixation prior to hot cell load out and disposition by Waste Management.  Once the beryllium waste has been contained and loaded out of the hot cell, it will be labeled appropriately as beryllium-containing and will not be reopened in RPL. 

With respect to sample movement outside the hot cell, designated containers will be developed to move in-process material.  The use of the designated containers will be labeled according to PNNL’s Standards-Based Management System standards, and used exclusively for the americium-beryllium recovery project.  

Beryllium analyses have been routinely performed at PNNL by Internally Coupled Plasma Optical Emission Spectroscopy.  The method involves aspirating an aqueous solution into an excited argon plasma and then monitoring a characteristic excitation emission line from the beryllium in the solution.  Our current analysis equipment is a PerkinElmer 5300DV dual detector instrument capable of measurements over a wavelength range of 165 (ultraviolet) to 782 nm (visible).  The instrument is capable of both radial and axial viewing of the plasma.  RF power is provided by an integral 40 MHz solid-state generator.  Optical detection is accomplished using an echelle polychromator with a two-dimensional detector array.  Analysis detection limits with the 5300 DV is approximately 0.1 ng/mL (ppb) of solution using an emission wavelength of 313.042 nm.  With a typical acid digestion of a 100 cm2 survey wipe (e.g., Ghostwipe or equivalent), this translates into a survey detection limit of 2.5 ng/100 cm2.  PNNL limits for general release are 200 ng/100 cm2.
Radioactive Sealed Sources Test Case Processing in Phase 1b
This section describes the sealed sources which will be processed under phase 1b.  This phase of the effort is intended to complete receipt, purification, and shipment of the initial lot of AmBe sources.  It will also establish the firm cost estimating basis for the remaining material to be processed, yet to be identified, in phase 2.  The sealed sources selected for processing will include the source serial number, the source model, the special form certificate number, isotopes present in the sources, the initial activity, (for example milliCurie), the assay date, the reported activity at a reference date, and the Los Alamos Laboratory Drum Number.  
A list of 65 drums and their AmBe source inventory was used as the basis for estimating configuration of phase 1 processing.  Only drums with active certificates of DOT radiological special form material, or material with low enough activity to be shipped in Type A containers, will be processed.  From the list of 65 drums, only 38 drums have active Special Form Certificates or can be shipped in Type A containers, depending upon the expiration date of the special form certificate.
Sources with activity greater than 1 curie will be processed for americium recovery.  Table III shows the quantity of sources that will be processed from each drum.  A total of 82 sources will be sent for processing.  The 82 sources are reported to contain 921 curie of 241Am (as of July 1, 2002).  The remaining sources less than 1 curie will be consolidated into 3-4 drums (S-100 Pipe Overpacks) and prepared to be dispositioned by the Off‑Site Source Recovery Program. 
Pilot testing of the work steps developed from phase 1a Technology Development and Facility Readiness Tasks described in sections 4 thru 6 are included in this task.  The steps includes accepting drums containing radioactive sealed sources, storing the sources short-term as required, conducting americium radiochemical recovery, assay and packaging; shipping the recovered americium to identified users, handling the waste management and disposal pathways, and decontaminating facilities as necessary at project closure.  The radiological sealed sources will be received in the same drums packages as they were delivered to the Off-Site Source Recovery Project.  The technical basis for the number of drums processed in phase 1b is 38. 

The recovery process shown on figure 3 consists of eight distinct processes: 
(1) Acceptance and short-term storage of radiological sources
(2) Retrieval and sorting of the sources greater than 1 curie
(3) Non-Destructive Assay 
(4) Decladding the sources 
(5) AmBe Solution Transfer the Shielded Analytical Laboratory 
(6) TRUEX separation 
(7) Oxalate precipitation and filtration and conversion to oxide (calcination) 
(8) Assay of americium oxide and loading into a qualified container.  
Waste management activities support the chemical process steps.  
Table III.  Americium-Beryllium Sealed Sources for Processing in Phase 1b
	
	All Sources
	
	Sources > 1,000 mCi
	

	LANL Drum No
	Source Count
	Activity (mCi)
	
	Source Count
	Activity (mCi)
	Recovery

	LA00000058728
	7
	27,930
	 
	3
	27,230
	97.5%

	LA00000058730
	4
	24,154
	 
	2
	24,090
	99.7%

	LA00000058731
	7
	29,697
	 
	3
	28,580
	96.2%

	LA00000058735
	4
	27,142
	 
	3
	27,110
	99.9%

	LA00000058736
	7
	26,817
	 
	3
	25,180
	93.9%

	LA00000058737
	10
	27,764
	 
	2
	24,290
	87.5%

	LA00000058738
	11
	26,933
	 
	2
	24,160
	89.7%

	LA00000058740
	9
	26,597
	 
	2
	24,010
	90.3%

	LA00000058742
	9
	28,389
	 
	3
	27,210
	95.8%

	LA00000058744
	17
	28,567
	 
	2
	24,130
	84.5%

	LA00000058745
	27
	27,882
	 
	2
	24,330
	87.3%

	LA00000058749
	4
	27,371
	 
	3
	27,250
	99.6%

	LA00000058753
	15
	28,549
	 
	2
	24,300
	85.1%

	LA00000058754
	8
	28,147
	 
	3
	27,130
	96.4%

	LA00000058755
	13
	27,094
	 
	3
	26,860
	99.1%

	LA00000058759
	19
	28,458
	 
	2
	24,230
	85.1%

	LA00000058760
	14
	25,514
	 
	4
	23,190
	90.9%

	LA00000058761
	17
	27,444
	 
	2
	24,330
	88.7%

	LA00000058762
	2
	24,130
	 
	2
	24,130
	100.0%

	LA00000058763
	2
	24,100
	 
	2
	24,100
	100.0%

	LA00000058764
	2
	24,230
	 
	2
	24,230
	100.0%

	LA00000058765
	1
	19,300
	 
	1
	19,300
	100.0%

	LA00000058766
	2
	24,300
	 
	2
	24,300
	100.0%

	LA00000058767
	3
	28,840
	 
	3
	28,840
	100.0%

	LA00000058768
	2
	24,230
	 
	2
	24,230
	100.0%

	LA00000058769
	2
	24,330
	 
	2
	24,330
	100.0%

	LA00000058771
	2
	24,100
	 
	2
	24,100
	100.0%

	LA00000058772
	2
	24,040
	 
	2
	24,040
	100.0%

	LA00000058775
	2
	23,730
	 
	2
	23,730
	100.0%

	LA00000058776
	4
	24,654
	 
	2
	24,060
	97.6%

	LA00000058782
	2
	24,180
	 
	2
	24,180
	100.0%

	LA00000058783
	2
	24,120
	 
	2
	24,120
	100.0%

	LA00000058784
	2
	24,130
	 
	2
	24,130
	100.0%

	LA00000058786
	2
	24,110
	 
	2
	24,110
	100.0%

	LA00000058787
	9
	21,010
	 
	1
	19,300
	91.9%

	LA00000058788
	12
	22,134
	 
	1
	19,400
	87.6%

	LA00000058790
	6
	20,228
	 
	1
	19,500
	96.4%

	LA00000058791
	14
	21,508
	 
	1
	19,400
	90.2%

	Total 
	277
	965,853
	 
	82
	921,140
	95.4%
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Figure 3.  Process Flow Chart for Processing the Sources and Recovering the Americium
Schedule Estimate

In Figure 4, the estimated schedule for phase 1 technical development, readiness, and pilot scale testing is shown at the highest level.  Schedules were prepared at several levels lower than the figure.  The schedule is developed from a working knowledge of similar hot cell operations at the RPL, for example process testing of nuclear fuel. 

For the purposes of the schedule, technical development and readiness activities are scheduled to start on January 2, 2007.  This start date may be advanced to an earlier date, and all activities would be advanced accordingly.  Delaying the start date after January 2, 2007 will result in higher estimated costs due to inflation adjustments for work being conducted in FY 2008.  

The technical development and readiness activities are expected to be completed in October 2007, and a readiness review in November leads into pilot testing starting in December 2007.  The first shipment of 10 drums from Los Alamos National Laboratory is scheduled to be received on December 10, 2007.  Processing the first drum is estimated to be completed on January 15, 2008.    
High-purity americium will be shipped in DOT Type B certified containers.  The maximum allowable inventory in a type B container is 81 curie of americium oxide.  Four shipments of four Type B containers are scheduled to ship by exclusive use shipment from PNNL according to the schedule below.  The four containers will be returned to PNNL for use with the subsequent shipment. 
Table IV.  Americium Shipping Schedule from PNNL
	Shipment
	Date
	Number of Type B Containers in Shipment

	A
	12 June 2008
	4

	B
	17 October 2008
	4

	C
	11 February 2009
	4

	D
	03 March 2009
	1


At the completion of the work, the hot cells are cleaned out in preparation for the next phase of processing.  The hot cells will be returned to the same state in which the project was started.

Cost Estimate

Table IV presents the estimated cost of the technical development, readiness and purification of 38 drums of 241Am-beryllium sources defined earlier.  The purification of the 38 drums of sources is categorized into phase 1b.  Costs were estimated using predicted labor costs within the PNNL system for FY 2007 and FY 2008.   
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ID

Activity
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Orig

Dur

Early

Start

Early

Finish

01  Source Recovery

Subtotal

675

02JAN07

07SEP09

01.02  Phase 1

Subtotal

675

02JAN07

07SEP09

01.02.01  Phase 1a

+ 01.02.01.01  Process Testing

189

02JAN07

28SEP07

+ 01.02.01.02  Facility Preparation

233

02JAN07

03DEC07

+ 01.02.01.04  Prepare & Issue Plans/Procdrs/Permits/Test Inst

190

02JAN07

01OCT07

+ 01.02.01.05  Procdr Vldtn & Prcssig Equip Remotability Testng

245

02JAN07

19DEC07

+ 01.02.01.06  Qualify Staff to Operating Procedures

208

02JAN07

25OCT07

+ 01.02.01.08  NDA

230

05JAN07

03DEC07

+ 01.02.01.10  Beryllium Management

131

02JAN07

09JUL07

01.02.02  Phase 1b

+ 01.02.02.01  Operations

634

02JAN07

09JUL09

+ 01.02.02.06  Packaging & Shipping

546

02JAN07

04MAR09

+ 01.02.02.07  Waste Management

396
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16JUL09

+ 01.02.02.08  Facility Closeout

634
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09JUL09
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+ 01.02.03.01  Beryllium Testing

336
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30APR08

01.02.04  Project Management

+ 01.02.04.01  Project Management

655

02JAN07

07AUG09

+ 01.02.04.02  Project Controls

655
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07AUG09

+ 01.02.04.03  Reporting

441
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30SEP08

+ 01.02.04.04  Records

635
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+ 01.02.04.05  Project Closeout

71

27MAY09
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02JAN07
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Figure 4.  Schedule for Phase 1 Activities
This estimate is based upon several assumptions. 
· A memorandum of understanding will be developed regarding material ownership.

· The estimate includes exclusive use shipments from Los Alamos National Laboratory for receipt of source drums and transfer of product to offsite isotope vendor.  

· The waste stream description complies with LA-OS-NA-01, 241Am sealed sources recovered domestically containing radioactive material originating from the Department of Energy’s weapons program. 

· All source drums received for processing only contain DOT certified special form material.  

· The dose rate of the highest activity source (expected to be ~20 curie) is 600 millirem at 30 centimeters and assumes the dose rate is 50 percent ( and 50 percent (.  The estimate assumes the unshielded dose rate to an operator handling the source semi-remotely at a distance of ~210 centimeter is ~12 millirem/hour.  The estimate assumes the dose rate to an operator standing behind lead impregnated acrylic “shadow” shields can be reduced 50 percent resulting is a dose rate to the operator and Radiological Control Technical of 6 millirem/hour.

· The dose rate of each drum will be < 50 millirem/hour ( plus ( at contact and <10 millirem/hour ( plus ( at 30 centimeter. 

· All sources with activity greater than 1 Curie will be processed.  All sources processed will be assayed for americium activity with a gamma counter first.   

· Resources are included for recovery from two in-cell upset conditions.

· The high purity americium oxide produced from the 241AmBe sources will contain less than 0.1 percent beryllium (mass basis).  

· The recovery of americium from the sources will be at least 90 percent. 

· The project will begin the project by using solvent extraction contactors available in-house, and will replace the solvent extraction system by purchasing eighteen 2-liter/hour capacity contactors.  The eighteen contactors are commercially available off the shelf items.

Table IV.  Estimated Costs for Phase 1a
	WBS
	Sub-Total
	

	(Process Testing) Technical Development
	$1,744,191
	

	Facility Preparation 
	$1,372,419
	

	Prepare & Issue Plans Permits and Test Instructions
	   $188,705
	

	Procedure Validation and Process Equipment Remotability Testing
	   $163,545
	

	Qualify Staff to Operating Procedures 
	   $112,662
	

	Non Destructive Assay
	     $47,032
	

	Beryllium Monitoring 
	     $23,372
	

	Sub-Total Phase 1a 
	
	$3,651,926

	Project Management
	$838,202
	

	Contingency
	$582,000
	

	Total Phase 1a
	
	$5,072,128


· The wastes generated as result of processing will be managed through the RPL Waste Management Service Center and Hanford Site Contractors.
The phase 1b estimates are based on the cost and schedule to process the first through 38h drum (or batch) of AmBe sources.  The first drum is estimated to be processed in 4 weeks, the second drum is processed in 3 weeks, and the third batch is processed in 2½ weeks.  The fourth and all subsequent batches are processed in 2 weeks using the same resource and schedule loading.  Therefore the majority of the phase 1b estimate was developed from the resources and schedules to process the fourth drum and multiplying its cost and schedule for the fifth through 38th batch of AmBe sources. 

Cost and schedule estimates for batches subsequent to the 4th batch do not include any process improvements that will occur by identifying and reducing operating restrictions. 
Table V.  Processing Estimates for Phase 1b

	Item
	Value

	Estimate of phase 1b Inventory Accepted  
	965 Curie

	Estimate of phase 1b Inventory Processed 
	921 Curie

	Phase 1b cost estimate to process inventory 
	$3,176,301

	Phase 1b Project Management
	$729,035

	Phase 1b Contingency
	$480,000

	Total Phase 1b 
	$4,385,336

	Phase 1b schedule estimate to process Inventory (December 2007 to March 2009) 
	15 months


Project Management costs for Phases 1a and 1b include additional support for beryllium monitoring and Quality Assurance.  The costs are for these activities are estimated to be $1,567,237.
During Phase 1b an estimate for the ultimate disposition path of the processed americium to the Waste Isolation Pilot Plant will be provided.  The ultimate disposition path is necessary at the completion of the useful life of the americium beryllium sources containing the processed americium. The americium is defense-related nuclear-material and will ultimately be dispositioned through DOE.  For example the fiscal year 2007 estimated costs to dispose of a 30 curie drum of AmBe sources at PNNL to the Waste Isolation Pilot Plant is $6,000 plus packaging.
During the Phase 1b processing, an assessment of the permits required to perform phase 2 at RPL will be conducted.   Additional permits may be required because the current permits allow operation with respect to convention al laboratory operations. (See Background Regulatory Information).  If the cost to obtain permits is within the phase 1b contingency and within the other phase 1b contingency activities, no additional costs will be incurred by the project. If the estimated costs exceed the contingency, the estimated costs will be provided to the Oil Services Forum
Contingency Assessment for Phase 1a and Phase 1b 

The cost estimate provides a most likely case of the project phase 1a project costs. Contingency in this case is an amount added to the estimate to allow for in-scope but unanticipated work in the project. A level of certainty to the resource allocation in phase 1a activities was developed.  

A level of certainty was assigned to the resource allocation of major activities in phase 1a.  The levels of certainty of the resource estimates of phase 1a were assigned according to the following categories: 1) based on historical experience 2) based on process design, 3) based on conceptual design and 4) based on pre-conceptual process.  Based on the level of certainty, a budget contingency analysis was performed using the table VI uncertainty categories.  

The level of certainty (numbers 1 through 4) were assigned to the resource estimates for the major activities in phase 1a, as shown in the table VII.  Activities with estimates based on historical experience incur a plus or minus 10 percent uncertainty, for a net uncertainty factor of unity (1.0).  Activities with estimates base on process design incur a -5 percent and +15 percent uncertainty, for a net uncertainty of 10 percent.    Activities with estimates based on conceptual design incur a -10 percent and + 30 percent   uncertainty, for a net uncertainty of 20 percent. Activities with estimates based on pre-conceptual designs incur a minus 30 percent and plus 60 percent uncertainty, for a net uncertainty of 30 percent.    

Using this analysis, the contingency estimate for each of the major activities was performed and indicated the uncertainty for the phase 1a in-scope, but unanticipated work is $582,000.

In total, the phase 1b work scope and accompanying resources represent a set of detailed estimates.    The uncertainty for detailed estimates is minus 10 percent, plus 25 percent, for a net uncertainty of plus 15 percent.  The phase 1b uncertainty is estimated to be 15 percent of the total cost, or 
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Based on this analysis, the contingency for the phase 1 work scope is the sum of the phase 1a and phase 1b contingency, or $1,062,000.  
                        Table VI.  Uncertainty Categories and Contingency

	Uncertainty of Estimate
	Description 
	Contingency  

	1
	Based on historical experience (detailed estimate) 
	+ 0 percent

	2
	Based on process design (title II design)
	+ 10 percent 

	3
	Based on conceptual design (budget or conceptual design) 
	+ 20 percent

	4
	Based on pre-conceptual process (preliminary estimate) 
	+ 30 percent


                                     Table VII.  Uncertainty Estimates for Phase 1a.
	Phase 1a WBS or Activity 
	Uncertainty of Estimate 

	Facility Safety Systems
	1

	HLRF C-Cell Preparation
	1

	SAL Cell 5 Preparation
	1

	SAL Cell 4 Preparation
	1

	Readiness Assessment
	1

	ALARA Review
	1

	Source Recovery Station
	1

	Fission Gas Release System
	4

	Capsule Sectioning System
	4

	Qualified Form Container for storage/shipping of purified product
	1

	AmBe Solution Transfer Container Over Pack
	3

	Simulated Pressurized Sealed Sources
	4

	Prepare and Issue Plans/Procedures/Permits/Test Instructions
	1

	Procedure Validation and Processing Equipment Remotability Testing
	1

	Set Up Hot Cell Mockup In Room 603
	4

	Source Recovery Station
	1

	Source Fission Gas Release and Sectioning
	4

	AmBe Oxide Dissolution and Filtration
	4

	AmBe Nitrate Solution Packaging and Transfer to SAL
	1

	TRUEX Separation Processing in SAL
	4

	Oxalate Precipitation, Filtration, and Conversion to Oxide
	4

	Loading Qualified Form Container and Transfer to Research Cell
	1

	Breaching of Source Cladding 
	4

	Dissolution in Nitric Acid
	3

	TRUEX Process 
	4

	Oxalate Precipitation 
	3

	Calcination to Oxide 
	1

	Americium Recovery from Oxalate Filtrate 
	4

	Chemical Process Control 
	1


Phase 2 Rough Order of Magnitude Costs and Schedule Estimate

Phase 2 activities assume accepting a total of 8,000 curie of AmBe sources at RPL using the procedures, processes and equipment developed in phase 1.  In this estimate, 287 drums of americium-beryllium sources are assumed to be processed at the RPL, each drum contains an average inventory of 27.9 curies of americium. 
The phase 1b processing rate for incoming 38 drums of AmBe sources is estimated to be 14.0 months.  For phase 2, a processing duration of 100 months is estimated by extrapolating the phase 1b processing rate at one shift operation.  However, the phase 2 will incur significant process rate increase by processing two shifts, reducing its duration by approximately 30-40 months. 
The rough order of magnitude cost estimate for phase 2 is derived by scaling the activity costs from phase 1b. The cost estimate shown on table VIII is $20MM. The project management costs (project planning, project controls, quality assurance, reporting, and records) are added to the rough order of magnitude assessment as a percentage of the activity costs.  The rough order of magnitude estimate does not include compound interest factor, nor allowances for efficiencies from production scale of routine operation.  The rough order of magnitude estimate assumes that Nondestructive Assay of the sources will not be required to establish inventory, but the documentation with each shipment includes the required information to establish inventory.  
Because the phase 1b tasks have yet to be conducted, cost and schedule variations are possible for the work plans of phase 2.  The actual costs and waste volumes generated in phase 1b will be used to develop a cost and schedule to process radiological sources on a recurring basis in phase 2.  A detailed phase 2 cost and schedule will be provided at the conclusion of phase 1b, including all operating assumptions. 
Project Close-Out

Project close out assumes the existing Shielded Facility Operations procedures and Radiation Worker Permits are adequate for clean out of High Level Radiation Facility C Cell and the Research Cell #1.  However a new procedure and associated Radiation Worker Permit will be required to remove project equipment from the Shielded Analytical Laboratory Cells 4 and 5 because this activity will require the main shielding door to cell 5 to be opened for equipment to be transferred into shielded disposal containers.

All project records will be completed and ready for storage when the project was completed and the records are to be dispositioned.  All customer furnished property (e.g., parts, test articles, or equipment) to the project will be returned or dispositioned, as agreed to, when the project has been completed.  All expenditure authorizations, including third party commitments, will be closed and deobligated when the project has been completed.  All project-specific or induced risks will be eliminated or appropriately dispositioned before closing out the project.  Subcontractors/vendors will be notified of the close-out and a formal request will be submitted to business services to deobligate balances and/or accrue outstanding costs and resolve/deobligate outstanding balances. 

Background Regulatory Information

National Environmental Policy Act- The RPL currently has two National Environmental Policy Act Categorical Exclusions that allow operation with respect to the proposed action that will be performed in the RPL.  The work conducted in the RPL will be covered by Hanford site-wide Categorical ExclusionB3.6, Indoor Bench-Scale Research and conventional Laboratory Operations, Richland Washington, approved by DOE, on 12/1/2004.  
Table VIII.  Phase 2 Estimated Costs
	Activity
	Estimated Cost

	Ship Sources from LANL
	$180,000
	

	Source Drum Receipt and Staging
	162,000
	

	Source Recovery In Room 603
	232,000
	

	Puncture, Section, Dissolve and Filter, and Transfer Am-Be solution to Shielded Analytical Laboratory
	2,640,000
	

	Load Out Remote Handled & Contact Waste 
	188,000
	

	Perform Treatment by Generator of Liquid Wastes 
	192,000
	

	TRUEX Separation, Oxalate Precipitation, Filtration, and Conversion to Oxide
	8,180,000
	

	Load Out Remote Handled & Contact Waste 
	324,000
	

	Treatment by Generator of Liquid Wastes
	114,000
	

	Receive and Review Analytical Data
	200,900
	

	Package Purified Product into Type B Container
	312,000
	

	Ship Purified Am-241 to Commercial Vendor/Off-Site Contractor
	156,000
	

	Return Shipments of Low Activity AmBe Sources and Empty Drums
	100,000
	

	Waste Management and Disposition
	5,100,000
	

	Project Close-Out
	274,000
	

	Subtotal 
	
	$18,355,000

	Project Management @ 10 percent of direct costs
	
	1,835,000

	Rough order of magnitude estimate to process 287 drums in Radiological Process Laboratory. 
	
	$20 MM 


Waste Management – Low Level/Mixed Waste generated from this project could be disposed of via Fluor Hanford.  The potential of TRU waste generated could also be shipped to Fluor Hanford however; PNNL will need to get written confirmation from the client confirming that the original source of the americium was from “Defense Related” work.  This information is required by Fluor prior to their acceptance of the waste.
With regard to current Hanford Treatability Proposal litigation concerning the importation of transuranic waste to the Hanford site, this material will be received at PNNL as a product and not a treatability study waste sample.  Therefore, issues pertaining to importation of transuranic waste(s) to the Hanford site will not present further problem.  

Beryllium Waste – Beryllium powder is a P-listed (P004) waste in the event it is discarded as an “Unused Discarded Chemical Product.”  This listing does not apply here because the powder, after separation, will not meet the definition of a discarded chemical product.  PNNL’s Treatment Storage and Disposal Permit allows for any resulting beryllium waste in this project. 

Air Permits – The RPL Building Notice of Construction (NOC) was re-issued under the Washington Department of Health license FF-01 on July 5, 2006 as NOC 687.  The permit requires continuous air sampling for radioactive air emissions of the filtered exhaust air from the building’s laboratory spaces.  The building is authorized for emissions that will result in an offsite dose of up to 3 mrem/year.  Presently, a project proposal for Sealed Source Recovery was submitted for review for compliance with the NOC.  The Sealed Source Recovery project will bring in up to 30 curie of americium per week, or 1,500 curie of  241Am as AmBe source material per year, based on a 50 week annum, separated and purified at the RPL Building.  Under the present NOC and building radioactive material inventory, this action will be able to commence without further permitting action because both the activity and the quantity of radioactive material are already covered by the existing permit.  Specifically, the building is allowed up to 3,500 curie  241Am (as a particulate/liquid) throughput per year and actions allowed in the building specifically include radiochemical separation and purification, thermal processing, and radioanalytical and preparatory chemistry operations (e.g., acid dissolution and aqueous/solvent extraction/leaching).

Shipment of Product – PNNL plans on shipping the  241Am solid oxide (in approximately 10 gram quantities) in a Type B shipping container.  PNNL intends to use either the Safekeg shipping container (authorized by DOT certificate USA/6788/B(U)-96) or the model 9975 shipping container (authorized by DOE certificate 9975).  Each shipment will comprise four DOT Type B containers.  Each Type-B container will contain the high-purity americium oxide resulting from the source recovery action of 3 drums. 
Agencies and Persons Contacted

Conference minutes of August 11 with PNNL, Oil & Gas Forum on Radiation Safety and Security, and DOE-NE-40. 
Documentation Required to Proceed 

Documentation confirming the radiological sources are approved for storage and disposal at the Waste Isolation Pilot Plant was obtained from the Off-Site Source Recovery Program on September 7, 2006. 

Special Form Certificates for each radiological source contained in each Type A container are to be provided with each shipment.  The shipment will also include the activity in each source. 
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Figure 1.  Conceptual Process for Recovery of Americium from AmBe Sources








� DOE Standard “Hazard Categorization and Accident Analysis Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports DOE-STD-1027-92 December 1992 Change Notice No 1 September 1997, Washington DC. 
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