IER 163: Reaction rate and fission-product yield measurements with the COMET assembly
Requestor: Todd Bredeweg  

Affiliation: Los Alamos National Laboratory

CEDT Phase-1 Preliminary Design: The critical assembly chosen to execute this experiment is the COMET assembly. The COMET machine is a general purpose vertical assembly machine that has been designed to accommodate a wide variety of experiments in which neutron multiplication can be measured as a function of separation distance between components. The COMET machine stand was designed to handle large heavy reflector configurations such as that used for the ZEUS series of experiments. A thorough review of the COMET experiment operations logbooks from operations performed at TA-18 at Los Alamos previous to the shutdown (July 2004) lead the team to a core configuration (the all “Oralloy” core) that was part of the ZEUS series of experiments (fifth) that was used previously for high power irradiation experiments. This proposed core configuration should have enough excess reactivity to provide enough irradiation time at a modest power level and subject the foils to the proper spectra of neutrons during the irradiation to meet the data needs request. The Zeus series of experiments used the Jemima highly enriched uranium metal plates as the active material with a large copper reflector. The Jemima plates and the copper reflector parts are available for use at CEF. COMET is scheduled to proceed through the CEF startup process before this experiment is predicted to be scheduled. The count room at CEF has a mechanically cooled HPGE detector available for any non-destructive assay gamma-ray measurements that may be required. The CEF can arrange for timely packaging and shipment of irradiated foils back to Los Alamos or other locals for analysis.
Detailed Description of Critical Assembly Core proposed to be used for the Foil Irradiation: The fifth Zeus experiment, like its predecessors, was assembled on the general-purpose Comet vertical assembly machine at LACEF. The assembly consisted of a cylindrical core region that was surrounded on all sides by metallic copper reflectors. The core of HEU plates was divided into an upper portion and a lower portion. The upper portion rested on a thin, square stainless steel plate, called the diaphragm, which was supported by the inner (“corner”) copper reflectors. The bottom portion of the core sat on top of the bottom reflector. The bottom reflector, in turn, sat on a circular aluminum platen adapter plate, which was connected to the platen of the vertical drive (ram) of the assembly machine. The lower core plates and the bottom reflector were held in position by a central, hollow aluminum alignment tube, the top of which was approximately 1/16 of an inch below the diaphragm. The top, corner, and side reflectors rested on a stationary aluminum support plate attached to the Comet machine. The experiment was assembled by raising the bottom portion of the assembly into the corner reflectors until it fully closed against the steel diaphragm that supported the top portion of the core. There were no other control, safety, or shim rods inside the assembly. The top and bottom portions of the core each contained four HEU plates. Each of those plates had two components, an inner disk and an outer ring. The inner disks in the bottom portion of the core have a central hole to accommodate the alignment tube. In contrast, the inner disks in the top portion are solid pieces of HEU. Three safety monitors were placed at varying distances from the assembly. Any one of these monitors would initiate separation of the materials by dropping the ram if the measured neutron leakage exceeded a preset level. A photograph of the Zeus assembly on the Comet machine in Kiva Two at TA-18 is shown in Figure 1. The bottom copper reflector and two graphite plates can be seen resting on the platen adapter plate (note, however, that no graphite plates were used in this experiment). The central alignment tube also is clearly visible. The assembly was approximately 6 feet above a concrete floor that is 6 inches thick. The concrete ceiling, which is 5 inches thick, was located 14 feet above the assembly. Three concrete walls, each 15 inches thick, were approximately 8, 12, and 40 feet from the assembly. The fourth concrete wall, which is 20 inches thick, was approximately 20 feet from the assembly. The description of the operating environment at CEF will obviously be different than that just described.
For the initial multiplication measurements, a californium fission source was supported in a holder mounted inside the aluminum alignment tube. The counting system consisted of four BF3 detectors moderated by polyethylene and placed one to two feet from the reflector surface. The vertical drive raised the lower portion of the assembly in spatial increments, and the multiplication was measured at each increment until closure. The multiplication with one unit present was arbitrarily assigned a value of unity. The reciprocal multiplication for fully closed assemblies was plotted versus the number of fuel plates, and the number of plates was increased

until a critical configuration was achieved. After initial criticality, the configuration was adjusted to remove the fission source and any shim(s) that had been employed. The period for the assembly and the core temperature then were measured. The plot for the approach to critical for the configuration in this evaluation is shown in Figure 2. Extrapolation of the plot indicates that

slightly less than eight full plates would be required to achieve a critical condition.

Lists of parts contained in the core and reflector are shown in Tables 1 and 2, respectively. The tables include arbitrary part identification designators, the number of pieces used in the assembly, and nominal dimensions. The identifiers are chosen for consistency with HEU-MET-INTER-006 and therefore are not numbered consecutively. Table 1 also includes the identifier for the reference drawing for each piece. The reference drawing for the reflector pieces in Table 2 is 128Y270955D2. Figure 3 presents a horizontal slice through a region containing fuel in

the lower portion of the core. A similar horizontal slice through the upper portion of the core would be identical except that there would be no alignment tube, and the inner fuel disk would not have a hole in its center. Information for these schematics was obtained from References 1 and 2, discussions with personnel at LACEF, and engineering drawings. The current plan is to assemble the exact same core configuration for the irradiation on COMET at CEF and have the TA-18 data available for reference and comparison. 
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Figure 1 The Zeus Assembly Mounted on the Comet Machine.
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Figure 2 Approach to Critical Using Reciprocal Measurements.

[image: image3.png]Table 1. Core Component Specifications.

Number | Nominal Dimensions (in.)

Used in | Axial Diameter Reference

Part Type | Identifier | Experiment | Height | Inner | Outer Drawing

HEUL T OIs | - 15 19729376
HEU Disks HEU2 3 0118 | 251 | 15 | 19v20621D27
HEU4 1 01s | 6 15| 19v20621D27
HEU Rings HEU3 3 0118 | 15 21| 19Y29621D30A
Steel Diaphragm | SD 1 0104 | @ @ 128Y270955D4
Aluminum AT 1 25 2 248 | 128Y270955D4

(a) The steel diaphragm is a parallelepiped. 22 in. x 22 in. x 0.104 in.




[image: image4.png]Table 2. Reflector Component Specifications.

Copper Top Reflector

Nominal Dimensions (i)

Axial
Height

Diameter

Inner Outer
0.25

Copper Bottom Reflector

2.50

Copper Cormer Reflectors

See
Figure 4

Copper Side Reflectors

o]

Aluminum Platen Adapter Plate

3.75

Aluminum Platen

3.75

() The top reflector s a parallelepiped. 22 in. x 22 in. x 5.68 in.
(b) The side reflectors are parallelepipeds. 8.13 in. x 6.38 in. x 28.38 in.
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Figure 3 Horizontal Slice through the Lower Portion of the Zeus Assembly Showing Parts Used.

For plates, disks and parallelepipeds, the dimensions and footnotes in Tables 1 and 2 provide a

complete specification of the part. However, a detailed drawing of the corner reflectors is provided in Figure 4, because they cannot be fully described in the tables.
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Figure 4 Diagram of Corner Reflectors.

Although Tables 1 and 2 and Figure 4 specify the important dimensions for components of the

experimental assembly, they do not include minor details such as small screw fastening, positioning, and lifting holes. Those details are shown in the original engineer drawings referenced in the tables.

COMET Startup Process and CEF Operations: The current plan is to un-pack the specific Jemima plates (mentioned in the previous section) from their JPSP shipping containers, re-pack into their normal staging/storage containers, and store in the vault on the CEF side of the DAF until needed for operations. The “all Oralloy” core configuration described above will be the core assembled as part of the demonstration required for the startup process for the COMET assembly at CEF. This operation can be performed using COMET under an existing approved experiment plan CEF-EXP-002: Comet Experiment Plan- Zeus.
Foil Irradiations Using the Zeus All Oralloy Core Configuration: The data analysis of the irradiated foils will be performed as a joint collaborative effort between CEF, Los Alamos National Laboratory (LANL C-NR), and Pacific Northwest Laboratory (PNNL). The experiment will consist of irradiating several fission foil samples: Pu-239, U-235, U-238, and other activation foils (including gold) and non-destructively and destructively analyzing the results. Below is a list of foils considered as candidates for irradiation with a listing of the location where the data analysis and evaluation is to be performed:

· LANL C-NR foils include:

· Pu, HEU, DU, Ga, Au, Cu, Fe

· All foils will be shipped back to LANL for radiochemical analysis

· LANL N-2 foils include:

· HEU, DU, Au, Au/Cd

· All foils will remain at the DAF for counting

· PNNL foils include:

· HEU, DU, activation foils 

· All foils will be shipped back to PNNL for analysis

The Comet assembly with the Zeus experiment has been chosen for its ability to irradiate multiple foils with the same flux. In addition, the all-uranium configuration for Zeus has been chosen to give the most desirable 235U/238U ratio. Figure 5 shows a possible foil arrangement to be used during an irradiation.
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Figure 5 Foils and Arrangement for Comet High Power Run

The foils will be placed on a 1 mil piece of aluminum in the Al spacer core location shown in Figure 6.
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Figure 6 Foil Arrangement relative to the Zeus core components.

Data Analysis: MCNP calculations, based upon a previous analysis [1] of the Zeus configuration described above, predict that that neutron spectrum incident on the experimental foils will allow for evaluation of fission product production in a “fast” spectral environment, with average energies that lie between our previous experiences (see Figure 7):
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Figure 7 238/235U(n,fission) versus 193Ir(n,n')/191Ir(n,g)

This initial experiment is intended to achieve multiple goals, of interest to different customers:
1. Re-establish the ability to execute foil irradiations in critical assemblies for the purpose of making radiochemical determinations of fission products and neutron activation species.
2. Measure and evaluate “peak yield” fission product activities in a “fast” neutron spectrum for 235U, 238U, and 239Pu. The measured activity of 147Nd, from each of the three kinds of fission foils, will provide additional experimental guidance related to the recently proposed energy‐dependent fission chain yield for mass 147. As there are no data currently available at the Zeus average energy, this measurement is of importance.

3. We will measure 237U (from the uranium fission foils), and these data will help to constrain the current evaluation of the 238U(n,2n) cross section in the energy region near the reaction threshold.
4. We will measure fission product activities for the energy/target‐sensitive species 111Ag and 115Cd, which will allow for confirmation, and perhaps improvement, of the fission spectrum "endpoint R values", which have not been measured in over 25 years. These data will also provide input to upcoming CSEWG fission product yield re‐evaluations (as will item 2. above).
5. We will measure activation of Ir, specifically 193Ir(n,n') and 191Ir(n,g), which are an independent measurement of average neutron energy (compared to 238U/235U(n,f)). We will also attempt to measure 191Ir(n,2n) in the threshold region which, to our knowledge, has never been performed.
6. Validate the MCNP estimate of the unmoderated Zeus neutron spectrum.
The success of the experiment depends upon having sufficient activity produced in the target foils to allow for a high-quality evaluation of the measured data. Based upon discussions with LANL/C–NR personnel, data quality objectives will be met if the irradiation can produce between 1011 and 1012 fissions in the 0.39 g 239Pu fission foil. CEF personnel estimate that, in their previous experience with this assembly, it should be possible to achieve 1012 fissions/g target foil for modest irradiation times. The reactivity loss/◦C for Zeus is not severe [2], and extending the irradiation to achieve the desired target fissions is not anticipated to be an issue.
The assembly will be brought to critical and the foils irradiated at a relatively high power in order to produce about 1012 fissions in the plutonium sample. Since this Zeus core configuration on COMET will be run in a new operating environment at CEF, a high power calibration run will be performed to irradiate some activation foils to better estimate how long of a high power  experimental run to perform to achieve the 1012 fissions/g data success objective. For the data run, plans call for a Thursday irradiation and a Monday foil retrieval to reduce doses to personnel. A brief count of the fission foil samples will be made in the CEF count room, and then the foils will be packaged and shipped back to their various destinations for analysis to determine precise fission fragment information. The activation foils will remain at CEF and be counted there. At the time of retrieval, many of the short lived fission products that could decrease the signal to noise ratio of the data would have decayed away, hence increasing the data quality. The above information has been discussed in detail with the data requestor and the spectral information and where the new data falls on the plot discussed in Figure 7 has been confirmed by independent MCNP calculations and analysis performed by Chuck Wilkerson of LANL [3].
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