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ABSTRACT

This report documents the experimenters’ data sheets that were recently (2023) discovered for critical 
experiments with highly enriched uranium metal with polyethylene and graphite reflectors. These data 
sheets were produced at the time of the measurements, when the dimensional inspection reports for the 
polyethylene and graphite were available. However, at this writing, those inspection reports are not 
available but may be in unmarked storage for the Y-12 National Security Complex. However, the data 
sheets presented herein contain sketches of the experimental configurations and other additional 
information that is not in the logbooks, such as dimensions and masses of the graphite measurements. 
This report reproduces the experimental data sheets that complement the logbooks. Some of the data on 
these sheets and the logbooks can be used to infer the dimensions and masses that are not documented. 
Some obvious mistakes in the logbook and data sheets have been corrected. In the reproduced data sheets, 
some of the information is not clearly visible: some information, such as average values, can be obtained 
from other data in the sheets or logbook. This report should be sent to the International Criticality Safety 
Benchmark Program at Idaho National Laboratory to complement the existing Oak Ridge Critical Facility 
logbooks there.

1. INTRODUCTION

This report documents the experimenters’ data sheets that were recently (2023) discovered for critical 
experiments with highly enriched uranium (HEU) metal with polyethylene and graphite reflectors that 
were performed in the early 1960s at the Oak Ridge Critical Experiments Facility (ORCEF). These data 
sheets were produced at the time of the measurements, when the dimensional inspection reports for the 
reflector materials were available. However, at this writing, those dimensional inspection reports are not 
available but may be in unmarked storage for the Y-12 National Security Complex. However, the data 
sheets presented herein contain sketches of the experimental configurations and other additional 
information that is not contained in the logbooks, such as the dimensions and masses of the measurement 
materials. This report reproduces the data sheets that complement the logbooks. Some of the data on these 
sheets and the logbooks can be used to infer the dimensions and masses that are not documented. Some 
obvious mistakes in the logbook and data sheets have been corrected. In the reproduced data sheets, some 
of the information is not clearly shown: some information, such as average values, can be obtained from 
other readable data on the sheets or the logbook. Three documents related to these experiments have been 
published: a Y-12 report [1], a journal paper [2], and an ICSBEP benchmark, HEU-MET-FAST-071 [3]. 
In addition, a three-year effort is underway at the University of Tennessee, Knoxville’s Department of 
Nuclear Engineering, supported by the DOE Office of Nuclear Energy’s Nuclear Energy University 
Programs, to benchmark additional ~80 graphite-reflected critical experiments with HEU metal reflected 
with graphite greater than 2 in. thickness. This report should be sent to the International Criticality Safety 
Benchmark Program (ICSBEP) at Idaho National Laboratory to complement the existing Oak Ridge 
Critical Facility logbooks there. ICSBEP logbooks 12r, 13r, 14r and 15r correspond to ORCEF logbooks 
E-19, E-20, E-21 and E-22. The publication of this report was supported by Nuclear Data, Criticality 
Safety, and Radiation Transport Section of ORNL and the DOE/NNSA Nuclear Criticality Safety 
Program.

2. TYPES OF CRITICAL ASSEMBLIES

Three types of reflected HEU metal cylindrical and annular critical experiments were performed with the 
vertical assembly machine [4] at the Oak Ridge Critical Experiments Facility: (1) graphite reflected HEU 
metal assemblies with reflector under 10 in., (2) graphite reflected HEU metal assemblies with reflectors 
greater than 9 in., and (3) thick polyethylene reflected HEU metal assemblies. For the thick graphite and 
polyethylene reflected assemblies, the HEU metal and bottom reflector were assembled on the vertical lift 
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table that was inserted into the top and side reflector. A photograph of a graphite reflected assembly in the 
disassembled configuration is given in Figure 1. A photograph of an HEU metal polyethylene reflected 
assembly in the disassembled condition is shown in Figure 2.

Figure 3 shows a photograph of an unreflected uranium metal critical experiment in the disassembled 
condition from ICSBEP benchmark HEU-MET-FAST-051 [5]; this experiment used the same support 
structure and assembly procedures as those of the graphite reflected HEU metal experiments with 
reflectors smaller than 10 in. The low-mass support structure details are documented in an appendix of 
Reference 6. 
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Figure 1. Typical configuration of HEU metal annulus with 15 in. thick graphite reflector on the vertical 
assembly machine in the disassembled condition. (The upper part of the low-mass lower support is shown 

under the bottom reflector in this photo.)
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Figure 2. Typical polyethylene reflected HEU metal cylinder in the disassembled condition on the vertical 
assembly machine at ORCEF. (The upper part of the low mass support structure mounted on the aluminum 

support table of the vertical lift of the vertical assembly machine at ORCEF is shown in the bottom of this 
photograph.) 
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A photograph of an unreflected HEU metal cylinder on the vertical assembly machine with the upper 
section supported on the thin stainless-steel diaphragm and the lower section on a low-mass support stand 
is given in Figure 3. For the graphite reflected critical experiments, this support structure was used. The 
lower section was composed of HEU metal with the bottom and radial reflector, and the top section on the 
diaphragm consisted of the upper HEU metal and top and radial reflector. For some experiments all the 
HEU metal was on the upper section and the lower section was bottom reflector.

Figure 3. A typical uranium metal assembly for a solid 11 in. diameter uranium (93.14 wt % 235U) metal 
cylinder of two interacting 11 in. diameter cylinders at close spacing in disassembled condition (from ICSBEP 

benchmark HEU-MET-FAST-051; this same low mass support structure was used for graphite reflector 
thickness less than 10 inches). 

3. EXPERIMENTERS DATA SHEETS

The file for all experimental data sheets for these experiments is given in Appendix A. The information 
contained within the experimenters’ data sheets is discussed for two examples of two HEU metal system: 
one with a thin graphite reflector and one with a thick graphite reflector. The discussion of these examples 
identifies the locations of various information on the data sheets. However, this can vary depending on the 
data sheet for a particular experiment. In addition, other data sheets can contain other information not in 
these examples. The experiment data sheets chosen as examples are as follows. (1) A 1 in. thick graphite 
reflected HEU metal annulus with an outside diameter of 13 in. and inside diameter of 7 in. with void 
inside the HEU metal. This experiment, which was performed on October 28, 1963, is a repeat of a 
previous experiment performed on January 25, 1963, with different HEU metal parts. This assembly has 
been benchmarked in HEU-MET-FAST-071 [3]. (2) An HEU metal cylinder reflected by 12 in. thick 
graphite reflector. Dimensions given as whole numbers or fractions are nominal. If the dimension 
contains numbers to the right of the decimal point, they are measured dimensions. Sometimes, a single 
experimental data sheet contains information for both configurations with both void and graphite inside 
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the HEU metal. In these cases, on the back side of the experimental data sheet, usually the data for the 
void assembly is on the left, and that for the graphite in the center is on the right.

3.1 HEU METAL ANNULUS WITH OUTSIDE AND INSIDE DIAMETERS OF 13 IN. AND 7 
IN. WITH 1 IN. GRAPHITE REFLECTOR

Copies of back and front of sections of the experimental data sheets are isolated in different figures for 
discussion.

3.1.1 Top of the Front Page of the Experimental Data Sheet

The top of the front page of the data sheet (Figure 4) contains the experiment title on the upper left, and 
on the upper right at the top is a reference to the ORCEF logbook, page number and run number. The title 
of the experiment on the far left is the outer and inner diameter in inches of the HEU metal. In the center 
is the thickness of the graphite reflector, which in this case is 1 in. “No core” means no graphite in the 
center of the HEU metal annulus. In this case, the ORCEF logbook is 2 (E-20), page 252 and Run 70. 
Below this is a drawing of the assembled system. The assembly is divided with an upper section on a 
diaphragm and a lower section on a low-mass support stand. The diaphragm is designated as a horizontal 
line on the drawing that extends to the right and left beyond the reflector parts. The experimental 
geometries are all cylindrically symmetric with the centerline indicated as a dashed vertical line on the 
right of the assembly sketch. 
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Figure 4. Title, logbook, run number (sometimes), and page number and sketch of the assembled system. (Red 
indicates HEU metal.)

There is usually a variety of information on the sketch. The HEU metal parts are outlined in red, and their 
numbers are designated in red. In this sketch, after the four-digit part numbers are some fractional 
thicknesses. For some of the drawings, the identification of the HEU metal parts provides only the last 
two or last four digits of the part number. Below the HEU metal parts in red, there are sometimes the 
measured (obtained as described in reference 6) height of a particular section of the HEU metal parts. For 
example, for the 13-11 annular HEU metal section, the measured height is 3.8948 in. Measured heights of 
stacks of HEU metal or graphite do not include the diaphragm thickness. The materials not designated in 
red are graphite parts. The annular sections of the experiment are labeled on top of the sketch: in this case, 
15-13, 13- 11, 11-9, and 9-7, where these numbers are the outside and inside diameter of the HEU metal 
region. The nominal thicknesses of the graphite parts are given as whole numbers or fractions. If there 
more than one graphite part of the same dimensions was available, an additional letter was added to the 
thickness—for example 3” A. Within the sketch of each graphite part is a number that gives the mass of 
the part in grams to an uncertainty of 0.5 grams. For example, the reflector mass of the bottom 13 in. OD 
graphite reflector cylinder on the lower support structure is given as 3682 grams on the lower support 
stand. In some sketches like this one, the total measured heights of the HEU metal sections (sum of 
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heights on lower support stand and on the diaphragm) are given under the HEU metal sections in the 
bottom reflector. For example, in this sketch, the average measured height of the 13 in. OD, 11 in. ID 
HEU metal ring is 3.8958 in. using the procedures for height measurement described in HEU-MET-
FAST-051 [5]. There may be other notes on the sketch that provide other information such as the actual 
measured thickness of the graphite parts. Some nominal heights are given on the far left of the sketch and 
are indicated by arrows. For this sketch, the measured height of the 15-13 annular graphite section on top 
and bottom is 5.8935 in. The sketch may also contain letters such as A, B, C, etc. with arrows that 
indicate height measurements for sections of the assembly, with the numerical values given on the back of 
the data sheet. These multiple thickness measurements are given, most of the time with an average value 
that is sometimes not readable even with a magnifying glass. In these cases, the average can be calculated 
from the multiple individual thicknesses. For some of the 15 in. thick graphite reflected systems, it is 
easier to consult the logbook for the HEU metal part stacking.

3.1.2 Other Information under the Sketch on the Front of the Data Sheet

Information on the masses and volumes is given on the front of the data sheet, below the sketch of the 
assembly. The numbers on the data sheets have too many significant figures beyond the decimal point, 
but that is the way they were listed at the time of the measurements. A typical bottom of the front page of 
an experimental data sheet is given in Figure 5 for the measurement shown in Figure 4.

Figure 5. Information below the sketch on the front of the experimental data sheet. 

On this data sheet, the mass of HEU metal in the top section (54,246 g), the mass of HEU metal in the 
bottom section (57,892 g), and the total HEU metal mass (112,138 g) are given. On this data sheet, the 
mass of the graphite in the top section (7,244 g), the mass of graphite in the bottom section (7,314 g), and 
the total graphite mass (14,636 kg) are given.
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In some of the drawings, the HEU metal part numbers may not be legible. Masses given can sometimes 
be used to determine the unknown part’s mass: for example, the case in which there are just three parts in 
an assembly and two of them are clearly marked. The known masses of the two identified parts can be 
subtracted from the total mass to obtain the mass of the unknown uranium part number. The masses listed 
in descriptions of the HEU metal parts for the subtracted masses can be observed to determine the 
unknown part number by searching for a part in the list of HEU metal parts with the subtracted mass. For 
experiments after January 1965, most of the 7 in. diameter cylindrical parts had 0.375 in. diameter holes 
that were filled with 0.0365 in. diameter HEU metal plugs. In these cases, the fuel mass given on the front 
of the data sheet shows the addition of these masses with the total from the major parts to give the total 
mass of the assembly. The total volume of the HEU metal was and can now also be calculated from the 
descriptions of the HEU metal parts from the inspection report data included in reference [6]. With the 
total HEU metal mass and volume, an average density can be calculated for the assembly and is included 
on the front of the experimenters’ data sheet. The average OD and ID of this HEU metal assembly with 
the weighted average calculated with the inner and outer part heights as weights were 7.00307 and 
12.99599 in., respectively. For some reason, the square of these diameters is also given—not on this data 
sheet but on others. 

The next item down on the data sheet is the volume of the HEU metal (designated as Fuel in the data 
sheet) of 6000.479 cm3. These are extremely accurate because the dimensions of the HEU metal parts are 
measured to 0.0001 in. [6]. Calculation of the HEU metal density for this experiment yields 
18.6881 g/cm3.

At the time these experimental data sheets were prepared, the dimensional inspection reports for the 
graphite were available. Using these inspection report dimensions, the volume of the graphite was 
calculated and included on these data sheets. These volumes can be used to verify the assumed 
dimensions of the graphite parts in cases where they were not measured. These volumes can also be used 
in some cases to determine the dimensions. Using the graphite masses and the graphite volume, an 
average graphite density can be calculated: for this assembly, it was 1.68457 g/cm3. At the very bottom of 
this data sheet is an average reflector thickness.

3.1.3 Information on Top of the Back of the Data Sheet

A copy of the top of the back of an experimental data sheet is shown in Figure 6. 

Figure 6. Information from the top of the back of the experimental data sheet.
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The experiment identification is given at the very top, followed by the nominal height and the measured 
reactivity of the experimental configuration. The various reactivities that were measured are usually given 
in this part of the data sheet. 

On this sheet, just below the nominal critical heights were the change in reactivities associated with the 
support structure, which consisted of the support ring for the stainless-steel diaphragm, the stainless-steel 
diaphragm that supported the upper section of the assembly, and the lower support structure. The removal 
of the support ring and the lower support stand reduced the reactivity because they reflect neutrons back 
into the assembly. The removal of the diaphragm increases the reactivity because the lower HEU metal 
gets closer to the upper portion. To evaluate these effects, a lower support stand was added to the top of 
the top reflector (supported by a crane adjacent to the top reflector but not touching it). To evaluate the 
diaphragm support ring, its thickness was doubled. The associated reactivity changes were + 4.45 cents 
for the addition of the diaphragm support ring, −20.85 cents for the doubling of the diaphragm thickness, 
and +18.7 cents for the addition of the support stand. Thus, the net change in reactivity associated with 
removable of the support structure was 2.3 cents. A correction should be made to the reactivity of the 
diaphragm because the effect is not linear with thickness, as demonstrated by other measurements [7].  
This correction can be determined from calculations.

On this experimental data sheet, the next item down was an estimate of the reactivity as 1.82 cents per mil 
(0.001 in.).

Next down the page are the reactivity effects of changing the HEU metal heights of each radial section of 
the assembly, usually by 1/32 in. For this assembly, increasing the HEU metal height 1/16 of an inch 
increased the reactivity of the 9-7 ring, 11-9 ring, and 13-11 ring increased the reactivity 36.32, 39.17, 
and 26.80 cents, respectively for a total value of 102.39 cents. Adjacent to these measurements, the results 
are sometimes given in cents per thousandth of an inch or cents/mil. A measurement was performed for 
increasing the height of the annular 15-13 graphite ring around the HEU metal, and an estimate is given 
below these fuel values of 0.024 cents per mil.

3.1.4 Information on the Bottom of the Back of the Data Sheet

A copy of the lower half of the back of the experimental data sheet is shown in Figure 7.
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Figure 7. Bottom section of the back of the data sheet.

In this section of the lower back of the data sheet, the measurements of the height of the different radial 
HEU metal sections and graphite sections are given. Each HEU metal section (both that on the diaphragm 
and the lower support stand) and measurements made at various azimuthal positions (in this case, six 
measurements) are given as described in reference [3], and the values are averaged. The measurement for 
this configuration were as follows: for the 13-11 HEU metal ring 3.895 three times, 3.894 and 3.897 for 
an average of 3.8948 in.; for the 11-9 HEU metal ring 3.885 twice, 3.886, 3.887, 3.891, 3.888 and an 
average of 3.8870 in.; for the 9-7 HEU metal ring 3.887 twice, 3,885 three times, and 3.886 for an 
average of 3.8858 in.

From these data, measured heights of the individual sections and the sum of the HEU metal part heights 
from the inspection reports can be used to obtain the average gap between parts vertically by subtracting 
the sum from the measured height and dividing by one less than the number of parts in the section. 

Below the HEU metal section measurements are some dimensional measurements for the graphite parts. 
On this data sheet, the height of the two annular side reflectors is given as 5.009 in. Looking at the sum of 
the measured heights of these two parts as 5.0073 from the inspection reports available at the time of the 
measurements, there is a gap of 0.0017 in. between annular graphite parts, vertically.

Below these measurements is the measured height of the sum of the heights of the 13-11 HEU metal plus 
the height of the graphite part below it and the 0.125 in. thick metal ring: 5.0178 in. These two values 
were copied onto the data sheets from the dimensional inspection reports available at the time of the 
measurements and at the present time are only recorded here. On many data sheets it is stated that these 
parts are looked up, which means the values come from the inspection reports available at the time of the 
measurement. 

Below this, measurements are given for the total height of the two 15 in. diameter parts of the top 
reflector: 0.875 four times and 0.874 three times, for an average value of 0.8746 in. At the bottom of the 
page on the left is an HEU metal height corrected to 3.8898 in. with a reactivity estimate of +3.64 cents 
above delayed critical. Below that is a height estimate for the assembly with an even height of 3.8876 in. 
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and exactly at delayed critical (keff = 1). On the bottom right, partially circled in red are the calculations 
to obtain these values.

On the right of this average is the difference between the measured height and the sum of the parts, or 
0.026 in. So, the sum of the individual heights is 5.756 in. This annular section consists of three parts with 
existing measured heights. For the two parts with nominal heights of 2 and 3 in., the actual heights are 
known to be 2.0042 and 3.0030 in. Subtracting these two values from 5.756 in. gives the height of the 
remaining part as 0.749 inches. This is an example of how presently known data can be used to determine 
the presently unknown thickness of a part.

3.1.5 Information at the Bottom of the Back of the Data Sheet

This information can vary depending on the data sheet. For this particular data sheet, the reactivity of an 
even HEU metal height with no support structure as 3.8263 in. with a positive reactivity of +40.35 cents. 
This was determined from the reactivities measured as the HEU metal height was varied and from the 
correction for the support structure. Also given are some calculations that give a flat height of the HEU 
metal and graphite core at exactly delayed critical with a height of the fuel and graphite of 3.8074 in.

3.2 EXPERIMENT WITH A THICK GRAPHITE REFLECTOR

The experiment chosen as an example is a 12 in. thick graphite reflected HEU metal annulus with an OD 
of 11 in. and ID of 0 in. Items on the experimental data sheet discussed in Section 3.1 will not be repeated 
in discussion in this section, but the top and bottom sections of the front and back of the data sheet are 
presented.

3.2.1 Sketch of the Assembly 

The sketches on this data sheet for the thick reflected experiments (Figure 8) are closer to scale. As a 
result, the last two digits of the HEU metal parts numbers are sometimes not given and not readable 
without a magnifying glass. In these cases, the logbook can be consulted for most experiments for a more 
enlarged drawing of the HEU metal section.
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Figure 8. Sketch of the 11 in. diameter HEU metal cylinder with 12 in. thick graphite reflector.

On the far left of the sketch is the measured height from the bottom of the side reflector to the top of the 
top reflector. This measurement, with the thicknesses of the top and side reflector parts, can be used to 
determine the average gap between the top and side reflector parts. Nearly adjacent to the top and side 
reflector boundary are measurements of the thickness of the top and side reflector parts from the then 
available dimension analysis reports. For example, for the thicknesses at the boundary between the 
bottom reflector on the vertical lift and the side reflector, there are two measured heights. One is the 
measured height on the side reflector (14.035 in.), and the other is the measured height (14.135 in.) of the 
material on the vertical lift. The material on the vertical lift is slightly higher than the side reflector. As a 
result, on the assembly, the bottom of the bottom reflector protrudes slightly below the bottom of the side 
reflector.

On this sketch are certain capital letters that indicate measured heights for individual or combinations of 
parts such as A, B, C, and D. These results are given on the back of the experimental data sheets.
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3.2.2 Information below the Sketch on the Front of the Experimental Data Sheet

The information below the sketch is of the same type as that described in Section 3.1.2 Figure and will 
not be repeated here. 

Figure 9. Information below the sketch on the front of the experimental data sheet below the sketch.

3.2.3 Information on Top of the Back of the Data Sheet

A copy of the top of the back of an experimental data sheet is shown in Figure 10. Some additional 
information appears on the back, such as the reactivities associated with 1/32 in. changes in height of two 
of the HEU metal ring sections, the 11-7 in. and the 9-7 radial sections. The change in height of the HEU 
metal in the center section was too large to measure.

Next down the page are reactivities associated with the addition of graphite to the top graphite reflector. 
Adding a 35 in. OD, 15 in. ID, 0.525 in. thick graphite section increased the reactivity 10.52 cents: adding 
15 in. OD, 0 in, ID, 0.25 in. thick graphite cylinder inside the previous addition increased the reactivity 
another 7.02 cents: then adding an additional 15 in. OD, 0 in. ID, 0.5 in, thick on top of the pervious 
addition increase the reactivity another 11.81 cents.

Next are the height of the three radial sections of HEU metal, discussed in a previous section of this 
report.

Next down the page are the measured heights of various sections of graphite reflector. Section A consists 
of two pieces of bottom reflector with a thickness of 2.0022 in., which were measured for another 
measurement on Page 124 of ORCEF logbook 4 (E-22). Annular section B consists of one annular 
graphite part whose height was looked up in the dimensional inspection reports available at the time of 
the measurements and was 2.0043 in. Annular section C consists of one annular graphite part whose 
height was looked up in the dimensional inspection reports available at the time of the measurements and 
was 2.0020 in.

On top of the HEU metal were three 11 in. diameter graphite cylindrical parts with five measured 
thicknesses: 1.002 three times and 1.001 twice for an average value of 1.0016 in. (average is a correction 
of the data sheet).
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Figure 10. Information from the back of the experimental data sheet.

4. CONCLUSIONS

This report documents experimental data from the experimenters’ data sheets filled out at the time of the 
measurements when all inspection reports were available. The report described in detail the information 
on two data sheets. The HEU metal used for the experiments was well documented in previous reports. 
Not all the dimensional analyses for the graphite parts are presently available, but some of it can be 
obtained from these experimental data sheets. These dimensional analyses may be in unmarked boxes in 
Y-12 storage and are not retrievable at this time. This report presents experimental data such as some 
masses and dimensions not in the logbooks (ORCEF logbooks E-19, E-20, E-21, and E-22).
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A-1

APPENDIX A. 

This appendix contains copies of all the experimenters’ data sheets prepared at the time of the 
measurements, when all the inspection reports were available. Some of the data on these data sheets are 
not available in the logbooks. Any errors in the data on the sheets have not been corrected but can be 
resolved by information in the logbooks.
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