
8-1 

8. CONCLUSIONS AND RECOMMENDATIONS 

8.1 Conclusions 

This report applies new characterization data (measured and modeled) estimate inventories of 

irradiated beryllium disposed of in the SDA from the MTR, ETR, and ATR. Though a number of 

radioisotopes were modeled and documented in this study, the analysis focused on C-14 and several TRU 

isotopes identified as potential risk drivers for OU 7-13/14 (Becker et al. 1998). The following 

conclusions derive from this study. 

C-14 inventory in the buried MTR, ETR, and ATR beryllium was approximately 92.5 Ci at time of 

disposal. 

Before this study, it was not known whether uranium was present in sufficient concentrations in the 

ATR beryllium to produce a waste with a significant TRU inventory. This study verifies that TRU 

concentrations in beryllium from ATR exceed 100 nCi/g for TRU waste. Beryllium reflectors from 

the first core loadings of MTR and ETR (material that was disposed of in the SDA) exceed the 

100-nCi/g limit for TRU waste. 

Approximately 2.47 Ci of TRU isotopes are attributable to disposal of beryllium from MTR, ETR, 

and ATR. Estimated TRU inventories in buried beryllium are small compared to total TRU 

inventories in the SDA. 

Computer modeling for characterization of beryllium blocks and OSCCs from ATR was validated 

by comparing model concentrations to measured concentrations for several isotopes at two sample 

point locations on Block 010R. This study is the first case in which significant measured data have 

been obtained from the ATR beryllium core components and then compared with computer code 

results. The results of these comparisons have shown that the best-estimate computer code results 

are generally within a factor of 2 for most measured data. The data presented in this report 

represent the best-estimate characterization currently available for approximately 40 radionuclides 

considered in this analysis. 

The calculated Pu-239 and TRU values—using both the segmented and the single-block models 

computed at Site 1 and Site 2 cells—are in very good agreement (usually within a factor of 2 or 

better) and are in agreement with the sample assay measurements taken from Site 1 and Site 2. This 

information validates the computer models and the basis for segmented and single-block computer 

models to accurately determine the total block inventory of TRU isotopes and other radionuclides 

of interest. 

Based on the segmented three-dimensional model calculation, more than 96% of the beryllium 

block mass exceeds 100 nCi/g. In addition, nearly 50% of the block mass exceeds 400 nCi/g. 

Calculated TRU total inventory for Block 010R was 277.08 nCi/g using the segmented model and 

associated detailed analysis. The corresponding single-block model calculated a more conservative 

TRU total block average concentration of 491.23 nCi/g, as reported in Tables 6-4 or 7-12. 

(Note: In Table 7-12, the 010R inventory is the same as that shown for Block 015L.) 
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TRU concentration is a dynamic quantity and can be accurately determined from computer 

analysis. Primary variables that influence TRU inventory are irradiation time, initial uranium 

inventory, neutron flux, and decay time. During irradiation, TRU inventory tends to build up until 

a maximum value is reached before TRU isotopes begin to burn out and decrease total TRU 

concentration. However, following irradiation, TRU isotopes significantly increase in 

concentration because of beta decay of non-TRU isotope Pu-241 into TRU isotope Am-241. 

The segmented model provides insight into the three-dimensional distribution of important isotopes 

within a typical beryllium block from ATR. This distribution includes TRU isotopes, C-14, and 

H-3. The segmented three-dimensional model also is a powerful tool for determining alternative or 

representative sampling locations for future sampling. 

Elemental assay data presented in this report represent known, best-estimate information about 

chemical impurities in beryllium reflector material used at the INL Site and in the industry. In 

addition, best-estimate reactor operating conditions were assumed in the calculations for beryllium 

components from MTR, ETR, and ATR. 

Before this investigation, the number of Core 2 blocks disposed of was not known. This 

investigation indicates that two of the Core 2 blocks are still in the ATR canal and that six Core 2 

blocks were disposed of on or about October 14, 1982, in the SDA. Though it was originally 

known that nine OSCCs had been disposed of in the SDA, whether all of these shim cylinders 

came from Cores 1 and 2 was not known. This study has confirmed that the OSCCs came from 

Cores 1 and 2, but which core positions these OSCCs occupied are still unknown. The serial 

numbers for the buried OSCCs and many of the reflector block serial numbers are not known. 

8.2 Recommendations 

Although MTR and ETR characterization data in this report apply specifically to beryllium 

disposed of from these reactors, with slight revision the data also could be applied to beryllium reflector 

materials and other core components remaining in the ETR and MTR reactors to support future waste 

disposal for facility deactivation, decontamination, and decommissioning. Reports by Kaiser et al. (1982) 

and Rolfe and Wills (1984) should be revised to reflect information in this report. 

All beryllium reflector material now stored in the ATR canal or generated in the future should be 

modeled to estimate the total radiological inventory to support future waste path planning. In addition, 

modeling should be expanded to estimate the radiological inventory that will result from continued 

operation of the ATRC reactor. 
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Appendix A 

Assay Test Data on Advanced Test Reactor Beryllium 
Purchased from Kawecki Berylco Industries 
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Appendix A 

Assay Test Data on Advanced Test Reactor Beryllium 
Purchased from Kawecki Berylco Industries 

Appendix A contains copies of test reports on KBI beryllium found in archived records at the INL 

Site. 
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Appendix B 

Analytical Test Data on Beryllium Samples from the 
Advanced Test Reactor at the Materials and Fuels Complex 
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Appendix B 

Analytical Test Data on Beryllium Samples from the 
Advanced Test Reactor at the Materials and Fuels Complex 

Appendix B contains reproduced reports from the MFC (formerly Argonne National 

Laboratory-West) on their measurements of various constituents of samples taken from the 

beryllium reflector blocks now in the canal at ATR. 
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Appendix C 

Beryllium Shipment Records and Grouted  
Beryllium Locations 



 C-2



 C-3

Appendix C 

Beryllium Shipment Records and Grouted  
Beryllium Locations 

The following tables list all known shipments that indicate beryllium through: 

Beryllium or tritium explicitly mentioned in the shipment description 

Beryllium or tritium listed as a shipment isotope 

Tritium identified by tritium survey at a shipment disposal location. 

High resolution surface geophysical and tritium survey data were used to verify disposal locations. 

Survey results are in Appendix C of the beryllium grouting final report (Lopez 2005). Locations grouted 

(in CY 2004) were based on the survey results rather than the shipment disposal locations reported in the 

shipment documents. The tables are grouped by disposal location as indicated by the shipment document. 

Trench 52 

Document ID Shipment Description Curies Comments 

Grouted

2004

TRA603SR004/21/70145415010 Unknown number of galvanized steel 

containers containing irradiated Be core 

reflector and LB pieces (unknown 

weight for Co60). 

125 MTR operations , 

survey identified 

tritium at 6 in. and 

2 ft. 

Yes

TRA603SR004/21/7081014017 Unknown number of galvanized steel 

containers containing irradiated Be core 

reflector and LB pieces. Highly 

contaminated, high radiation, and 

beryllium contamination (unknown 

weight for Co60). 

125 MTR operations, 

survey identified 

tritium at 6 in. and 

2 ft. 

Yes

TRA603SR004/21/708005015 Unknown number of galvanized steel 

containers containing irradiated Be core 

reflector and LB pieces. Highly 

contaminated, high radiation, and 

beryllium contamination (unknown 

weight for Co60). 

125 MTR operations , 

survey identified 

tritium at 6 in. and 

2 ft. 

Yes

TRA603SR005/01/7080030020 Unknown number of galvanized steel 

containers containing irradiated LB 

pieces, cadmium, reg. pads and 

aluminum A pieces. Highly 

contaminated, high radiation, and 

beryllium contamination (unknown 

weight for Co60). 

100 MTR operations, 

tritium not detected 

at location. 

No
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Trench 54 

Document ID Shipment Description Curies Comments 

Grouted 

2004

TRA642SR012/02/70800  Scrap stainless steel, aluminum, and 

beryllium (1.02E-03 g of Cr51, 

1.82E+01 g of Co60, 9.00E-02 g of 

Fe59, 2.07E-02 g of H3). 

59,500 ETR operations, 

tritium not detected 

at location, 200 Ci 

tritium reported in 

shipment 

document. 

Yes

TRA642SR012/02/70810 Scrap stainless steel and aluminum 

(6.71E-04 g of Cr51, 5.73E-02 g of 

Fe59, 2.24 g of Co60). 

28,000 ETR operations, 

survey identified 

tritium at 6 in. and 

2 ft. 

Yes

TRA642SR012/11/7080050035 Scrap stainless steel and aluminum 

(4.05E-03g of Cr51, 3.51E-01g of Fe59, 

3.68E+01g of Co60, 3.25E-02g of H3). 

196,000 ETR operations, 

survey data did not 

indicate H-3 at this 

location, 314 Ci 

tritium reported in 

shipment 

document. 

No

Trench 57 

No locations were grouted in Trench 57. 

Document ID Shipment Description Curies Comments 

Grouted 

2004

TRA632SR010/03/731005  Two metal barrels containing ATR-ETR 

beryllium (4.47E+02g of Be10; 100 total 

curies). 

10 Survey identified 

tritium at 6 in. and 

2 ft. 

No

Trench 58 

Document ID Shipment Description Curies Comments 

Grouted 

2004

TRA603SR005/05/771000 One insert containing canal trash and 

beryllium (1.72E-04 g of Cr51,  

1.46E-02 g of Fe59, 5.69E-01 g of 

Co60). 

7,150 Survey identified 

tritium at 6 in. and 

2 ft. 

Yes

TRA603SR005/05/771001 One insert containing canal trash and 

beryllium (3.60E-05 g of Cr51,  

3.06E-03 g of Fe59, 1.19E-01 g of 

Co60). 

1,500 Survey identified 

tritium at 6 in. and 

2 ft. 

Yes

TRA603SR005/10/771015 One insert containing canal trash and 

beryllium (2.06E-03 g of Cr51,  

1.75E-01 g of Fe59, 6.82 g of Co60). 

85,800 Survey identified 

tritium at 6 in., no 

data at 2 ft. 

Yes

TRA603SR005/10/771500 One insert containing canal trash and 

beryllium (1.57E-03 g of Cr51,  

1.33E-01 g of Fe59, 5.20 g of Co60). 

65,400 Survey identified 

tritium at 6 in., no 

data at 2 ft. 

Yes
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Document ID Shipment Description Curies Comments 

Grouted 

2004

TRA603SR005/10/77815 One insert containing canal trash and 

beryllium (3.43E-04 g of Cr51,  

2.91E-02 g of Fe59, 1.14 g of Co60). 

14,300 Survey identified 

tritium at 6 in., no 

data at 2 ft. 

Yes

TRA603SR005/12/771000 One insert containing canal trash and 

beryllium (2.81E-04 g of Cr51,  

2.38E-02 g of Fe59, 9.31E-01 g of 

Co60). 

11,700 Survey identified 

tritium at 6 in., no 

data at 2 ft. 

Yes

TRA603SR005/12/771430 One insert containing canal trash and 

beryllium (1.56E-03 g of Cr51,  

1.32E-01 g of Fe59, 5.17 g of Co60). 

65,000 Survey identified 

tritium at 6 in. and 

2 ft. 

Yes

TRA603SR005/26/771400 One insert containing canal trash and 

beryllium (1.56E-04 g of Cr51,  

1.32E-02 g of Fe59, 5.17E-01 g of 

Co60). 

6,500 Survey identified 

tritium at 6 in. and 

2 ft. 

Yes

TRA603SR006/01/77900 One insert containing canal trash and 

beryllium (4.06E-05 g of Cr51,  

3.44E-03 g of Fe59, 1.34E-01 g of 

Co60). 

1,690 Survey identified 

tritium at 6 in. and 

2 ft. 

Yes

TRA670SR011/17/761405 One insert containing beryllium blocks 

(4.81 g of Co60, 4.86E-02 g of Co60). 

5,500 Survey identified 

tritium 40 ft west of 

reported disposal 

location. 

Yes

TRA670SR012/01/761000 One insert containing beryllium blocks 

(6.39 g of Co60, 6.45E-02 g of Co60). 

7,300 Survey identified 

tritium 40 ft west of 

reported disposal 

location. 

Yes

TRA670SR012/02/761015 One insert containing beryllium blocks 

(6.65 g of Co60, 6.72E-02 g of Co60). 

7,600 Survey identified 

tritium 40 ft west of 

reported disposal 

location. 

Yes

TRA670SR012/03/761115 One insert containing beryllium blocks 

(6.39 g of Co60, 6.45E-02 g of Co60). 

7,300 Survey identified 

tritium 40 ft west of 

reported disposal 

location. 

Yes

SVR 12  

No locations were grouted in SVR 12. 

Document ID Shipment Description Curies Comments 

Grouted 

2004

TRA670SR010/14/823068 ATR Canal Trash Liner 2 38,000 Comment on 

shipment document 

“600 P radiated Be.” 

No
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SVR 17 

Document ID Shipment Description Curies Comments 

Grouted 

2004

TRA67007/08/874573 Core Structural Parts 35 Survey identified 

tritium at 6 in. and 

2 ft. 

Yes

TRA67007/13/874575 Core Structural Parts 35 Survey identified 

tritium at 2 ft. 

Yes

TRA67008/26/874599 Core Structural Parts 13 Survey identified 

tritium at 2 ft. 

Yes

TRA67009/15/874577 Core Structural Parts 180 Survey identified 

tritium at 2 ft. 

Yes

TRA67002/06/924620 50% Core Structural Parts,  

50 % Core Subassembly Parts 

96.9 6.01E-10 Ci 

reported in 

shipment 

document. 

No

TRA67003/09/934635 50% Core Structural Parts,  

50 % Core Subassembly Parts 

1,180 1.1E-4 Ci reported 

in shipment 

document. 

No

SVR 20 

Document ID Shipment Description Curies Comments 

Grouted 

2004

TRA67005/13/936011 Core Structural Parts 99,500 98,200 Ci tritium 

reported in 

shipment 

document, ATR 

operations: two 

reflector blocks. 

Yes

TRA67006/15/93 Core Structural Parts 99,290 97,980 Ci tritium 

reported in 

shipment 

document, ATR 

operations: two 

reflector blocks. 

Yes

TRA67008/04/936014 Core Structural Parts 98,120 96,820 Ci tritium 

reported in 

shipment 

document, ATR 

operations: two 

reflector blocks. 

Yes

TRA67005/02/946101 50% Core Structural Parts,  

50% Core Subassembly Parts 

104.3 0.0000018 Ci 

tritium reported in 

shipment 

document. 

No
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Pre-1970 Shipments with Beryllium 

The following are shipments before 1970 containing beryllium with greater than 100 Ci. TRA-603 

is MTR. The final irradiated date for MTR was July 3, 1969. There is no indication whether the beryllium 

in these shipments was part of the reflector. No locations were grouted in Trenches 49 or 50. 

Document ID Shipment Description Curies Comments 

Disposal 

Location 

Grouted 

2004

TRA603SR006/26/69810101 (1) Metal galvanized 

containers of canal trash, 

aluminum, stainless, 

beryllium, and 

cadmium, solid, radioactive. 

(No isotope; 104 total Ci.) 

10,000 MTR operations. Trench 49 No

TRA603SR008/19/698001000100 (1) Metal galvanized 

containers of canal trash, 

aluminum, stainless, 

beryllium, and cadmium. 

(Unknown isotope; 1,000 total 

Ci.) 

1,000 MTR operations. Trench 50 No

TRA603SR008/21/6980060025 (1) Metal galvanized 

containers of canal trash, 

aluminum, stainless, 

beryllium, and cadmium. 

(Unknown isotope; 600 total 

Ci.) 

600 MTR operations. Trench 50 No

TRA603SR008/18/6981030024 (1) Metal galvanized 

Containers of canal trash, 

aluminum, stainless, 

beryllium, and cadmium. 

(Unknown isotope; 300 total 

Ci.) 

300 MTR operations. Trench 50 No

TRA603SR008/20/6980025010 (1) Metal galvanized 

containers of canal trash, 

aluminum, stainless, 

beryllium, and cadmium. 

(Unknown isotope; 250 total 

Ci.) 

250 MTR operations. Trench 50 No

The following figures show the locations of the beryllium buried in the SDA. 
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Appendix D 

Comparison of Grouted and Ungrouted Beryllium 
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Appendix D 

Comparison of Grouted and Ungrouted Beryllium 

The known locations of buried irradiated beryllium were grouted in situ as a non-time-critical 

removal action under the National Oil and Hazardous Substances Pollution Contingency Plan 

(Lopez 2004). Locations were determined from shipment records and confirmed using geophysical and 

tritium survey results. Irradiated beryllium buried in the SDA includes MTR Core 1; ETR Core 1; 

eight reflector blocks from ATR Core 1; six reflector blocks from ATR Core 2; six reflector blocks from 

ATR Core 3; and nine ATR OSCCs. The burial location of beryllium from ATR Core 2 was determined 

after the non-time-critical removal action was completed; therefore, this beryllium was not grouted. All 

other beryllium was grouted in the course of the non-time-critical removal action. Approximately 89.7% 

by mass (i.e., 4,253,761 g of 4,742, 281 g) of the beryllium from ATR, ETR, and MTR was grouted. 

Table D-1 compares the isotopic activities of the grouted and ungrouted beryllium at time of disposal. 

Table D-1. Comparison of grouted and ungrouted beryllium isotopic activity. 

Isotope Grouted (Ci) Ungrouted (Ci) Total (Ci) 

Percent Activity 

Grouted 

H-3 2.68E+06 9.09E+04 2.77E+06 96.72% 

Be-10 1.09E+01 7.26E-01 1.16E+01 93.73% 

C-14 8.66E+01 5.83E+00 9.25E+01 93.69% 

Cl-36 8.34E-01 4.89E-02 8.83E-01 94.46% 

Co-60 5.20E+03 5.00E+02 5.70E+03 91.22% 

Ni-59 1.32E+00 1.22E-01 1.45E+00 91.56% 

Ni-63 2.79E+02 2.16E+01 3.00E+02 92.80% 

Sr-90 2.83E+01 1.83E+00 3.01E+01 93.92% 

Nb-94 1.96E-01 1.31E-02 2.09E-01 93.73% 

Tc-99 1.12E-02 7.51E-04 1.20E-02 93.73% 

I-129 9.36E-05 5.53E-06 9.92E-05 94.42% 

Cs-137 9.72E+01 5.91E+00 1.03E+02 94.27% 

Eu-152 2.89E-01 2.46E-01 5.35E-01 54.00% 

Eu-154 5.11E+01 1.03E+01 6.14E+01 83.21% 

Pb-210 1.06E-09 1.34E-11 1.07E-09 98.75% 

Ra-226 1.24E-10 5.00E-12 1.29E-10 96.11% 

Ra-228 1.39E-07 1.35E-08 1.52E-07 91.12% 

Ac-227 6.31E-07 3.61E-08 6.67E-07 94.59% 

Th-228 1.20E-03 5.15E-05 1.26E-03 95.90% 

Th-229 5.24E-07 3.43E-08 5.58E-07 93.85% 

Th-230 3.19E-08 1.86E-09 3.38E-08 94.49% 

Th-232 1.69E-07 2.13E-08 1.90E-07 88.80% 



Table D-1. (continued). 
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Isotope Grouted (Ci) Ungrouted (Ci) Total (Ci) 

Percent Activity 

Grouted 

Pa-231 2.39E-06 1.73E-07 2.57E-06 93.26% 

U-232 1.43E-03 5.54E-05 1.48E-03 96.27% 

U-233 4.07E-04 4.65E-05 4.53E-04 89.74% 

U-234 1.31E-04 1.04E-05 1.42E-04 92.66% 

U-235 1.54E-08 3.67E-09 1.91E-08 80.75% 

U-236 6.46E-06 8.78E-07 7.34E-06 88.04% 

U-238 2.95E-05 4.10E-06 3.36E-05 87.81% 

Np-237 1.36E-05 1.17E-06 1.47E-05 92.05% 

Pu-238 1.26E+00 5.60E-02 1.31E+00 95.73% 

Pu-239 1.34E-01 1.51E-02 1.49E-01 89.85% 

Pu-240 2.15E-01 2.50E-02 2.40E-01 89.57% 

Pu-241 4.91E+01 5.05E+00 5.42E+01 90.68% 

Pu-242 5.09E-03 3.61E-04 5.45E-03 93.38% 

Pu-244 1.03E-08 3.00E-10 1.06E-08 97.17% 

Am-241 5.97E-01 5.82E-02 6.55E-01 91.11% 

Am-243 6.65E-02 3.51E-03 7.00E-02 94.99% 

Cm-243 2.06E-02 1.35E-03 2.20E-02 93.85% 

Cm-244 4.39E+01 9.27E-01 4.48E+01 97.93% 

Cm-245 3.74E-03 5.33E-05 3.79E-03 98.59% 

Cm-246 1.27E-02 6.13E-05 1.28E-02 99.52% 

Cm-247 1.39E-07 2.50E-10 1.39E-07 99.82% 

Cm-248 3.16E-06 1.67E-09 3.16E-06 99.95% 
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