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Calcined Solids Storage Facility Closure Study 

Groundwork for Design - CSSF Volume Calculations 
TITLE: Calcined Solids Storage Facilities - VoIume Calculations 

SUMMARY 

This Engineering Design File provides volume~c idonnation that is necessary for cost estimating and radiation 
exposure estimates. For each of the seven Calcined Solids Storage Facilities (CSSFs), the following information 
was calculated (1) bin capacity, (2) volume of calcine remaining following CRTP activities, (3) vault void 
volumes, and (4) equivalent number of filled 55-gallon drums. 

The following table provides a summary of the remaining calcine volumes for Risk-Based Clean Closure and 
Closure to Landfill Standards after all removal activities have been completed. 

CSSF 

1 
2 
3 
4 
5 
6 
7 
Total 

Total Calcine Volume Remaining in Bin Set 
Following Risk-Based Clean Closure 

(FTJ) (M3) 
31.2 (0.9) 
88.1 (2.5) 

149.4 (4.2) 

106.5 (3.0) 
162.9 (4.6) 
- 178.4 (5.0) 
766.2 (21.6) 

49.7 (1.4) 

Total Calcine Volume Remaining in Bin Set  
Following Closure to Landfill Standards 

70.0 (2.0) 
120.8 (3.4) 
303.9 (8.6) 
67.1 (1.9) 
158.2 (4.5) 
233.9 (6.6) 
- 233.9 (6.6) 

1,187.8 (33.6) 

(W ) .(M3 1 

The following pages contain the methodology, assumptions, and results of the calculations. The supporting 
hand and software calculations are also included in the body of this EDF. See tables provided in the body of this 
EDF for details of the results. 
Distribution: D. J. Harrell, MS 3211; B. R. Helm, MS 3765; B. C. Spaulding, MS 
3765; M. M. Dahlmeir, MS 3765; S. P. SWanSOn, MS 3765; Project File (Origina 

Department 

MC&IE 4130 
Steven Swanson MCLIE 4130 Date 
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The following information was calculated to support cost estimates and radiation exposure calculations 
for closure activities at the Calcined Solids Storage Facility (CSSF). Within the estimate, volumes were 
calculated to determine the required amount of grout to be used during closure activities. The remaining calcine 
on the bin walls, supports, piping, and floor was also calculated to approximate the r&dning residual calcine 
volumes at different stages of the removal process. 

The estimates for remaining calcine and vault void volume are higher than what would actually be 
experienced in the field, but are necessary for bounding purposes. The residual calcine in the bins may be higher 
than what is experienced in the field as it was assumed that the entire bin volume is full of calcine before 
removal activities commence. The vault void volumes are higher as the vault roof beam volumes were 
neglected. 

The estimations that follow should be considered rough order of magnitude, due to the time constraints 
as dictated by the project's scope of work. Should more accurate numbers be required, a new analysis would be 
necessary. 

Methodology 

The volumes of the bin heads (top and bottom domes) were estimated by assuming an ASME flanged 
and dished shape geometry for CSSFs 2-5, while an ellipsoidal geometry was assumed for the sixth and seventh 
bin sets. Volumes and surface areas for the heads were retrieved from pre-calculated volumes in reference 1. 
The cylindrical volume of the bin was then calculated and added to the head volumes. For CSSFs 5-7, an annular 
volume was subtracted. The total volume was then calculated for the entire bin set. 

Based on a report concerning retrieval testing performed on CSSF 1 (Reference 3), it was assumed that 
95% of the total bin volume would be removed during the Calcined Retrieval and Transport Project (CRTP) 
activities. Additional calcine was then added onto the walls, supports, intmal piping, and external piping. 

Calcine was assumed to remain on the internal bin supports and piping after the CRTP performed their 
removal activities. A 45" accumulation slope was assumed for these fixtures. The calcine film on the bin walls 
was assumed to be two particles thick with an average particle size of .4mm for CSSF 1 and Smm for CSSFs 2 
through 7 (See EDF-BSC-002 for particle size information). 

99% of the calcine in the distriiutor and extmal piping was assumed to be removed during CRTP 
activities (1% remaining on the walls, expansion joints, etc.). Of the remaining calcine in the distriiutor and 
external piping, 95% was assumed to be removed by a pipe crawler robot during final removal activities - 90% 
of which falls to the bin floor, and 10% of which attaches to the bin walls. 

80% of the calcine on the bin walls (calcine deposited during CRTP activities and during final removal 
activities), supports, and internal piping was assumed to be removed by carbon dioxide blasting and falls to the 
bin floor. 

During the last step of the final removal activities, it was assumed that 95% of the calcine at the bottom 
of the bin could be removed by a robot and vacuum. See page 6 for a review of the assumptions. 
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Hand calculations were performed to gather initial data (See the attached sheets). Excel software was then used 
to manipulate the information done by hand. See the Excel printout for the results of all the calculations. 

[ -CSSF  

Results 

Total Calcine Volume Remaining in Bin Set I Total Calcine Volume Remaining in Bin Set I 

Calculations indicate that out of the initial 255,984 cubic feet of calcine at ffie CSSF area, approximately 
13,345 cubic feet of calcine will remain after the Calcine Retrieval and Transport Project (CRTJ?) performs its 
activities. At closure (after Bin Set Closure Project activities), approximately 766 cubic feet of calcine are 
estimated to remain for Risk-Based Clean Closure and 1,188 cubic feet for Closure to Landfill Standards. This is 
an additional reduction of over 12,579 cubic feet of calcine (1,711 55-gallon drums) for Risk-Based Clean 
Closure and 12,157 cubic feet (1,653 55-gallon drums) for Closure to Landfill Standards. Thus, approximately 
94.7% of the initial calcine is estimated to be removed from the bins during CRTJ? activities, while an additional 
5.0% is estimated to be removed by the BSCP removal activities during Risk-Based Clean Closure (4.7% is 
estimated for Closure to Landfill Standards). 

The volume of grout necessary for grouting the piping entering the bins has also been calculated and is 
estimated at 686 cubic feet per bin set. The estimated height of the calcine in the bottom of a bin &er initial 
removal is estimated at 2 feet. 

The following tables Summarize information that was estimated by hand and software calculations. See 
the attached copy of the Excel output for the results. 

Risk-based Closure 

Table 1. Remaining Calcine Volumes (Risk-based Clean Closure) 

Following Risk-based Clean Closure 
FT3 

Following Risk-Based Clean Closure 
W3) 



r 

CSSF Bin Set # Initial Calcine Calcine Volume Calcine Volume Percent Calcine Total Percent 
VoIumelA MerCRTP After Bin Set Removed - by Calcine 
FT3 (M3) RemovalB Closure CRTP Removed 

(CRTP+BSCP) FT3 W3) FT3 W3) - % 

1 
2 
3 
4 
5 
6 

Table 3. Calcine Volumes Remaining on Bin Surfaces Following BSCP Closure Activities (Risk-based Closure) 

7,848 (222) 443 (13) 31 (1) 94.4 99.6 
31,550 (893) 1,619 (46) 88 (3) 94.9 99.7 
40,694 (1,152) 2,237 (63) 149 (4) 94.5 99.6 
17,898 (506) 917 (26) 50 (1) 94.9 99.7 
36,552 (1,035) 1,894 (54) 106 (3) 94.8 99.7 
56,657 (1,604) 2,925 (83) 163 (5) 94.8 99.7 

CSSF 

1 

Calcine Left on Bin Calcine Left on Calcine Left on Calcine Left on Calcine on Floor 
Walls supports Piping External Piping FT3 (M3> 

FT3 W3) FT3 (M3) FT3 (M3) FT3 (M3) 
.9 (-0) 8.5 (.2) 0 (0) .2 (0) 21.6 (.6) 

2 
3 

Table 4. Calcine Volumes Removed During CRTP and BSCP Activities Rsk-based Closure) 

6.9 (2) 0.2 (.O) 0 (0) -3 (0) 80.6 (2.3) 
8.9 (.3) 30.3 (.9) 0 (0) .3 (0) 109.8 (3.1) 

4 
5 
6 
7 

1 

A Volume of calcine currently in each bin set. It is assumed for bounding purposes that the bins are filled to maximum 
caDacitv. 

3.9 (-1) 0 (0) 0 (0) .1 (0) 45.7 (1.3) 
12.1 (.3) 0 (0) 0 (0) -3 (0) 94.1 (2.7) 
17.2 (-5) 0 (0) 0 (0) .3 (0) 145.4 (4.1) 
1 13.1 (.4) 0 (0 .3 (0 164.9 4.7) 

'he &cine Retrieval and Transportation Project will remove approximately 95% of the original calcine volume O F -  
BSCOOS) 

CSSF 

1 
2 
3 
4 
5 
6 
7 

Total Volume Removed Total Volume Removed Total Volume Removed by 
by CRTP During BSCP Activities CRTP+BSCP 

FT3 (M3) Fr3 (M3) FT3 (M3) 
7,406 (210) 411 (21) 7,817 (221) 

29,931 (848) 1,531 (43) 31,462 (891) 
38,457 (1089) 2,087 (59) 40,544 (1148) 
16,981 (481) 868 (25) 17,849 (506) 
34,658 (981) 1,787 (51) 36,445 (1032) 
53,732 (1522) 2,762 (78) 56,494 (1 600) 
61,475 (1741) 3,312 (88) 64,607 (1829) 



Table 5. Summary of Grout Estimates 

CSSF 

1 
2 
3 

5 
6 
7 

4 
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Volume of Clean Grout Necessary to Volume of Grout Necessary to Fill 
Fill Vault Piping and DistributorE 

FT3 (M 3) FT3 (M3) 
17,025 (482) - 686 (19) 
75,513 (2138) 686 (19) 
75,294 (2132) 686 (19) 

96,187 (2724) 686 (19) 
134,824 (3818) 686 (19) 
126,695 (3588) 686 (19) 

49,617 (1405) 686 (19) . 

CSSF Bin Set # Initial Calcine Calcine Volume 
volumec AftercRTP 

FT3 W3) RemovalD 
FT3 W3) 

1 7,848 (222) 443 (13) 
2 31,550 (893) 1,619 (46) 
3 40,694 (1,152) 2,237 (63) 
4 17,898 (506) 917 (26) 
5 36,552 (1,035) 1,894 (54) 
6 56,657 (1,604) 2,925 (83) 
7 64,786 (1,835) 3,311 (94) 

Closure to Landfill Standards 

Calcine Volume Percent Calcine Total Percent 
M e r  Bin Set Removed - by Calcine Removed 

Closure CRTP (CRTP+BSCP) 
FT3 (M3) % % 
70 (2) 94.4 99.1 

121 (3.4) 94.9 99.6 
304 (8.6) 94.5 99.3 
67 (1.9) 94.9 99.6 
158 (4.5) 94.8 99.6 
234 (6.6) 94.8 99.6 
234 (6.6) 94.9 99.6 

Table 6. Remaining Calcine Volumes (Closure to Landfill Standards) 

Table 7. Summary of Calcine Volume at Various Stages in the Removal Process (Closure to Landfill Standards) 

~ ~~ 

E Average volume was applied for all seven storage facilities. 

capacity. 

BSCOO5) 

Volume of calcine currently in each bin set. It is assumed for bounding purposes that the bins are filled to maximum 

The Calcine Retrieval and Transportation Project will remove approximately 95% of the origjnal calcine volume (EDF- 
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Table 8. Calcine Volumes Remaining on Bin Surfaces Following BSCP Closure Activities (Closure to Landfill 
Standards) 

CSSF 

1 
2 
3 
4 
5 
6 
7 

Calcine Left on Calcine Left on Calcine Left on Calcine Left on Calcine on Floor 
Bin Walls supports Piping External Piping m3 (M3) 
FT3 (M3) Fr3 (M3) Fr3  (M3) FT3 (M3) 
4.0 (0.1) 42.4 (1.2) 0 (0) 3.9 (-1) 19.6 (.6) 
33.9 (2.0) 1.0 (0.0) .2 (0) 6.9 (.2) 78.9 (2.2) 
43.9 (1.2) 151.5 (4.3) 0 (0) 6.9 (.2) 101.7 (2.9) 
19.4 (0.5) 0 (0) 0 (0) 2.9 (.1) 44.7 (1.3) 
60.0 (1.7) 0 (0) 0 (0) 6.9 (.2) 91.4 (2.6) 
85.4 (2.4) 0 (0) 0 (0) 6.9 (.2) 141.6 (4.0) 
65.1 (1.8) 0 (0) 0 (0) 6.9 (.2) 162.0 (4.6) 

Table 9. Calcine Volumes Removed during CRTP and BSCP Activities (Closure to Landfill) 

CSSF Total Volume Removed Total Volume Removed 
by CRTP During BSCP Activities 

FT3 (h43) FT3 (M3) 

2 29,931 (848) 1,498 (42) 
3 38,457 (1089) 1,933 (55) 
4 16,981 (481) 850 (24) 
5 34,658 (981) 1,736 (50) 
6 53,732 (1522) 2,691 (76) 
7 61,475 (1741) 3,077 (87) 

Total Volume Removed by 
CRTP+BSCP 
FT3 (M3) 

31,429 (890) 
40,390 (1144) 
17,831 (505) 
36,393 (1031) 
56,423 (1598) 
64,552 (1828) 

Table 10. Summary of Grout Estimates (Duplicate of Risk-based) 

CSSF Volume of Clean Grout Necessary to 
Fill Vault 

Fr3 (M3) 
1 17,025 (482) 
2 75,513 (2138) 

Volume of Grout Necessary to Fill 
Piping and DistributorE 

686 (19) 
686 (19) 

FT3 (M3) 

3 
4 
5 

75,294 (2132) 686 (19) 
49,617 (1405) 686 (19) 
96,187 (2724) 686 (19) 

6 
7 

134,824 (3818) 686 (19) 
126,695 (3588) 686 (19) 
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Additional information has been provided at the end of this EDF. This information does not have a 
reference (gathered from Dan Staiger of LMITCO) and has not been reviewed for accuracy. The information in 
these pages does relate to the volume calculations for the bin sets and is included to provide a more detailed 
summary of the work performed. This information may be useful should additiondvolume calculations be 
required. 

References 

1 

2 
3 

Megyesy, E. F. Pressure Vessel Handbook Tenth Edition. Pressure Vessel Publishing, Inc. 
July 1,1995. 
Momation provided by Dan Staiger. See pages 35 through 56 of this EDF. 
W t h ,  D. L. " Status of Calcine Retrieval Development Work - DLG-06096" September 26,1996. 

Attached Information 

The following information is provided on the indicated pages. 
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CSSF NUMBER OF BINS PER BIN SET TOTAL BIN SET VOLUME (CU.FT) TOTAL BIN SET VOLUME (CU.M.) 
I 4 7844 222.1289792 
2 7 31,542 893.1885058 
3 7 40,888 1152.097325 
4 3 17,895 508.729138 
5 7 38,644 1034.809139 
8 7 58849 1804.118403 
7 7 84778 1834.30587 

255938 7247.345158 
SUM OF TOTAL BIN VOLUME SUM OF TOTAL BIN VOLUME 

.a.,d..,a.. ~ . ~ ~ . . ~ ~ , . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~ b ~ ~ ~ ~  1 ~ ~ * . . . . . ~ 1 ( 1 ( ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ b b b * b ~ ~ * ~ ~ b * * ~ ~ ~ ~ ~ ~ ~ ~  ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 * ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * * * ~ * * * ~ ~ ~ * ~ b * ~  

CONDITIONS AFTER CALCINED RETRIEVAL AND TRANSPORTATION PROJECT ACTIVITIES 
(INITIAL CSSF CLOSURE PROJECT CONDITIONS) 

CSSF 
1 
2 
3 
4 
5 
8 
7 

CALCINE LEFT ON FLOOR ( C U R )  
392.2 
1577.1 
2034.3 
894.75 
1827.2 

2832.45 
3238.9 

SUM OF CALCINE IN ALL CSSF 
12708.9 

CALCINE LEFT ON FLOOR (CU.M) 
1 I .I0584898 
44.85842528 
57.80488824 
25.3384568 
51.74045898 
80.20592018 
91.71 528352 

SUM OF CALCINE IN ALL CSSF 
382.3872579 

CALCINE LEFT ON WALLS (CU.FT) 
4.01 
33.86 
43.88 
10.4 

59.98 
85.4 
85.1 

SUM OF CALCINE IN ALL CSSF 
31 1.85 

TOTAL STARTING CALCINE VOLUME ( C U R )  
7848.355551 
31549.82221 
40893.82221 
17898.28888 
38551.62221 
58858.82221 
84785.82221 

SUM OF TOTAL BIN VOLUME 
255983.7333 

~ 4 . b I ( ~ B . . b . . . ~ ~ ~ b . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .  

CALCINE LEFT ON WALLS (CUM) 
0,113550388 
0.059373184 
1.242541 184 
0.64834592 
1.898441884 
2.41825472 
1.84342388 

SUM OF CALCINE IN ALL CSSF 
8.82493072 

,,,,,,,,,,, .11....,,......1.11................L ............................................ .................,..,.~...l..~,,~.~.....,...~.. .,..... 11,,1,1(,....,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
CONDITIONS AT CLOSURE (AFTER CSSF CLOSURE ACTIVITIES) 

CSSF CALCINE LEFT ON FLOOR ( C U R )  CALCINE LEFT ON FLOOR (CU.M) CALCINE LEFT ON WALLS (CU.FT) 

I 21.848878 
2 80.578533 
3 109.848853 
4 45.850357 
5 94.078533 
6 145.357833 
7 184.888333 

SUM OF CALCINE IN ALL CSSF 
882.031 118 

0.813028892 
2.281728203 
3.1 10582337 
1.292672029 
2.884003003 
4.118088685 
4.888543812 

SUM OF CALCINE IN ALL CSSF 
18.74880278 

0.87848 
8.00834 
8.00834 
3.93588 
12.12834 
17.21034 
13.16034 

SUM OF CALCINE IN ALL CSSF 
83.11204 

CALCINE LEFT ON WALLS (CUM) 

0.024819109 
0.195585440 
0.252198049 
0.1 I 145088 

0.343379145 
0.487341758 
0.372375548 

SUM OF CALCINE IN ALL CSSF 
1.787131 014 

0 

u, n 
1 



TOTAL STARTING CALCINE VOLUME (CUM) 
222.2403145 
893.3843423 
1152.313182 
508.8218375 
1035.024978 
1804.33424 
1834.521607 

CALCINE LEFT ON SUPPORTS (CU.FT) 
42.4 
1.05 

151.45 
0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
194.9 

CALCINE LEFT ON SUPPORTS (CU.M) CALCINE LEFT ON PIPES (CU.FT) 
1.20083232 0 
0.02973284 0.176 
4.28857938 0.028 

0 0 '  
0 0 
0 0 
0 0 

SUM OF CALCINE IN ALL CSSF SUM OF CALCINE IN ALL CSSF 
5.51894432 0.203 

CALCINE LEFT ON PIPES (CUM) 
0 

0.00405544 
0.00079287 

0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
0.00574831 

CALCINE LEFT ON SUPPORTS ( C U R )  CALCINE LEFT ON SUPPORTS (CUM) CALCINE LEFT ON PIPES (CU.FT) CALCINE LEFT ON PIPES (CUM) 

8.48 
0.21 
30.29 

0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
38.98 

0.240128404 
0.005948528 
0.857716872 

0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
I .I03788884 

0 
0.035 
0.0056 

0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
0.0406 

0 
0.000~01088 
0.000158574 

0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
0.001149ee2 



CALCINE LEFT IN 
EXTERNAL PIPING (CU.FT) 

3.92 
8.88 
8.88 
2.94 
6.86 
8.88 
8.88 

SUM OF CALCINE IN  ALL CSSF 
41.18 

CALCINE LEFT IN 
EXTERNAL PIPING (CUM) 

0.1 I1001858 
0.104253248 
0.104253248 
0.083251302 
0.184253248 
0.184253248 
0.104253248 

SUM OF CALCINE IN ALL CSSF 
1.185510488 

TOTAL CALCINE LEFT IN THE BIN SET (CU.FT) 
442.53 

1610.085 
2238.518 
017.00 
1804.04 
2024.71 
3310.88 

SUM OF CALCINE IN ALL CSSF 
13344.813 

TOTAL CALCINE LEFT IN THE BIN SET (CUW) 
12.5310335 

45.84873079 
83.3310320 
25.08005411 
53.8331 51 87 
82.81842013 
03.75208045 

SUM OF CALCINE IN ALL CSSF 
377.8824008 

CALCINE LEFT IN 
EXTERNAL PIPING (CU.FT) 

0.196 
0.343 
0.343 
0.147 
0.343 
0.343 
0.343 

SUM OF CALCINE IN ALL CSSF 
2.058 

CALCINE LEFF IN 
EXTERNAL PIPING (CUM) 

0.005550083 
0.000712882 
0.000712882 
0.00418257 

0.000712882 
0.000712882 
0.000712882 

SUM OF CALCINE IN ALL CSSF 
0.058275074 

TOTAL CALCINE LEFT IN THE BIN SET (CU.FT) TOTAL CALCINE LEFT IN THE BIN SET (CUM) 
31.201358 0.883522558 

2.40394103 88.072873 
149.303503 4.230348404 
40.733217 1.408285550 
108.547873 3.01700481 
182.01 1173 4.813123104 

5.050831822 178.361873 
SUM OF CALCINE IN ALL CSSF SUM OF CALCINE IN ALL CSSF 

788.221758 21.80804828 



EQUIVALENT NUMBER OF 55-GALLON DRUMS 
80.18408 
220.10284 
304.188448 
124.72424 
257.58944 
307.78058 
450.27898 

SUM OF CALCINE IN ALL CSSF 
1814.894588 

TOTAL PERCENTAGE REMOVED % 
04.38140308 
94.86810529 
04.50400854 
94.87800801 
04.818178 

04.83783204 
04.88051424 

AVERAGE REMOVAL 
04.73847401 

EQUIVALENT NUMBER OF $5-GALLON DRUMS 
4.243304418 
11.077~1073 
20.31752885 
8.783717512 
14.49051073 
22.15591053 
24.2571 8753 

SUM OF CALCINE IN ALL CSSF 
104.2081591 

TOTAL PERCENTAGE REMOVED % 
00.80244722 
99.72084334 
90.83288205 
09.72213380 
09.70850029 
00.71245873 
09.72488042 

AVERAGE REMOVAL 
09.88913842 

TOTAL CALCINE REMOVED (CU.FT) 
7405.825551 
29030.55721 
38457.10421 
18981.17886 
34857.58221 
53731.01221 
81474.78221 

AVERAGE REMOVAL 
34682.7020 

TOTAL CALCINE REMOVED (CU.FT) 
7817.164195 
31481.54934 
40544.22882 
17848.53345 
38445.07434 
58493.71104 
84007.28054 

AVERAGE REMOVAL 
36459.8445 

TOTAL CALCINE REMOVED (CU.M) 
209.700281 

847.5378025 
1088.982129 
480.8525833 
081.3018241 . 
1521.515812 
1740.788647 

AVERAGE REMOVAL 
081 .5388254 

TOTAL CALCINE REMOVED (CU.M) 
221.3587919 
890.8904004' 
1148.082813 
505.4133510 
1032.007881 
1599.721 117 
1829.470875 

AVERAGE REMOVAL 
1032.420481 



Landfill Calculatlons -Assumes only floor Is cleaned (95% removal). 
Does not Include cleaning the bln walls, supports, or Internal and external plplng. 

............ .... ....................................... .... .. 1.11 .... 111..11...11....1,1................... ... I ..,.....,I .a,* ,,,,.. I. ..,,,,.,.,,.,,,..,,,. 
INITIAL CONDITIONS FOR THE BIN SETS 

CSSF NUMBEROF BINS PER BIN SET TOTAL BIN SETVOLUME (CU.FT) TOTAL BIN SETVOLUME (CUM) 
1 4 7844 222.1169792 

7 40.888 1152,097325 3 
4 3 17.895 508.729138 
5 7 36.544 1034.809139 

7 7 84778 1834.30587 

255938 7247.345158 

2 7 31.542 e93.1685058 

8 7 56649 ie04.11e403 

SUM OF TOTAL BIN VOLUME SUM OF TOTAL BIN VOLUME 
...***** 11.. ..a* .... .................................. ..... .. 1..111111...1..1...111.......................... .I ......... 1.11...1111.1.1.1..111..1.1.. .,,.. 
CONDITIONS AFTER CALCINE0 RETRIEVAL AND TRANSPORTATION PROJECT ACTIVITIES 

(INITIAL CONDITIONS FOR CSSF CLOSURE PROJECT) 

CSSF 
1 
2 
3 
4 
5 
8 
7 

CALCINE LEFT ON FLOOR (CU.FT) 
392.2 
1677.1 
2034.3 
894.75 
1827.2 

2832.45 
3238.9 

SUM OF CALCINE IN ALL CSSF 
12798.9 

CALCINE LEFT ON FLOOR (CU.M) 
11.10584898 
44.65842528 

25.3384568 
51.74046698 
80.20592016 
91.71 628352 

SUM OF CALCINE IN ALL CSSF 
382.3872579 

57.604mez4 

...... ...**. ..1.11111..11. .... 11.111.1..1.1.1.....1...1...... ........................ ..,. . .,..,..,,...,,,,,,. 
CONDITIONS AT CLOSURE (AFTER CSSF CLOSURE ACTIVITIES) 

CSSF CALCINE LEFT ON FLOOR (CU.FT) CALCINE LEFT ON FLOOR (CUM) 

1 19-81 
2 78.855 
3 101.715 
4 44.7375 
5 91.38 
8 141.8225 
7 181.945 

SUM OF CALCINE IN ALL CSSF 
839.845 

0,555292448 
2.232021284 

1.26692284 

4.010296009 
4.585764176 

SUM OF CALCINE IN ALL CSSF 
18.1183629 

2.eiioz43312 

2.5e7022848 

CALCINE LEFT ON WALLS (CU.FT) 
4.01 

33.88 
43.88 
19.4 

59.99 
85.4 
65.1 

SUM OF CALCINE IN ALL CSSF 
31 1.65 

TOTAL STARTING CALCINE VOLUME (CU.FT) 
7848.355551 
31549.82221 
40693.82221 
17898.26668 
36551.62221 
58858.82221 
64785.82221 

SUM OF TOTAL BIN VOLUME 
2559e3.7333 

CALCINE LEFT ON WALLS (CUM) 
0.113550360 

1.24254 1 184 
0.54934592 

2.41825472 
1.84342388 

SUM OF CALCINE IN ALL CSSF 
8.82493072 

0.9593731e4 

1.898441et~ 

CALCINE LEFT ON WALLS (CU.FT) 

4.01 
33.89 
43.88 
19.4 

59.98 
85.4 
85.1 

SUM OF CALCINE IN ALL CSSF 
311.65 

CALCINE LEFT ON WALLS (CUM) 

0.113550368 
0.959373184 
1.242541 104 
0.51934592 
1.698441664 
2.41825472 
1.84342368 

SUM OF CALCINE IN ALL CSSF 
e.82493072 



TOTAL STARTING CALCINE VOLUME (CU.M) 
222.2403146 
893.3843423 
1162.313162 
508.8218375 
1035.024976 
1604.33424 
1834.521507 

SUM OF TOTAL BINVOLUME 
7248.840179 ........................................................ .111...11111..1111..1.........,.,,.,,,....,...,.....~.... .I...........,*.........,,*..,,...,.,,*..,,,,... .... 1..1*.)1..1..)1..11......11..1((..1......*.. 

CALCINE LEFT ON SUPPORTS (CU.FT) 
42.4 
1.05 

161.45 
0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
194.0 

CALCINE LEFT ON SUPPORTS (CU.FT) 

42.4 
1.05 

161.45 
0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
194.9 

CALCINE LEFT ON SUPPORTS (CUM) 
1.20083232 
0.02973264 
4.28857936 

0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
6.61894432 

CALCINE LEFTON PIPES (CU.FT) 
0 

0.175 
0.028 

0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
0.203 

CALCINE LEFT ON PIPES (CUM) 
0 

0.00495544 
0.00079287 

0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
0.00574831 

CALCINE LEFT ON SUPPORTS (CUM) CALCINE LEFT ON PIPES (CU.FT) CALCINE LEFT ON PIPES (CUM) 

1.20083232 
0.02973264 
4.28657938 

0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF SUM OF CALCINE IN ALL CSSF 
5.61894432 0.203 0.00574831 

SUM OF CALCINE IN ALL CSSF 

0 
0.175 
0.028 

0 
0 
0 
0 

0 
0.00405544 
0.00070287 

0 
0 
0 
0 

8 



CALCINE LEFT IN 
EXTERNAL PIPING (CU.FT) 

3.92 
8.88 
8.88 
2.94 
6.88 
8.86 
8.86 

SUM OF CALCINE IN ALL CSSF 
41.18 

CALCINE LEFT IN 
EXTERNAL PIPING (CUM) 

0.111001858 
0.194253240 
0.194253248 
0.083251392 
0.194253248 
0.194253248 
0394253248 

SUM OF CALCINE IN ALL CSSF 
1.185519488 

TOTAL CALCINE LEFT IN THE BIN SET (CU.FT) 
442.53 

1819.085 
2238.518 
917.09 
1894.04 
2824.71 
3310.88 

SUM OF CALCINE IN ALL CSSF 
13344.813 

TOTAL CALCINE LEFT IN THE BIN SET (CUM) 
12.5310335 

45.84873979 
83.3310329 

25.98905411 
53.83315107 
82.81042813 
93.75298045 

SUM OF CALCINE IN ALL CSSF 
377.8824008 

CALCINE LEFT IN 
EXTERNAL PIPING (CU.FT) 

3.92 
8.88 
6.88 
2.94 
8.88 
8.88 
8.88 

SUM OF CALCINE IN ALL CSSF 
41.16 

CALCINE LEFT IN 
EXTERNAL PIPING (CUM) 

0.1 11001858 
0.194253248 
0.194253248 
0.083251392 
0.194253248 
0.194253248 
0.194253240 

SUM OF CALCINE IN ALL CSSF 
1.185519488 

TOTAL CALCINE LEFT IN THE BIN SET (CU.FT) 
89.94 
120.82 

303.033 
87.0775 

158.2 
233.0825 
233.905 

SUM OF CALCINE IN ALL CSSF 
1187.758 

TOTAL CALCINE LEFT IN THE BIN SET (CUM) 
1.980476992 
3.421235778 
8.606409974 
1.899420152 
4.47971778 
8.822803978 
8.823441104 

SUM OF CALCINE IN ALL CSSF 
33.83350573 



..., I ,... .......... .,,,,.,.I,.,.. I... ...,,,,,..,,,,.,... . , ,I , ,  *1,111. ............. ..,..a .... 11 ,......... 1 .... 

EQUIVALENT NUMBEROF 55-GALLON DRUMS 
60.18408 
220.10284 
304.188448 
124.72424 
257.58944 
397.76058 
450.27698 

SUM OF CALCINE IN ALL CSSF 
1814.894568 

TOTAL PERCENTAGE REMOVED % TOTAL CALCINE REMOVED (CU.FT) 
94.38149398 7405.025551 
94.88810529 29930.55721 
94.50400854 38457.10421 
94.87609601 16981.17688 

94.818178 34657.60221 
94.83783204 53731.01221 
94.88051424 61474.78221 

AVERAGE REMOVAL AVERAGE REMOVAL 
94.73847401 34682.7029 

EQUIVALENT NUMBER OF 55.GALLON DRUMS 
9.51184 . 
16.43162 

41.334888 
9.12254 
21.5152 

.31.00802 
31.81108 

SUM OF CALCINE IN ALL CSSF 
181.535088 

TOTAL PERCENTAGE REMOVED % 
99.10885791 
99.61704771 
99.25311083 
99.62522907 
99.68718747 

99.687193 
99.63095539 

AVERAGE REMOVAL 
99.48536991 

TOTAL CALCINE REMOVED (CU.FT) 
7778.416651 
31428.80221 
40389.88921 
17831.18918 
38393.42221 
68422.73971 
64551.71721 

AVERAGE REMOVAL 
38399.42504 

TOTAL CALCINE REMOVED (CUM) 
209.700281 
847.5376025 
1088.982129 
480.8525833 
981.3910241 
1521.515812 
1740.768547 

AVERAGE REMOVAL 
081.5388254 

TOTAL CALCINE REMOVED (CUM) 
220.2598375 
809.9831088 
1143.706762 
504.9222173 
1030.545258 
1597.711436 
1827.098088 

AVERAGE REMOVAL 
1030.715239 

, 
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. STORAGE OF LIQUIDS . 6-87 

- 
Cd./ft, 
1 i J i O  
18.420 
19.090 
19.760 
20,450. 
21.150 
22580 
24.060 
e5590 
ZrJm 
28.790 
30.480 
a 1 7 0  
33.930 
35,740 
37.m 
39xv 
41.450 
43.450 
45m 
47590 
49.530 
51pro 
54.140 
56.420 

- 
f .  18. Volurnr of Cyrmders, 10 tt 

Divn 
Gl./ft. ft. 

1.799 30 
1% 31 
2011 39 
2121 33 
2 2 3 4 3 4  
- 3 5  
24.469 36 
2,591' 37 
2716 38 
2.844' 39 

8 R. Diamatc 
oioa 

G W k  ft. 
52-88 55 
5.650 58 
6.020 57 
6.00 58 
6.790 59 
7m 60 
7.610 62 
8.040 64 
8.4m 68 
8.940 68 
9.m . 7u: 
9380 72 

lo360 74 
76 

1 1 m  80 
12.430 82 
12980 ' 8 4  
12640 ' 88 
14.110 88 
14.690 90 
15280 92 
15.890 94 
16.30 96 
17.130 98 

3% '18 

Tabla 

H/L 
0.01 
.a2 
.03 
.w 
.as 
.06 
.oi 
.08 
.09 
.10 
.I1 
.I2 
-15 
-14 
.I5 
.I6 
.li 
-18 
.I9 
5 0  
51 
2 2  
23 
2 4  
3 

- 
- 

- 

- 5 2  Volume of Porhlly Filled Horizontal Cylindec 
Fnction 

of volume 
08154.15 
8-2625 
83688 
.&a 
a5562 
86771 
.G60 
.&2i 
.896i3 
=. 
31491 . 
5-2361 
s3203 
.MI8 
Si% 

- .  
$ 
f ' c 

i 

.%42 

96923 

633. Consistent units must be used in these fonnular. It should 
be remembered that voluma are given for one head but that usually 
two heads are involved. 

A partially filled horizontal tank requires, the determination of 
the partial volume of the heads. The Lukens catalog gives approxi- 
mate volumes for partially filled (axis horizontal) standard, A5M.E. 
and ellipsoidal heads. A formula for partiaIIy.WDid heads, by Doo- 
litde [Id. Eng. Chem 21,322323 (1928)], is 

mmerically to a/5i.30. Table 6!52 gives liquid volume, for a 
W y l e d  horizontal cylinder. as a fraction of the total volume, 
fa tht dimemionlea ratio HID or H/2R-  

The volumes of heads must be caiculated separately and added 
totbe volume.of the cylindrid portion of the tank. ?he four types 
dhezds dost fresumtly used are the standard dished beau  tori- 
Spherical or AS.M.E head, ellipsoidal head, and hemirpherical 9 Dimensions and volumes for all four of these types are given 

%kens Spun HeaQ" Lukens Steel Co.. Coatesvilie, Pa. A p  
m a t e  volumes can also be calculated by the form& in Table V = 0.00093H2(3R - H) (W 

w h k  V = volume, gal:; R = radius. in.; and H = depth of liquid, 
in. Doolittle made some simplifying assumptions which affect the 
volume given by the equation, but the equation is satisfactory for 
determining the volume as a fraction of the entire head. This 

I ,  
. 

standard dished had dw not comply'with the ASME Resure , v-lccde. 

Table 6-53. Volumes of Hccrdr 
(Use comiRtnt UniS) 

. .  

Knuckle 

Standard 
dished 

Torispherical 
or A.S.Y.E. 

Torispherical 
or AS..\f.E 

Ellipsoidal ...... 
Ellipsoidal ...... 
Conical ...... 

. I1 L 
Approx. 

Dl 
0 1  

01. 

...... ...... 
Dl/2 
...... 

...... 

...... 

...... 

&i ' 
Dl/2 
...... 

Standard propertions 

Truncated cone 
b =height I 

I 1 
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Introduction 

The information to follow in the body of this Engineering Design File (EDF) is a compilation of opinions 
fiom the Calcined Solids Storage Facilities (CSSFs) experts (Maria Dumas - Operations, Jim Law - Operations, 
Mike Swenson - Systems Engineering, and Ambika Chakravartty - Systems Engineering). Their opinions are 
based on their areas of expertise and are directed towards the topics of discussion that were derived from the 
ICPP Bin Set Closure Feasibility Study engineering sM. 

Decontamination 

According to the experts, decontamination of the bins to a “relatively clean” state might be 
accomplished using a nitric acid solution, which is currently the only type of acid used at the ICPP for 
decontamination purposes. The acid would dissolve approximately 90% of the calcine under normal flushing 
conditions and approxhately 99% when soaking is permitted. However, the experts claim that a large amount 
of secondary waste would be generated during the decontamination process and that the cost for nitric acid 
decontamination could not be justified. If nitric acid is used for decontamination, its use must be closely 
monitored, as the acid is not compatiile with concrete and 400 series stainless steel components (CSSF 1 only, 
other CSSFs have 304 or 304L stainless steel components); nitric acid may compromise secondary containment 
(the vault) and thus not be applicable. Dissolving the calcine in the bins with nitxic acid, flushing equipment, and 
performing riming operations will remove much of the contamination. However, some of the contamination is 
fixed to the bin surface (due to bin irregularities, i.e. weld seams) and will always be found during a survey. Wet 
decontamination methods will not be successful enough to allow sampling by smear methods. Further study is 
required to determine whether or not nitric acid can be used on the CSSF piping and bins. 

The CSSFs experts state that water will not dissolve calcine in the piping and bins and will not pass a 
As a result, water should not be used as a Toxicity Characteristic Leaching Procedure (TCLP) test. 

decontamination agent. 

Carbon dioxide blasting is a viable option for decontamination of the bins. While surface jet-blasting 
decontamination methods could possibly push contamination further into the material, it is anticipated that the 
process would actually break particles free from the imperfections present on piping and bin walls. To facilitate 
this method, numerous modifications would have to be made to the heating, ventilating and air conditioning 
W A C )  system. Julia Tripp can help determine how clean the bins would have to be after decontamination 
methods are applied. 

At the present time, the vaults for all of the CSSFs are _clean. The vaults are closed systems with all 
utility and process lines penetrating the vault walls fiom above grade for CSSFs 4 through 7. The cyclone vaults 
for the second and third CSSFs could, however, be contaminated. other members of the group indicate it is 
likely that all of the cyclone vaults are contaminated. 

CSSFs experts indicate that the distributor below each cyclone will catch calcine and will not be 
retrievable without wet dissolution; “nooks and crannies” will prevent surface jet-blasting from removing all the 
calcine. The distribution fill lines, expansion joints, and piping blinded tees will also have calcine deposits in 
them. As a result of these calcine traps, in conjunction with limited access to the bins, the calcine within the bins 
will be harder to remove than the waste left in the Tank Farm Facility (IYF). 
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If water were introduced into the vaults for decontamination purposes, the bins in the vault would float to 
the surface of the water. The bins are not stmcturally secured to the floor of the vaults. 

The CSSFs experts preferred two decontamination options: (1) grouting without decontamination and (2) 
using a surface jet-blasting method (i.e. carbon dioxide) to blow out contamination; Nitric acid dissolution could 
be another option, if it is permitted. 

Calcine Retrieval 

The Second and Third CSSFs have one accesdretrieval line to each round bin. The First CSSF does not 
possess any access/retrieval lines. The piping within the First CSSF is more convoluted than piping in the other 
storage facilities and will be harder to decontaminate. 

The First CSSF utilizes “cy’ channel beams in the interior of the bins for structural support or stiffening. 
These supports will make it difficult to retrieve waste fkom within the bin as the supports catch calcine on their 
protruding ledges and “nooks and crannies”. Each of the twelve “vessels” in the First CSSF contains these 
structural supports. It should be noted that for the First CSSF, two annular “vessels” surround a central 
“vessel” in each bin. There are four bins in the First CSSF. 

According to the expertsy sintering should not be a problem within the CSSFs. If smtering has occurred, 
it should not be difficult to break up. Feed batches were controlled at the beginning of each campaign to ensure 
that the calcine does not sinter (cake). All of the calcine that has been retrieved fkom the bins has been free 
flowing. Howevery the top layer of the calcine could be slightly crusty due to contact with humidity. This layer 
should not be difficult to break up. 

After the bulk of the calcine is removed, a thin layer of calcine will remain on the walls and floor as the 
calcine is not hydroscopic. This layer will be similar to a layer of dust. 

According to Jim Law, approximately 99% of the calcine can be removed fkom the bins and piping. To 
be conservative, however, it was assumed that approximately 95% of the calcine within the bins can be retrieved 
using a standard retrieval system. Published numbers are available fkom Barry O’Brien. Jim Law was part of a 
project that looked at retrieving the calcine $om the bins. The retrieval equipment should be capable of 
removing 95% of the waste fkom the First CSSF and should retrieve higher percentages with the other calcined 
solids storage facilities; retrieval should be more complete for the second through seventh CSSFs as there are 
fewer obstacles present inside of the bins. Dan Griffith is a good contact for questions concerning retrieval. He 
has performed mock up tests on the storage facilities. 

In order to successfully retrieve the maximum amount of calcine with a standard retrieval system, 
additional access lines might be added to the older bins (CSSFs 1,2 and 3). 

At this time, the CSSFs do not possess equipment designed to retrieve @e calcine. A limited amount of 
calcine was removed from the Second CSSF with a standard soils-type sampler. Calcine has not yet been 
retrieved with an air-jethcuum system (used to fluidized the calcine and vacuum out the airborne 
contaminants). 
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Description of Waste 

According to Maria and Jim, CSSFs one through four could pass Resource Conservation Recovery Act 
(R-) Risk-Based Closure as there are no RCRA listed wastes present in the bins. It may be possible to not 
consider the waste within these bins as listed waste as the waste was placed into the bins before RCRA 
regulations were implemented. However, Mike and Jim agree that it is unlikely the waste can be considered not 
listed. Further study is required to determine the correct viewpoint. At this time, Jim Law is working on a 
RCRA Delisting Petition for the CSSFs. 

Materials within the bins should be considered hazardous by nature. Zinc, cbromium, mercury, 
cadmium, and lead are all  characteristic wastes but are not RCRA listed wastes. 

The experts agree that calcine particle sizes differ according to the type of calcine present in the bins. 
Calcine within the First CSSF is bigger than the other calcine and has an approximate average diameter of .5 
millimeters, while the other calcine has an average diameter of .4 millimeters. The consistency of the calcine is 
similar to sand. The radiation levels fiom the different calcines differ as a result of the differing constituents. 
Some of the other calcine properties are as follows: (1) the First CSSF calcine particle sizes range from between 
microns and .8 mm, (2) the particle sizes for the second through seventh CSSFs range between .3 and .5 mm, (3) 
the calcine’s specific gravity is between 1.1 and 1.6 gramshubic centimeter, and (4) the hardness of calcine 
varies fkom very soft to very hard (calcine has eroded cyclones, pipe angles/joints, and other equipment). 

Waste within the bins will be a mixture of product and fines. The fines are similar in consistency with 
powdered sugar or clumped powdered sugar, while product is granular like sand. Product is separated from fines 
during processing and is sent to the storage bins in specific batches. However, fines are sent to the storage bins 
on a continual basis. As a result, the two will be intermixed within the bins. Although the ratio of fines to 
product differs within each bin, at least 50% of the calcine volume is fines. 

Radiological Concerns 

Jim Law indicated that radiation levels within the bins are on the order of hundreds to thousands of R/hr. 
After removing the calcine fkom the bins, the radiation levels could still be above tens of Rhr. Calcine is self- 
shielding and 350 R/hr at 10 feet fiom the top of the bin should be typical before calcine removal (these numbers 
where obtained fkom the First CSSF and were assumed as typical for the other bin sets). Dan Staiger’s report has 
good information on radiological levels. 

The Sixth CSSF will have the lowest radiation fields due to the nature of its lower radiological content 
wastes. CSSFs one through five should have similar radiation field levels. 

The CSSFs experts stated that alpha contamination is not a major issue during retrieval and D&D 
(decontamination and decommissioning) activities for the bins. Alpha radiation is not a major concem due to the 
shielding already provided by the vaults. Cesium, which is present in the calcine, is a gamma emitter and will 
require additional shielding to limit personnel exposure. 
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Structural Conditions 

According to Ambib, the First CSSF was made primarily of 415 stainless steel. The Second and Third 
CSSFs are primarily 304 stainless steel, and the fourth through seventh CSSFs are primarily made of 304L 
stainless steel. Piping within the new bins (CSSF four through seven) contains Nitionic 60. CSSFs one through 
three contain 304 stainless steel lines. The Fourth CSSF is mostly 300 series stainless steel or possibly Nitronic 
60. Due to the carbon concentrations, 400 series stainless steel does not react well with acid and should be 
monitored closely during any nitric acid dissolution processes. Brad Norby has done a study on the effects of 
acid on 400 series stainless steel. The steel could probably withstand a single flush with nitric acid, but should 
not be permitted to soak, Drawings of the bins should be reviewed to verrfy the materials. 

The First CSSF is set up to fill the center bin first. Once the center bin is full, overflow is sent to the next 
annular bin. Calcine will be trapped in “nooks and crannies” within these fill lines. The First CSSF vault has 
been surveyed and was is considered fiee of contamination. Constant kea Monitors (CAMS) are located on the 
outlet of the vault’s exhaust system to monitor the radiation levels of particles leaving the vault. The vault vents 
to the atmosphere under n o d  conditions. 

Piping in the cyclone cells could be cut and capped where the lines enter the main vault. There should be 
no reason to enter the vaults during decontamination activities. The cyclone vaults do not obstruct the retrieval 
lines to the bins and should be left in place. 

All of the welds within the bins and piping are continuous. The bottoms of the vessels are bowl-shaped 
with the exception of the First CSSF, which is flat. All of the bins have smooth walls and possess expansion 
joints on the fill lines between the bins and the distriiutors. 

The transport system between the New Waste Calcining Facility (NWCF) and CSSFs 5 through 7 has 
blinded tees in areas where the pipes bend. These blinded tees allow calcine to be deposited at comers. As a 
result, the calcine trapped at the piping bends is constantly receiving the erosive forces fiom incoming calcine, 
rather than the pipe itself. By doing so, the piping does not wear as quickly. The system is also designed to trap 
calcine in other locations to prevent erosive conditions (i.e. distriiutor traps). 

In general, the vaults are placed directly over bedrock and are approximately 50% buried. The vaults are 
designed to be watertight and the retrieval lines are the only way to get into the bins. All of the piping entering 
the bins penetrates the vault near the top of the bins. A firewater line was broken outside of the First CSSF and 
water leaked into the vault. This is the only known incident where water has accumulated on a vault floor. 
Natural evaporation removed the water. There is no procedure for removing water fiom the vaults at the present 
time. 

The design pressures for the storage bins vary between -6.5 and 8.5 psi. Mike and Maria have summary 
sheets of the design pressures. The bins are designed to withstand hydrostatic pressures. The vaults are 
operating under at atmospheric pressure and currently breathe to the atmosphere. They can breathe through 
HEPA filters in the event that contamination is detected. A new W A C  system will be installed on each set of 
bins as part of the calcine retrieval project. The First, Second, and Third CSSFs are connected to the 
Atmospheric Protection System (APS), while the Fourth and Fifth CSSFs vent to the atmosphere. The Sixth 
CSSF alternates between venting to the APS and to the NWCF. 
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The First CSSF is structurally unsound according to seismic criteria. Tom Borschell’s project was 
looking at retrieving calcine from the First CSSF and placing it in the Sixth CSSF. Denis McGee is a good 
contact for information on thermal, structural, and seismic studies that have been performed on the CSSFs. 

The First CSSF does not have a lot of extra room on the top of the bins for access lines. h order to grout 
the bins with fewer access lines, a self-leveling grout would most likely be necessary. 

The transport filling lines between WCF and the storage facilities have been capped at the WCF. The 
transport filling lines are sloped toward the calciner. Transport filling lines for the newer CSSFs (four through 
seven) are double contained and slope back to We.  

SlllTonnding soils 

CSSFs one, two, and three are surrounded by soils (berms) that were contaminated by calcine spills. The 
calcine stored in the first three storage facilities was produced by the Waste Calcine Facility (WCF). Soils 
surrounding bins four through seven are comparable to soils around the rest of the ICPP facility (relatively 
clean). 

The berms surrounding the First CSSF are very restrictive with respect to load limitations. Berms and 
soil surrounding CSSFs two through seven can handle heavy equipment; however, vehicles can not be driven up 
the berms. CSSFs two and three do have steam, air, water and transport lines buried in the berms. Denis McGee 
is a good contact for information on the load limitations. 

Miscellaneous Issues 

The cyclones in the Second and Fourth CSSFs are full of calcine, while the cyclones in the First and 
Third CSSFs are not full of calcine. The cyclone for the Fifth CSSF is probably full of calcine, while the Sixth 
CSSF is currently being filled. The First and Third CSSF bins have not been completely filled with calcine. 
CSSF bins two, three, and four may be full, but it is has not been verified. 

Dolomite is composed of 50% calcium carbonate and 50% magnesium carbonate. It is clean until it 
enters the bin; at this time it becomes contaminated. Less than 5% of the volume for each bin is dolomite. This 
material was used as a starting fluidized bed (seedbed) in the calcining facilities. Dolomite doesn’t bum, is 
inexpensive, and is mixed with the calcine throughout each of the bins. 

Due to the amount of thermal lines withjn the bins, a large amount of grout will be needed to encapsulate 
or stabilize contamination. Diane Croson’s group should be a good contact to learn about grout being made out 
of calcine. 

Process piping removed from the vaults and bins can be sent to a debris treatment facility for disposal. 
Double contained piping is recommended according to best management practices during residual calcine 
removal. The vault acts as the secondary containment for piping within the vault structure. 
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Overall Opinions 

The experts state that it is better for personnel and the environment to leave the calcine in its present 
location. The bins are well designed and have double containment for the waste. 

Mike and Maria commented that it is best to add grout after the calcine is removed. No other actions 
should be taken (decontamination). However, if RCRA Clean Closure is the optimum option, wet 
decontamination is thought to be the best methodology. Air jets will remove a lot of contamination, but not all of 
it. 

Bruce Staples has Written a report on the results from the calcine removed from the Second CSSF. None 
of the other bins have been sampled. At this time, there is no idormation on volatile organic compounds 
(VOCs). However, the CSSFs experts indicate that there is no reason to expect the presence of any VOCs. 

According to the experts, total removal is not worth the cost, time, or exposure to personnel. The storage 
facilities are not designed to be taken apart. RCRA Risk-Based Closure, according to Jim Law, could probably 
be achieved once the waste is retrieved and the bins are shut. 

Problems may arise in the future if retrieval regulations change. They may require lower levels of 
decontamination and retrieval residuals in the bins and piping. Regulations on grouting are not likely to change. 

The experts agree that RCRA Clean Closure by total removal is not a reasonable option since: (1) there 
would be excessive secondary waste generation, (2) a pilot plant for processing the waste is not worth the cost, 
and (3) personnel exposure would be higher than if the waste was left in place. 

Contacts 

Name Phone Building 

Maria Dumas 6-3290 CPP 699 

James Law 6-3091 CPP 699 

Mike Swenson 6-3576 CPP 668 

Ambika 
chalcravartty 6-5701 CPP668 

Barry O’Brien 6-3120 CPP 637 

Mail Stop 

5111 
Operations Engineer for the CSSF. 

5111 
Operations for the CSSF. 

5104 
Systems Engineer for the CSSF. 

5104 
Systems Engineer for the CSSF. 

5218 
Bany has published numbers on the capabilities of retrieval 
systems. 



Dan Giffith 

Brad Norby 

6-3760 CPP637 

6-3084 CPP 637 

Tom Borschell 6-1 112 CPP 1604 

Diane Croson 6-3402 CPP 637 

Bruce Staples 6-3449 CPP 637 

Denis McGee 6-4486 CPP 668 

Julia Tripp 6-3876 CPP 637 

Dan Staiger 6-3122 WCB 

5218 

5217 

5227 

5218 

5218 

5104 

5218 
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Dan is a good contact for questions concerning retrieval. He has 
performed mock up tests on the storage facilities 

Brad has done a study on the effects of acid on 400 series 
stainless steel. 

Tom’s project is looking at retrieving calcine from the First 
CSSF and placing it in the Sixth CSSF. 

Diane’s group should be a good contact to learn about grout 
being made out of calcine. 

Bruce has written a report on the results fiom the calcine 
removed from the Second CSSF. 

Denis is a good contact for information on seismic, structural, or 
thermal calculations that have been performed on the storage 
facilities. 

Julia could help define how clean the bins must be before 
closure is complete. 

Dan has information on radiological levels for the storage 
facilities. 
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SUMMARY 

BIN SET CLOSURE STUDY 
Decontamination Scheme Using CO, - 

Carbon dioxide blasting works by introducing dry ice particles (shavings or pellets) into a high velocity strean 
(typically air). The dry ice particles are made by taking liquid C02 and expanding it to atmospheric pressure 
This makes a C02 snow, which can then be compressed into a pellet of any predetermined shape and density. 
The cleaning capabilities of C02 blasting primarily result fiom the momentum m s f e r  between the dry icc 
particles and the contamination particulate when the dry ice particles impact fhe surface to be decontaminate( 
and sublime (change fiom a solid directly to a gas, skipping the liquid phase). Secondary cleaning results fion: 
the thermal-mechanical shock resulting fiom the significantly cooler C@ impacting the surface to bt 
decontaminated, which is at ambient temperature, and reverse Gracturing. Reverse fracturing is the process bj 
which the solid C02 molecules penetrate through the Contamination, sublime, thus becoming gaseous a n c  
expanding, and push the contamination away fiom the surface to be decontaminated. This process loosens the 
contamination and entrains the particles in the gaseous C02. In this way, the contaminants can be removed anc 
disposed of without generating any secondary waste. In addition, C@ is one and a half times heavier than air, 
which will help minimize the level of airborne contamination during the decontamination process. 

Carbon dioxide blasting has been shown to be one of the most effective means of cleaning radioactive wasteY 
In addition, carbon dioxide blasting does not create secondary waste, removes smearable and most fured 
contaminants, is nondestructive, can be operated remotely, is readily available and inexpensive, and is safe undei 
normal operating conditions. 

Approximately 60 to 72 pounds of C 9  per hour will be consumed during the decontamination cleaning process. 

Several nozzles are available for carbon dioxide blasting. Various nozzles are discussed in more detail in 
Appendix B. 

Both one and two hose systems are available for surface blasting using C%. The two hose system is more 
efficient, as it reduces the degree to which the C@ melts before it reaches the nozzle. 

(Continued on next page) 



2 

Summary (Continued), 

As per conversations with Russ Lawler, Alpheus Cleaning Technologies Corp. representative (800-445-613 1 ext 
254): 

1. Dry ice shavings (shaved fiom C02 blocks) are recommended for bin decontamination. 
2: A 200 c h ,  50 hp air compressor is recommended for bin decontamination. 
3. A 1 inch hose is necessary to connect the air compressor to the C02 blasting machine. 
4. An air dryerheparator must be installed between the air supply and the Cq;! blasting machine to prevenl 

complications resulting fiom water collecting inside the machine. 
5.  The Alpheus model SDI C02 blasting machine is recommended for bin decontamination. This model i: 

completely pneumatic and has a 120-pound C02 block or pellet capacity. 
6. Two % inch hoses connect the SDI pellet blasting machine to the nozzle. 
7. Up to 100 feet of % inch hose can be used without affecting the decontamination cleaning ability. 
8. Nodeend generates 25 psi back thrust, or 200 psi pressure. The nozzle pressures can be eliminated with a 

commercially available nozzle attachment. 
9. Nozzle must be 3-8 inches away fiom the d a c e  for effective decontamination. 

Appendix A 
Reference papers pertaining to C@ blasting studies. 

Appendix B 
Vendor information 

References: 
1. “Decontamination Technology Investigation Report” , Joe Manhardt, April 1994. 
2. “ C Q  Pellet Blasting Literature search and Decontamination Scoping Tests Report“ , 
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3. “EG&G Rocky Flats Plant Waste Minimization program Carbon Dioxide Cleaning Pilot Project”, L 
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5. “ Evaluation of Pelletized Carbon Dioxide As a Fluidized Abrasive Agent For Removal of 
Radioactive Contamination” , RJ. Dabolt. 
6. “ C Q  Pellet Blasting Studies”, ICE. Archibald, January 1997, NLEXT-97-00117 
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- .-ollcwinS cmstruc:ion of :he cmtainment s~:uc:?I:s~, two testins periods were es;a+~is5a:: cr;e 

13 be evaiuated Sased cn the following cri:erk: peilet densi~,  carjon dioxide usace. eCui;:n~n; 
perimiiance. cemn:amintrion efieaiveness. peiiet procuc!ion czpaery. and ecuipment 
reiiabiiity. 

for 3C c.tys, :he SBCOnQ for 4s Cays. c =zCC:: prioa cmslslecf cf a C3ntraC:or brinGing in a za.c-ine 

The first equipment system iesied was an Alphegs Model 250 supplied by Environmental 
Alternatives, inc. (SAl). The test period for this system lasted approximately 35 days. The 
sewnd eauignent sysiem evsluated wzs a Cold Jet Model RCS 1 OOCJ provided Sy Environmentzi 
Control Division, Inc. (EC3). The evaluation pericrd for this system lasted apprcxintieiy 29 
cays. The test period was reduced from the anticipated 45-day time frame when it was learned 
that extensive containment structure modifications would be required in order to soive 
problems experienced with the equipment. 

Although differing in design, each system uses essentially the sane Sasic method to dean 
material. The method is to create a carbon dioxide 'snow" from Iquid carbon dioxide. This 
snow is ihen pushed through a die wmpressing Lie snow and creating hard pellets of carbcn 
dioxide. 

In the Alpheus system, these pellets are inseRed into a high pressure (40 to 250 psi) dried air 
stream and shot at a high velocity at the material to be cleaned. The pellets, u p n  impact with 
fie material to be cleaned, penetrate through the surface coating to the substrate. When the 
pellets impac: the substrzie, they sublime into a &on dioxide gas expanding 400 tines the 
pellet's original volume. This action ac!s as a 'gas wedge" separating the surface coating from 
the substrate. After the pellets sublime, tiey beame pan of the atmosphere and there is no 
swndary waste requiring disposal. (For our purposes, semdary waste is wnsidered to be Sy- 
producd often associated with other cleaning methods, such as abrasive grit or solvents.) 

In mntfast, the Cold Jet process uses the CG2 pellets to create a themal shock effsct czusing a 
rapid change in the temperature of the material on the substrate. The material c3ntracts and 
freezes, separating the radioactive material from the substrate. 

2 -e dimensions of the containment structure are 20 feet long x 12 feet wide x IO 
feet-high. The' materials utilized for the containmerk structure are 20 gauge 
brushed stainless steel quaner-inch thick Lexan (a type of Pfexiglass) panels. The 
structure was manufactured by It& ?roducs, inc. It had a modular wnstruction 
method that allowed easy moa?fication .zs well as assembly. This feature was 
especially us&~l during the assembly of the svucure when it was determined thzt 
it w s  too large for the availabie spacc. We had to shonen the width from 16 feet so 
that forklifts would have dearance on one side. We also had them attach brzckets for 
two (2) roughing filters for the air rnavers with H S A  filters. We also had them 
attac!! a iSW of tfiree (3) intake fiken on L?o roof and one (I) intzke filter 03 a 
wall. 

. -. 
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EQUIPMENT OPERATION 

30th rnacfiines us8 a pelletizer to manufacwe pelle!s, an air compressor. tn air dryer, t n z  2 
licuid carjon dioxide stcrage tank. One difference in equipment operation is the Cald Jet 
cmjines the pelle?s with the dried air in another piece of equipment called a hopper and 
celivers the peilets IO the nozzle of the gun by means of a single hose. The Al?heus uses a 
patented two-hose aeiivery system where the dried. high pressure air and the peiles are 

the pelletizer to the sun. 
delivered to the gun in separate hoses. This is done to try to maintain pellet ske ant s~we ; r ~ n  

One advantage of the Cold Jet one-hose system is that it is more mobite than the Alpheus system. 
(Alphetls does market other equipment with a similar mobiiity.) A disadvimage in the one-hcse 
system design was discovered when a rock entered the system and lodged in the nortie of the gun. 
This caused all of the pellets to sublime before exiting the noule. Had the Cold Jet had a dosed 
system, this would not have been a problem3. 

The two systems used slightly different ways of producing pellers, but the end result was 
dramaticaily different. The Alpheus system utiked a m e d m i i  roiler that antinuously 
pushes the carbon dioxide snow through a die. As the product exits the die, the material is cut 
into uniform lengths and density. In cintrast, the Cold Jet utilizes a hydraulic ram t h t  packs 
snow against the die and then pushes the snow through the die. As the product exits the die, %e 
material breaks off as a result of its own weight, producing pellets of uneven length and 
ansistencj. 

Another observation learned during the test period was that neither machine is totaiiy efficient 
in its use of pellets. When the trigger of the Alpheus system is not operating, the pelletizer 
discharges its pellets to the ground. On the other hand, since the Cold Jet pellets are made at a 
slower rate than the nozzle d-arges them, the operation of this system requires a suppiy of 
pellets to be on-hand before deaning operations are initiated. This also requires that when the 
cleaning procedure starts, pellets have to be manually moved from insulated wntainers to the 
hopper, as well as directly from the pelletizer to the hopper. In addition, once deaning 
operations were started, the equipment contractor recommends not allowing the trigger of the 
nonfe to be shut off until all the pellets in the hopper are used. Consequently, pellets are 
Wasted using this system, as well as when deaning opedons cease. Although ea& system has  
some pellet waste assodated with it, this =st is not ansidered significant. 

. -  - - .  Another. wnsideration is that k a m e  the Cold Jet uses a hydraulic system, there is a possibility 
the seals a u l d  leak and antaminate the pellets with hydraulic fluid. This possibility is unique 
to the Cold Jet design, but neither RF?.nor..the vendor that opemed theequipment (ECD) has 
ever experienced this problem. 

3 It is thought that a shovel used to load pellets into the hopper mug h a e  been dirty, 
thus allowing debris to beame mixed with the pellets. 
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TEST PROCEDURE AND DATA 

An operational gcal of the test program was io acbieve ihe most efficient operation 2s gcssijie 1 
that is. to get 2s muCn mtefial cleaned and prepared for disposal in the sfionest :he. To me31 
:he free-release criteria. the naterial nesaec! to mea? the following s;Znearcs ts eszjiished by 
RF? Sealth ana Safety Practices manual, Secrion ;a.iO: 

Alpha 

Beta and Gamma 

Remava b ie Fixed P l u s  Removable 

20 apm/l00 cm2 500 dpm/100 cm2 

1.000 dpm/100 cm2 5.000 dpm/l00 cm2 

All material cleaned in this program met or exceeded these residual radioactivity reduction 
criteria. 

Another goal of the project was to better define the cleaning operation, that is, to define wnat 
produdon rates a u l d  be achieved given their operating wnditions, and to determine how the 
operation wuld be made more efficient and eanomicat 

ECONOMIC ANALYSIS 

The primary avenue for disposing of low-lwei w a t e  material at RF? today is to ship it Sy 
truck to the Nevada Test Site (NTS). Any alternative diqosal method wnsidered has to be 
measured against this practice. The a s t  of preparing and shipping a standard 5,000 pounds oi 
waste to Nevada is caiculated to be $16,8514. 

It is estimated that the cost of operating the Alpheus system is a 7  per hours. If the system 
were capable of deaning 100 pounds of material per hour, the cast of cleaning the standard 
5,000 pounds would be S14,850; a savings of $2,001 relative to tbe S16,851 ust of shipping 
5,000 p u n &  to Nevada In cmparison, if the cleaning rate were 50 pounds per hour, the msi 
of deaning 5,000 pounds of material would be $23,700, or a cost increase of S12,849 
relative to the standard cost. Using this same calculation process, it was determined that the 
deaning rate necessary to break even would be approximately 90 pounds per houe. 

- 
. -  With this benchmark reference established, a primvy objective of the study w2s to determine 

if the carbon dioxide cleaning systeh was econonicai. To get the data required to make such an 

4 See Appendix 1, Page 8, for -si breakdown. 

5 See Appendix 1, Page 9, for exact mst breakdown. 

6 See Appendix 1, Page 10. for wmparison of van'ous rates. 
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assessmect. a d2ta Shes! assigning a antrol nurnjer to each item 10 be clea;l& was esrajiisnee, 
Information, sum as estimated weight for eaca item, itme spent cieaninG the item, dimer,sions, 
and final :adiological anditions were remrced. 

RF? solid waste ocerations personnel were utiiited to record necessary information to WmgJete 
each dais sheet. An aquipment operations log was also maintained to ifad< equipment downtine. 
carbon dioxiae usage. cieaning time, and material items ciemed refertnceu Sy mnirol nuriber. 

Sach contractor was :equired :o have personnel Onsite for 15 working days to run their 
equipment and clean material. During this period, 8FP personnel were trained on how to 
operate the equipment. The equipment manager would stay for the duration of the testing period 
to run !he equipment and provide any assisiance to newly trained RF? personnel afttr tt7e 15 
day period. 

TESTING PROBLEMS 

Neither machine performed fiawfessfy. In the third week of operation, the Alpheus developed 
problems in the pellet production process. After extended periods of operation, the pellet- 
maicing equipment would freeze p r e v e n y  fdrther production of peilets untii the equipment 
thawed and dried out Tine problem was  later determined io be caused by a screw loose during 
transportion of the machine to RF?. E41 decided after two attempts to mrrect the problem in the 
field. It would be more prudent to replace the machine to minimize the amount of downtime. To 
regain lost time, the test period was extended one week. Other small problems occurred, suc!! as 
the diesel compressor battery failing to hold a charge, resulting in smali periods of downtime. 
There were no problems with Ute norrfe-gun or !he operations inside the containment 
structure. 

With the Cold Jet, more serious proS1.ems were experienced that proved to be too difficult to 
resolve in the test period. The difficulty was that ae equipment created hazardous working 
cmditions for personnel in the mntainment structure, namely carbon dioxide levels were tee) 
high and oxygen levels were too low. With the ventilation rate at 2000 ab ic  feet per minute 
(cfm) in the wntainment room, it was possible to keep !he carbon dioxide lev& within the 
threshold limit value (TLV) of 5,000 pans per million (ppm) for an eight-hour period while 
operating the Alpheus equipment. However, wnile operating !he Cold Jet equipment, carbon 
dioxide levels increased significantly and were measured at 25,000 ppm, one minute after 
beginning operations. Oxygen levels during this same period ranged from 18.8% to 19.4% 
within a three minute period. The Occupational Ssfety and Health Administration (OS&) 
required range for oxygen is 195% to 22.0%. 

Another.problem experienced was moisture. The Cold Jet machine lowered the temperature of 
the object being cleaned so much that ice fonned during deaning. The ice eventually melted, but 
the cleaning process caused moisture to build up in the room as the water evaporated. The 
roughing filters used to capture larger particles as air exited !he wntainnent room becane 
dogged with moisture, lowering the efficiency of the air movers and taking longer for !he ai: in 
the  room to change over. Furher, this caused the dew point to drop, fordng more water to 
andense ,  dogging !he fiiters even more. This cycle aggravated the carken dioxide and oxygen 
problems discussed earlier. 

.- . --. -.-- - -- __.._ -.. . 
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.. 
The only way to Sreak :his cycle would be ?O add more air movers and a de-mis;er fiIt:giian 
sysitn. This wouirt have required r$-tnc:neering 8r.c modification of t3e C3niain;T12Ci 
structure. Given the SZOR tine frame to work with. this was not possible. The test was 
canceled. 

TEST ANALYSIS AND TRENDS 

The cleaning rate for the entire period the Alpheus machine was being evaluated zveraged 
52.3 lbs/hr. This fate included a three week training period for SF? personnel. Onc~ fhp 
personnel became proficient in operating the equipment, the rate jumped to 72 pounds per 
hour. During five of the last 14 days of the evaluation period, a cleaning rate of more t k n  
90 Ibslhr was achieved’. 

A regression analysis performed on the data shows that the average had not yet reached its 
highesT points. With more time, the overall average would have increased. 

Another trend discovered is that although the material items being cleaned have simiiar sizes 
and shapes. the amount of material that can be deaned in a given time period increases. 
Experience in cleaning the material seems to be a more imporant factor than does the surface 
area when it cmes to inceasing the cleaning rate. 

The value of experience is easiiy explained by an example. During one four day cleaning period, 
workmen ac!!ieved a deaning rate of SO pounds per hour for the first two days while cleaning 
angie and channel iron. The rate dimbed to above 90 pounds per hour during the second two- 
day period as their experience level increased. Not only do the personnel know the best c!eaning 
methods after cleaning similar items, but they also get familiar with the contamination levels sa 
they know what rate to move the gun over the surface of the rnaleriai, 

One area that we did not measure was the difference in cleaning heaviiy wntammated items 
versus lightty contaminated items. That was going to be tested during test of the Cotd Jet 
equipment, but since the testing period was mnaiied, this was no! possible. 

DISCUSSION AND RECOMMENDATIONS 

As recently as three years ago, it was a ammon practice to dean material as was used in this 
project using solvents and other hazardous cclemicats, such as Methylene Chloride. However, 
since the passage of the Resource Conservation and-eecwery Act (RCilA), this option is no 
longer available, and offsite disposal has  beume the acceptable practice. However, even this 
pradice h a s  its. wnsequences, and viable alternatives are sorely needed. . 

7 See Appenclx 2. Page 11, for de!aiIed information. 

8 See Appendix 2, Page 12 

9 Contarninaion is measured by a RPT using standard survey techniques. 
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This grojec: sl'lould demorsi:a?e :h>t carjon dioxide cleaning is an alternative cietning s y s ; ~ ~  
tnat merits further consiceraion. AS ~s Seen seen. :his process is cgable of rezoving iow- 
level mntamination from material in a produc:ion sa?ting. Once the material is demntazinate2, 
ano:l'ler option is now avaiiable - recycfing. 1 nls material would hzve otherwise been sent to 
NTS as low-level WaSie since cleaning with a solvent is not permitied. and the labor intensive 
method using scrub broshes is prohibitively expensive. The process of using carbon dioxide has 
the advantage of leaving no secondary waste requiring disposal. The ndioactive particles ihst 
are 9Ias;ed off of ihe material are filtered out of the air using a HE?A filter. 

-. . 

This pilot test program has shown that the break even cleaning rate of 90 pounds per hour hzs 
Seen achieved and surpassed therejy providing evidence that an ewnomical alternative to 
shipping material ofisite does exist. 

The technology of car ixn dioxide cleaning is new. Given technological improvements. increased 
personnel experience, and expanded faciiities, it is logical to anciude that improved cleaning 
rates will be achieved making this process an even more etxnornically viable alternative to 
offsite disposal. 

In November 1592,406 pieces of metal cleaned using the carbon dioxide process and subjected 
to stringent inspection requirements were approved for unqnditionai release. This action 
provides strong evidence of the viabiiity and value of this cleaning technology. Without this 
project, this material would have been crated and shipped away for underground disposal at a 
cost of approximately $77,000 per 5,000 pounds. 

In light of the political sansitivity of sites such as NTS, a system such as the carbon dioxide 
cleaning process, should Se given serious ansideration as a solution to soiving low-level m i 2  
issues at all DOE sites. 

7 



APPENDIX 1 

C3MPARISON OF SHIPPING VS. COz CLEANING 

Within 800 area. an average of 5 times s 85.00 
From within 800 area to outside of 800 area. 62.00 

Labor 
Non-Labor 
Real-Time Radiography 
Cenrfy Waste and Lcad Traveler 

Cost per Truckload (S2.150.00) 
Crates per Truckload (9) 
Cost for One Crate 
NTS DisposaI ($1 O.OO/fJ) 

Sub to tal S 147.08 

Sub tu tal S15,345.08 

$1 4,553.00 
464.00 
134.00 
193.00 

239.00 
1,120.00 

Subtotal $1 6,851 .OO 

This assumes fhe CU2 rate of cleaning is 130 IWhrs 

s as .so  
62.90 

s 147.00 

S1 i ,286.00 
.oo 
.oo 
.99 

S11,286.00 

.oo 

.oo 

$1 1,433.00 

a 



APPENDIX 1 (cotit.) 

. COST ANALYSIS FOR RUNNING C02 BLASTER WITH IN-HOUSE EQUIPMENT 
(UPDATED AUGUST 10, 1,092) 

BLASTER USAGE COST 

Cos: for in-house Kilowatt Hour 
Kilowatt usage of C02 Blaster 
Cost due to electricity usage (per hour) 

Average cast of liquid C02 (per pund) 
Average amount of C02 used (lbslhr) 
Cost due to C02 (per hour) 

Subtotal 

COMPRESSOR USAGE COST FOR 250 psi UNK 

Safety factor of estimating 

Average amount of diesel fuel used (gaVhr) 
Average cost of diesel fuel used (per gal) 

Cost due to compressor fuel usage (per hr) 

Subtotal 

LABOR COST 

Foreman 
RPT merage time 

- Cost due to labor per hour - - 

Number of people to dean material 

Average pay per person &r hour) 

Subtotal 

Totai Cost per Hour 

S 
1 7  

s 
250  

s 

14 
s 

1 .s 

s 

s 

s 
S 

2 
1 

.oc 

.6a  

.Oi 

17.50 

18.18 
e 

1.11 

23.31 

23.3 1 

.25 
7 8 . 5 0 .  

255.1 2 

255.12 

2 9 6 . 7 0  
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APPENDIX 1 (cont.) 

Rate of 
Cleaning 
( I  b s / h  r )  

Amount to be 
Cleaned 
(Ibs) 

Total Cost 

CI ea n in g 
Hours  o f  

Required 

1 0  
2 0  
3 0  
40 
5 0  
6 0  
7 0  
8 0  
90 

100  
1 1 0  
120  
130  

5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5 ,000  
5,000 
5,000 
5,000 
5,000 
5.000 

5 0 0  
250  
1 6 7  
1 2 3  
100  

8 3  
7 1  
6 3  
5 6  
5 0  
4 5  
4 2  

. 3  8 

Initial capitalest for CU2 Blaster and support equipment. 

8 1 0 7 , 0 0 0 
8 1 , 0 0 0 
46,000 CO2 storage tank 
21,000 Air Dryer 

Alpheus Model 250 with gun and hose 
Compressor 

148,500 
74.250 
49,599 
37,125 
29,700 
24,631 
21 ,087 
18,711 
7 6,632 
14,850 
13,365 
12,474 
11,286 

S 2 5 5 , 0 0 0  fotai Cost 

1 0  



A?PENDIX 2 
PRODUCTION OF MATERIAL' ANALYSIS FOR ALPHEUS C32 BLASTE.? 

Minutes Spent Weight of Material Production 

Date Cleaning Cleaned ( ibs)  ( 1  b s / h  r )  

4 / 2 2  
4/23 
4 / 2 4  
4 / 2 7  

4 / 2 9  
4 / 3 0  
511 
5 1 4  
515 
5 1 6  
317 
5 1 8  
511 1 
511 4 
Summation of 4/22 to 5/19 
512 I) 
512 1 
5 / 2 1  
512 6 
5 / 2 7  
512 8 
5 / 2 9  
611 
612 
613 
614 
615 
6 1 8  
619 
611 0 
611 1 

4 / 2 8  

Summation of ail 
Summation of second haif 

Average excluding first three 
weeks and 5/21: 

Average daily production rate with 
the first two weeks as one day: 

0 
4 0  
40 
60 

165 
7 0  

1 8 0  
1 7 5  
1 2 0  
160 

5 5  
125 

9 0  
9 0  

1 6 0  
1,530 

0 
120  
1 8 0  
130 
3 4 0  
1 9 0  
350 

0 
320 
3 7 0  
375  
115 
1 2 0  
375  
2 8 0  

9 0  

4,885 
3,355 

* .  

3,235 

0 
0 

35 
0 
0 

15  
? 
? 
? 
? 
? 
? 
? 
? 

321.9 
0 

5s.5 
224.8 
274.5 
5 7 0  

9 4  
4 2 0  

0 
2 4 0  
4 2 0  
360 

8 0  
3 8  

577 
4 1  4 
170.5 

68.4 . 

- -  

4,261.2 
3,939.3 

3,882.8 

25.65 
12.62 

0.00 
28.25 
74.93 

126.69 
100.59 

29.68 
72.00 

0.00 
45.00 
68.1 1 
57.60 
41.74 

- 19.00 
92.32 

11 3.67 
88.71 

52.34 
70.45 

72.0 1 

61 2 3  
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-20 

100 

20 

Pounds Der  Hour 

6i4 
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APPENDIX 3 
CONTROL NUM9ER R’ t C 3 R D  

C o n t r o l  

e ight  

sheet 
sheet 
sheet 
sheet 
pallet 
support 
total 
pallet 
pallet 
support 
suppon 
sheet 
with round 
hole of 
10.5 d i m  
total 

20 
23.38 
2 3  
20 
30  

4 

30 
24 

3 
3 

12 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10-66 

67 
68 
69 

48 
C 8  
4 8  
C 8  
48 
40 

40 
24 
24 
2 4  
12 

0.125 

2.125 
0.1 25 
0.1 25 
1.5 

0.1 25 
0.125 
2 
2 
0.125 

C.t 25 30 
35 
33  
33 

4!22 :a SI19 30 
4/22 !O 5/19 3 5  
4/22 to si13 3 3  
422 to 5/13 3 0  

120 
1 4 . 2 5  
: 20 
120 
150 
47.5 

197.5 
150 
72 
24 
24 
1 8  

35 35 

1 9  1 9  

4/22 10 5/13 
4/22 to 5119 
4/22 to 5/19 
4122 to 5/19 
4/22 to 5/19 

62.5 62.5 

6 6 
8 6 

10.8238 
7.1 7623 68.4 f -2 4\22 10 5/19 

512 1 3 0  30 20 48 0.1 25 120 sheet 
channel 42 5 2 52.5 - - * - - angie .- . --- 6 - -  -3 -- -- 0.125-.--- 2.25- L.. . ..& . -  
total 

with round 
hole of 
10.5 d i m  
total 

214-221 sheet 1 6  
with round 
hole of 
12 diam 
total 

* ’with round - 
hole of 
12 d i m  
total 

70-213 sheet  12 

. -  . 222-254 . . .I. -.. sheet 16 
- .  

255 sheet 20 
256 sheet 20 
257-275 sheet 20 
276 sheet 20 
277 sheet 20 
281 ductwork 8 

flange 27 
282 ductwork 8 

12 0.1 25 
54.75 512 1 
18 26.5 26.5 

10.8238 
7.17623 5/22 

32 
1.2 ! 72.3 

16 0.1 25 

14.1372 
17.8628 5/22 - 32 . - - .  - 6.5 52 0.1 25 . . -  

16 . -  - -  

14.1372 
17.8628 5/26 

120 512 S 
120 5/26 
120 5 /27  
‘I 20 512 8 
120 5/28 

6.5 2: c.5 
30 30 
3 0  30  
30 57 0 
30 30 
30 30 

4 8.- 0.1 25 
4 8. 0.1 25 

4 8  0.1 25 
4 8. 0.125 
28 0.1 25 
14  0.1 25 
28 0.1 25 

4 8. 0.1 25 

5/28 1 7  17 
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Length 

C o n t r o l  W i d t h  H e i g h t  Volume W e i g h t  T o t a l  
Number  T y p e  ( inches) (Inches) {Inches) T h e  Period ( p o u n d s )  W e i g h t  

flange 

283-293 sneet 
294 sneet 
2a5 sheet 
296 sheet 
207-300 sheet 
30 1-304 sheet 
305-318 s h e e t  
31 9-330 sneet 
333 sheet 
334 sheet 

330a angie 
331 a channel 
332a angle 
334a channel 
33% channel 
335b channel 
336 cnannel 
337 angle 

253-238 Sneet 

335 K I g i e  

338 angie 

27 14 
20 48 
20 4 %  
20 48 
20 C 8  
23 48 
29 
2.0 
20 48 
20 48 

20 48 
48 3 
3 3 
5 2 
3 3 
5 2 
6 2 
3 2 
3 2 
3 3 
3 3 

20 48 

3 40 
341 
3L2 
343 
344 
345 
346 
347 

g.125 
3.1 25 i 20 
0.1 25 120 
0.i25 120 
0.: 25 123 
0.1 25 : 20 
0.1 25 120 
0.1 25 120 
0.1 25 120 
0.125 120 
0.1 25 120 
0.1 25 120 
2 y  
40.5 ' 
32.5 - 
33 J 

48 v- 
45. 

44 1 
L3.5' 

42- /' 

33 

349 

350 

351 

c!mnei 
channel 
=9b 
ckannei 
channel 
channel 
channel 
=gh 

square 
total 
Qannel 
=9b 
total 
channel 
=gie 
total 
angle 

square 
total 
cirannel 

. .  

4 .66 2 
5 -7T 2 
5 . 7 4  2 
6 033 2 
5 .75  2 
5 . 7 r  2 
5 - 7 5  2 
3 .79 3 
3 - 7 r  3 
3 . 7 J  3 

5 *7r 2 
2 2 

5 1 7 5 2  
2 . 7 5  2 

3 ' 7 5  3 
3 .75 3 
6 

4 .CG 2 

6 

12.75 
30.375 
36.5ii25 
24.75 
50.625 
60 
33 
38.0625 
24.75 
31 .5 

5/28 
S f 2 9  
5/29, 6 i2 -  
5 /29  
5/29. 6i2. 6i3 
5/29. 6i2 
612 
612 
613 
614 
6 1 5  
615 
615 
618  
6 1 8  
6 1 9  
6 1 9  
619 
619  
619 
6 1  9 
619  

31.5 619--. 
31.5 
37.1 2s 
28.875 
75 
6 1.875 
52.875 
31.5 
11.625 
11.625 

7.5 
39 
12.375 
6.5 
18.875 
12.375 

6.5 
18.875 
9 
1.5 
7.5 

a .25 

18 
48 

619  
619 
6 1 9  
619 
6 1  9 
619 
6 1 9  

619 
-- . .. 

619 

61 9 

619 
619 

17 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
20 
17 
21 
13 
25 
44.5 
15.5 
15.5 
7 3.5 
17 

- 1 s- 
19 
18.5 
13.5 
54 
32.5 
28 
20.5 

21 

1 1  

1 1  .s 

10 
28 .5 

; 7  
180 
i 5 0  
3 3  
35 
30 
i 23 
i 23 
c20 
360 
33 
30 
23 
17 
21 
13 
25 
A4.5 
15.5 
15.5 
13.5 
17 
15' 
1 9  
i8.5 
13.5 

32.5 
28 
20.5 

S4\ 

21 

1 1  

11.5 

10 
28.5 

1 4  



Lsngt h 

Control W i d t h  Heignt V o l u m e  W e i g h t  T o t a l  
Number T y p e  (Incnes) (Inches) (inches) Tlmo Period (pounds) W e i g h t  

3 52 
3 53 
3 54 

3 55 
356 
3 57 

359 
3 60 
361 
362 
3 63 
3 64 

3 sa 

3 65 
366 
3 67 
368 - 
3 69 
3 70 
371 
3 72 
3 73 
3 74 
375 
376 
377 
3 78 
3 79 

*--- 

380 
381 

384 

* 382 
383 

385 
386 
387 
388 
389 
390 
391 
3 92 
3 93 

channel 4 .G6 2 
cnannei 4 .CG 2 

caannel 3 .e 2 
caannel 3 .H - 7 
total 

an919 3 , 7 5  3 

angle 3 3 4  3 
angle 3 3 4  3 
angle 3 .-r 3 

angle 3 .7< 3 
angle 3 . 3 /  3 
angie ' 3 ,?.c 3 

angle 3 . 7 5  3 

channel 6 ,a3 2 

channel 6 ~ ' 3 ~  2 

sheet 10 .w 

angle 3 3 
angle 3 3 

3 3 
an9k 3 3 
=9k 3 3 
angle 3 3 
angle 3 3 
mgie 3 3 
angle 3 3 
angle 3 3 
angle 3 3 
angle 3 3 
angle 3 3 
angle 3 3 
.an94 3 3 
angle 3 .  3 
mgk 3 . 3  
angle 3 3 
angle 3 3 

3 3 
3 3 

angle 3 3 
angle 3 3 
angk 3 3 

3 3 
angle 3 3 
ductwork 10. 5 

to:al 

3-- -agb ---.-.. . 3  ---- 

43.5 3.b: 
63 3.5- 

8.5, T o  

8.5 * 

8-25.  bq7 

13 i.- d 

7.5 .GZ 

14.5 ' *  
12.5 '6'' 
7 3% 
2.5.213 
6 s.9 

47.3 3-5 
39 3 . 3 5  
30 2 f 

4 a t  3 
37.753 14 
33 2.75- 
33 2. ?T 
37.753.14 

31 . 2 * s -  . 
4 8 3 3  

28 Z . i f  

36 3 . 0  
38.5 3 . 2  
36 3.0 
38.25 3 ,% 
39.5 3.25 
31 2.w 
36.5 3 G q  
26 2.16 
36.5 3 . W  
15 )2J 
37.25 3 0 
12.75 Ibd 

3 6.?53.06 
35.25 2.9 
34 2 . a  
50.5 4 2 0  

62.4373 
2.1 875 

64.625 
32.825 
32.25 

6.375 

6.375 
5.625 

18.125 
9.375 
5.25 

7.5 
24 
35.825 
29.25 
22.5 

36 
38 
28 -3 1 25 
24.75 
22.75 
21 
28.31 25 
27 

27 

29.625 
23.25 
27.375 
13.5 
27.375 . 
? 1.25 
27.9375 

9.5625 
23.625 
28.1 25 
27.5625 
26 -4375 
25.5 

16.25 

6.1 a75 

1 .a75 

- 23.25 - --'- 

28.875 

28.6875 

49.5782 

6 i 9  
6i9 
6i3 

619 
619 
6 1 9  
619 
61 9 
619 

619 
619 
619 
6 /10  
611 0.- 
611 0 
6/10 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
611 0 
6/10 
611 0 
611 0 
611 0 
611 0 

30.5 30.5 
.3.3 : 5.3 
15.5 : 5.5 

3.5 3.5 
12 :2  
3.5 3.5 
3 3 
3.5 3.5 
13.3 1 3.3 

.- - 

13.5 :3.5 
20 20 
16 16 
12.5 i 2.5 

20 20 
: 8.5 18.3 
15.5 ? 5.9 
13 73 
13.5 13.5 
11.5 1 1  .s 
15.5 i 5.5 
14.5 14.5 
16 16 
i 4.5 14.5 
16 16 
16.5 16.5 

. 12 12 .. 
15 15 
10 10 
15 15  
6 8 
15.5 15.5 

5 5 
13 13 
15.5 15.5 
15 15 
14.5 14.5 
14 14 

-.e-. - :2.5 - --- 12.5--. . - 

16. 16 

1 5  I 



L3Rgth 
Helg h t  Volume W e i g h t  T o t  a1 C o n t r o l  W i d t h  

N u m b e r  T y p e  ( I n c h e s )  ( i n c h e s )  ( 1  riches) Time Period ( p o u n d s )  W e i g n t  

394 
395 
396 
397 
3 98 
399 
coo 
401 
4 02 
403 
4 04 
405 
406 

duczwork 

ductwork 
ductwork 
ductwork 
ducwork 
auctworic 
ductwork 
d uctwofic 
d uctwotk 
a uctwork 
d uctwork 
ducwork 

ductwork 
13 
12 
10 
10 
8 
8 
10 
10 
12 
12 
12 
12 
12 

- 
fL 

5 50.5 : b . 5  c 69.5782 
6 53 , 3 * 5  ’’ 62.4391 
5 55 11.45 5 53.9961 

53.9961 5 
4 c 8 q  37.6991 
4 C 8 B b  37.6991 
5 56 1‘- 54.9779 
5 54.9779 
6 25 7‘ 29.4524 
6 3 5  io‘% 41.2334 

6 27 5 .  gW 31.8086 
6 32%b 37.6391 

55 \. .ut 

5 8  “ - 5  

6 34 p-, 40.0553 

61: 0 
611 0 
611 1 
611 1 
611 1 
611 1 
611 1 
611 1 
611 1 
611 1 
Efl I 
6/11 
611 1 

17.3 
23 
20 
16.5 
:4 
1 4  
i 8.5 
19 
14 
15.5 
13.5 
1 1  .s 
14 

: 7.5 
23 
20 

1 4  
: c  

19 
i4 
? 5.5 
i 3.5 
: 1.5 
14 

6.5 

8.5 

. . 
/’ 

- . .. 

1 6  



WINCO-1180 
December 1993 

.- . - . . _- ... . .. -- . . I 

K E AfihibaId 

IDAHO NATIONAL ENGINEERING LABORATORY 

Managed by the U S .  Department of Energy 

n 

Prepared for the 
US. Department of Energy 
Idaho Field Ofice 
Under DOE Contract No. DE-ACO7-84lD12435 

Westinghouse Idaho Nuclear Company. Inc. 
Idaho Falls, Idaho 83403 



DlSCLAlMER 



WlNCO-1180 

K E -bald 

December 1993 

Westinghouse Idaho 
Nuclear Company, Inc. 

PREPARED FOR ME 
DEPARTMENT OF ENERGY 

IDAHO OPERATIONS OFFICE 
UNDER C O N T M  DE-AC07-841M2435 

UC-510 



ABSTRACT 

This evaluation report is a summary of the research efforts and scoping tests using 
the CO, pellet blasting decontamination technique. The purpose of these scoping tests 
was to determine the effectiveness of this decontamination technique in a variety of 
situations. 
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CO, Pellet Blasfing e Literature Search And 
Decontamination Scoping Tests Report 

.I .O INTRODUCTION 

Past decontamination and solvent recovery activities at the Idaho Chemical 
Processing Plant (ICPP) have resulted in the accumulation of 1.5 million gallons of 
radioactively contaminated sodium-bearing liquid waste. Future decontamination activities 
at the ICPP could result in the production of 5 million gallons or more of sodium-bearhg 
waste using the current decontamination techniques of chemical/water flushes and steam 
jet cleaning. Chemical decontamination flushes have been used and studied for the last 
ten years and have provided a satisfactory level of decontamination. However, this 
method requires repetitive flushes to achieve a clean surface while generating large 
amounts of sodium-bearing secondary waste. Steam jet cleaning has also been used 
with a great deal of success but cannot be used on concrete or soft materials. With the 
curtailment of reprocessing at the ICPP, the focus of decontamination is shifting from 
maintenance for continued operation of the facilities to decommissioning. As 
decommissioning plans are developed, new decontamination methods must be used 
which result in higher decontamination factors and generate lower amounts of sodium- 
bearing secondary waste. 

Treatment of sodium-bearing waste is a particulariy difficult problem due to the high 
content of alkali metals in the sodium-bearing liquid waste. It requires a very large 
volume of cold chemical additive for calcination. This is due to the low melting points of 
the sodium and potassium salts which contribute to the agglomeration of salts in the bed 
of the calciner. In addition, the sodium content of the sodium-bearhg waste exceeds the 
limit that can be incorporated into vitrified waste without the addition of glass-forming 
compounds (priman'iy silicon) to produce an acceptable immobilized waste form. 

The primary initiatives of the WNCO Decontamination Development Program is 
the development of methods to eliminate/minimize the use of sodium-bearing 
decontamination chemicals and to minimize all liquid decontamination wastes. One 
method chosen for cold scoping studies during W-93 was CO, pellet blasting. CO, 
pellet blasting has been used extensively by commercial industries for general cleaning. 
However, using this method for decontamination of nuciear materials is a fairly new 
concept. The following report discusses the research and scoping tests completed on 
CO, pellet blasting. (Statements relating to particular products are not intended as factual 
certainties but rather reflect the opinion and belief of the author). 
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2.0 LITERATURE RESEARCH 

The CO, pellet blasting system consists of liquid CO, at 200-300 psig, which is 
transported through a hose to a pelletizer machine where rapid expansion of the liquid 
in the chamber converts the CO, to a solid state of dry ice or snow. The snow is then 
compressed into pellets which are transported through a hose at-40 psig to a blasting 
nozzle. At the nozzle, the pellets are entrained in high pressure air (40-250 psig) and 
propelled from the nozzle onto the workpiece at 75-1000 feet per second. Another 
alternative is to transport the pellets through the hose with the high pressure air. The CO, 
pellet penetrates the coating (mechanical abrasion) , "mushrooms" under the coating as 
it strikes the substrate, and then sublimes causing the coating to fail off leaving only the 
coating as waste while the CO, pellet returns to its natural state. 

CO, pellet blasting is a nondestructive decontamination method. NDC (Non- 
Destructive Cleaning ) has conducted studies and comparisons of CO, pellet blasting 
and water based decontamination systems. In their studies, they found that a laminar 
boundary layer of the water-based decontamination systems prevents the water from 
getting into the small fissures in the metal to remove contamination. Since the laminar 
boundary layer of the CO, gas  is such smaller, the gas  is able to penetrate the smaller 
fissures and remove more contamination. 

2.1 Technical Performance 

2.1.1 Operability/SimpIic-~ 

There a re  two basic CO, pellet blasting systems used in commercial and private 
industries. The two systems use the same basic equipment, but vary in the transportation 
and manufacturing of pellets. The Cold Jet System combines the pellets with dry air into 
one hose. The Alpheus System uses a two hose system, one hose for air and one for 
pellets.' The major problem with a one hose system is any kind of obstruction (such as 
an obstruction in the nozzle) causes the pellets to begin to sublime before they exit the 
nozzle. 

The manufacturing of pellets &so varies depending on the CO, pellet system being 
used. The Cold Jet utilizes a hydraulic ram that packs carbon dioxide snow against and 
then pushes the snow through a die. As the product exits the die, the material breaks 
off as a result of its own weight, producing pellets of uneven length and consistency. The 
Alpheus system utilizes a mechanical roller that continuously pushes the carbon dioxide 
snow through the die. As the product exits t h e  die, the material is cut into pellets of 
uniform length and density. 

Pellet usage and production by both systems is not totally efficient When the 
trigger of the Alpheus system is not operating, the pelletizer discharges its pellets to the 
ground. From complete shutdown to start-up, the Alpheus system takes 20 minutes to 
produce pellets. Because the Cold Jet pellets are made at a slower rate then the nozzle 
discharges them, this operation requires a supply of pellets to be on hand or a waiting 
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period must be considered before operations are initiated. 

Rocky Flats h a s  done a comparison of both the Cold Jet System and the Alpheus 
System.' They found that neither system performed flawlessly. The Alpheus System 
problems were more mechanical type problems like screws being loose or the failure of 
the diesel compressor battery. The Cold Jet System problems wefe more cleaning and 
design type problems. The Cold Jet System created hazardous working conditions for 
personnel in the contamination structure, namely the carbon dioxide levels were too high 
and the oxygen levels were too low. This indicates a large ventilation system will be 
required. Also, the Cold Jet System lowered the temperature of the object being cleaned 
so much that ice formed during cleaning. Although the ice eventually melted, the 
cleaning process caused moisture to build up in the room as the water evaporated. The 
roughing filters used to capture larger particles as they exited the contaminated room 
became clogged with moisture, lowering the efficiency ofthe air movers and taking longer 
for the air in the room to change. Therefore, Rocky Flats recommend the Alpheus 
system. 

Vermont Yankee Nuciear Power Plant decontamination personnel indicated one 
of the most puzzling problems encountered when first using the Alpheus System was the 
inconsistent decontamination rates? Irregular production and delivery of the CO, pellets 
was finally determined to be the cause. To correct the problem, the air dryer was 
adjusted to eliminate the frost build-up that was restricting the flow of pellets. 

The CO, pellet blasting system can been used either inside or outside a module, 
depending on what is being decontaminated. For decontaminating in nuclear facilities, 
modules are usually built on site, however, there are companies that build modules that 
contain CO, pellet blasting systems. One module of particular interest is constructed of 
steel which combines a CO, pellet blasting system and a liquid abrasive grit blasting ' 
system into one module. It can be switched from one to the other by a switch on the 
outside panel. The module has  a collection tray covered by a metal grating located at ' 

the bottom of the module for collection of both liquids and solids. The inside walls are 
covered with rubber liner to reduce noise and help protect the walls. AI1 items being 
decontaminated are placed on a rolling fray inside the module. After the system has 
been used for long periods of time, the wails and floor are cleaned using the CO, pellet 
blaster. 

- 

There is also a CO, pellet blasting system which is located inside a mobile 
decontamination facility. The facility is housed in a stand alone, transportable, steel 
enclosure which can range in size from 16 x 20 to 16 x 40 feet in sue. The only external 
service that the mobile facility requires is electrical power. The mobile decontamination 
facility has a decontamination room, decontamination cell room, count room, and HVAC 
equipment located inside. Most companies have opted to build their own module 
because of size restrictions and location of where they want to have the system. 

Operation ofthe CO, pellet blasting system requires a minimum oftwo people: one 
person to work with the CO, pellet blasting nozzle and one to watch gauges and control 
the equipment. This system can also be used in a glovebox for work on small parts. 
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(There have been modifications made to the Environmental Alternatives system after 
companies have encountered problems with the pressure control devices of the system. 
More gauges have been added to make the system easier to use and help prevent the 
system from being shut down due to either high or low pressures). 

2.1.2 Cleaning Rates and Decontamination Factors 

60th CO, systems have been proven to be effective in removing loose 
contamination from stainless steel, carbon steel, concrete, glass, herculite, wood, plastic, 
weld slag, electric components, paints, lead, aluminum, rubber, handtools, small parts, 
and pumps (Appendix A, Tables A-1 .O & A-2.0). CO, pellet blasting does have a problem 
cleaning fixed contamination along with epoxy coated concrete, carbon steel, rusted 
carbon steel, complex geometries, and inside pipes. 

The decontamination factors (DF) for this system range from 2 to 10 (Appendix A, 
Table A-2.0) depending on which material is being cleaned and which method is used. 
Pellet density, angle of impact, pressure changes, nozzle design, and stand-off distance 
are all factors in decontaminating material. All these,factors need to be considered when 
using the CO, pellet blasting system. 

The cleaning rate of CO, pellet blasting varies depending on the experience of the 
operators. A demonstration of CO, pellet blasting was conducted by Rocky Flats 
personnel and it was found that when the operators first used the system they could clean 
lead bricks on an average of 52.3 lbs./hr. After the system had been on site for a month, 
the rate of cleaning jumped to 72 Ibs./hr.' Other companies have been able to process 
70 to 90 lead bricks per day which equates to an average of 10,400 Ibs. per week. 

2 2  Remote Applicability 

The CO, pellet blasting system can be used both in a insitu and ex-situ 
decontamination situations. Decontamination can also be done remotely with this system. 
A nozzle mounted on a automatic computerized controlled remote arm is used. 

2.3 Waste Considerations 

The reduction of secondary waste while using CO, blasting systems has  been 
investigated and found to be highly favorable. Chem-Nuclear Systems, Inc. found that 
the only secondary waste generated during testing of this system was the disposable 
protective clothing, a vacuum cleaner filter, and the roughing filter installed in the 
ventilation duct3 A calculation was performed to estimate the amount of waste that would 
be generated to remove 3 mil thick layer of paint from a 20,000 square foot floor. The 
result was 5 cubic feet of loose paint, that could be disposed of in one 55 gallon drum. 
A comparkon of CO, pellet blasting to sandblasting was made and removal of this paint 
by sandblasting would require approximately 10 pounds of sand per square foot of area 
to be cleaned. The cleaning of 20,000 ff would require 222 drums for disposal. 
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The system is fully compatible with ICPP processes. The CO, goes to the 
atmosphere after being vented through HEPA filters. Spent HEPA filters will require 
treatment (like the filter-leach system) if they are considered mixed waste. The solid 
waste can  be collected in drums. 

2.4 Environmental, Safety and Health Considerations 

Ventilation (air changes) is the biggest concern while using this system. The 
ventilation off-gas (VOG) system must be able to handle the large amount of system off- 
gas. There have been modifications to some systems which involved removing the 
roughing'filters and inserting removable in-line filters. These filters can be removed 
periodically to determine the amount of contamination passing through the system. Tests 
have been run to determine the amount of contarnination passing through the system as 
well as the location of the contamination after .decontamination. Environmental 
Alternatives conducted a CO, pellet blasting test on a piece of material with a spot 
reading of 30 mR. After the test was complete and the filters were examined no 
contamination could be found on the filters. The conclusion was that the contamination 
was dispersed throughout the filter. 

Chem-Nuclear Systems, Inc. conducted tests on concentrations of airborne 
radioactive materials before, during, and after decontaminating materials with the CO, 
pellet blasting system (Appendix A, Table A-3.0)3.Thtee types of air samples were 
collected during testing. First, a high volume air sampler was positioned adjacent to the 
workpiece during decontamination activities. Second, a low volume air sampler was used 
to sample the air in the cell area outside of the decontamination booth. A sample was 
collected every 15 minutes from the sampler. Third, a continuous air monitor was 
positioned to collect samples at the entrance to the decontamination booth. Ail samples 
were counted for one minute. The highest concentration of airborne activity occurred 
during decontamination of the hot spots on the concrete floor, but was still less than 10% 
of the NRC limit for working without respiratory protection. The airborne concentrations 
during all other decontamination activities remained below the NRC maximum permissible 
for unrestricted release to the environment. 

The safety concerns of CO, pellet blasting have been researched. Personnel using 
this system have found that even when then the CO, pellets have hit bare or covered 
skin, there is a stinging effect but no penetration. A respirator is required but a bubble 
suit with a fresh air supply would be better. The noise level of the system varks from 
about 75 to 125 dB, depending on the operating pressure? Hearhg protection would be 
required to use the system. 

In order to operate the system at the ICPP in a full production mode, air permitting 
would be required. The question of the effect on atmosphere of releasing the CO, gas 
has been addressed by CO, Cleanblast About 90% of commercial CO, is 
produced as a by-product of other chemical processes. Gas that would have been 
discharged into the atmosphere is actually reclaimed. By reclaiming this gas and 
purifying it, and then by getting useful work from it, the commercial CO, market is not a 
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true source of CO, pollution. A GO, system operating one shift per day returns about a 
ton of CO, into the atmosphere each day. This quantity is very low considering the more 
significant sources of CO, in the US. A typical American family of three generates 34 
tons of CO, annually, from direct and indirect consumption of fossil fuels. A single 100 
KW coal-fired generator plant releases 1,850 tons of CO, daily. That is the equivalent 
of more than 1,500 CO, pellet blast systems. 

2.5 Costs 
The development costs of using CO, pellet blasting will be low due to the recent 

development of this technique throughout industry. The full scale equipment costs range 
from $250 K to $300 K. Labor costs are low due the simplicity of the system. 

3.0 SCOPING TEST 

The literature investigation clearly demonstrated that CO, pellet blasting was a 
viable akerative to the liquid based methods traditionally utilized at the INEL The existing 
literature base lacks the data needed to evaluate the facility air permitting impacts or 
cleaning results of various lead shapes, and decontamination factors achieved for the 
range of materials and levels of radioactive contamination common at the INEL and 
throughout the DOE complex This report will give the results and evaluation of the CO, 
pellet blasting demonstration that was conducted at the ICPP. 

The demonstration consisted of performing tests to validate quantified air emissions 
from the application of this technology, medidperformance standard applicability for 
debris treatment, cleaning results of various lead shapes, and decontamination factors 
achieved for the range of materials and levels of radioactive contamination common at 
tbe INEL This demonstration was a joint venture between WNCO and EG&G. The work 
was completed under a NEPA CX (Categorically Excluded) permit approval and an . 
exemption to state air permitting. 

After the literature review was complete, it was determined that the Alpheus equipment 
was more suited for the particular application at the INEL Consequently, the request for 
proposat was written around the performance achieved by the Apheus based CO, pellet 
blasting system. However, the low bidder, Environmental Control Division (ECD) out of 
Denver, Colorado uses the Cold Jet system and was awarded the contract. ECD was 
able to meet the specifications in the proposal by enhancements made to their system 
by Clean-Koa1 and Mercer Engineering Research Center suck that it can achieve the 
same performance as an Apheus based sygem. This resulted in an additional purpose 
for the verification testing, to test the claim that the modifications to the Cold Jet 
equipment do in fact result in performance equal to the Alpheus based system. 
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The specific enhancements deal with pellet consistency and integnty. Clean-Kool, Inc. 
installs a pellet making upgrade for the Cold Jet Equipment that improves the hardness 
and pellet integrity such that a consistent quality of pellets is produced throughout the 
desired range of sizes and hardness. The second enhancement is to the delivery system. 
The liquid nitrogen enhanced delivery system developed by Mercer Engineering Research 
Center lowers the temperature of the pellet air stream at the pellet hopper to eliminate 
almost all of the pellet degradation experienced by conventional systems. 

3.1 Experimental Equipment 

The cold and hot testing was perfomied in the Hot Shop of the New Waste 
Calcining Facility (NWCF). The Hot Shop is a 4O'x 55' room adjacent to the decon area 
of the NWCF with a stainless steel floor, HEPA filtered ventilation, and direct outside 
access, Figure 1 shows general layout of the CO, pellet blasting system which was 
located outside the Hot Shop. Figure 2 shows the layout of the enclosure inside the Hot 
Shop. To operate the CO, pellet blasting system, a large generator was brought on-site, 
along with liquid nitrogen, liquid carbon dioxide, and fuel supply tanks. All of the 
equipment except the nozzle and hose were located outside the Hot Shop. 

C02 PELLET SYSTEM 
Compressor 54 

I ARe-rI 
1 

cQ2 *- 

Air & Liquid 
N'bgen . c 

Outside Inside 
Hot Hot 
Shop -P 

Figure 1 - CO, Pellet Blast System 

co2 
Pellets 
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The Cofd Jet blasting system used for this demonstration is a portable unit which 
means that the pelletizer, hopper, and air handling units were all separate components 
making it more maneuverable. These components all fit into a 15' long X 8' wide trailer. 
The large stationary unit combines all of these components into one single unit. 

A large generator had to be brought on site because of the power required to run 

is working on converting their system so that it can be used with standard power supplies 
(480V/ 3 phase / 70 amp circuit) . 
this CO, pellet blasting system (48OV/ 3 phase I200 amp Circuit) is not standard. ECD 

The enclosure was supplied by ECD from a design by Los  Alamos Technical 
Associates Inc. (LATA) for doing decontamination work. The enclosure walls were 3 inch 
white vinyl-faced hardboard with a plexiglass ceiling. The front panel of the containment 
structure was replaced with a aluminum panel containing louvers to aid in air flow. 
WINCO modified these louvers by covering them' with HEPA filters to prevent 
contamination backflow out of endosure. WNCO provided a Plexiglas window with a port 
hole for the front of structure so that the gun could be placed into the containment 
structure while the operator stood outside the structure and shoots the CO, pellets into 
the containment structure. WINCO also provided gloveports for bagin & bagout and a 
tented entry way for the enclosure for contamination control. 

The nozzles that were used during the demonstration were rectangular in shape 
and varied in sizes from 1 to 8 inches in width with a 112" to 1-112" nozzle opening. 

3.2 Experimental Procedure 

The testing of the CO, pellet blasting system was organized in three distinct 
phases. The first phase concentrated on cold surrogate materials to venfy the 
effectiveness of the containment, ventilation, deaning abilities, and to gather initial data 
of operating parameters prior to hot operation. The second phase involved testing, both 
for decontamination and debris treatment, of low-level radioactively contaminated 
materials and tools. As lower levels of contamination were successfully handled, the 
testing progressed to higher levels of contamination. The final phase of testing 
encompassed radioactively contaminated lead. The testing van'ed the key operating 
parameters (pellet density, nozzle type, pressure, stand-off distance, and angle of nozzle) 
to gather data for optimizing performance. Data was also gathered on atmospheric 
conditions inside and outside the containment StNcture during blasting operations. The 
data showed that the 0, levels did not fall below the limits specified in 29 CFR 
191 0.1 025. The usage rates of liquid CO,, liquid nitrogen, and fuel for operating the  air 
compressor will be supplied in a report from ECD which is currently being prepared. 
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The cold testing was made up of the following two parts: 

1) General Cleaninq Abilitv. Rust, tape, poiyken wrap, and enamel paint 
were removed from the stainless steel, plastic, concrete, wood, and carbon 
steel. Substrate removal from wood and concrete was also tested. 

2) Simulated Contamination Cleaninu Abilitv. The cleaning ability of the 
system was tested by determining the amount of known simulated 
contamination (SIMCON) that could be removed from stainless steel 
coupons. SIMCON 1 coupons consisted of cold zirconium and cesium dried 
onto the surface. SIMCON 2 coupons consist of cold zirconium and cesium 
dried onto the surface and then baked in an oven at 700 deg C for 24 
hours. SIMCOM 1 is comparable to loose surface contamination and 
SIMCON 2 is comparable to fixed contamination. 

Two tests were run using SIMCON coupons. During the first test, pressure 
and die size were varied. During the second test, pressure and die size 
were held constant and the cleaning time was varied. 

The hot testing was made up of the following two parts: 

1) Low Level Radioactivelv Contaminated Materials. The cleaning ability 
of the system was tested by determining the amount of fixed and loose 
contamination that could be removed from construction type tools and 
materials. The free release criteria for ICPP is as follows: 

3) 

4) 

e200 dpm BeWGamma (smearable) 

e10 Alpha dprn (smearable) 

e100 cpm > background Beta/Gamma (fixed) 

No detectable Alpha (fixed) 

2) Radioactivelv Contaminated Lead Bricks. The cleaning ability of the 
system was tested by determining the amount of fixed and loose 
contamination that could be removed from lead bricks. The portion of testing 
was conducted by E G G .  
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3.3 Analysis 

XRF @-Ray Florescence) analysis was used to determine the amount of zirconium 
and cesium on the SIMCON coupons both before and after cleaning. The zirconium and 
cesium levels were measured in micrograms. The XRF is capable of measuring down 
to 1 microgram, anything below 1 microgram is considered below detectable limits. The 
effectiveness of the CO, pellet blasting system was determined by the ability to reduce 
the amount of zirconium and cesium to below detectable limits (less than 1 microgram). 
Therefore 100% reduction would mean that the zirconium or cesium was reduced to 
below detectable limits. 

3.4 Results 

General Cleanina Abilitv - The results from cold testing indicate that the CO, 
pellet system is very effective for genera! cleaning. The system removed rust , tape, 
polyken wrap, and enamel paint from a variety of materials. Substrate removal was also 
investigated using wood and concrete. The system removed the substrate from wood, 
but was very limited on concrete. The only part of the substrate removed from the 
concrete was the top layer which consisted of cement and sand. After the top layer was 
removed and aggregate was exposed, the system was not effective. 

Simulated Contamination Cleanina Abil'W - The first test performed involved 
maintaining a constant cleaning time of 1 minute and varying the pressure and die size. 
The pressure used vaned from 125-205 PSI. All ofthe pressures and dies were effective 
on cleaning SlMCON 1, however, the system was not as effective on SIMCON 2. The 
average removal rates for both SIMCON 1 & 2 can be seen in Tables 1 and 2. 

TABLE 1 
SIMCON 1 

Percent Removal 

Die ,080 

I Cs-89% /I /I Die Zr-92% 
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Pressure 

Die .080 

Die .125 

After the data was evaluated from SIMCON 1 and 2 coupons, it was. 
determined that the .125” die and 150 psi had the highest cleaning efficiency for SIMCON 
1. For SIMCON 2 the highest cleaning efficiency was obtained using the .125” die at 125 
psi. From this data a second test was run using the same type of coupons but using a 
pressure of 150 psi, a .125” die, and varying the cleaning time. The average removal 
rates for both SIMCON 1 & 2 can be seen in Tables 1A and 2A 

205 psi 150 psi 125 psi 

Cs-l5% Cs-39% Cs35% 
zr-83% Zr-78% fr-80% 

Cs-l8% Cs-20% CS-54% 
2-?8% Zr-70% 240% 

TABLE 1A 
SIMCON 1 

Percent Removal 

TABLE 2A 
SIMCON 2 

Percent Removal 

Zr-79% Zr-78% 
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When this data was evaluated and compared to the first tests ran on SIMCON 
coupons, it was determined that to obtain the highest cleaning efficiency for SIMCON 1 
would be to use the .125" die at 150 psi for 1:00 minute. To obtain the highest cleaning 
efficiency for SIMCON 2 the cleaning time would have to be increased to 1 :30 minutes. 

During the cleaning of the coupons, the system was also t&ed to determine if 
liquid nitrogen would enhance the cleaning efficiency. One set of coupons was cleaned 
without using the liquid nitrogen enhancement and results indicated that the cleaning 
efficiency was reduced by 2-3 percent in order to obtain a better feel for whether the 
system is better with or without the iiquid nitrogen, more testing would have to be 
performed. 

Low Level Radioactivelv Contaminated Materials- The tested performed used 
a feed rate of 70% and the optimum pressures of 125 psi and 150 psi using the .125" and 
,080" dies that were found during the first phase of testing. These pressures and dies 
produced a "clean release" ofthe construction tools. The results from this testing can be 
seen in Table 3. 

TABLE 3 
Tools Cleaned At ICPP 

-1 BEFORE I AFIER 1 BEFORE I AFTER 

"criticality bamer used for fuel storage spacing made of 304L stainless steel. 
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Radioactivelv Contaminated Lead Bricks- The final phase of the CO, pellet 
blasting demonstration was conducted by EG&G Idaho at the ICPP with support from 
W NCO’s Decontamination Development Group in the Applied Technology Department. 
During this testing phase, lead bricks with high alpha levels were decontaminated. 

At the start of this phase, ECD was asked  to lower the blasting pressures to a 
range of 40-50 psi to help prevent the possibility of driving the contamination into the 
surface of the lead. WINCO Decontamination Development suggested the lower 
pressures because research, including conversations with vendors who have successfully 
decontaminated lead, indicated the best results could be obtained at these pressurts 
using Alpheus equipment. Additionally, the lower blasting pressures were recommended 
because ECD had no experience in decontaminating lead and WINCO was unable to 
obtain information on decontaminating lead using Cold Jet equipment. The Cold Jet 
equipment was not designed to work at these low pressures. The only way ECD could 
get their equipment to reach the pressures was to bypass the shut off switch (at 100 psi) 
and reduce the feed rate of pellets to help prevent the auger from freezing. 

The first attempt at decontamination was performed on nine lead bricks with fixed 
contamination to determine if the system could adequately maintain the low pressures. 

The second part of the test involved blasting bricks with both loose and fixed 
contamination with high levels of alpha. During this blasting, WlNCO noticed that when 
the feed rate was reduced to 2535%, no noticeable pellets came out of the nozzle. This 
indicated that the system was not cleaning properly. The feed rate was then increased 
to 70% which caused the auger in the hopper to freeze. ECD then had to stop blasting 
for the day so that the auger could thaw. Additionally, the amount of iiquid nitrogen 
introduced into the system had to be adjusted according to the pressure and feed rate 
used to help prevent further freezing. These problems were encountered throughout the 
lead decontamination testing. 

After the first several high alpha contaminated bricks were blasted, EG&G was 
concerned about the possibility of cross contamination of the brick while being pushed 
through the load out chute. A method of moving the brick across the table and through 
the chute without it being in direct contact with the table or chute was needed. EG&G 
developed a small pull cart that was placed on top of the turntable. The pull cart had a 
set of spikes mounted on top of the pull cart so the bricks could be held without direct 
contact with the table. After the bricks were blasted, a bag was placed over the top of 
the bricks, the cart pulled over to the load out chute where the brick was then pulled 
through the chute. This new method helped reduce the amount of cross contamination. 
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EG&G decided to use higher pressures part way through the demonstration was 
due to conversations with ECD president and because of a video EG&G had seen that 
showed lead brick being cleaned by a CO, pellet blasting system. No bricks were 
cleaned to "free release" criteria but levels of alpha contamination were greatly reduced. 
WINCO feels that lead cleaning has been successful/y completed by other companies, 
vendors, and government sites using CO, pellet blasting. This-technique is proven 
successful but the equipment used for lead cleaning is a very important factor. A more 
detailed report of the results from this part of the test is being prepared by EG&GS. 

3.5 Conclusions / Recommendations 

From the first set of tests conducted it is clearly evident that the CO, pellet blasting 
system is effective for every day type cleaning. The second test showed this method of 
decontamination is highly effective for cleaning radioactively contaminated tools and 
materials. When evaluating the results from this demonstration, it can be seen that this 
decontamination method is more effective on cleaning loose contamination than fixed. 
However, during the testing it was noticed that the system does remove large amounts 
of fixed contamination. This testing confirmed what all of the reports and vendors have 
said about the system being nondestructive. The tests also showed that to achieve the 
best cleaning results for stainless steel 304L, construction tools and materials with 
Cesium and Zirconium type contamination that the pressure should range from 125 psi 
to 150 psi using the .125" and .080" pellet die. However, during the first phase of testing, 
it could be seen that depending on the substrate and type of contamination, pressures 
and die sizes will have to be vaned to achieve better cleaning efficiency. This method 
of decontamination is an alternative to some of the current liquid decontamination 
methods that are currently being used at the ICPP. Also, during this demonstration it 
should be noted that not only did the CO, pellet blasting system work with a great deal 
of success but the system did not produce any secondary waste beyond the filters and 
enclosure. Installation of CO, pellet blasting at the NWCF will not eliminate all of the 
chemical decon but will help reduce the amount of sodium waste that is being generated 
with the current decon techniques. 
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Table A 4  .O Environmental Alternatives 

Scaffolding-2mWHr Gamma, 8mWHr Beta 
(contact), 20kDpWlOO CQ, (smearable) 

Contractors Jacks-3 to 4 kDpm/lOO Cm2 in tight 
locations 

e100 ccpm-Direct Frisk, <loo0 D p d l 0 0  Cm, 

e100 ccpm-Direct Frisk, elOOO/lOO Cm2 

Chain Hoists200 ccpm on swivel joint, 
5kDpWl00 Cm2 (smearable) 

CDR Motor Cover-50 kDpm/lOO Cm2,250 ccpm 
on remote spot 

RHR Orifice Plate- 8mFUHr Beta (contact), 16 
mRMr Beta (smearable) 

Safety Injection Orifice42 mWHr Beta (contact), 
50,000 D p d l  00 Cm2 (smearable) 

Safety Injection Orifice-12mWHr Beta (cantact), 
7000 Dpm/100 Cd (smearable) 

Safety Injection Orifice-clmR/Hr Gamma 
(contact), 20,000 to 50,000 D p d 1 0 0  Cm2 

Motor for operation-200 to 400 ccpm, 
5kDpm/lOO C d  (smearable) 

e1 00 ccpmDirect Frisk, e1 OOO D p d l  00 Cm2 
~ ~~ 

c1000 Dpm/lOO C d ,  cl& ccpm-Direct Frisk 

10,OOO to 20,000 ccpm, <loo0 DpN100 Cm2. 

200 ccpm-Direct Frisk, 4 M X )  DpW100 Cm2 

70,000 ccpm-Dire  Frisk, 4 0 0 0  Dpm/100 Cm2 

200 to 2000 ccpm-Direct Frisk, e1000 Dprn/l00 
C d  

~ 1 0 0 0  Dpm/100 C d ,  4 0 0  ccpm-Direct Frisk 
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Table A-2.0 Chem-Nuclear Systems, Inc. - Contamination Levels 
(dprn/lOO an2) 

TEST 
PIECE 

FiXED FIXED 

II I BEFORE I AFTER 

SMEARABLE 

BEFORE 

SMEARABLE 

AFTER 

I( 1 10,000 1 2400 

Bare 
Concrete 
Floor 
General 
Area 

120rnWHr 120mWHr 

1420 

1622 

N.D. (3) 

802 

Carbon 
Steel 
Sprocket 

I I 

10,m lo00 

2 x 4 ~ 2 4  
Wooden 
Block 

I 254 lo00 

4,000 N.D. (2) 

2 x 3 ~ 8  
114 Angle 
Iron 

5,000 N.D. (2) 

126 
1600 I 

1250 

1 500 

I 

231 

184 

DECON 
FACTORS 

AND 
RATES (1) 

Carbon 
Steel Gear 
Puller 

3:l @ 90 
FfMr 

8,000 2000 

41 @ 10.7 
FfMr 

7:l @ 20 
FfMr 

101 @ 160 
in2Mr 

4ooo:1@ 8 
FfMr 

50001 @ 
8FfMr 

41 @ 10 
in2Mr 

5:l @? 5 
FfNr 

(1) Decontamination factors and rates given are for removal of fixed contamination. 
(2) N. D. - None detectable, less than 52 CPM. 
(3) Decontamination factors and rate for hot spots were 6:l @ 2.6 Ffj-tr. 
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Table A-3.0 Airborne Activrty Conc. During Co, Decon Tests 

Cdl 2.24xlO'" uCi/ml 

Decontamination 2.06~10"~ uCi/ml 
Booth 

Workpiece 

Gear Puller 1.6W 0-l' 

Stainless Steel 1.69X10"0 
Cylinder 

Bare Concrete Floor 925x1 0 " O  
-~ 

Concrete Block 1 .oa1 0-l0 

Drywall 6.4~1 C'O 

carbon Steel SDracket l.02X1~10 
-~ 

Wooden Biock 1.99x10-'o 

Angle Iron 2.76~1 Ulo 
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u) INTRODUCTION 
?his repn descliis the tmiq periormed at Radiation Stcrilizgrs. hc. to d e t e d n e  tht 
appliubiliry and effeaiveness of peflesized arbon dioxide (C02) For the remow4 of rzdiodve 
c~uuminants from the surface of w e m i  materiais. Additionaiiy, evaiuzttions of &e geaentioa of 
secondarywastes and airborne ndioacrivity are reponed 

Lf Ro4xss Description 
The C02 deaningmm dizespketized CO2hidiz~d in a compresstiairsman as an 
abnsive and non-abrasive to remove d c e  coaiqs and cootamination Erom materials, Liquid 
C02 is compressed mto peflets at LlOOF wiricfi an fed by pviq mto a armprrssed air stnxux~ 
The mixaae of air and soiid C02 is conrinuody fed through a nopie at hi@ veebdry, and 
im@qcs on the artide bekg deaned. The coIIision between the peflets and the worbpiere uuses 
the kintuc energy of the pek~ to be rapidly corn& to hear wki& subsquendy uflses the 
c02 to sublime. 



U Objective 
The oqecive ofthis test was KO determine the apptiubility of tbis new tcduxoiogp to the 
d e c o n ~ ~ t i o n  of the RSI hdfity. Aapiiubiiity in this use means the abiliqof the sgstem to 
signifiantly reduce the volume oEsecondarywaste generated and to r e h z  the time required for 
decont;lminatioa; tkercby, nduce the tomi p j e c  cost and oVerJror ex-posrm u, W o n .  

tJ*pe 
The scope of rhis test was nsaiced due to couarn about the potential for the prodnclicln of 
airborne radioactive materiaIs and a sabseopenr rcuanfaminafion of previonsiy cbmi arcas 
The origidIy proposed swp would have penniaed dec4ntaminarion of Luge areas and 
suucrnrai member o€ the M t y .  Eowever, due to the prrviotxsiy mentioned concms, the tessing 
was Iimited a rehtively smai lq ie s  in J tigialy ConaoW area. 



COZ Stonge Tank 
The liquid CO2 storage onk is mounted on 3 transport trailer. AItho@ it compiicswirh the 
penineat nguhtions for S o n g  of compressed 
DOT for liquid m n q o ~  Tlerefore. the tank was empry when it arrived on& A lo& vendor 
was c a n m a d  to anspbrt CO2 to the site and transkr it fo the son9 tank ?he nnk has a 
uuaciq or' lZ000 pounds of liqaid COZ It is eqPipped with pressare pges,  quantity gauges, 
L&id and =-us CO2 nmovai kcs, and a prrssme relief &e. The taaLwas cbaqcd with 
6,000 pounds of C02 prior to the test 

it does not meet the nqairrmenrs of the 

Conaoi Panet Peiiecizet 
?he conmi panet pe&&r and CO2 feeder arc mounted on a moveabk dohy that is scatred in 
a # foot van for sappoh This anit can be removed &am the van at the site, and loc3teddose to 
the worksration. 



All smem and air saqies were counted for one minute and c o n e a d  for the owmetry and 
efficency ofthe aunter. 

T&e peiietizer skid was Ioured inside the limittd area agmximateiy 80 feet h m  &e test area 
Iiowcver, GO feet of CO2 OaOSier hose was reqpired dnt zo the drczimusrome from the 
wareilotrse into the CCiL 

The test pie=s and the &orwere sumeyed priorto, 
and ked conramination ltvets were recorded. Tak 52-1 presents a sumnary of the 
Ievels before and after the decontamination operations. 

and afrer the ~Bodxremooabk 



4 2  PtrsonndT- 
The tetimicians eqloyed in &e concamhated work area were mined and 
tetfinician mining pro- One-site train@ and hands-on experience WM provided in anon- 
radiation arct for the zmzi@ation and operJrion of the C02 dtcontamination qscrxn forthese 
t e a -  

under CJSz's 



52  Desonmmination Factors and Rates 
The decontamirwtioa hcoa and mtcs were acceptable, but less than anskipmi, n e  Eaoors and 
races a&ieved are listed in Table 53-1. n e  best demnaxxhtioa hcorsfor b t i  

contamin;luon. 50:13t 10 square feet per hour, wen a&ieved on the urboo steti a g e  iron and 
on the concete block for sme3nbIe conurnination. 

S i g X u n t  rcdacions in b e d  ~0nt3min3tiou w e n  a&eved ou the baxe 
area read& 220 mndmtwasreduczd to 2Omf;ldmtinIesstkan2 minurrs.T&esmmzbie 
acsg was redaced by a hcror of 4 at a rate of 90 square feet per hoar. 

h r . A  Sman 

Tke C02 was eff&e for deankg the drywalL However, it also dcsuo@ the wt piece. 
Appximatefy 1/4 i n u  of the 1/2 in& rhidmess of the piece was Tcmovui in 1 minnta. 

Decontarednation of the wood was also .suae&d The CO2 removed a Iqez of dx woad surface. 
This muid be conmiled via r e d d  pressme or inaeyed sundoo&Thisa@icuionwottidbea 
viable option to either dited d;soosai or operations in whi& the wood is sent to a pcesor for 
m e c b u i u i  m v a l  of the d e .  

w 



SA Secondary Waste Genentian 
n e  oafysecon&y.Ilpasrcgnenteddurhg this testwasthe disposable protcuive dothing, a 
vacJom demer filter 3nd the rou@ing filter in the ventilation duct Any inmsxse 5 the 
differenziai pressure amss &e roqking hIter and BEPA mter was below tht detection upability 
of t&e installed gauge. The ~ U U I I I  deaner mter did Pot have a differcntiai prcsure gange; 
however, the dose fjte on antact  with the filter bus& did not incrras dnr& decontamination 
opemions. 

However, a simple ctIaa&rion can sem as an exaqk of estimatiq the 
R e m o d  of a 3 miI tfiids layer of paint from a 20800 sqaarr foot f b o r w o u k i ~  5 cabic bet 
of hose paint If rfriswere cokcted in ia bag tppe Qmnmter, it coaM be dSpedof inope 55 

,weration rate. 

- 
,@OH drpm. 



Concete Block 

DqwaIIF) 

carbon Steel Sprocket 

2x4~24 WoodenBIock 

2x3x81/4~ItOn 

1420 

1622 

888 

68 

lZz0 

l500 

1600 

196 

79 

(2628U-14) 
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Decontamination Booth 
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ABSTRACT 
This report summarizes the Sndings of the Idaho National Engineering Laboratory's 
deoontamination technology iuvestigation study. A comprehensive review of currently 
available decontamination techniques was performed. The various cleaning tech~~ologies 
and techniques were evaluated. The C@ based decontamination technique was chosen as 
the best technology for remote and robotic applications. It should be noted that several 
ongoing Co;! demonstrations are being performed or planned at various DOE sites. At the 
time of this rePo& data from the Ey-93 C02 demonsIralions at WHC and the INEL were 
not available. 
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ORNL 
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Clean Air Acts Amendment of 1990 
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FiscalYear 
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Heating, Ventilation, and Air Conditioning 

Idaho National Engineering Laboratory 

Los A m o s  National Laboratory 
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Office of Technology Development 
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Savannah River Site 

Technical Task Plan 
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1 .O Introduction 
This document summarizes the findings of the Idaho National Engineering Laboratory's 
(INEL'S) decontamination technology investigation study with applications for remote and 
robotic systems (with emphasis on applications for underground storage-tanks); This 
document closes out the requirement for Technical Task Plan (TIP) TI'P ID432002 which 
updated the original Investigation Report which was issued as a "living document" in Fiscal 
Year 0-93. 

This study examines the scope of decontamination operations required, identifies potential 
decontamination methods capable of ammpl i shg  that scope, documents each method's 
capabZties/limitations, and defines the recphments of a decontamhation system to satisfy 
the needs of a robotic application. 

1 .I Problem Statement 
In 1989 the W o r d  Federal Facility Agreement and Consent Order, or Tri-Party 
Agreement, was signed initiating a 30-year program to clean up hazardous chemical and 
radioactive wastes at the U.S. Department of Energy (DOE) Hanford Site, located in 
Southeastern Washington state. Amajor portion of this program is directed towards the 
stabilization and remediation of dangerous wastes accumulated in underground storage 
tanks. 

The DOE'S office of Technology Development (Om) is sponsoring this work to support 
Waste Opexations missions, includbg tank safety programs, tank characterization and 
SuNeiUance assessment, and retrieval technology development. 

Due to its related experience with the deantamhation of robotic systems, specifically the 
Light Duty Utility Arm (LDUA) program, the INELhas been chosen to investigate 
decontamination methods for use with other robotic applications. 

1.2 Work to Date 
The D U A  project uses a robotic manipulator, in a storage tank, to investigate, 
characterize, and map the interior of the tank. The INEL has been in charge of designing a 
decontamination system for the LDUA since 1991 and has invested significant resources 
into researching and investigating various decontamination techniques. For this reason, the 
INEL is well qualified to address the functions and requirements for a decontamination 
system and to evaluate and recommend the most effective decontamination method. 

2.0 Assumptions 
In order to determine the optimum decontamination technology for robotic applications, 
certain assumptions were made and documented. The following aSSumptiollS were used in 
evaluating the various decontamination systems and technologies: 
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0 If the decontamination system is to be used in an underground storage tank, the 
* tank is held at a negative pressure during all retrieval operations by the tank 

ventilation system. 

If the decontamination system is to be used in an underground storage tank, the 

Highly abrasive decontamination techniques may damage robotic hardware and its 

tank atmosphere may contain combustiile gases such as hydrogen. 

associated hardware. 

The decontamination system will remove contamination to As Low As 
Reasonably Achievable (ALARA) standards. 

Any contamination outside the decontamination system environment will be the 
result of an unforeseen leak or system problem. This condition will be of 
minimal concern due to the secondary containment systems designed into the 
equipment. 

cleaning media used during decontamination operations may be deposited in the 
tank, but this is not necessarily the preferred approach. 

Regulatory permitting requirements will not be considered in the selection of a 
decon tamination method. 

The robotic hardware and associated systems will be designed to provide a 
smooth accessible geometry with minimal hidden d a w  to simpliQ 
decontamination operations. 

The decontamination technique shall be capable of removing both smearable and 
fixed contamination. 

The decontamination technique shall generate a minimum of secondary waste. 

The decontamination technique shall be nonsparhg and nonheat generating. 

The decontamination technique shall be capable of being operated either remotely 
ormanually. 

The decontamination technique shall be nondestructive to the equipment. 

The decontamhtion technique shall be a proven technology and readily available. 

The decontamination technique shall be easy to operate and maintain. 
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3.0 Survey of Decontamination Techniques 
Numerous decontamination technologies have been used throughout the DOE complex in a 
variety of djf€erent decontamination scenarios. Certain decontamination techniques are 
better suited for particular situations than others. For example, the vibratory 
decontamination technique, in which objects are placed in a tub of abrasives in a chemical 
solution and viirated to remove contamination, may be well suited to decontaminating 
loose tools but would be ineffective in decontaminating a concrete wall. 

The following section briefly descn'bes the major decontamination technologies used at the 
various DOE sites. In Section 4, these techniques are evaluated considering specific 
requirements. 

3.1 Descriptions of Available Decontamination Technologies 
This section of the report describes and Summarizes the various decontamination techniques 
evaluated. 

Abrasion 

Abrasive cleaning is an effective method of removing adhered SUTface contamination. 
Three variations of abrasive cleaning are available: dry blasting (sandblasting), shot 
peening, and solution grit (slurry jet) blasting. Blasting pressures for the dry grit process 
are expected to be less than 100 psi, while solution grit blasters may exceed 1,000 psi. Dry 
blasting equipment is relatively Simple and inexpensive. However, this method generates 
con tadmted airborne particulates during cleaning that poses a risk to personnel safety as 
well as a risk of recontamination. Slurry jet blasting provides improved recontamination 
control and simplifies waste clean-up. Shot peening can be an effective cleaning method, 
but it can severely damage sensitive equipment. 

Abrasive cleaning can be used on large cell applications with remote equipment or in 
enclosed, glove box-type units. Generally this application is limited to the decontamination 
of metal items, as recontamination occurs with softer or porous materials. This 
decontamination technique is relatively easy to use, can usually provide a visual indication 
of object cleanliness to the operator, can be labor intensive if performed manually, and can 
bq expensive. Spent radioactively contaminated grit can be dried and grouted. Significant 
secondary waste is created when using this method. 

Chemical 
The decontamination of equipment Using chemicals is one of the most widely used 
decontamination techniques. Chemical washing provides contamination removal from the 
interior and exterior of equipment, cracks, porous materials, and otherwise unreachable 
locations. However, chemical washing has lost fiver within the industry because recently 
enacted Environmental Protection Agency @PA) regulations have resulted in permitting 
and waste a;sposal diEculties. Chemical regeneration and recycling offer the potential for 
resolviog these concerns. Chemical washing has proven to be relatively inexpensive and 
effective, although the use of hazardous chemicals does present some personnel safety 
concerns. 
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C 0 2  Blasting 

The carbon dioxide cleaning technology (C@ blasting) was originally developed by the 
aerospace industry to clean and depaint large commercial a i r d  While the use of Cq;! for 
surface preparation dates back almost 20 years, it is only recently that the technology has 
been developed to the point where it is commercially available as a decontamination 
alternative. 

The C@ cleaning process introduces dry ice particles (either snow or pellets approximately 
the size of a grain of rice) into a high velocity strm (typically air). This high velocity 
stream propels these particles of dry ice toward the surface of the substrate, that, upon 
impae sublime (i.e., change from a solid to a gas), leaving only the removed contaminants 
for disposal. By adjusting the media parameters (size, velocity, and quantity), it is possible 
to safely clean a wide spectrum of surfaces and materials ranging from plastic films to steel 
ship hulls. When used properly in well ventilated, nonradioactive environments, CQ 
blasting requires no special gear for handling other than adequate protection against skin 
and eye contact to prevent freezing of tissues. 

The dry ice particles are manufactured by taking liquid C@ and expanding it to 
atmospheric pressure. The resulting product is CQ snow. This dry ice snow can then be 
used as the cleaning media or can be compressed into a pellet of predetermined shape and 
density. .The C@ media is applied in the solid phase &e., pellets or snowflake), and 
cleaning occurs in the gaseous phase. It is essential when using this technology in an 
enclosed environment that a well-designed High EfEiciency Partidate Air filter (HEPA) 
system be incorporated into the design. A HEPA intake must be close to the cleaning area 
with sufficient surfkce area and intake velocity to capture the high velocity contaminants as 
they are being blasted off. ?Routine or constant monitoring of the HEPA system is 
necessary as the contaminants may concentrate in the filters. The fact that C@ is 15 times 
heavier than air should assist in keeping the airborne activity confined to the lower areas of 
the enclosure. Therefore, it is recommended that a floor, scavenger-type HEPA system be 
inmrporated into the design. As CO2 displaces air, oxygen levels within the enclosure will 
vary depending the degree of ventilation in the area. 

A number of technology programs over the last few years have demonstrated that Cq;! 
cleaning is an extremely effective method of decontaminating objects of a variety of 
materials and configurations. Decontamination activities include hot cell decontamination, 
paint removal, and tool and equipment cleaning. 

The cleaning action of Co;! blasting results primarily from momentum transfer between the 
pellets and particulates when the dry ice particles impact the object surface and sublime. 
Secondary cleaning results from the thermal-mechanical shock (the C@ is generally 
significantly cooler than ambient conditions) and through reverse fracftning. Some cooling 
of the substrate takes place but is not expected to exceed a decrease of 400 F. The 
likelihood of damage due to cooling is remote. Reverse fracturing is the process by which 
the solid and liquid C@ molecules enter through the pores of the contaminant. As the 
molecules turn into a gas and begin to warm up, the expanding gas will push the 
contamination from underneath, further assisting in the removal process. The collisions 
loosen particles from the surface where they are entrained in the gaseous CO2 and swept 
away from the surface, leaving only the removed mntaminant for disposal. The 
decontamination method itself does not generate any additional waste. 
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co;! cleaning is cost-effective because liquid C02 is readily available and inexpensive. An 
additional advantage of this technology is the cost savings resulting from the elimination of 
the secondary waste generation currently associated with industrial cleaning technologies 
such as hydrolasing and grit blasting. C@ cleaning is also time efficient compared with 
competing liquid spray cleaning methods, which require prolonged spray times. C02 
cleaning is nondestructive, nonsparking, nonheating, and environmentally acceptable. 
is a nonconductive medium, ideally suiting it for electrical applications. It is nonreactive 
and nearly he& making it .compatible for use in reactive environments, such as highly 
€lammable hydrogen gas. C@ does not become radioactive when cleaning radioactively 
contaminated hardware. At the end of the process when the Co;1 sublimes to the 
atmosphere, its release is not regulated under the Resource Conservation and Recovery Act 
(RCM) or the Clean Air Actbendments (CAAA) of 1990. 

Electropolishing 

Electropolisbg of metals, essentially the opposite of electroplating, works by the same 
electrochemical process. The process can be performed h i t u  or exsitu and does not a&ct 
the metal surface layer (the crystalline structure). The object being decontaminated 
generally serves as the anode and is submerged in an electrolytic solution. The passage of 
electrical current results in the progressive anodic dissolution of the surface material and 
removal of the mjority of radioactive contamination. In certain situations when the surface 
can be passivated, the object surface must serve as the cathode. Surfactants are used as 
foaming agents that suppress the spattering of solution caused by gas evolution. Hydrogen 
gas explosion potential does exist and sufficient safety precautions must be taken. If bath 
purity is a concern to mhimize recontamination, then high waste volumes can be expected 
because the bath solution must be changed ii.eqUenty. High equipment costs are also a 
concern. 

Electropolishing does have some defkite limitations as a decontamination technique. 
Although the throwing power of electropolishhg solutions is good, the ability to remove 
contamination from deep cracks, crevices, holes, and other areas that are shielded from the 
cathode is limited, unless the geometry is favorable for the use of an internal cathode. The 
surfaces to be decontaxninated must be conductive and free of paint, grease, tape, heavy 
layers of corrosion products, and any other surface material that might inhiit the 
electropokhing action. 

Freon 
Freon decontamination methods were not considered in this survey because of the industry 
ban on the use of fiuorocarbons. 

Hand Wiping 
Wiping and hand scrubbing methods were not addressed in this survey because they are 
well established methods of decontamination that result in high personnel radiation 
exposure and are labor intensive. 

Hydrolasing 

Cleaning of equipment and facilities using hydrolasing is a well-established 
decontamination technique. High pressure water from 1,OOO to 20,000 psi is sprayed at 
the object to be decontaminated to remove the surface contamhation. Hydrolasing can be 
perf+omed Mtu, exsitu, or remotely. This method is not a finishing technique and should 
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not be used on concrete or soft materials because of the amount of surface material that 
would be removed. Hydrolasing produces large volumes of waste water that requires 
additional processing. One advantage of hydrolasing is that no chemicals are used. 
Therefore, there are no additional safety concerns with respect to hazardous chemicals. 

Surfactants, caustic solutions, and chemical cleaners have been added to-the hydrolasing 
water to increase the solution's depth of penetration and the method's overall effectiveness. 
This bigh pressure chemically enhanced method could also involve solvents such as 
acetone to dissolve desired contaminants. Though development and testing of these 
decontamination enhancements could help reduce the amount of waste generated, chemical 
safety and regulatory requirements must be considered. Hydrolasing also presents a 
pressurerelated safety concern and potential for higher radiation exposure to personnel 
because it is labor intensive. 

Ice Blasting 

The ice blasting or "wet ice" blasting process was originally ajnceived for aimaft 
depainting and has produced excellent decontamination factors during tests at Oak Ridge 
National Laboratory. This technology uses low pressure air and ice chips to readily 
remove radioactive contamination or surface coatings through the processes of momentum 
transfer, crack formation, and propagation without resulting in substrate damage. A bigh 
level of decontamination was evidenced on stainless steel, &n steel, wood, rubber, 
concrete, plastic, lead, copper, aluminum, and coated surfaces. Ice blasting uses water as 
its medium and generates approximately 15 gallons of waste water per hour. 

The ice blasting system is portable, though equipment intensive, and must be used in a 
controlled area The ice maker, refrigeration unit, ice sizing unit, air compressor, and 
generator can be located outside the area being decontaminated Only the nozzle and hose 
assembly, which can be controlled remotely, are located in the area being decontaminated. 

Light Ablation 
Surface contamination and coatings may be removed by this technique. Light pulses cart 
heat a surface film to 1,oooO to 2,oooO F in microseconds, while the substrate remains 
virtuaUy unaffected. The light pdse decontamination mechanism occufs in three phases: 
subhation or vaporkation of the contamination (absorption of the light energy by the 
Contaminant), ablation or thermal-mechanical shock (stress fracturing ejects solids from the 
surface), and scouring (vapors and particles ejected by previous processes scow the nearby 
surfaces). This method has been applied to remove epoxy paints, adhesives, corrosion 
products, and airborne and d a c e  pollution. Light ablation is cmently being developed 
for radioactive decontamination. 

Several advantages and disadvantages accompany this technique. The effectiveness of light 
ablation can be substantial, potedally removing surface contambation completely for clean 
release. This decontamination technique also demonstrates waste minimi7ation potential 
since secondary waste generation is limited to the off-gas filtering system that is required. 
By using remote equipment or robotics, personnel radiation exposure is lowered. 
However, the technique may be expensive, because development for radioactive 
decontamination is currently Iimited. Also, a number of personnel safety concerns exist 
exposure to acoustic shock (noise) can approach 90 dB, exposure to laser light, and 
exposure to high voltages. Problems dealing with removal of radioactive vapors and 
ablated material through exhaust systems are anticipated and are currently being examined. 
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Plastic Beads 

Plastic bead or particles are propelled at the object in a 20 psi to 80 psi stream of dry air. 
The impact of the beads removes contamjnation. This technique is oftenused to clean 
contaminated hand tools in the nuclear industry. The beads produce a "wiping," rather than 
a "biting" action, limiting effective removal of fixed contamination. Glass or Aluminum 
Oxide beads can be used (in place of the plastic beads) to remove fixed amtamination, but 
the beads cannot be recycled, and damage to sensitive components may occur. A relatively 
smaU amount of plastic is used if the beads can be recycled (i.e.., in enclosed, controlled 
environments); however, when oily, dirty, or greasy objects are cleaned, the plastic cannot 
be recycled. This technique produces solid contaminated waste. The beads are certified 
incinerable. The beads will not damage sensitive equipment. This technique is often 
combined with other techniques to remove both fixed and smearable contamination. 

Scabbling and Spalling 

Scabbhg (pummeling which results in scarification or chipping) and spalling (breaking off 
in layers) are proven concrete d a c e  removal techniques. About 25 cm of surface can be 
removed with scabbling or scar5cation equipment. Most of the surface COIltaminaton in 
concrete can be completely removed using inexpensive equipment. If deepr contamination 
exists, sp-g methods involving drilling and slicing into the surface can be employed. 
By removing the entire surface, these methods can accomplish concrete decontamination 
more efficiently than most other techniques, often resulting in clean release of the residual 
concrete. However, problems do exist. Since both methods rely mostly on operator, 
"hands-on," labor-intensive work, larger radiation exposures can be expected. 
Contamiuated Concrete dust and rough surfaces will be produced, resulting in the potential 
for recontamination of the cleaned surfaces. Since the concrete surface is roughened, it will 
require resurfacing or sealing if reuse is required. 

Steam Jet 

High pressure steam is sprayed to remove surface contaminatio= This method should not 
be used on concrete or soft materia& the same general surface considerations as for 
hydrolasing are involved. Disadvantages of steam jet cleaning are the personnel safely 
concerns working with high pressures and temperatures, working in high radiation 
exposure environments, and creating large volumes of liquid waste. However, the 
radiation exposure and waste volume generated are t yp idy  lower than with hydrolasing. 
Steam jet cleaning also has the advantage over hydrolasing of d c e  thermal shock 
(immediate local material expansion or contraction) to assist in decontamination. This 
method tends to be labor intensive. 

Strippabie Coatings 

Loose wntamination may be removed by using selected strippable coatings. If 
contamination is not bound to a surface, then "fixing" it with a strippable coating (e.g., 
latex paint) that is easily removed from the surface creates an avenue for decontamination. 
Coatings can be applied by spraying or brusWroller equipment. These coatings are used 
both as protective coatings to prevent contamination and as a means of removing 
contamination from surfaces. Advantages of the technique are minimin'np area 
contamination spread by spray application to quickly fix contamination and an initial 
reduction in radiation exposure compared to hand scrubbing. Small amounts of secondary 
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waste are generated, but most strippable paints are consideid nonhazardous. Hand work 
required to remove the coating offsets potential decreases in radiation exposure except in 
areas of low radiation fields ox when hydrolasing is used to remove the paint. 

Vibratory Cleaning 
The viiratory decontamination process takes place in a viirathg tub of loose media 
(ceramic or metal) through which flows a chemical solution or water. The energy from the 
tub (ultrasonic) causes the media to scrub the surfaces of the objects being decontaminated, 
while the liquid compound flushes away the material removed by the scrubbing action. 
The licpid solution used can also be designed to use chemical reactions to assist in 
decontamination. Materials that can be effectively decontaminated include stainless steel, 
carbon steel, glass, rubber, Plexiglas, and misceUaneous plastics. The process is an exsitu 
process and may require Cutting matends to a length necessary to fit into the tub. "he 
solution can be recycled, but filter plugging problems and greater potential for 
recontamhation result when compared to a single-pass-through process. Vibratory 
cleaning is relatively time consuming. Two other limimtions should be noted: (1) soft 
metallic surfaces gain in fixed contamination, though there will be no detectable Smearable 
contamination (contamination becomes impregnated) and (2) some chemicals will allow 
recon tamination or deposition on the viiting media that can then recontaminate. This 
technology is capital intensive but yields low personnel radiation exposure when compared 
to other decontamhation techniques. 
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3.2 Where The Decontamination Techniques Have Been 
Used 
Table 1 indicates which DOE sites have used the previously discussed decontamination 
techniques. 

Table 1. DOE sites where various decontamination techniques have been used. 



4.0 Decontamination Technology Evaluation 
Although there are many ways to clean contaminated objects, only one technique will be 
recommended as the preferred dewntamination method to be used with robotic systems. In 
this d o n ,  the criteria used in evaluating the various decontamination methods are 
defined. The techniques are then compared based on these criteria. Through this 
comparison, the best system for use as the primary decontamination system will be 
determined. 

4.1 Evaluation Criteria 
There are a wide range of criteria that should be used in the comparing~various 
decontamination techniques. Figure 1 below presents evaluation Criteria in a logical 
breakdown structure. 

Smearable Contaminants 

Cleaning Rate Risk of Failure I 

I GasRiquidlSolid I 
i Mbed/LLW/HLW I 

Recyding Capabiri 
Remote H Applications 

Permitting T i e  I 
Technology I Development 1 - cost 

memidmater ia l s  I 
CapitalEquipment 1 

- Compatibilii Labor i 
Plant utilities I /4 #ofOperabrsRequired 1 

1 I Waste Treatment Operational 
Considerations Operabilii/Simplic&y 

- 
Preventive Maintenance Documentation 

Considem-ons Ease of Safety Compliance 

Figure 1. Decontamination system design considerations. 
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The following list contains a subset of the criteria presented in Figure 1. Although these 
criteria will be used for evaluating the various decontamination technologies in a 
quantifiable manner, the entire set of evaluation criteria is considered when reaching a final 
decision. Section 4.2 will investigate these criteria as they pertain to each decontamination 
method. The evaluation criteria reflect the fact that the primary application of the 
decontamination system is to clean and be used with robotic hardware. - 

REMOVES SMEARABLE CONTAMINANTS 
The effectEveness of the technology in removing Smearable contaminants. A 
system that cannot remove smearable contaminants will not be considered. 

REMOVES FIXED CONTAMINANTS 
The effectiveness of the technology in removing fixed Contaminants. A 
technology that cannot remove fixed c o n e t s  will not be considered. 

EQUIPMENT RISK 
Is the decontamination method destructive to equipment (metals, electronics, 
lenses and robotics)? A system that damages critical components will not be 
considered. 

GENERATES GASEOUS WASTES 
Is gaseous waste generated? Is oxygen displaced by off-gases? Gaseous waste 
generation generally requires special ventilation equipment. A system that 
generates an excessive amount of gaseous waste may not be economical to use. 

Is liquid waste generated? Liquid waste generation generally requires special 
drainage equipment. A system that generates an excessive amount of liquid waste 
GENERATES LIQUID WASTES 

' may not be economical to use. 

GENERATES SOLID WASTES 
Is solid waste generated? Solid waste generation generally requires special 
collection and/or ventilation equipment. A system that generates an excessive 
amount of solid waste may not be economical to use. 

Is mixed waste generated? Mixed waste generation generally requires special 
permitting, disposal equipment, and operatiom. A system that generates an 
excessive amount of mixed waste may not be economical to use. 

GENERATES MIXED WASTES 

REMOTE OPERATION 
Can the decontaminaton system in its current state of development be operated 
remotely? A system that can be operated remotely is desired for many 
applications. 

STATE OF DEVELOPMENT 
How far is the state of development? Particularly, has development work been 
performed to implement automation and remote operation? A system that has 
already had extensive development work to automate and remotely operate is 
desirable. 

'ON SITE' UTILITIES 
Can "On Site" utilities be utilized for system operations? Do special needs exist? 
A system that can be operated solely from "On Site" utilities is desirable. 
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SIMPLICITY 
The simplicity of the set-up and operation of the decontamination system relative 
to other systems. A system that is simple to setup and operate is desirable. 

Is regular preventive maintenance required for steady operation? A system that 
requires little or no preventive maintenance is desirable. 

PREVENTIVE MAINTENANCE 

SAFETY 
Does operation of the equipment pose a threat to worker safety? Are special 
equipment and/or clothing required for operation of the system? A system that 
poses a minimal threat to worker safety and that requires minimal special safety 
gear is desirable. 

APPLICATI ON (s) 
How, where, and on what can a particular decontamination technology be used. 

ADVANTAGES 
General advantages of the method with respect to this application. 

DISADVANTAGES 
General disadvantages of the method with respect to this application. 

COMMENTS 
General comments on the method with respect to this application. 

4.2 Evaluation Matrices 
Table 2 Summarizes the evaluation of the Merent decontamimion techniques based on the 
chosen evaluation criteria. A detailed examination of each respective technique appears in 
Appendix A. The evaluation Criteria appear vertically along the left side of the matrix, and 
the decontamination technips appear horizontally across the top. Each evaluation 
criterion has been assigned a weight percentage that represents the relative importance of 
the criterion in the final decision. The sum of these weight factors totats 100 percent. The 
entries in the matrix are based on a rating scale from 0 to 10, representing the relative 
desirability of a submission for a particular entry. Anting of 0 represents the least 
desirable submission, while 10 represents the most desirable. For example, a technique 
that can remove al l  smearable contaminants will receive a rating of 10 (the most desirable 
submksion for that particular evaluation criterion), but if it is incapable of removing 
smearable contaminants, it will receive a rating of 0 (the least desirable submission). 

The weighting factors are used to calculate a rating that reflects the relative desirability of a 
particular technique when considered as a whole. This rating is labeled as TOTAL and 
appears horizontally across the bottom of the matrix. 



Table 2. Decontamination technique evaluation matrix. 
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4.3 Comparison of Decontamination Technologies 
An evaluation of the decontamination technologies reveals that most methods currently . 
available are not compatible with remote or robotic applications. The two methods that best 
meet the requirements are C@ Pellet Blasting and Ice (H20) Blasting. This subsection 
compares these two technologies in more detaiIy in order to decide whicl one is best suited 
for use with this application. 

Both C02 blasting and ice blasting have many qualities which are desirable to include in a 
decontamination system. They are both capable of removing smearable and fixed 
contaminants. Both techniques are nondestructive and will not harm sensitive equipment. 
Neither technique produces secondary solid or mixed waste. Both techniques can be 
remotely operated, are relatively simple to operate, and require a relatively small amount of 
preventive maintenance to operate effectively. There arey however, some important 
differences in the operation of the C@ blasting decontamination technique as compared to 
the ice blasting technique. 

One advantage that ice blasting has over CQ blasting is that it produces no gaseous waste. 
This makes it slightly easier to use in confined areas because a dedicated ventilation system 
is not required for worker safety. Since Co;! is heavier than air, it displaces air in confined 
spaces, thus reducing oxygen available for workers to breathe and resulting in a safety 
hazard. The primary use of the decontamination system is to clean the hardware in a 
remote or completely autonomous operation. Workers will not be exposed to this danger 
on a regular basis. 

There are two clear advantages that C02 blasting has over ice blasting; it is nearly fully 
developed for this specific application (through work performed in conjunction with the 
development of the DUA), and it produces no liquid wastes. The lessons learned in the 
development of the LDUA decontamination system will result in a shorter development 
time for future decontamination systems with fewer unknowns. The fact that it produces 
no liquid waste may seem inconsequential in lieu of the fact that any secondary waste 
generated during.decontamimtion can potentially be exhausted back into the tank, but there 
are some real benefits to avoiding introduction of secondary waste into the tank, especially 
liquid waste that can be difficult to contain. Any secondary waste created, even if it is 
initially exhausted back into the tank, will eventually have to be treated in some way. 

After taking a closer look at the issues involved in choosing a decontamination system for 
any remote applications, it is clear that the best choice is a CQ-based cleaning system. 

5.0 Ventilation 
The INEL has been in charge of designing a decontamination system for the LDUA since 
1991 and has invested significant resources into researching and investigating the various 
aspects of Co;! decontamination techniques. Based on this experiencey a ventilation system 
will be required to provide full-time ventilation to the decontamination system enclosure 
during Co;! cleaning operations. 

The primary function of the ventilation system is to ensure that the atmosphere within the 
cleaning enclosure (including the tank atmosphere) is adequately isolated from the earth's 
atmosphere at all times and to carry away and trap COIltaminated airborne particulate 
generated during the decontamination process. The ventilation system would likely be a 
skid mounted mobile unit built to specification and provide all the required equipment such 
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as fans, motors, prelilters, HEPA filters, ductingy and exhaust stack. The sizing and 
configuration of the unit would depend on the ventilation scenario that is implemented. 

6.0 Conclusions and Recommendations 
This report has incorporated a review of the major decontamination systems and techniques 
that are available today. The techniques need to have the capability to be applied in a 
remote or robotic type application. Special emphasis was placed on underground storage 
tank operating scenarios. This information was incorporated with a comprehensive review 
of available decontamination techniques to arrive at a list of evaluation aiteria. These 
criteria were used to evaluate the various decontamination techniques to determine the 
technique best suited for these applications. The 
was chosen as the best technique for immediate implementation. 

blasting decontamination technique 

The following list Summarizes the benefits of the Co;! blasting decontamination technique 
over other techniques: 

Removes smearable and most Sxed contaminants. 
Nondestructive to sensitive equipment. 
Creates no secondary liquid, solid, or mixed wastes. 
Can be operated remotely. 
Extensive related development experience with the LDUA 
Simple to operate and maintain. 
Extremely safe under normal operating conditions. 

The C@ blasting decontamination technique has some additional benefits that make it an 
attractive cleaning technology. Media parameters (sizey velocity, and quantity of C@ 
pellets), can be easily adjusted to safely clean a wide spectrum of surfaces and materials 
ranging from plastic films to steel structures. CQ cleaning is also cost-effective because 
liquid CO2 is readily available and inexpensive. An additional advantage of this technology 
is the cost savings resulting from the elimination of the secondary waste generation. 
Existing cleaning systems have also developed a local vacuum cleaning head that can 
provide 100% evacuation of all C@ gas and debris from the surface while hardware is 
being cleaned. 
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ABSTRACT 

New technologies are one of the most 
important avenues for successfully and cost- 
effectively W i n g  with the challenges of 
environmental remediation and decontamination, 
This paper describes the TECHXTRAW process, 
a chemical technology used to extract P a s ,  
heavy metals, radionuclides, and other hazardous 
COIlmmnan ts fkom concrete, steel, and similar 
solid materials. In many cases, this process is 
preferred over other decontamination alternatives 
because it is highly effective in the exttaction of 
subsurface as well as surface contaminants. 
Furthermore, the extraction technology is non- 
destructive, the chemical formufations are 
nonflammable and nonexplosive, the process 
minimizes waste volumes, and the application does 
not pose additional health risks for remediation 
crews. This technology is fully c o m m e r c d i  
and has been used by a number of private 
companies and governmental agencies, including 
the Department of Energy (DOE) Oak Ridge Y-12 
PIant in Oak Ridge, Tennessee. 

The specific projects descriid in this report 
were performed by EET, Inc., the owner of the 
techology, as a subcontractor to Martin Marietta 
Energy Systems (MMES), the primary contractor 
for operation of the Y-12 Plant. The primary goal 
of the projects was the cleanup of polychlorinated 
biphenyl (PCB) contamination fiom concrete 
floors, waIls, and equipment in one of the 
manufacturing buildings. During the course of 
this project, EET was aIso successful in extracting 
radionuclides fiom the same contaminated 

surfaces. The successful conclusion of this project 
has led to a number of other opporhxnities within 
the DOE, including technology demonstrations for 
cesium, plutonium, technetium, and mercury. 

DECONTAMINATION TECHNOLOGIES: 
cuRRENTPRAcTxCEsAM)NEEDS 

Due to the large number of contaminated 
buildings owned by various federal agencies, 
decontamination is one of the h tes t  growing 
segments of the environmental industry. The 
Federal Facilities Compliance Act (FFCA), Base 
Realignment and CIosure (BRAC), and change in 
mission for the DOE are ail significant drivers of 
this trend, Through initiaI investigations, the 
owners of these contaminated facilities have found 
their problems to be pite significant. PCB 
contamination is widespread due to the many 
different types of systems (hydraulic, coolant, 
electrical) that used PCB-based oils. Heavy metal 
and radionuclide contamination is found in many 
manufacturing and assembly faciIities due to past 
materials handling and disposal practices. 

For each category of contaminants, several 
additional factors exacerbate the clean-up 
challenge. First, regulatorily required clean-up 
levels are typically very low due to the health 
risb associated with P a s ,  heavy metak, and 
radionuclides. CIean-q normally requires a 
surface standard of 10 micrograms (pg) per 100 
an? for PCBs and readings of under 5000 dpm 
per 100 cm? (total), 1000 dpm per 100 cm? 
(removable), or lower for radionuclides. 



. 
Shdards for heavy metals are different for each. 
Many contaminants tend to become electro- 
statically bonded to the substrate material. 
Successfid removal, therefore, requires some type 
of reaction to break these bonds. In the best 
circumstances, these standards are difficult to 
achieve, but the age of many federal facilities (and 
their contamination) further complicates the 
problem. Over time, contaminants will migrate 
deeper into the substrate through the pores in any 
material. This migration occurs naturally, with 
water from routine cleaning, or with pressure. 
The depth to which this migration will occur is 
dependent on many fkctors, inchding the porosity 
of the material, the mobility and solubility of the 
contaminants, the presence of coatings, and the 
existence of other drivers. Migration of one-half 
inch or more is common, and can exceed four 
inches in some cases. Since many of the issues 
now being addressed in the federal market are the 
results of incidents from twenty or more years 
ago, deep penetration of contaminants is a 
widespread concern. 

Despite these challenges, most current 
decontamination techniques lack the sophistication 
needed in this market. Standard approaches 
include physical (destructive) methods and 
chemid cleaning with surfactants, solvents, or 
acids. Physical mechanisms can be effective if the 
contamination is not deep and if damage to the 
surface is allowable. Its primary limitations are 
the large volume of waste that is generated, the 
risk for .workers (primarily from airborne 
contaminants) during the operation, potential 
shutdown costs, and ongoing liiility for landfill 
disposal. It can also be very expensive in cases of 
deep contamination, especially for radionuclides, 
due to the high cost of disposal. Off-the-shelf 
chemicals address surface contamination, and are 
usually ineffective when s u b d c e  migration has 
occurred. In addition, many of these soiutions 
(Le., strong acids, solvents) pose significant health 
and safety risks fbr remediation workers. 

Many projects where significant contamination 
is encountered end in one of two ways. Either the 
owner appeais to -the EPA and other 
environmental authorities for a variance due to 
their inability to meet regulatory clean-up 
standards. Or total demolition is selected as the 

"only Icnown technology" for solving the problem. 
The TEQETRACP technology from EEX is one 
solution to bridge the gap between current 
problems and ultimate clean-up. 

PROCESS 

The TECEXTRACT~ technology, a sequentid 
chemical extraction process, is a highly effective 
process for the removal of P a s ,  heavy metals, 
radionuclides, and other hazudous substances 
from solid materiaIs such as concrete, brick, steel, 
and exotic metals. The process is most applicable 
in remediation or decontamination projects when 
one or more of the folIowing conditions apply: 

e 

The acceptable level for any residual 
contarmnan t is very low (i.e., 1 or 10 pg 
per 100 cm? for P a s ,  background for 
radiation), 

Simple surface cleaning is ineffective, due 
to the leaching of subsurf8ce contaminants 
back to the suface, 

The removal and disposal of the entire 
contaminated Surface (and subsurfgce) is 
undesirable, either because the volqme and 
resulting disposal and replacement costs are 
too high or due to waste mbimht~ 'on 
objectives , 

Significant safety concerns - such as 
flammability, corrosivity, creation of 
airborne contamman t particles, fugitive 
emissions or generation of toxic fumes 
and/or explosive gases - are raised, 

Decontamination is to be performed on 
surfaces that are not flat and horizontal, 
such as equipment, walls, ceilings, 
structural beams, and internal piping, 

If very low residual contaminant levels are 
achieved, substantial economic benefits can 
be realized (Le., reSaie of equipment, 
reclassificationas non-hazardous, avoidance 
of disposal as hazardous, LLRW, or 
transuranic waste), 



All other opt,ions have failed to achieve the 
desired objectives. 

Even when none of these conditions apply, the 
technology will still remove undesirable 
contaminants, but is less likely to be cost 
effective. 

The TEQaxTRACP technology is a 
proprietary process developed by EET. The 
process and the unique chemical blends that it 
incorporates were developed over a three-year 
period, and are currently patent pending. The 
initial research was done in response to a request 
by a steel industry customer who had serious PCB 
problems and fkced several of the constraints 
listed above. After this initial research, the 
chemical . formulations and the application 
techniques were continually modified to improve 
their effectiveness and to expand the range of 
situations in which they could be used. 

While the technology will be described in more 
detail in the next section, a summary of the 
process is provided below: 

The extraction technology is a sequential 
chemical process, using a blend of 
specifically tailored chemicals to prepare 
and then remove contaminants from the 
affected Surface. 

The actual application of the chemicals is a 
relatively straightforward scrubbing process, 
using either hand implements or larger floor 
scrubbing equipment. 

Due to the design of the chemical 
formulation, the effectiveness of the 
technology is not diminished by vertical or 
irregular surfaces. 

Success of the technology is measured by 
the percentage reduction in contaminants 
after each cycle. Reduction rates are 
typically 95 to 99 percent per cycle on PCB 
projects, and are sIightly lower for heavy 
metals and radionuclides. 

Safety precautions and personal protective 
equipment are dictated by the contaminants 

in the surface, not by any property of the 
chemicals. on  Pm projects, crews 
normally wear TyveksK or comparable suits, 
hoods, respirators, goggles, rubber gloves, 
and rubber boots. 

TECHNICAL DISCUSSION 

The extraction technology is a multistep 
process in which proprietary chemicals are applied 
to the contaminated surface, allowed to react with 
and extract ContaminantS, and then removed. 
While the specific chemicals and cleaning 
techniques are custom engineered for each project, 
the basic process remains the same. After 
cleaning any debris from the surface and applying 
a pre-flush solution, the first chemical blend 
(surface preparation) is applied. This first 
chemical cleans and prepares the surface to 
maximize the effectiveness of the extraction,step. 
After this blend is rinsed and removed from the 
surface, a second'chemical blend (extraction) is 
applied. This fbrmula binds the contaminants in 
the solution, allowing them to be extracted as the 
surface and substrate are flushed. At the end of 
the application, the Surface is again rinsed and the 
liquids are removed. This entire cycle takes one 
day, and may be repeated several times to achieve 
the desired levels of decontamination, Sampling 
is done at the end of any cycle to determine 
remaining contaminant levels. After the final 
cycle, a chemical fixation formula is applied to 
immobilizeany remaining contaminants, lessen the 
chance of recontamination, and strengthen the 
substrate. 

All of the chemicals used in the process are in 
a liquid state. To minimke the volume that is 
used (and the resultant waste), the chemicals are 
normaliy atomized and applied as a fine mist. 
Large volumes are not necessary for the extraction 
process to be successful. The process does 
require that the chemicals make good contact with 
all surfaces. To do this, the chemids are either 
scrubbed onto the surface manually (Le., with 
brushes) or with automated machinery (Le., floor 
scrubbers) on larger areas. 

The chemical blends used in the process are 
specially formulated to address the unique nature 



- of each project, including the contaminants and 
the surface/substrate composition. The surface 
preparation formula is a complex blend of acids 
and other chemicals which cleans dirt, oil, grease, 
and other interferences from the s d c e .  It also 
solubolizes inorganics and organics and prepares 
the substrate by establishing proper conditions for 
the extraction step. The extraction blend also uses 
advanced chemistry in the fields of 
microemulsification and chemical ion exchange, 
and is central to the overall technology. The 
extraction technique uses these blends which 
interact with contaminants at the molecular level. 
In essence, the extraction solution penetrates 
below the surface and binds itself to the 
contaminants, then pulls horizontally and verticaIly 
through the microscopic pores to the surface. 
Additional compongnts of the formula encapsulate 
the contaminants to prevent them from 
recontacting and thereby recontaminating the 
surface, keeping them in suspension until they can 
be removed during the rinse step. Just as 
important as the chemistry, EET has developed 
specific appiication techniques that substantially 
improve job performance. 

Y-12 CASE HISTORIES 

EET has performed many different projects 
using the T E C H X ~ C P  technology for the 
extraction of PCBs and other hazardous 
contaminants. One series of projects was 
performed at the Department of Energy (DOE) Y- 
12 Plant in Oak Ridge, Tennessee. This plant is 
operated for the DOE by Martin Marietta Energy 
Systems (MMES), EET's client on the project. 
The requirement of the initial project was the 
reduction of PCB contamination to below 10 pg 
per 100 cm? in approximately 20,000 sq. ft. of 
one manufacturing building. The building was 
quipped with a variety of lathes and other 
machinery and had a central hydraulic system. 
This system used PCBoils (60% Aroclor 1248, 
40% perchlorethylene) from 1964 until 1984, 
when the system was flushed and a PCB-fiee oil 
was introduced. Over the 30+ years that the 
building was in use, these fluids leaked or spilled 
in several places, contaminating floors, walls, and 
equipment with P a s .  

The existence of PCBs and MMES's inability 
to find a technology which could reduce 
contamination levels to the regulatory stank& 
had brought a priority construction project to a 
haft. MMES personnel had tried several other 
methods for removing PCB contamination 
beginning in November 1991. The floor was 
scrubbed with different off-the-shelf solvents 
and/or surfactants, which did lower the PCB 
levels, but tended to plateau around 500 pg per 
100 cm?. In one case, the floor was scabbled and 
jackhammered. Even this did not achieve the 10 
pg standard, but it did result in a badIy scarred 
concrete floor which became known as the "moon 
surfkce." As 1ittIe as 114 inch and as much as 4 
inches of concrete were removed from this area, 
with some holes punched nearly through to the 
ceiling below. While these or similar techniques 
had been used with some success in other 
applications at the Y-12 plant, the age and severity 
of the spill allowed significant penetration of the 
PCB-based oil into the subsurface and prevented 
these standard approaches 3i-orn working. After 
these repeated attempts at achieving cleqn-up 
levels, MMES submitted a proposal to the EPA 
for seaIiig the PCB contamination in place due to 
the apparent lack of an adequate decontamination 
technology. 

After this requested variance was submitted to 
the EPA, and with continuing pressure to restart 
the restorationproject, MMES personnel identified 
the extraction technology offered by EET 
(operating as EnClean at the time) as a viable 
dtemative. EET began work on Phase 1 of a 
fixed price contract on September 23,1992, using 
a crew of four technicians plus a project manager. 
Work on this phase and the other two phases of 
the original contract, totaling approximately 
20,000 sq. ft. of fle6rs and ceilings, was 
completed on December 23,1992. Each of these 
areas was sampled and determined to be clean 
according to MMES specifications of less than 10 
pg per 100 cm?. Eighty-five percent (85%) of 
the final samples showed nondetectable Ievels of 
PCBs. Sampling was performed using smear 
samples and following the Midwest Research 
Institute's document, "Verification of PCB Spill 
Cleanup by Sampling and Analysis." All 
laboratory analysis was performed by TMA, an 
independent third party lab. Table 1 summarizes 



- the before and after PCB levels. 

In addition to the final clean-up results, MMES 
and the DOE received a secondary benefit from 
the low waste volume that was produced by this 
project. The total Iiquid waste, which includes all 
PCBcontaminated cleaning chemicals and rinse 
fluids, was less than 0.04 gal per sq. ft. The only 
other PCB wastes from the project were 
miscellaneous solid items, such as personal 
protective equipment and miscellaneous hand 
tools, which were placed in solid waste drums. 

In a reIated project for MMES, EET was 
contracted to clean a metal machining Iathe. This 
piece of equipment was contaminated with PCBs 
as well as uranium and related decay products. 
The equipment had been removed from service 
due to contamination, but disposal was Iimited 
because it was classified as a mixed waste. In- 
house personnel had already attempted to 
decontaminate the machine without success, and 
had ultimately painted it with several coats of 
lead-based paint to reduce radiation levels. As 
part of its decontamination process, EET removed 
the Iayers of paint so that the extraction chemicals 
could have direct access to the surface and pores 
of the metal. Third party monitoring documented 
the results of the radioactive decontamination after 
each cycle of the process. During the first two 
cycles, radiation leveIs actually increased as the. 
lead paint was removed and the radionuclides 
were pulled to the surface. Ultimately, the 
machine was decontaminated to background levels 
for beta/- radiation (e424 dpm per 100 
cm.9, from a high of over 250,OOO dprn per 100 
an.*. No surface activity was measured, and as 
further validation of the process, analysis of the 
rinse solution showed high activity levels for 
uranium. AI1 PCB clean-up standards were 
achieved early in the clean-up. Table 2 
summarizes the-results of the beta/- 
measurement, as performed by TMA/Eberline. 

The extraction technology is higher in cost than 
other'clean-up solutions, but only in those cases 
where these alternatives can succeed in their initial 
application. In many .cases, the choice of an 
alternate approach results in significant expense, 
lost time, and waste generation without any 
meaninghl reduction in contamination levels. For 

comparative purposes, .the cost of the 
TECXETMC'TM technology on the MMB 
projects ranged from $8 to $26 per sq. R cleaned. 
In EET's other experience, the cost of extraction 
projects has been as low as $5 per sq. ft, cleaned, 
with relatively small additional expenditures 
required for transportation -and disposal. Cost 
ranges reflect many factors, including the size of 
the area to be cleaned; level of contamination, 
required level for decontamination, and types of 
conmmmants. 

CONCLUSION 

In each of these cases and many others, EET's 
initiaI results have led to contract extensions fir 

. the decontamination of other "uncleanable" areas. 
The power of the T X c S X m C P  process is its 
ability to penetrate into the substxate through the 
pores in the material so that P a s ,  heavy m e a ,  
radionuclides, and other con taminants can be 
pulled into and held in solution and ultimately 
emcted. This tecbology offers significant 
benefits in reuse of previously contamhated 
buildings and equipment and avoided disposal 
costs. 

EET contimes to perform research to improve 
the TEmmC'P process and braaden its 
applications. Demonstration projects are planned 
during the spring or summer of 1994 for a variety 
of other radioactive or heavy metal contaminants, 
including mercury, technetium, cesium, and 
plutonium. EET has also entered into an 
agreement with Idaho National Engineering Lab to 
test the ' I Z C H X ~ C P  blends for soil washing. 
Through tfiese and other ongoing efforts, the role 
and effectiveness of the ~ X Z X T R A C P  
techno~ogy for the many needs of '  the 
decontamination market will be fully defined. 



PCB LEVELS BEFORE AND AIXER PROJECT 
BASED ON SURFACE W I P E S ~ X A N E  PROTOCOL 

AREA PRIOR TO AFTER 

Lathe test area 13-40 pg/lOO cm.' - <lOIrg/1oOcm.2 

Third Mill 35-110 < 10 

Circle shear 28-8900 < 10 
North side 

EXTUCTION PROCESS EXTMCIION PROCESS* 

1-2900 I < 10 - 

LOCATION 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 ' 

* AU final sample results showed PCBs at less than 10 pg per 100 cm? and 85% were nondetect. 

BEGINNING INTERMEDIATE FINAL 

190,252 dpd100 an? 278,678 dpm/lOO cm? <424 dpm/100 cm.2 

4,018 < 262 < 424 

7,340 396 < 424 

1,782 535 C 424 

44,580 51,658 < 424 

600 364 < 424 

1,974 396 < 424 

4,305 3,845 < 424 

409 < 262 < 424 

19,764 34,219 528 

664 < 262 < 424 

- 26,471 12,660 < 424 

BETAIGAMMASURVEPMEASUREMENTS 
FOR LATHE DECONTAMRVATION PROJECT* 

* All surveys were taken and documented by TMMEberIine; "less than" (<) results indicate readings 
at background levels. 
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C02 Pellet Blasting Studies 

I .O INTRODUCTION 

Initial tests with CO, pellet blasting as a decontamination technique were 
completed in 1993 at the Idaho Chemical Processing Plant (ICPP) at the  Idaho 
National Engineering Laboratory (INEL).‘ During 1996, a number of additional C02 
pellet blasting studies with Alpheus Cleaning Technologies, Oak Ridge National 
Laboratory, and Pennsylvania State University were conducted. After the testing 
with Alpheus was complete, an SDI-5 shaved COP blasting unit was purchased by 
t he  ICPP to test and determine its capabilities before using in ICPP 
decontamination efforts.’Results of the 1996 testing will be presented in this 
report. 

2.0 OBJECTIVES 

The objectives of these blasting studies included: 

I. Determine t h e  effectiveness of the  C02 systems for decontamination. 
2. Determine the effectiveness of different blasting guns. 
3. Determine the  effectiveness of pellets versus shaved CO,. 
4. Compare the removal rates of the portable units versus the large stand 

5. Determine how effective the CO, units are at general cleaning, including 
alone units. 

paint removal from wood, concrete, stainless and carbon steel. 

3.0 CO, SYSTEMS INVESTIGATION 

Six different units have been tested including the system used during the 
1993 COP blasting demonstration at the ICPP.’ The effectiveness of these 
systems were compared using stainless steel coupons with simulated 
contamination (SIMCON) dried on the surface to represent loose contamination 
(SIMCON I) or baked on the surface to represent fixed contamination (SIMCON 11).2 
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3.1 Cold Jet 

A Cold Jet system'was used during the 1993 CO, demonstration at ICPP. 
This was a large stand alone system that had the capability of producing its own 
pellets. These results have been previously reported' and are s-ummarited in 
Tables 1 & 2. 

3.2 Alpheus 

Alpheus also has a large stand alone system capable of producing its own 
pellets along with a portable unit which requires externally made pellets. .Alpheus 
has just recently developed a portable system (SDI-5) that is capable of using 
either blocks of CO, or pellets. 

The tests with Alpheus equipment were conducted by sending SIMCON I 
and il  coupons to Alpheus Cleaning Technologies in Rancho Cucamonga, 
California. They blasted the SIMCON coupons using their Model 250 stand alone 
system and their portable units, SDI-5 and MLB-5, which are pneumatically 
operated. The model 250 produces its own pellets while the model MLB-5 has to 
have pellets made and transferred to the system. The model SDI-5 unit uses 
blocks of CO, which are shaved by blades and the particles of CO, are then 
blasted onto the surface being cleaned. The coupons were blasted with the same 
optimum pressures and time determined during the 1993 testing. These results 
are summarized in Tables 1 and 2. 

The main differences between the Alpheus and Cold Jet systems are the 
pellet delivery systems and how the pellets are produced. The Alpheus systems 
have a two hose delivery system were the Cold Jet systems have a one hose 
delivery system. The two hose delivery system helps prevent freezing when 
blasting at  low pressures and delivers the pellets t o  the nozzle with very little 
pellet degradation. The Alpheus system produces pellets by means of a roller die 
system where the Cold Jet systems uses a hydraulic press system. The Alpheus 
pellets are more uniform in size and density than the Cold Jet system. 

3.3 Centrifugal C02 System 

The CO, system tested at 0ak.Ridge National Laboratory was a Centrifugal 
CO, system. This system uses CO, pellets that are loaded onto an accelerator 
wheel which accelerates them along a curved path and delivers them to the 
surface being cleaned. The pellets have a velocity range from 0 to 500 m/s. This 
system is not as mobile as the commercially. available CO, systems and at the 
present time the items that are being cleaned have to be placed under the system. 
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However, Oak Ridge personnel were looking at mounting this system on a robot 
for movement over surfaces. 

When testing the centrifugal COP system, only SlMCON I I  coupons were sent  to 
Oak Ridge National Laboratory. During this test the operators-of this equipment 
varied the pellet speed, feed rate, scan rate, and pellet dosage to optimize the 
cleaning rate. The cleaning results from this testing are in Table 3. 

3.4 Supersonic Abrasive Ice-Blasting 

Tests were also conducted with Pennsylvania State University using their 
recently developed supersonic abrasive ice-blasting system. This system projects 
a stream of cold compressed gas and ice micro-particles at high speeds against 
surfaces that need to be cleaned. When the ice micro-particles impact the 
surface, they wear away soft coatings and radioactive residues without 
damaging the  surface. The system, was still in its final development and testing 
phase when these tests were performed. The cleaning results from this test can 
be seen in'Tables 1 and 2. 

3.5 SDI-5 Testing 

After receiving the results from the Alpheus SDI unit testing, a unit was 
purchased and tested at the INEL. This portable mini-blast SDI-5 system is a 
pneumatically operated COP blasting system that uses blocks of COz instead, of 
pellets. The size of the  unit is 24" wide X 36" long X 42" high and weighs 280 
lbs dry. The system has an adjustable dry ice feed rate from 1.5-4.5 Ibs/min and 
a blasting pressure from 50-300 psi. A minimum air supply of 80 psi @ 80 cfm 
is required. The hopper capacity is 120 Ibs. Figure 1 shows the SDJ-5 system. 

\ .\ 

1 - SDI-5 S@~IL 

During the  testing of the SDI-5 system 
at the INEL, a portable (1 50 psi/? 1 Ocfm) 
compressor was used. This compressor limited 
the blasting pressure of the system during the 
testing to between 50 and 100 psi. Also, 
during this testing period an air dryer for the  
compressor could not be located. This caused 
some freezing problems around the nozzle 
stinger because of the moisture in the  air line. 

The testing of t h e  SDI-5 CO, system 
was organized in four distinct phases. The 
first phase concentrated on varying the  
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pressures, blast guns and time while cleaning SIMCON coupons. The second 
phase involved general cleaning which consisted of paint removal from concrete, 
wood, carbon and stainless steel along with removing tape, rust, and stains from 
the  above mentioned substrates. The third phase consisted of testing a special 
heating unit which can be attached to the SDI-5 unit before the blasting gun. The 
heating unit is used to heat the blast air before it reaches the  gun which helps 
reduce condensation on the item being blasted. The final phase of testing was to 
evaluate a new swivel fan gun that Alpheus has developed. 

During the first phase of testing there was a learning period to determine 
how to operate the  equipment correctly. This system is a fairly easy system to 
operate but does take time to understand how and when to adjust the ice rate 
and feeder pressure to obtain the proper blasting conditions. After learning how 
to operate the  system, each of two guns (Duck, Anteater) were tested by 
blasting SIMCON coupons at different pressures and times to determine the 
cleaning efficiency of each gun. Figures 2 and 3 show the blasting guns that 
were used. During this phase of testing freezing problems were encountered 
when blasting continuously for 5 to 10 minutes. The moisture from the 
compressor was accumulating in the system and causing ice to build up around 
the nozzle stinger which in turned blocked the flow of C02 particles. The 
cleaning results from the  first phase of testing can be seen in Table 4. Figure 4 
shows the  location of t h e  stinger. 

Figure3 -Anteater. 
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4.0 RESULTS 

After all the testing was 
complete, the results were compiled in 
the following tables (attached) to show 
t h e  percent removal of Cs and Zr on 
SIMCON I & I1 coupons. The results 
indicate t h a t  t he  Alpheus systems were 
more effective at removing fixed 
contamination than the other systems. 
When comparing t h e  removal of loose 

contamination the Alpheus systems were slightly more effective than the Cold 
Jet system used during t h e  ICPP demonstration. 

Figure 6 - Swivel Fan Gun, 

The coupons blasted by Alpheus with t h e  SDI-5 system were cieaner 
than  those done with the INEL SDI-5 system. However, once the  INEL had some 
experience operating the  SDI-5 system, results were obtained similar to those 
obtained by Alpheus. 

The results also showed that the coupons blasted with the heaterKO, 
system were cleaner then those blasted without the heater. This could have 
been because the coupons that were blasted without t h e  heater were the first 
coupons blasted prior to system operation optimization. The combination of the 
heater and guns showed that the system was faster and more effective at 
removing paint when the heater was used than when it wasn't used. The heater 
also eiiminated the freezing problems encountered during t h e  first phase of 
testing. 

A videotape of the SDI-5 blaster and COP demonstration at the ICPP is available. 
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Table 1 

T i i e  

SIMCON I - Percent Removal 

:30 sec. 1:i0 m i n . - - r  2:OO mm. 
Cold Jet 

Pressure 50 psi. 80 psi 150 psi.. 

Constants: Pellet size 
(.125), Pressure (150 

Time (1:30 min.) Not Blasted Not Blasted Cs-100% 
a-1 00% 

Time (1 io0 min.) Cs-lOO% cs-1 00% 1 . NotBlasted I zr-99.7% I zr-100% 

Ice Pellet Sue IrnpadSpeed Cleaning Time % Removed 

70 urn 230 mls 8-12 Sec. CS - 92.0 
Zr-  932 
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Constants: Pellet size 
(.125), Pressure (125 

Psi) 

Tune 

Table 2 

SIMCON 2 - Percent Removal 

:30 sec. 

E 
1 :30 mm. 

:30 sec. 

200 mm. 

CS-64.5% 
Zr-98.0% 

Constants: Pellet size CS-41% 
(.125), Pressure (125 Zr-79% 

Psi) - 

€ 

Pressure 50 psi. 80 psi. 125psi. - - I 

Time (1:30 min.) Not Blasted Not Blasted CS75.3% 
Zr-98.6% 

1 :30 mm. 2:OO min. 

C~-81.3% 
zr-100% 

CS-75.1 % 

CS-63% 
Zr-78% 

Cs-57% 
zr-74% 

I J 

Time (1:OO mm.) . Cs-74.3% CSas.5% Not Blasted 

T i e  (1:30 min.) Not Blasted Not Blasted Cs-84.8% 
zr-100% 

a-95.1 % Zr-972% 
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Table 3 
SIMCON 2 - Percent Removal 

350 

350 

350 

350 

350 

290 

290 

290 

290 

Centrifugal COa Results 
1 I I 

150 12 28 

150 9 37 

150 6 55 

150 3 110 

150 2 165 

120 9 30 

120 6 44 

120 3 89 

120 2 133 

Pellet Speed 
W S )  

Pellet Feed Rate I S ~ n t e  I PelletDosage 
(kg/hr) W m 2 )  

350 170 

350 170 

5 

I Removed 

CS - 55.0 
zr- 95.4 

CS - 83.4 
Zt - 98.4 

cs - 4.4 
zr- 91.1 

Cs - 27.1 
Zt - 93.4 

CS - 28.0 
zr- 93.9 ' 

CS - 27.0 
Zt - 93.6 

cs - 43.0 
Zr- 92.3 

Cs - 60.0 
23- 90.3 

CS - 792 

cs - 59.3 
zr - 93.3 

cs - 46.0 
Zr- 82.0 
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Test #l 
Gun Type: Duck 
Stinger: Green 85 
Distance: 2 inches 
Blast Pressure: 100 psi 
- 

Time (1 :30 mm.) SIMCON 2 Coupons Average % Remowl 

T i e  (3:OO mm.) SIMCON 2 Coupons ACRrage % Removal 

CS - 59 0.6, a- 87% 

CS - 64 %, Zr - 80% 

Table 4 
SDI-5 TESTING 

Time (1 :30 mm.) 

T i e  (3:OO min.) 

Feeder Pressure: 50 psi 
ice Rate: 70 psi 
Coupons Turning at I00  rpm 

SIMCON 2 Coupons 

SIMCON 2 Coupons 

Average % Remoml 

Average % Removal 

CS - 67 %, Zr- 86% 

C~-68%,Zr-91% 

T i e  (:30 sec.) 

Time (1:30 min.) 

T e s t a  
Gun Type:Anteater 
Stinger: Green 85 
Distance: 2 inches 
Blast Pressure: 90 psi 

SIMCON 1 Coupons 

SIMCON 1 Coupons 

Average % Remowl 

Amrage % Removal 

CS- 94 %, i3- 92% 

CS- 98 %, Zr- 97% 

Feeder Pressure:40 psi 
Ice Rate: 60 psi 
Coupons turning at 100 rpm. 

Test #2 
Gun Type: Duck 
Stinger: Green 85 
Distance: 2 inches 
Blast Pressure: 90 psi ' 

Feeder Pressure: 50 psi 
Ice Rate: 50 psi 
Coupons Turning at 600 rpw 
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Test #2 
Gun Type: Duck 
Stinger: Green 85 
Distance: 2 inches 
Blast Pressure: 90 psi 

T i e  (:30 sec.) 

Time (1:30 min.) 

Table 4 (Cont.) 
SDI-5 TESTING 

SIMCON 1 Coupons 

SIMCON 1 Coupons 

Average % Removal 

Average % Removal 

CS- 98 %, Zr- 97% 

CS- 99 %,a- 98% 

Feeder Pressure: 50 psi 
I c e  Rate: 50 psi 
Coupons Still on Plate (sweeping) 

Time (1:30 min.) 

Time (3:OO min.) 

SIMCON 2 Coupons 

SlMCON 2 Coupons 

Average % Rernoml 

Average % Removal 

CS-71 %,Zr-87% 

CS - 49 %, Zr - 81 % 

Test #2 
Gun Type: Duck 
Stinger: Green 85 
Distance: 2 inches 
Blast Pressure: 100 psi 

Time (:30 sec.) 

Time (1:30 min.) 

Feeder Pressure: 50 psi 
Ice Rate: 50 psi . 
Coupons Turning at 600 rpm 

SlMCON 1 Coupons Average % Remoml . 

SIMCON 1 Coupons 

cs - 99 %, zr- 99% 

cs - 99 %, zr - 99% 

Test #H (Heater) 
Gun 1ype:Duck . 
Stinger: Green 85 
Distance: 2 inches 

' Blast Pressure: 100 psi 
Heater Temp. 145pF 

. Feeder Pressure: 60 psi 
Ice Rate: 50 psi 
Coupons not spinning 
C@ Blocks had been in Box For 2 % Weeks 

Average % Rernoml 



Table 4 (Cont.) 
SDI-5. TESTING 

Time (:30 sec.) 

Time (:30 sec.) 
Anteater 

Time (1:30 rnin.) 

T i e  (1 :30 min.) 

Time (3:OO mm.) 

Time (3:OO min.) 

Anteater 

Anteater 

Test #3 (Heater) 
Gun Type: DucWAnteater 
Stinger: Green 85 
Distance: 2 inches 
Blast Pressure: 100 psi 
Heater Temp. 149F 

SIMCON 2 Coupons 

SIMCON 2 Coupons 

SIMCON 2 Coupons 

SIMCON 2 Coupons 

SIMCON 2 Coupons 

SIMCON 2 Coupons 

Average % Removal 
CS - 63 %, Zr - 91% 

Average % Removal 
cs - 75 %,a- 95% 

A m a g e  % Removal 
cs - 93 %, It - 99% 

Average % Removal 

Average % Removal 

Average % Removal 

CS- 88 %, ZF- 100% 

Cs-93%,2-98% 

CS-71 %,2-98% 

Feeder Pressure: 60 psi 
Ice Rate: 50 psi 
Coupons Not Spinning 
C@ Blocks had been in Box For 2% Weeks 

T i e  (3:OO min.) SIMCON 2 Coupons Aerage % Remoml 
CS - 71 %, Zr- 96% 

Test #3 (Heater) 
Gun Type: Duck 
Stinger: Green 85 
Distance: 2 inches 
Blast Pressure: 100 psi 
Heater Temp. W'F 

Feeder Pressure: 60 psi 
Ice Rate: 50 psi 
Coupons Spinning At 100 RPM 
C@ Blocks had been in Box For 2% Weeks 
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Table 4 (Cont.) 
SD1-5 TESTING 

Time (:30 sec.) 

Time (:30 sec.) 

Time (1:30 mm.) 

Anteater 

Test #3 (Heater) 
Gun Type: Duck/ Anteater 
Stinger: Green 85 
Distance: 2 mches 
Blast Pressure: 100 psi 
Heater Temp. 1MF 

Feeder Pressure: 60 psi 
Ice Rate: 50 psi 
Coupons Spinning at 100 RPM 
CO, Blocks had been in Box For 2% Weeks 

SIMCON 2 Coupons 

SIMCON 2 Coupons 

SIMCON 2 Coupons 

Average % Removal 

Average % Removal 

Awage % Removal 
CS- 88 %, a- 94% 

CS - 60 %, Zr - 91% 

CS - 50 %s Zr- 88% 

Time (1:30 min.) 
Anteater 

Average 016 Removal I CS-61 % , Z r - l O O %  
SIMCON 2 Coupons 

Time (3:OO min.) 

13 
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SIMCON 2 Coupons Average % Remoml 
03-71 %,Zr-98% 



‘ Archibald, E. K, “CO, Pellet Blasting Literature Search and Decontamination 
Scoping Tests Report“, WINCO-I 180, December 1993. 

Demmer, R. L., “Development of Simulated Contamination (SIMCON) And 
Miscellaneous Scoping Tests”, WINCO-1188, January 1994 
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(05-96-ReV.#02) 

Project File Number 015720 
EDF Serial Number EDF-BSC-004 

. . Functional File Number CB-01 

Project/Task BIN SET CLOSURE STUDY I 

Sub task Robot and Cost Description 
Title: COMMERCIALLY AVAILABLE ROBOTS AND ASSOCIATED COSTS 
SUMMARY 
The' purpose of this Engineering Design File (EDF) is, to give information about commercially available robots and thei 
associated costs. Cost information with respect to present applications are given in this EDF and was obtained via phone 
conversations with individual vendors, including Oak Ridge, INEEL; and Red Zone Robotics. .The information was ther 
used for Calcined Solids Storage Facility (CSSF) bin' set RCRA closure cost estimates. Further research is necessary fox 
better accuracy since cost is dependent upon ever changing subject matter such as associated risk, technology, environment 
hardwaie, engineering and development. 

During CSSF bin set RCRA closure it is proposed that the robotic arm be used t9 clean interior bin wall surfaces and the 
tractor robot be used to move calcine and clean the bin bottom. 

Oak Ridge National Laboratory (ORNL) [f?om Dr. Berry Berks] 
ORNL is a Department ,of Energy multiprogam laboratory located in Tennessee and managed by Lockheed Martin Enera 
Research Corporation, The ORNL at present is RCRA closing severalsunderground a"unnite storage tanks (40 foot diameter 
and 24 feet tall) that hold radioactive sludge. The providence Group lead by Dr. Berry Berks (lead engineer) [(423) 425- 
0524 or (423) 576-7350] was chosen for this project. The cleaning process uses a Light Duty Utility A&I (LDUA) (using a 
36-foot deployment apparatus) and a tractor type robot inserted through 22;inch tank risers. The tractor robot was a Houdini 
class robot, which fol& on iGelf to,fit through a 24-inch riser. Once inside the tank, the tractor robot &folds and begins 
working. Their cost for storage tank cleaning and removal was as follows (dollars): 

CommerciaIIy Available Model . With Research & Development . 

Tractor Robot (foldable, to fit through a 22-in riser) $2.5 million 
LDUA (40' arm with a 17.5' reach) $4.5 million 

$3.5 million 
$6.5 million 

(Continued) 



. .  

Estimated Sub-contracted Calcine Removal Costs if Providence Group were hired to clean the CSSF Bin sets: 
cost ’ 

Ancillary Equipment Cost (approximate robot cost (research and development) plus 50%) $15 million 
Operational Costs (Labor, Tank modification, software, deployqent, regulatory compliance (readiness review & safeb 
reviews) approximately 5 times Ancillary Equipment Cost) $75 million 

(prior to contingency) . -Total $90 million 
Robot duplication prices would be considerably less than what is shown. 

Idaho National Engineering Laboratory (INEEL) [from Dave Willis and Cal Christensen] . 
MEEL is a Department of Energy laboratory located in west desert near Idaho Falls, Idaho and managed by Lockheed 
Martin Corporation. The INEEL use LDUA’s (robotic arms), inserted through IS-inch tank risers, to inspect underground, 
radiation contaminated staigless steel storage tanks (50 feet in diameter and 30 feet high). The tractor robot is used to 
ground cany radioactive material €tom one point to another. The pipe crawler robots are typically used for pipe inspection 
only (pipe crawling.robots for piping less than 3 inches are still under development). The estimated costs for these robots 
are as follows:. 

Commercially Available Model ’ Equipped Model* 

SlOthousand to 1.3 million $60 to 1.5 million 
$2.5 million $5;0 million 
$150-500 thousand per system 

Pipe Crawler Robot** $200-308 thousand $400 thousand 
Tractor Robot (non-foldable, available in stock) 
Robotic A h  (54’ arm with a 13.5’ reach) 
End-Effectors (typical clamping/pbbing devices) 

*Equipped is defmed as controllers, cables, computers, .monitoring systems and tools to do the job. 
**Since research and development is necessary for a 3-inch pipe crawler robot it was suggested by Cal Christensen that the 
cost for such a robot be estimated to be between 1 to 5 million (this estimate was received recently and not used in the Bin 
Set Closure cost estimate). 

Red Zone Robotics 2425 Liberty Ave., Pittsburgh PA 15222 [from David White 412-765-3064] 
Red Zone Robotics, maker of the Houdin‘i class robots used in Oak Ridge, can design and develop a foldable tractor robot 
hat will fit through an IS inch riser for $1 million dollars (500 thousand for the robot (includes vacuum attachment and push 
blade) and 500 thousand for the deployment system (akches to riser top, allows for shielded robot deployment, 
maintenance and decontamination). Duplicate robots (estimated one per CSSF bin) and deployment apparatus (estimated 
me per CSSF bin set) would be $150 to $200 thousand dollars each and $350 to $400 thousand dollars each respectively. 
rhese prices include controllers, cables, computers, monitoring systems and tools to do the job. The Houdini robot is 
jesigned for a total dose rate of IO6 R, with a 900 Ib plow force. 

. .  

. .  
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ENGINEERING DESIGN FILE 

Pro j ect File Number 
EDF Serial Number EDF-BSC-005 

015720 

Functional File Number BC-04 

Proj ect/Task 
Sub task Startinq Conditions Defined 

Title: BIN SET CLOSURE STARTING CONDITIONS 

BIN SET CLOSURE STUDY 

SUMMARY 

This document defines the starting conditions and boundaries for the Bin Set Closure project. The requirec 
interfaces between the Calcine Retrieval and Transportation project (EDF-WTS-002) and Bin Set Closurt 
project are introduced along with retrieval scheduling dates. The interfaces are presented for the following area 
of the Calcine Solids Storage Facility (CSSF): 

1. Vaults 
2. Bins 
3. Piping 
4. Equipment 
5. Shielding 
6. Scheduling 
7. Miscellaneous 

For more information on Bin Sets see the following documentation: 
1. Safety Analysis Report for the ICPP High-Level Solid Radioactive Waste Storage Facilities, G.E. Lohse, 

2. Final Safety Analysis Report of the Fourth Calcined Solids Storage Facility, Feb. 1980, ENICO-1031. 
3. Final Safety Analysis Report for the Fifth Calcined Solids Storage Facility, Feg. 1984, EMCO-1068. 
1.. Preliminary Safety Analysis Report for the ICPP Sixth Calcined Solids Storage Facility, June 1981, ENI-142 
5. Preliminary Safety Analysis Report for the ICPP Seventh Calcined solids Storage Facility, J.M. Siemer, R.A. 

Suckel, Aug. 1987, WIN-174. 
5. Calcine Retrieval and Transportation, SEE. Gifford, EDF-WTS-002. 

Jan. 1972, ICP-1005. 
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BIN SET CLOSURE 
STARTING CONDITIONS 

(1 1/19/97) 

Introduction: 
After the bin set calcine retrieval and transportation process @DF-WTS-O02)-is complete (cease use, as 
defined for the Bin Set Closure Study, has been achieved), it is necessary to define the starting 
conditions for the Bin Set Closure project. The boundaries are defined for the Bin Set Closure Study. 
Specifically the processes, activities and responsibilities to be accomplished under the Calcine Retrieval 
and Transportation project and Bin Set Closure project are defined in regards to the Vaults, Bins, Piping, 
Equipment, Shielding and Miscellaneous subjects. 

Vaults: 
The Calcine Retrieval and Transportation project will remove the bin set super structure of CSSF 1 
through 4 (the rooms or buildings above the bin containment area, i.e. cyclone room, off gas filtration 
room, etc.). A self-supporting concrete slab (21 to 18 inches thick) will then be poured on top of the bin 
vault roof (CSSF 1-4 only) to increase radioactive shielding and allow a smooth, level working 
fomdation. The bin vault roof load limit has not been defined at this time. The concrete slab will 
surround, but not cover, cut and capped process piping. The CSSF 5 through 7 superstructures will be 
decontaminated and left in place by the Calcine Retrieval and Transportation project. 

Retrieval (8-inch) and D & D (18-inch) risers will be inserted as needed through the concrete slab (CSSF 
1-4) or inserted through the superstructure roof and floor (CSSF 5-7) by the Calcine Retrieval and 
Transportation project. 

Bins: 
A IIliiximum of 5% of the total bin volume calcine will be left in the bin by the Calcine Retrieval and 
Transportation process. 

Bin wall and heel contamination will be present. 

In addition to existing bin retrieval risers the Calcine Retrieval and Transportation project wiIl install 8- 
inch risers for use during retrieval process and 18-inch risers for use during the closure process. The 
following is the number of risers that will be installed for each bin set: 

Bin Set #1 

Bin Set #2 

Bin Set #3 

Bin Set #4 

Bin Set #5 

Bin Set #6 

Bin Set #7 

24-8 inch schedule 40 risers attached (welded to the bin) 
20-18 inch D & D risers attached (welded to the bin) 

8-8 inch schedule 40 risers attached (welded to the bin) 
7-1 8 inch D & D risers attached (welded to the bin) 

7-43 inch schedule 40 risers attached (welded to the bin) 
7-1 8 inch D & D risers attached (welded to the bin) 

3-1 8 inch D & D risers attached (welded to the bin) 

14-1 8 inch D & D risers attached (welded to the bin) 

14-1 8 inch D & D risers attached (welded to the bin) 

14-1 8 inch D & D risers attached (welded to the bin) 
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The Calcine Retrieval and Transportation project will weld the 8-inch and 18-inch risers to the bin 
outside surface by inserting a remote welder down through each the riser. A remote test, not yet . 
developed, will confirm a proper secure attaching weld. A metal wall cutter will be inserted down 
through all 8-inch retrieval risers to gain access throughways into the bins. The 18-inch risers will be 
attached to the bin surface by the Calcine Retrieval and Transportation project. The Bin Set Closure 
study project will cut all the 18-inch riser throughways. 

Piping: 
All bin sets will be isolated by cutting process piping (except for necessary utility and instnunentation 
lines) within the confinement enclosure by the Calcine Retrieval and Transportation project. At the cut 
point., process piping leading into the bin set will be capped and pipes leading away fiom bin sets will be 
cleaned, decontaminated and grouted as outlined by EDF-WTS-002 (Calcine Retrieval and 
Transportation project). Calcine retrieval and new HVAC pipelines (original HVAC pipelines will have 
been dismantled, decontaminated and replaced by the Calcine Retrieval and Transportation project) will 
not be cut, but left in place. The pipelines leading from the confinement enclosure to the bin vault at the 
cut point will be the responsibility of the Bin Set Closure group (see Figure 2-2). Pipelines leading from 
the cut point away from the bin set will be the responsibility of the Calcine Retrieval and Transportation 
project. 

All retrieval lines installed during the Calcine Retrieval and Transportation project will be available for 
used during the Bin Set Closure project. 

Equipment: 
The Calcine Retrieval and Transportation project will ensure equipment is decontaminated, in good 
working order and ready to use by the Bin Set Closure project. Interfacing between the Calcine Retrieval 
and Transportation project, Bin Set Closure project and Waste Treatment Facility program will be 
required to ensure that the equipment and project scheduling is compatible between the three groups. 

The CRT will transfer the following equipment to BSC’: 

1. 

2. 
3. 

4. 

5. 

6. 

7. 

8. 

Heating, Ventilation., and Air-conditioning equipment will be installed on each CSSF vault as per 
EDF-WTS-002 to ventilate bin vault, confinement enclosure and ventilation instnun entation and 
control buildings. This equipment will be both sufficient and available for use during the Bin Set 
Closure project. Filters and ductwork will be contaminated] 
Retrieval equipment (to allow continued calcine retrieval) [will be contaminated] 
Bridge crane (7 total (1 per bin set)., to allow for drill platform placement, heavy load lifting, 
relocation of vertical deployment apparatus, bin set closure work) [minimal/ no contamination] 
Remote Coredrilling Platform (1 only, to drill through vault roof ifneeded) [designed to be 
relocated after decon tamhation minimal contamination but cleanable] 
a. Plug removal Hoist 
b. DrillMotor 
c. DrillBit Turret 
d. Remote Operating Station 
Portable Drilling Dust Collector (1 only, to prevent contamination from spreading) [designed to 
be relocated after decontamination minimal contamination but cleanable] 
Exhaust Fan (3 exhaust fans: one for the bin vault, one for the confinement enclosure, one for the 
ventilation instrumentation and control building) 
Riser Plugs (1 00 retrieval and 79 D & D plugs, to seal risers to prevent contamination from 
spreading) [contaminated] 
CO, Decontamination System (2 only, used to decontaminate equipment, containment rooms, 
shielding, and bins. [minimal contamination--not a significant part of retrieval system.] 

Calcine Retrieval and Transportation, SB. GSord, Dec. 1997, EDF-WTS-OM 
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9. CCTV (closed circuit television) Equipment (to view inside bins, risers and vaults to ensure 
proper remote operation, verifjr cleanliness etc.) [contaminated due to bin entry] 
a Camera and lighting (2 per bin, 100 total) 
b. Video workstation 
c. Switching Panel, 2 monitors, lighting Control 
d. TPZ Head Control Drive Interface Patch Panel 

10. AHU (auxiliary heating unit) with heating and cooling coils, filters, dampers (320 cfin) (7 total, 1 
per bin set, to heat and cool ventilation and instrumentation control building with separate units) 
[Should not be contaminated] 

1 1. Vertical Deployment Apparatus (7 total, 1 per bin set, to deploy extension pipe for retrieval 
risers) [designed to be relocated after decontamination minimal contamination but cleanable] 
a Plug removal hoist 
b. Rotationdrive 
c. Extension tube CarouseYtUrret 
d. Air supply hose reel 
e. Confinement casting 
f. E x t e d  ladder and platforms 
g. Exteddrives 
h. Telescoping line with lower seal 
i. Vertical position indicator 

12. Retrieval Line Jumpers (1 per bin, 4-5 feet long sections, 500 fee. total, to connect retrieval 
system to permanent calcine transport piping system) [designed to be relocated after 
decontamination minimal contamination but cleanable] 

13. Pipe Cutting Device for 8-18 inch pipes (1 only, to cut riser piping as needed for bin set closure 
required) [should be decontaminated and removed Erom bin sets] 

14. Control Consoles (1 only, for vertical deployment apparatus, remote viewing and process 
instrumentation located in the ventilation controls and instrumentation building) [no 
contamination] 

15. Remote Welding and Inspection Equipment (1 only, weld inspection, testing unit and cutting 
devices) [minimal contamination] 

16. Retrieval Lines (2 per bin, 100 total, removes calcine from bin bottom using air and vacuum) 
[contaminated due to bin entry] 

17. Ventilation, Instrumentation, and Control building (VIC) (1 per bin set, 7 total, pre-manufactured 
steel building placed on the side of each bin set) [minimal contamination] 

18. Confinement Enclosure (1 per bin set, 7 total, pre-manufactured steel building placed on top of 
each bin set) [minimal contamination] 

The Bin Set Closure project will receive a detailed list of contaminated equipment (equipment that has 
come in contact with waste) from the Calcine Retrieval and Transportation project. It is assumed that all 
equipment, which comes in contact with waste, will be disposed of upon completion of the Bin Set 
Closure project. Equipment that has come in contact with waste will be managed in accordance with 
RCRA. This requires appropriate waste treatment, storage and disposal. 

Shielding: 
The following shielding will be present after retrieval is complete 

1. Confinement enclosure above bin vault roof [minimal contamination-previously 
decontaminated 3-4 times] 

2. Portable shielding for vault penetrations 
3. Any other required and necessary shielding (i.e. double containment where needed, equipment 

shielding etc.) 

Scheduling (fiom Calcine Retrieval and Transportation, S.E. Word ,  EDF-WTS-002) The Calcine 
Retrieval and Transportation project and Bin Set Closure project must coordinate with the Waste 
Treatment Options in order to support the following schedule: 
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1 
/ 
3 
4 

5 
6 
2 

1. 
2. 
3. 
4. 
5. 
6. 

t Kequed 'liansport Start Dates Endmg Dates 
of CSSF Bins for Retrieval System 

olear) 
A 1/1/13 1/1/14 

64;1'/8 8.2 A 1/1/14 3/1/22 
40,686 5 -2 A 3/1/22 5/1/27 
17,8535 2.3 A 3/1/27 9/1/29 

36,544 4.6 B 1/1/13 8/1/17 _ _  
36,649 I .2 J3 8/1/17 10/1/24 
3 1,542 4.0 J3 1 01 1/24 10/1/28 

7. 

8. 

9. 

Retrieval will occur 4 hours/week. 
Waste Treatment Facility is expected to be operating 29 weekdyear. 
Calcine will be retrieved 29 weekdyear. 
Calcine retrieval will begin 1/1/13. 
It is expected to take 20 years to process all calcine from the CSSFs. 
Two transportation systems are available to transport the calcine fiom theCSSFs to the Waste 
Treatment Facility. This allows 2 CSSFs to be retrieved at one time. The transport system provides 
the air jet and suction necessary to retrieve the calcine. The transportation systems are referred to as 
A and B. 
The volumes of calcine used in these calculations were calculated by Steve Swenson, Calcine Solids 
Storage Facility-Volume Calculation, EDF-BSC-001 and do not represent the calcine volume 
expected to be processed by the processing facility (calcine volumes should be less). 
It is likely that volumes presented are larger than the actual calcine volume contained in each CSSF 
bin. 
The scheduling calculations do not allow any extra time for switching between CSSFs because there 
is ample time in the schedule to accommodate switching activities. 

Miscellaneous: 
1. The CSSF shall be RCRA closed by the Bin Set Closure project 
2. Hazardous waste determination shall be conducted on all newly generated waste by the respective 

waste generating projects (Calcine Retrieval and Transportation and Bin Set Closure projects). 
3. The Calcine Retrieval and Transportation project will provide any air permitting (CAA and 

NESHAPS) required during retrieval activities. Bin Set Closure project will be included under this 
permitting. 

4. Calcine Retrieval and Transportation project will require bin mock-ups prior to initiating calcine 
retrieval. These mock-ups will be available for Bin Set Closure project use. However, Bin Set 
Closure mockups are not included in the Calcine Retrieval and Transportation cost estimates. 
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TITLE: Bin Set Closure Scoping Meeting Minutes (November 6,1997) 

SUMMARY 

A scopingkick off meeting was held to come up with different methodologies to close the ICPP Bin 
Sets. The meeting attendees included Bryan Spaulding, Michelle Dahlmeir, Jim Bosley, Lee Tuott, 
Dave McAllister, Steve Swanson, Craig DeCoria, and Rick Gavalya 

it was decided that two basic closure methods should be pursued further: Risk Based Clean Closure, 
and Closure to RCRA Landfill Standards. 

The major tasks to be accomplished under each closure method were defined as follows: 

Risk Based Clean Closure: 

1. Remove the Residue fiom the bins 
2. Decontaminate the vessels (bins) 
3. Decontaminate the pipelines 

Closure to RCRA Landfill Standards: 

1. Grout bin and vault 
2. Grout Vault void 
3. Monitoring 
4. Piping - fill at same time as bin voids 

Several methods of accomplishing these tasks were discussed and are included in this EDF. 

Due to the nature of this study and the limited time available, the attached meeting minutes are in a 
rough draft form. The information is correct. 
Distribution: B. C. Spaulding, MS 3765; B. R. Helm, MS 3765; D. J. Harrell, MS 321 1; M. M. 
Dahlmeir, MS 3765; Project File (Original + 1) 
Authors . Department 
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Bin Set Closure Meeting 
November 6,1997 
EROB Cod. Room 202 

Attendees: Bryan Spaulding, Michelle Dahlmeir, Jim Bosley, Lee Tuott, Dave McAllister, Steve 
Swanson, Craig DeCoria, and Rick Gavalya 

In order for Risk Based Clean Closure to be accomplished, the following items would have to be 
addressed: (Items 1-10 for Risk Based Clean Closure, Items 11-12 is for subsequent use) 

1. Cleanliness Level -below lxlOd 
(No further evaluation for cumulative release risk.) Release risk under CERCLA. 

2. Remove as much waste and residue as practical 
3. Cease use is the point where all waste has been removed that can be removed using existing calcine 

retrieval equipment - This is an assumption, as the trigger to go to risk based clean closure is that all 
of the contamination cannot be removed 

4. Acceptable Health Risk is related to contamination, not the calcine removed (tied to #1) 
5. Define the extent of system 

0 ancillary equipment to bins 
prev. capped piping coming &om WCF to bins 1,2,3 is included 

0 VOG lines for WCR are still in service for Bin Sets 1,2, and 3 - verify the boundaries 
0 talk with Bill Landman to verify system boundaries 

6. Assume there is a tank to transfer the residue into, and a treatment for the residue, as the residue will 
be High level waste 

7. What type of waste stream are we generating by the decontamination method we choose; KI;W - 

8. Attempt to remove it and remove the waste - we will have LLW waste after attempt to remove per 
Handford case. 

9. Must comply with NESHAPS and Clean Air Act. Provide constant air monitoring of potential 
releases - coordinate with the retrieval group. (They should have air permit - make sure were tied to 
it). 

dry; LLW-washings 

10. All HLW must be road ready by 2035 -coordinate with retrieval group. 
1 1 - Fill void with clean material - clean closure - filling is not required by RCRA. 
12. Bin voids may be used for LLW disposal - NRC licensed. 
13. Need a risk assessment for what's left - have risk assessment for what is existing. 

Will close as a landjll ifRBCC cannot be met! 

In order for Closure to RCRA Landfill Standards to be accomplished, the following items would have to 
be addressed: 
1. Must demonstrate the impracticality of removing waste. 
2. Demonstrate the ability to contain the waste your leaving - minimize release of con taminants 
3. must demonstrate that releases are below cumulative release criteria for the ICCP; 1x1 0" at fence 

(ground water and air emissions) 
4. Prevent subsidence management 



5. Construct a cap - prove equivalency if the vault voids are filled with grout 
6. Must perform long term monitoring and maintenance 
7. Monitoring Plan 
8. Coordinate with CERCLA 

Conditions at Take Over: 

1. Second level removed 
2. Covered with a concrete slab 

To get Risk Based Clean Closure 

a) Define starting conditions (assurnptions) 
b) Will have 5% residual waste in tanks. 
c) May need separate WAC. 
d) Bins have 6-8” pipes - except for bin 2. 
e) Cyclone cell has been decontaminated and removed. 
f) Vault superstructure has been removed. 
g) Pre-fabbed containment building on the of vaults to hold a negative pressure on the vault and the 

containment building. Some of the W A C  equipment will be housed in a separate building and 
piped in (already there) 

h) All bin lines to and fiom bins will already be cut and capped. 

Major Activites- 
5. Removal of waste 
6. Decon of vessels 
7. Decon of pipelines 

Group Discussions: 

Starting Conditions: Assumption must be that all the calcine can be retrieved by using a fluidize 
method. Mock-ups show they can retrieve 95% easily. But there is no guarantee how well the mock- 
ups actually represent the conditions of the system. 

Why a concrete pad over the top? That’s what they are doing for bin set 1 - to reduce exposure. 

If they are going to be removing all the existing equipment before pouring the concrete pad what are you 
doing with the pipes? They will be cut off at the level of the current roof and capped. 

First Step - we’re going to have to find some kind of method to get into these bins. 

They actually have two layers - la layer where the penthouse and W A C  system are and then 
you have the control room, which is separated by thirds with a ventilation system in the middle. 
So you have the roof, that layer, and then the bin start. Looks like you can pop the cover on the 
roof, go through the control center and pop the cover off that and be able to access the pipins that 
way. 



Is all the housing going to be removed down to the last floor? The center is the cyclone cell. 
You have your instrument room and then your cyclone cell in the center and a fan room off to the 
side. So, they will not remove below the cyclone cell. 

All bin lines will be cut and capped that come up through the superstructure. 

h order to get access we’ll have to decon it down to the bin. Assume the Cyclone cell has been 
decontaminated. Now, are we ready to go into the bins? (See Major Activities Above) 

How are we going to get the waste out?? 

Waste Removal 

One of the overlying assumptions is that Sarah can actually get the waste out down to where we can 
consider cease use. What we have done is dehed cease use as the point when all waste has been 
removed that can be removed with the use of existing calcine removal equipment. 

Methods to remove as much waste as practical: 
Dissolution with Nitric Acid 
Carbon dioxide blasting 

0 Air Jets - High pressure air 
0 Wash (water wash, decontamination agents) 

Flush with water and skim top 
Float tanks and remove 
Steammethods 

Assumption - all waste that can be removed is removed 

Vessel Decontamination 

To what level? Risked Based Level 

No way to ,guarantee you’ve got everything clean, all you can do is make an attempt to wash the walls 
and deal with what’s in the bottom. Maybe use carbon dioxide on the walls and water on the bottom. 
Maybe no water at all! 

Is there any chance of going inside the vault and access the bin fkom the outside to get better access to 
the bottom of the bin? 
Do we have a manipulator or can we design one to go 60’ in?? 

Methods to decontaminate the vessel to debris standards: 
Dissolution with Nitric Acid 
Carbon dioxide blasting 
Air Jets - High pressure air 
Wash (Water wash, decontamination agents) 
Flush with water and skim top 



0 Float tanks and remove 
Steammethods 
Beadblasting 

0 Microbes 
0 Biological destruction 

Heating 
0 Evaporation 

RCRA has retrieval strategies. 

Abrasive blasting 
Extraction technologies 
ThermaI treatments 
Physical technologies 
High pressure water sprays 

Piping Decontamination: 

Assume the instrumentation and utility lines have already been isolated fiom the vault by the Retrieval 
Project. 

The transfer lines and ventilation lines to the bins must be decontaminated to Risk Based Clean Closure 
levels. 

Sarah, from your standpoint is the piping that your capping are you doing anything with the piping 
outside of the building? Nope, just cutting where it comes in and capping it there. 

So, part of the decontamination would be the piping outside of the building? I think so. 

So we still have piping inside? The piping inside for the most part should be going through the 
distributor into the vents. 

Assume non-waste piping has already been removed. 

Issue - the bin lines will be cut and capped and grouted over by the retrieval project. We need to make 
sure this doesn’t happen - we need access or they should decon the pipes. 

Assume the lines outside of the vaults will be decontaminated during the retrieval project. We won’t 
deal with them. 

Assumption: Decontaminate the distributor and associated piping prior to decontaminating the bins. 

Distributors are not controlled - hope the pig goes through one feeder pipe and stops before goes 
through to bins. 

Need some kind of resolution with respect to the decon because there is potentially some ability to flush 
back into NWCF where you can then transfer out to someplace. But there isn’t that capability inside the 
bin set to transfer liquids. 



If the pipes are cut and capped and we are doing it then there is a method of deconing it back to the 
system. Or if someone else is doing the cutting and capping then it’s handed to us as a decontaminated 
system. 

You have a distributor right underneath the floor it. It feeds to all the bins and above that is a cyclone 
that brings the stuff in and the refurn air that goes back. So really what’s below that floor your going to 
use one of your d e c o d g  methods to decon. The issue is that they have come back and laid 2’ of 
concrete on top of your cap. That’s what they are planning on doing and if they do that we have a 
problem. We can’t physically get into them anymore. Is there anyway they can blow that distributor 
with air before they do that? The almost have to do something - either that or allow an access way. 

From the Bins to the Vault roof can be about 30’. In reality we may be able to snake an extra line down 
there that has some sort of a rotating CO, type apparatus. 

MAJOR ISSUE: 
that doesn’t happen. Do what needs to be done to seal them off, but leave access for us to come in and 
deal with the deconning. 

The bin lines are going to be cut, capped, and grouted over - we need to make sure 

Methods to decontaminate piping: 

0 Robotic deansing 
0 Water or liquid 
0 Carbon Dioxide blasting 
0 Mechanical cleaning - abrasive or wire brush 
0 High Pressure s t e d a i r  
0 Use an abrasive Pig 

If we do our best shot at decontamination is that going to be adequate for Risk Based Clean Closure? If 
you do your best and then come back and characterize it and do estimates and it comes out to the levels, 
you’ll be OK. 

RBCC will be the most expensive. We’ll have to go to great expense to get the pipes cleaned. 

To Get to Landfill 

Assume no additional material needs to be removed after cease use. Why?? Cost and dose to workers! 

0 Will they (reaplators, State of Idaho) buy into us leaving 5% of the tanks? 
They should due to expense. 

How are we going to minimixe release of these contaminants? 

Grout bin and vault 
Grout Vault void 
Monitoring 
Piping - fill at same time as bin voids 



Make a best attempt to disperse calcine in grout so no longer have HLW. Volume has to be reduced - 
increase volume, decrease concentration - need a complete discussion on why that will no longer be 
HLW. 

Assume that the volume of waste left in the landfill is no longer considered HLW. 

Assume that the waste will meet CERCLA ICPP Total Risk Criteria 

0 Hazardous waste landfill - because we cannot remove all waste. No waste will be added. 
0 Ground Water Monitoring - more than enough out there now 
0 Fill all the bins but one and on the last one force the grout through the piping system - 

distributor. 
0 Coordinate everything with CERCLA 

Do not de-list, leave RCRA in place - can close as landfill because waste is already there, can’t clean - 
not bringing things in to make it a landfill. 

Assume that monitoring at the bin sets will only be required for NRC. We will place monitoring 
capability for others as Best Management Practice. 

Bosley will check with Brent to see if landfill is part of our scope of work. 

Assume: Concrete cover Sara puts on the vault is our cap. 

So, we do not have to tear down what is s t i chg  out of the ground on these vaults? - No. CERCLA is 
responsible for the ultimate caps. 

Discussed in situ vitrification rather than grout - could also use any other materials mentioned in TFF. 

Bin Set 1 in not statically stable - does not meet seismic criteria based on design basis earthquake (per 
Sara Gifford). 
1. Needs: 

Outline 
0 Requirements and assumptions is where most time will be spent 

Methodology 
0 Different ways of doing things 
0 Picking which way we think is best and why we think it’s best 

2. Where to Start: 
3. Need to show why total removal is not possible - Michelle can take care of that Start looking at Risk 

Risk Based Clean Closure 

Based Clean Closure criteria and the different methods for meeting the remaining tasks that are 
involved. Selecting one of those methodologies for doing that task. 
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EDF-BSC- 007 

BIN SET CLOSURE STTJDY P r o j  ect/Task 
Sub task Bin Set Description 

Title: BIN SET DESCRIPTION 
SUMMARY 
The purpose of this En-~eering Design File (EDF) is to provide a central location for information pertaining to the Calcined 
Solids Storage Facility (CSSF) (see attached Figure). The information such as physical description, dimensions and design 
parameters etc. is in matrix form. Thii mat& is divided into three sections, CSSF Bin Vault., CSSF Bin and Retrieval 
Risers. A summary of topics represented by these sections are as follows: 

Bin Vault 
Vault Identification Number 
Inside Vault Height 
Outside Vault Height 
Bin Set Height 

Bins 
Number of Bins per Vault 
Bin Set Capacity 
Approximate Volume of Stored Calcine 
Total Estimated Volume Stored Calcine 
Bin Construction Stainless Steel 
Bin Style 
Inner Annular Diameter 

Depth Buried in Ground 
Inside Diameter 
Outside Diameter 
Number of Re-Cast Roof Beams in Super Structure 

Distance fiom Vault Floor to Bin Top 
Bin Anchored to Vault Floor 
Inside Obstructions 
Bin Outside Diameter 
Bin Length 
Bin Wall llickness 
Bin Bottom Shape 

Design Pressure 
Design Temperature 
Design Decay Heat 
Conosion Allowance 

Retrieval Risers 
Currently Existing Retrieval Risers per Bin 
8” Retrieval Risers per Bin 
18” Retrieval Risers per Bin 

(Continued) 

K.C D e C o r i a  
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The information presented in the array has been verified to the extent possible through drawings or other reliable sources (see 
References). These values are close approximations and preiiinary in nature. Additional work and further study is needed 
to obtain better accuracy. 

Following a search withiin our library archives and appealing to experts, CSSF bin set loading restrictions could only be 
Found for bin set 6, where in, "vault and access cell will be designed to support 32,000 kg distributed over the central 1.5 m2 
of the vault roof and 50,000 kg distributed over 0.74 m2 of the circumference located 0.3 m ftom the edge of the vault roof"'. 
Bin set 7 may have the same loading restrictions as bin set 6 since the two bin sets have similar construction. 

It is important to note that all CSSF Bin Set bins are designed, fabricated, and tested in accordance with the following ASME 
Boiler and Pressure Vessel Codes: 

1. Bin Set #1 Bins: Confoms to ASh4E Boiler and Pressure Vessel Code, Section VIII - 1965 including all 
1956,1957, and 1958 addenda2. 

2. Bin Set $2 Bins: Conforms to ASME Boiler and Pressure Vessel Code Subsection B, Part UW in Section 
vm3. 

3. Bin Set #3 Bins: Conforms to ASME Boiler and Pressure Vessel Code Subsection B, Part UW in Section 
VIP. 

4. Bin Set 84 Bins: Codorms to ASME Boiler and Pressure Vessel Code, Section WI, Division 2 and section 
Ix5. 

5. Bin Set $5 Bins: Conforms to ASh4E Boiler and Pressure Vessel Code, Section Wr, Division 26. 
6. Bin Set #6 Bins: Conforms to ASME Boiler and Pressure Vessel Code, Section WI, Division 2 and section 
E'. 

7. Bin Set $7 Bins: Conforms to ASME Boiler and Pressure Vessel Code, Section VnI, Division 2'. 

References: 
1. Preliminary Safety Analysis Report for the ICPP Sixth Calcined Solids Storage Facility, ENI-142, June 1981: p 5-7. 
2. Solids Storage Bins Specification No. 5775-CPP-P10, US. Atomic Energy Commission, Idaho Operations Office, Idaho 

Falls, Idaho, AEC ContractAT(l0-1)-890. 
3. Solids Storage Bins Specification No. P-7, CPP - Additional Calcined Waste Storage Facilities, Atomic Energy 

Commission, Idaho Operations Office, Idaho Falls, Idaho, AEX Contract AT(l0-1>1180. 
4. Conforms to the same ASME Boiler and Pressure Vessel Code because the bins are similar except the bins are taller. 

See Safety Analysis Report of the ICPP High-Level Solid Radioactive Waste Storage Facilities, G.E. Lohse, ICP-1005, 
TID-4500 (Waste Disposal and Processing). 

5. Final Safety Analysis Report of the Fomh Calcined Solids Storage Facility, February 1980, EMCO-1031, UG70. 
5. Final Safety Analysis Report for the Fifth Calcined Solids Storage Facility, February 1984, ENICO-1068, UC-70, Rev. 

1. 
7. Final Safety Analysis Report for the ICPP Sixth Calcined Solids Storage Facility, December 1992, WIN-107-8.3EY Rev. 

1. 
B. Project Design Criteria for the ICPP Seventh Calcined Solids Storage Facility, R.F. Mozes, September 1984, WIN-157 

Matrix References: 
'Drawing 106585 
'Drawing 118877 
' Drawing 153242 
Drawing 157778 

!Drawing 158462 
Drawing 161360 

I Drawing 1681 10 
'Drawing 118865 
Drawing 154139 
Drawing 157774 
' Drawing 1 5324 1 
Drawing 157802 
'Drawing 158517 
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O Drawing 154148 
Drawing 158469 
Drawing 161373 

'Drawing 168116 
'Waste InventoriedChmcterization Study, RS. Garcia, Sept. 1997, INEL/ExT-97-00600- 
'Drawing 158510 
"Drawing 106577 
"Drawing 118871 

Drawing 153510 
Drawing 155750 

yDrawing 168198 
'Drawing 168199 

Drawing 165772 
bb Drawing 153513 
cc Drawing 1375-CPP-76O-Ml (serial number not available) 

Drawing CW453 14-1,2 (Capital Wemard Drawing) [ICPP dmwings were unable to show information needed] 
Drawing 118872 

ff Drawing 158522 
BB Drawing 106588 
hh Final Safety Analysis Report for the Fifth Calcined Solids Storage Facility, Feb. 1984, ENICO-1068, UC-70: pp 32-34 

& RA. Suckel, WIN-174: p 4-6 
ii Final Safely Analysis Report for the Fiwl Calcined Solids Storage Facility, Feb. 1984, ENICO-1068, UC-70: p 32 
wc Final Safety Analysis Report for the fourth Calcined Solids Storage Facility, Feb. 1990, ENICO-1031, UC-70 p 22 ' Preliminary Safety Analysis Report for the ICPP Sixth Calcined Solids Storage Facility, Jun. 1981, ENI-142 
mm Drawing 160283 

O0 Data gathered by Mike Swenson, 526-3576 
pp Drawing 153511 
qq Drawing 155750 

Drawing 160284 
Drawing 165773 
Calcined Solids Storage Facilities - Volume Calculations, PFN-015720, EDF-BSC-001, FFN-C-01 
Review of Calcined High-Level Waste Stored at the ICPP, MD. Staiger, May 1995, Draft, UC-70 
Drawing 158493 
Capital Westward Drawing CW-06358 
Drawing 106578 

Prelbnhary Safety Analysis Report (PSAR) for the ICPP Seventh Calcined Solids Storage Facility, Aug. 1987, J.M. Siemer 

Drawing CW06358 Sheet 1 of 6 (Capital Westward Drawing) [ICPP drawings were unable to show information needed] 
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Definitions for the Purposes of This Study 

Bin Vault: 
Bin vaults are defined as cylindrical or square reinforced concrete buildings with various 
dimensions (given in the following matrix) set on bedrock and partially or fully buried. 
Each bin vault contains 3,4 or 7 storage bins. To protect the storage bins the vaults have 
been designed to withstand provisions for tornado, earthquake, missile, fire, flood and 
explosion effects. 

Bins: 
Bins are defined as stainless steel, vertical cylindrically shaped vessels and pan shaped on 
either end (except for Bin Set 1 where the bins are flat at either end). These bins were 
design to hold processed calcine for long-term storage. 

Retrieval Risers: 
Retrieval risers are defined as 8 and 18-inch diameter pipe that runs vertically fiom the 
bin surface through the bin vault roof, allowing access into the bin. Retrieval riser 
installation occurs during the Calcine Retrieval and Transportation project (EDF-BSC- 
005). 
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Bin Set Description Matrix 

~~ ~~~ 

Bins 
Number of Bins per Vault 
"Bin Set Capacity (cublc 
feet) 
'Approxlmate Volume of 
Stored Calcine (cubic feet) 

Total Estimated Volume of 
Stored Caiclnee (cubic feet) 
Bln Construction Stalnless 
Steel 
ODBln Style 
Inner Annulus Hole 
Dlameter 
Distance from Vault Floor to 
Bin Top 

Blns Anchored to Vault 
Floor 
Inside Obstructions 
Number of lnslde Wall 
Stiffeners per Bin 
Number of Thermoweli 
Lances7 per Bln 
Number of Horizontal 
Thermowell Lance Supporl! 
per bin 
Number of Thermowell 
Tripod Supports per Bln 
Corroslon Coupon Sample 
Hangers per Bin 

lnslde Vault Helght, 
Outslde Vault Height 

,Depth Buried In Grounds 
'inside Diameter, 
Outside Diameters 
Number of Pre-Cast Roof 
Beams In Super Structure , 

Bin Set #I 

CPP-729 
99.33' 

'45.083' 
B4.83' 
'54.83' 

"25.5' square 
"30.5' square 

'2 

4 (with 12 Internal blns) 
7,844 

373 'cold' alumlna 

7,292 'hot' alumlna 

7,665 

"405 

Concentrics 
nla 

"center blns 24.42' 

"outer blns 20' 
"Bln 4, center bln 26.75' 

No 

Y e s  
%all Inner bln edges 

=4-outer bin outer edge 
nl 

1 

"0 

"0 

Bin Set #2 

CPP-742 
b61.83' to 64.83' 

h72.67' 
'83' 
'50' 
b46' 
b50' 
b8 

7 
31,542 

900 dolomite & 'cold' 
aiumlna 

10,754 'hot' alumlna 

18,582 'hot' zlrconla 

30,263 

OD304 

Cylindrlcalp 
nla 

"42.5' 

Yes 

Yes 
'2 

'I 

'2 

"1 

"0 

Bln Set #3 

'67.21' to 70.21' 
'J68.2' 

cJ.'78.5' 

'46' 
'50' 

O 8  

CPP-746 

c'45.51 

7 
40,686 

3,950 'cold' alumlna 

1,860 dolomite & 
flourapatlte 

2,250 'hot' alumlna 

24,844 zlrconla 

5,580 zirconia-sodlum 
blend 

50 stalniess steel 
38,534 

OD3O4 

Cylindrlcale 
nla 

"outer 53' 

"center 61' 

Yes 

"Yes 
"3 

"1 

"2 

"1 

"0 

Bin Set #4 

d64.71' to 67.21' 
'74.83' 

'.'78.583' 
'48.5' 
d36' 
d42' 
d6 

CPP-760 

3 
17,895 

910 'cold' alumlna & 
dolomlte 

I10 'hot' alumlna- 
zlrconla blend 

5,210 zlrconla 

11,020 zlrconla- 
sodium blend 

17,250 

"304L 

Cylindricale 
nla 

"55.33' 

Yes 

"Yes 
"4 

"1 

Y 

"I 

"5 

Bin Set #5 

'73.25' to 76.92' 
'85.083' 
"97.167' 

' q91  
P47' 
P55' 
'6 

CPP-765 

7 
36,544 

3,670 'cold' alumlna 
& dolomlte 

50 developmental 
Calcine 

31,303 'hot' alumina, 
lrconlum, ROVER, I 

sodium blend 

35,023 

%04L 

Annularto 
'4' 

'55' 

Yes 

"**Yes 
'0 

wl 

w2 

-1 

'5 

Bln Set #6 

CPP-791 
'88.5' 
'I 00.25' 
'I 11.75' 

IJ36' 
'52.33' 
'60.83' 

'2 

7 
56,649 

730 'cold' alumina & 
dolomite 

5.010 'hot' alumlna, 
zirconla-alumlna- 

sodium blend 

5,740 

''304L 

Annularlo 
""5.0' 

""68' 

I 

Yes 

-Yes 
-0 

mml 

-3 

-1 

-0 

Bln Set #7 

CPP-795 
"88.5' 
"I 00.25' 
"I 1 1.75' 

"36' 
'52.33' 
'60.83' 

02 

7 
64,778 

0 

0 

"304L 

Annularto 
an1 I 

"'68.8' 

Yes 

"Yes 
-0 

'O3 

081 

-0 
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Bins (contlnued) 

lln Outslde Dlameter 

lln Length 

lln Wall Thlcknesstt 

lin Bottom Shape 
Ieslgn Pressure 
Ieslgn Temperature 
"Design Decay Heat 
"Corroslon Allowencet3 

Retrleval Rlsers 
:urrentiy existlng retrleval 
Ilsers per Bin 
I" Retrleval Risers per 
I l n t 4 . t ~  
8'' Retrieval Rlsers per 
)In44 
'otal8" per 18" Rlsers per 
lln Set 

Bin Set #I 

"center blns 3' 
"mlddle blns 7.5' 
Wouter blns 12.1' 

"center blns 24.42' 
"outer blns 20' 

"#4 center bln 26.76 
'center Bln I/&' 

'mlddie Binla I/@' Inside 
3/16 outside 

"outer most bln 3/16" 

"bin top %" 

"bln bottom 5/16" 

"flat 
"3.75 to -3.75 pslg 

"343 dag. C 
1475 Wlcu. m 

0.125" 

"0 

2 

Iuter bins 2, center blns 1 

24/20 

Bln Set #2 

"1 2' 

'42.167' 

'wallsl14" 
"dome 7/16" 

"Obln bottom 7/16 

'bowl shaped 

O0288 deg. C 
175 Wlcu. m 

0.125" 

O3.75 to -3.75 pslg 

'one 6" retrleval llne 

iuter blns 1, center bin 2 

1 

817 

Bin Set #3 

"12' 

"outer blns 52.67' 
"center bin 58.67' 

bbwalls 7/16" 
"dome 7/16 

"bin bottom 9/16" 

"bowl shaped 

"288 deg. C 
175 Wlcu. m 

0.125 

"3.75 to -3.75 pslg 

m o n e  6" retrieval line 

1 

I 

717 

Bln Set #4 

2' 

x56 

"~devalls 3/8" 
"dome 112' 

CC*ddbin bottom 5/8" 

wbowI shaped 

"121 deg. C 
175 Wlcu. m 

0.016" 

hk3.75 to -3.75 pslg 

*two 8" retrieval lines 

0 

1 

013 

Bin Set #5 

'1 2' 

'54.67' 

""dome 318" 
""upper wallt2 318" 

""mlddle walltz 1/2" 

""lower wallt2 5/8" 

"'bln bottom 518" 

'bowl shaped 

n205 deg. C 
465 Wlcu. m 

0.02" 

'3.8 to -4.4 PSIg, 

'four 6" retrieval 
llnes 

0 

2 

011 4 

Bin Set #6 

""I 3.5' 

-67.5' 

"'"'dome 11116 
"""upper wallln 112" 

T p p e r  middle wallt: 

"'"'mldsectlon middle 
walltz 3/4" 

"'"'lower mlddle wall,; 
718" 

"""bin bottom 1" 
mbowl shaped 
. b to -6 pslg 

'260 deg. C 
410 Wlcu. m 

0.02 

51am 

mm."four 8" retrieval 
lines 

0 

2 

011 4 

Bin Set #7 

3.5' 

"67.5' 

""dome 11/16 
"'upper wallt2 1/2" 

''upper mlddle walltl 
518" 

''mldsection mlddle 
walltz %,, 

"lower mlddle walitz 
7/8" 

"bin bottom I" 
"bowl shaped 

"8.5 to -6.5 pslg 
"260 deg. C 
170 Wlcu. m 

0.02" 

B8.ssfour 8" retrieval 
lines 

0 

2 

011 4 

Explanation: 
1 

2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 
12 
13 
14 
15 
16 

If pre-cast beams protrude into the vault significantly, two measurements are provided. The first number is from the floor to the beam and the second number is to the vault 
ceiling past the beam. 
Measurement from the outside bottom vault edge to the top of the cyclone room roof. 
Bin Set depth underground. 
Square signifies a square vault. 
Square signifies a square vault. 
Volume of calcine currently stored in the bins as of 1995"". 
Measures the calcine depth. 
Flat bottom bins with the outer bin surrounding the middle bin, which in turn surrounds the central bin. 
Cylindrical bins are shaped like a cylindrical pressure vessel. 
Annular bins are shaped like a cylindrical pressure vessel with a hole formed length wise through the bin to allow for heat dissipation. 
Risers initially attached to the dome portion of bin may add to the dome thickness in some areas. 
Wall thickness varies over length. 
Amount of  corrosion allowable in 500 years. 
Installed by the Calcine Retrieval and Transportation project. 
A zero indicates that existing retrieval risers are assumed to be adequate for calcine retrieval purpose. 
The first number given is  the wall thickness of the inner bin wall, and the second number is the wall thickness of the outer bin wall. 
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We: 
Summary: 

Class C and Class A Assessment  
Of the options being considered for processing ICPP calcine and sodium- 
bearing waste (SBW), several options result in large volumes of grouted 
waste. One disposal option being considered for this grout is to place it in the 
emptied Bin Sets of the Calcine Solids Storage Faci1.W (CSSF). The Full 
Separations Option and the TRU Separations / Class A Option result in a Class 
A grout, while the TRU Separations / Class C Option results in a Class C 
grout. The purpose of this EDF is to  estimate the average activities of grout 
that  is placed in the different Bin Sets, and determine if the  resulting activity 
levels change the classification of the grout. These activities were estimated 
by adding activities of the grout t o  activities of the residual amounts of calcine 
estimated t o  remain on the bin walls, floor, supports and piping after calcine 
retrieval and closure activities. Two sets of data for residual calcine volumes 
were used, one based on a risk-based closure, the other on landfill closure. 
For each Bin Set, grout compositions were used for three cases - grout from 
processing SBW, grout from processing alumina calcine and grout from 
processing zirconia calcine. The calculations show that if Class A grout, or 
even clean grout, is placed in the Bin Sets, Class A limits are exceeded 
because of the activity of the residual calcine. The resulting waste would 
meet limits for Class C, but not Class A, for all of the Bin Sets. If Class C 
grout is placed in the  Bin Sets, t h e  resulting mixture does not exceed Class C 
limits, with the exception of placing grout from processing calcine into Bin Set 
4 that contains the  landfill-based residual calcine volume. 

A second purpose of t he  EDF was  to calculate the height of a l i f t  of clean 
grout that  would be needed in each Bin Set t o  produce a "heel" with activities 
meeting Class C limits. For risk-based residual calcine volumes, the  height of 
grout varies from 2 feet for Bin Sets 1 and 7 to  19 feet for Bin Set 4. For 
landfill residual calcine volumes, the  height varies from 3 feet  for Bin Set 7 t o  
24 feet for Bin Set 4. 
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INTRODUCTION AND BASIS FOR THE ASSESSMENT 

After retrieval of calcine from t h e  bins in t h e  Calcine Solids Storage Facility (CSSF), 
small amounts of calcine will remain on the  bin walls, floor, supports, and internal 
and external piping. 

Estimates of the total residual calcine volumes in the Bin Sets are as follows:' 

Risk-Based Closure 
Bin Set 1 31.2 f t3 
Bin Set 2 88.1 ft3 
Bin Set 3 149.4 ft3 
Bin Set 4 49.7 ft3 
Bin Set 5 106.5 ft3 
Bin Set 6 162.9 f t3  
Bin Set 7 178.4 ft3 

Landfill Closure 
69.6 f t3  
120.8 ft3 
303.9 ft3 
67.1 ft3 
158.2 ft3 
233.9 ft3 
233.9 ft3. 

In terms of percentage of the original calcine volume, the residual calcine amounts 
t o  the following: 

Risk-Based Closure 
Bin Set 1 0.40% 
Bin Set 2 0.28% 
Bin Set 3 0.37% 
Bin Set 4 0.28% 
Bin Set 5 0.29% 
Bin Set 6 0.29% 
Bin Set 7 0.28% 

Landfill Closure 
0.89% 
0.38% 
0.74% 
0.37% 
0.43% 
0.41 % 
0.36% 

NRC classification limits for waste are shown in Table 1. 10 CFR 61.55 also 
contains limits for 3H, 63Ni, 6oCo and 14C, however, these radionuclides are not 
expected to be contained in the grout in any significant quantity. 

The Full Separations Option and the TRU Separations / Class A includes process 
operations that remove cesium, strontium and actinides, which include transuranic 
radionuclides, from either sodium bearing waste (SBW) or dissolved calcine. Low 
activity effluents from these options are concentrated by evaporation, denitrated 
and then grouted into a waste that meets Class A limits. 

The TRU Separations / Class C Option includes process operations that remove only 
actinides from the SBW and dissolved calcine. Cesium and strontium isotopes 
remain in the effluent streams that are grouted into a Class C waste. 

' Data received from S. Swanson, January 14, 1998. 
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Table 1 . Radionuclide Concentrations Limits for Different Waste Classes.2 

Concentration Limit 
Class C Class B Class A 
Ci/m3 Ci/m3 Ci/m3 

gosf 7,000 150 0.04 
"Tc 3 0.3 0.3 
'9 0.08 0.008 0.008 

*'Pu 3500 350 350 

'%s 4,600 44 1 

nCi/q nCi/q nCi/sl 

*2Cm 20,000 2,000 2,000 
Total Alpha 100 10 10 

Material balances were produced as  part of the TRU Separations Scoping Studies4 
for three cases - processing SBW, processing alumina calcine and processing 
zirconia calcine. The intent of these cases was to cover the compositional range of 
waste feeds, although in actual operation, calcine types may be blended. Also, 
many of the  Bin Sets contain layers of several types of calcine, including calcine 
from blending different types of liquid wastes. 

The volume of grout assumed to  fill the Bin Sets is as follows: 

BinSet  Grout 
Vo I u me, 

fe 
1 7849 
2 35749 
3 42864 
4 18661 
5 38704 
6 58356 
7 67262 

Table 2 shows the amount of activity, in Curies, present in the residual calcine of 
Bin Sets 1, 4 and 6. The activities shown in Table 2 for Bin Set 1 were based on 
activities for alumina ~ a l c i n e , ~  for Bin Set 4 on activities for zirconia ~ a l c i n e , ~  and 
___ 

From 10 CFR 61.55 
D. R. Wenzel, Evaluation of Radionuclide Inventory for AI Calcine, Engineering Design File CPP- 

D. R. Wenzei, Evaluation of Radionuclide Inventory for Zr Calcine, Engineering Design File CPP- 
97067, EDF-FDO-004, October 14, 1997. 

97068, EDF-FDO-003, October 14, 1997. 
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for Bin Set 6 on activities for calcine from sodium-bearing Assuming all 
sodium-bearing waste is calcined, it will occupy about 70% of the  volume of Bin 
Set 6. All activities in Table 2 are decayed to January, 2016. Radionuclides other 
than those shown in Table 2 are present in calcine; Table 2 shows only those 
radionuclides with NRC limits. 

Table 2. Curie Content of Residual Calcine Volumes in Bin Sets. 

Risk-Based Residual Calcine 
Bin Set 1 Bin Set 4 Bin Set 6 

Ci Ci Ci 
CS-1 37 3.4E+03 2.2E+03 1.2E+03 
Sr-90 3.1 E+03 2.9E+03 1.2E+03 
Tc-99 1.7E+OO 7.OE-01 3.1E-01 
1-1 29 2.9E-03 1 .I E-03 2.6E-01 
PU-241 8.1 E-01 1.6E+01 4.4E+00 
Total alpha 3.5E+00 5.4€+01 I .9E+01 
Cm-242 1.4E-05 8.3E-07 3.9E-04 

Landfill Residual Calcine 
Bin Set 1 Bin Set 4 Bin Set 6 

Ci Ci Ci 
7.6E+03 3.OE+03 1.7E+03 
6.9E+03 4.OE+03 1.8E+03 
3.9E+OO 9.4E-01 4.5E-01 
6.5E-03 1.5E-03 3.7E-01 
1.8E+00 2.1 E+01 6.3E+00 
7.8Et00 7.3EtOI 2.8E+01 
3.2E-05 1 .I E-06 5.6E-04 

CLASS A GROUT ASSESSMENT 

As a first step in assessing whether Class A grout placed in Bin Sets would retain 
the  Class A classification, average radionuclide concentrations were calculated 
based on adding clean grout, containing no radioactivity, to the Bin Sets. Table 3 
shows average radionuclide concentrations that would be present in t h e  Bin Sets if 
clean grout were used to fill the Bin Sets. 

Table 3. Specific Activity of Clean Grout/Residual Calcine. 

Risk-Based Residual Calcine 
Bin Set 1 Bin Set 4 Bin Set 6 

Cim3 Ci/m3 C2m3 
CS-1 37 15 4 0.7 
Sr-90 14 6 0.7 
Tc-99 7.8E-03 I .3E-03 1.9E-04 
1-1 29 1.3E-05 2.2E-06 1.6E-04 

nC2g nCVg nCVg 
PU-241 2.0 16.6 I .5 
Tot alpha 8.7 57.3 6.5 
Cm-242 3.6E-05 8.8E-07 1.3E-04 

Landfill Residual Calcine 
Bin Set 1 Bin Set 4 Bin Set 6 

Cim3 C2m3 CVm3 
34 6 I .o 
31 7 1 .I 

1.7E-02 1.8E-03 2.7E-04 
2.9E-05 2.9E-06 2.3E-04 

nCi/g nCi/g nCi/g 
4.5 22.4 2.1 
19.5 77.2 9.3 

8.1 E-05 1.2E-06 1.9E-04 

' D. R. Wenzel, Evaluation of  Radionuclide Inventory for Sodium Bearing Waste, Engineering Design 
File CPP-97080, EDF-FDO-006, November 26, 1997. 
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Dividing the values in Table 3 by the waste concentration limits for Class A waste 
(see Table I) ,  gives the activity that would be in the bin sets a s  a fraction of the 
Class A limit. These “fractions” are shown in Table 4. To determine if a waste 
meets a particular waste class, fractions of all radionuclides are added together, 
and if the  sum is less than 1, the  waste meets t h e  limits for that class. Table 3 
shows that even if clean fill material were added to  the residual calcine in t h e  bin 
sets, the resulting waste would exceed limits for Class A waste. If filling the bin 
sets with clean grout results in material exceeding Class A limits, filling t h e  bin sets 
with Class A grout from the separations facilities would also result in material 
exceeding Class A limits. 

Table 4. Radionuclide Concentrations a s  Fractions of Class A Limits Assuming Bins 
Filled with Clean Grout. 

cs-I37 
Sr-90 
Tc-99 
1-1 29 
Pu-241 
Tot alpha 
Cm-242 
Sum of the 
fractions 

Risk-Based Residual Calcine 
Bin Set 1 Bin Set 4 Bin Set 6 Bin Set 1 Bin Set 4 Bin Set 6 

15 4 1 34 6 1 
347 139 18 777 187 27 

0.0260 0.0044 0.0006 0.0583 0.0059 0.0009 
0.001 6 0.0003 0.01 97 0.0036 0.0004 0.0282 
0.006 0.047 0.004 0.013 0.064 0.006 

0.9 5.7 0.6 2.0 7.7 0.9 
1.8E-08 4.4E-10 6.6E-08 4.OE-08 5.9E-10 9.4E-08 

363 149 20 81 3 200 29 

Landfill Residual Calcine 

Conceivably, additional calcine could be removed from t h e  Bin Sets in order t o  meet 
the Class A limits. Table 5 shows the estimated amounts of residual calcine that 
could be left in Bin Sets, which, if filled with clean grout, would meet Class A 
limits. The amounts shown in Table 5 are of such small magnitude that it does not 
appear feasible t o  achieve Bin Set closure with waste that meets Class A limits. 

Table 5. Estimated Allowable Volumes of Residual Calcine in Bin Sets for Class A 
Waste Using Clean Grout as Fill. 

Bin Set Residual Calcine Volume, ft? Residual Volume as a Percent of the 
Orisinal Calcine Volume 

1 
4 
6 

0.086 
0.33 
8.2 

0.001 
0.002 
0.01 4 

The above assessment was  performed only for three of the  seven bin sets, primarily 
because the most complete and consistent activity data was available for these bin 
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sets. Table 6 shows activites for radionuclides in Bin Sets 1-6. Activities shown in 
Table 6 were calculated from data on t h e  INEEL High Level Waste Systems 
Engineering home pages, updated November 14, 1997, and accessible from 
htto://wcb08/"nichtt.wcb.inel/hlwhome. htm. 

These activites shown in Table 6 are decayed to January 1 , 2000, and do not 
contain daughter products, but provide a means of comparison activities in the six 
bin sets. 

Table 6. Selected Calcine Activities by Bin Set. 

Bin Set 

Total alpha 
Pu-241 
CS-1 37 
Sr-90 

I 2 3 4 5 6 
cin<_s cin<_s Cikq cin<_s Cifl<a Cikq 

5.00E+00 2.34E+00 1.66E+00 2.20E+00 2.38E+00 1.39E+00 
4.36E+00 2.17E+00 1.48E+00 2.1 5E+00 2.16E+00 1.36E+00 

9.29E-04 3.08E-03 6.08E-04 1.31 E-02 8.35E-03 4.38E-03 
3.08E-04 1.67E-03 4.84E-03 4.1 6E-04 1.1 OE-03 

Table 6 indicates that calcine in Bin Set 1 has the highest 13'Cs and "Sr activites of 
any of t h e  Bin Sets, calcine in Bin Set 6 has the  lowest 137Cs and "Sr activites, and 
calcine in Bin Set 4 has the highest total alpha-emitting radionuclide activities. 
Thus it can be assumed that the calculations in this assessment performed for Bin 
Sets 1, 4 and 6 reasonably bound all of the bin sets. 

CLASS C ASSESSMENT 

If the Bin Sets were filled with Class C grout, radioactivity in the Bin Sets would be 
the  sum of radioactivity in t h e  grout added to  the Bin Sets and in t h e  residual 
calcine left in the Bin Sets following all retrieval and closure activities. Table 7 
shows the activity present in the Class C grout only, expressed as a fraction of t h e  
allowable Class C limit. The numbers in Table 7 show that residual calcine can 
contain activity amounting to  about 64% of the  Class C limit for bins filled with 
grout from processing alumina calcine, 75% of the Class C limit for bins filled with 
grout from processing zirconia calcine, and 96% of the Class C limit for bins filled 
with grout from processing SBW, and the resulting waste will meet Class C limits. 
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Table 7. Activity in Class C Grout As Fraction of Class C Limits. 

Class C Grout from Grout from Grout from 

Calcine calcine 
limit Alumina Zirconia SBW calcine 

Ci/m3 
cs-I37 4600 0.1476 0.0850 0.01 19 
Sr-90. 7000 0.0887 0.0734 0.0074 
TC-99 3 0.1 101 0.0386 0.0069 
1-1 29 0.08 0.0034 0.0012 0.0290 

Pu-241 3500 0.0000 0.0000 0.0000 
Total alpha 100 0:0078 0.0465 0.0000 
Cm-242 20000 0.0000 0.0000 0.0000 
Sum of the Fractions 0.3575 0.2447 0.0553 

nCi/g 

Table 8 shows the total Curies that would be present in Bin Sets 1, 4 and 6 if they 
were filled with Class C grout. Table 9 shows the same data expressed as 
fractions of the Class C limit. 

Table 8. Total Curies in Bin Sets Filled with Class C Grout. 

Risk-Based Residual Calcine Landfill-Based Residual 

Bin Set I Bin Set 4 Bin Set 6 Bin Set 1 Bin Set 4 Bin Set 6 
Volumes Calcine Volumes 

Filled with Grout from processing SBW 
CS-I 37 1.6E+04 3.1 E+04 9.2E+04 2.OE+04 3.2E+04 9.2E+04 
Sr-90 1.5E+04 3.OE+04 8.7E+04 1.8E+04 3.1 E+04 . 8.8E+04 
Tc-99 6.4E+00 1.2E+OI 3.5E+OI 8.5E+00 1.2E+01 3.5E+01 

Total alpha 3.5E+OO 5.4E+01 1.9E+01 7.8E+00 7.3E+01 2.8E+01 

1-1 29 5.2E-01 1.2E+00 4.1 E+OO 5.2E-01 1.2E+OO 4.2E+00 
Pu-241 8.1 E-01 1.6E+OI 4.4E+00 1.8E+00 2.1 E+01 6.3E+00 

Cm-242 1.4E-05 8.3E-07 3.9E-04 3.2E-05 1 .I E-06 5.6E-04 
(Continued on next page) 
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Table 8 (Continued) 

Risk-Based Residual Calcine Landfill-Based Residual 
Volumes Calcine Volumes 

Bin Set 1 Bin Set 4 Bin Set 6 Bin Set 1 Bin Set 4 Bin Set 6 

Filled with Grout from Processing Alumina Calcine 
CS-I 37 1.5E+05 3.6E+05 1 .I E+06 1.6E+05 3.6E+05 1.1 E+06 
Sr-90 1.4E+05 3.3E+05 1 .OE+06 1.4E+05 3.3E+05 1 .OE+06 
Tc-99 7.5E+01 1.8E+02 5.5E+02 7.7E+01 1.8E+02 5.5E+02 

Total alpha 3.8E+00 5.5E+01 2.2E+01 8.1 E+OO 7.4E+OI 3.OE+OI 

1-1 29 6.3E-02 1.4E-01 7.1 E-01 6.6E-02 1.4E-01 8.2E-01 
Pu-241 8.1 E-01 1.6E+01 4.4E+00 1.8E+00 2.1 E+01 6.3E+00 

Cm-242 2.2E-05 2.OE-05 4.5E-04 4.OE-05 2.OE-05 6.2E-04 

Filled with Grout from Processing Zirconia Calcine 
CS-I 37 9.OE+04 2.1 E+05 6.5E+05 9.5E+04 2.1 E+05 6.5E+05 
Sr-90 1.2E+05 2.7E+05 8.5E+05 I .2E+05 2.8E+05 8.5E+05 
Tc-99 2.7E+01 6.2E+01 1.9E+02 3.OE+01 6.2E+OI 1.9E+02 

Total alpha 5.3E+00 5.9E+01 3.3E+01 9.7E+OO 7.8E+01 4.2E+OI 

I-? 29 2.4E-02 5,OE-02 4.1 E-01 2.7E-02 5.1E-02 5.3E-01 
Pu-241 8.1 E-01 1.6E+01 4.4E+00 1.8E+00 2.1 E+01 6.3E+00 

Cm-242 1.5E-05 1.8E-06 3.9E-04 3.3E-05 2.1 E-06 5.6E-04 

Table 9. Activity in Bin Sets Filled with Class C Grout Expressed as  Fraction of 
Class C Waste Limit. 

Risk-Based Residual Calcine Landfill-Based Residual 

Bin Set I Bin Set 4 Bin Set 6 Bin Set I Bin Set 4 Bin Set 6 
Volumes Calcine Volumes 

CS-I 37 
Sr-90 
Tc-99 
1-1 29 
Pu-241 
Total alpha 
Cm-242 
Sum of the 
fractions 

0.01 5 
0.009 
0.01 0 
0.029 
0.001 
0.087 
0.000 
0.151 

Filled with Grout from processing SBW 
0.013 0.012 0.01 9 0.013 
0.008 0.008 0.012 0.009 
0.007 0.007 0.01 3 0.008 
0.029 0.031 0.029 0.029 
0.005 0.000 0.001 0.006 
0.573 0.065 0.195 0.772 
0.000 0.000 0.000 0.000 
0.635 0.1 23 0.270 0.837 

0.012 
0.008 
0.007 
0.032 
0.001 
0.093 
- 0.000 
0.152 

(Continued on next page) 
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Table 9 (Continued) 

Risk-Based Residual Calcine Landfill-Based Residual 

Bin Set I Bin Set 4 Bin Set 6 Bin Set 1 Bin Set 4 Bin Set 6 
Volumes Calcine-Volumes 

CS-I 37 

TC-99 
1-1 29 
Pu-241 

Sr-90 

Total alpha 
Crn-242 
Sum of the 
fractions 

CS-I 37 

Tc-99 
1-1 29 
Pu-241 

Sr-90 

Total alpha 
Cm-242 
Sum of the 
fractions 

Filled with Grout from Processing Alumina Calcine 
* 0.151 0.149 0.148 0.155 0.149 0.148 

0.091 0.089 0.089 0.093 . 0.090 0.089 
0.113 0.111 0.1 10 0.1 16 0.1 11 0.110 
0.004 0.003 0.005 0.004 0.003 0.006 
0.001 0.005 0.000 0.001 0.006 0.001 
0.095 0.580 0.073 0.203 0.780 0.1 01 

0.000 0.000 0.000 0.000 0.000 0.000 
0.453 0.937 0.425 0.572 1.139 0.455 

Filled with Grout from Processing Zirconia Calcine 
0.088 0.086 0.085 0.092 0.086 0.085 
0.075 0.074 0.073 0.078 0.074 0.074 
0.041 0.039 0.039 0.044 0.039 0.039 
0.001 0.001 0.003 0.002 0.001 0.004 
0.001 0.005 0.000 0.001 0.006 0.001 
0.134 0.61 9 0.1 11 0.242 0.81 9 0.140 
0.000 0.000 0.000 0.000 0.000 - 0.000 
0.340 0.824 0.312 0.459 1 A26 0.342 

Table 9 shows that: 

1. For all Bin Sets and all Class C grout types, filling the  bins containing risk- 
based residual calcine volumes will result in waste that meets Class C limits. 

2. For t h e  landfill closure case, Class C grout from SBW processing can be 
placed in any Bin Set and t h e  resulting waste will remain Class C. Class C 
grout from processing calcine can be placed in Bin Sets 1 or 6 without 
exceeding Class C limits, but not Bin Set 4. 

Filling Bin Set 4 with alumina calcine grout is not a plausible scenario. The only Bin 
Set containing alumina calcine exclusively is Bin Set 1 ; Bin Set 4 contains zirconia 
calcine, and other various mixtures of calcine types. In all t h e  Bin Sets t h e  overall 
ratio of zirconia to  alumina calcine is 4.6 by mass. In processing calcine, calcine 
from different bins will be blended to  minimize compositional variations. Thus it is 
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very unlikely that grout from processing calcine high in alumina content would be 
returned to  Bin Set 4. 

The major contributor t o  exceeding the Class C limit when grout from processing 
calcine is returned to  Bin Set 4 is the  total alpha-emitting radionuclide content. 
Comparing t h e  fraction for total alpha in Tables 9 (0.78 for alumina, 0.81 9 for 
zirconia) t o  t h e  fraction for total alpha in Table 7 (0.0078 for alumina and 0.0465 
for zirconia) shows that it is unlikely that adjustments could be made in separations 
facility design or operations to  extract sufficient actinides to  reduce t h e  activity of 
the grout/residual calcine mixture in Bin Set 4 t o  below Class C limits. However, a s  
indicated by comparing the  fractions for the  landfill residual calcine volume to  the  
risk-based volumes, shows that the Class C limit could be met by removing a 
greater amount of residual calcine. 

CALCULATION OF HEIGHT OF CLEAN GROUT LIFTS - CLASS C HEEL 

For residual calcine volumes, both for landfill and risk-based closure scenarios, the 
amount of clean grout that would need to be added to the Bin Sets to result in 
waste meeting Class C limits was calculated. For these calculations, the density of 
grout was assumed to  be 2300 kg/m3. This density is typical of cement, but about 
28% higher the density expected for grout from HLW treatment. Also, no safety 
margin was added in the calculations to account for uncertainties in the calcine 
activity data, apart from rounding the heights t o  the next higher foot. Table 10 
summarizes these calculations. 

Table 10. Volumes and Heights of Clean Grout Needed in Bin Set t o  Produce a 
Waste Meeting Class C Limits. 

Risk-Based Residual Calcine 
Bin Set Volume, Height, ft Height, ft,  

ft3 Rounded 

1 602 1.9 2 
2 3078 3.7 4 
3 2822 3.4 4 
4 8472 18.4 19 
5 10795 15.3 16 
6 3115 3.4 4 
7 341 0 1.8 2 

Landfill-Based Residual Calcine 
Volume, Height, ft Height, ft, 

ft3 Rounded 

1349 4.3 5 
4221 4.0 4 
5742 5.9 6 

11428 24.0 24 
16033 21.8 22 
4474 3.7 4 
4474 3.0 3 

For the bin sets that have elliptical heads, all except Bin Set 1 , the values for the 
height of cement shown in Table 10 are from the tangent line of the bottom head 
of the bins. The values shown for t h e  cement volume include t h e  volume of the 
heads. Calculations for Bin Set 7 assume that calcine that will be placed in Bin Set 
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7 will have t h e  same activity as  that in Bin Set 6. The values in Table 10 should be 
considered estimates. Calcine activity data has an estimated accuracy of +1 OO%.6 

CALCULATION OF RESIDUAL CALCINE VOLUMES FOR 4-FT HEELS 

Table 11 shows t h e  maximum volume of residual calcine that could remain in the 
Bin Sets if a 4-foot lift of clean cement was added t o  form a heel with residual 
calcine. 

Comparing the  volumes for the Class C heel in Table 11 to  t h e  residual calcine 
volumes for risk-based closure shown on page 2 indicates that achieving Class C 
heel with a 4-ft l i f t  of cement would require reducing the residual calcine volume by 
a factor of about 6 from the risk-based levels for Bin Sets 4 and 5. However, t o  
leave a Class A heel, a reduction of more than three orders of magnitude over the 
risk-based volumes would be required for Bin Sets 1-5. 

Table 11’. Residual Calcine Volumes for 4-Ft Heel 

Bin Set 

1 
2 
3 
4 
5 
6 

Maximum Volume of Residual Calcine, f? 
Class A Heel Class C Heel 

0.01 4 65 
0.072 95 
0.076 175 
0.035 11 
0.057 29 
0.52 190 

ADDITIONAL CLASS A GROUT DATA 

Because the  activity solely from risk-based and landfill residual calcine volumes was 
greater than Class A limits, the asses’srnent did not include data for Class A grout. 
For the benefit of future analyses, additional data is presented in this section. 
Table 12 shows the radioactivity, in Curies, that would be present solely in Class A 
grout, if Class A grout were used to  fill the Bin Sets. Table 12 does not include 
any activity from residual calcine. Table 13 shows the the activity in t h e  Class A 
grout as fractions of Class A waste limits. 

Based on communication with Doug Wenzel. 
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Table 12. Activity in Class A Grout, Curies. 

Grout from 
cs-I 37 
Sr-90 
Tc-99 
1-129 
Pu-241 
Tot alpha 
Cm-242 

CS-I 37 
Sr-90 
Tc-99 
1-1 29 
Pu-241 
Tot alpha 
Cm-242 

CS-I 37 

Tc-99 
1-1 29 
Pu-241 

Sr-90 

Tot alpha 
Cm-242 

Bin Set 1 
AI calcine Zr calcine 

9.7E+OI 5.9E+01 

3.5E+01 1.3E+01 
5.8E-05 1.6E-04 

1.5E-02 6.1 E-03 
4.9E-09 8.8E-08 
2.9E-01 1.8E+00 
7.6E-06 4.OE-07 

Bin Set 2 
4.4E+02 2.7E+02 
2.6E-04 7.3E-04 
1.6E+02 5.9E+01 
6.8E-02 2.8E-02 
2.3E-08 4.OE-07 
1.3E+00 8.3E+00 
3.5E-05 1.8E-06 

Bin Set 3 
5.3E+02 3.2E+02 

1.9E+02 7.OE+01 

1.6E+00 1 .OE+01 

3.1 E-04 8.7E-04 

8.2E-02 3.3E-02 
2.7E-08 4.8E-07 

4.1 E-05 2.2E-06 

Bin Set 4 
SBW AI calcine Zr calcine SBW 
4.9E+01 
8.3E-02 
2.OE+00 
7.8E-02 
1.8E-IO 
1.5E-04 

2.2E+02 

9.3E+00 
3.8E-0 I 

3.5E-01 
8.2E-I 0 
7.OE-04 

2.7E+02 

1.1E+01 
4.5E-01 

4.2E-01 
9.8E-IO 
8.4E-04 

2.3E+02 1.4E+02 

8.2E+01 3.1 E+01 
1.4E-04 3.8E-04 

3.6E-02 1.4E-02 
1.2E-08 2.1 E-07 
6.9E-01 4.4E+00 
1.8E-05 9.5E-07 

Bin Set 5 
4.8E+02 2.9E+02 

1.7E+02 6.4E+O1 
2.8E-04 7.9E-04 

7.4E-02 3.OE-02 
2.4E-08 4.3E-07 
1.4E+00 9.OE+00 
3.7E-05 2.OE-06 

Bin Set 6 
7.2E+02 4.4E+02 

2.6E+02 9.6E+01 

2.2E+00 1.4E+01 

4.3E-04 1.2E-03 

1 .I E-01 4.5E-02 
3.7E-08 6.5E-07 

5.6E-05 3.OE-06 

Table 13. Activity in Class A Grout a s  a Fraction of Class A Waste Limit. 

Class A 
limit 

Cilm3 
CS-I 37 1 
Sr-90 0.04 
Tc-99 0.3 
1-1 29 0.008 

nCi/g 
Pu-241 350 
Tot alpha 10 
Cm-242 2000 
Sum of the  fractions 

AI calcine Zr calcine SBW 

Fraction of limit 
0.438 0.264 0.21 9 
0.000 0.000 0.009 
0.51 8 0.193 0.031 
0.008 0.003 0.044 

0.000 0.000 0.000 
0.073 0.457 0.000 
0.000 0.000 0.000 
1.037 0.91 8 0.303 

I .2E+02 
2.OE-01 
4.8E+00 
1.8E-01 
4.3E-IO 
3.7E-04 

2.4E+02 

1 .OE+01 
4.1 E-01 

3.8E-0 1 
8.9E-10 
7.6E-04 

3.6E+02 
6.2E-01 
1.5E+01 
5.8E-01 
1.3E-09 
1 .I E-03 
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Although Table 12 shows that the sum of the fractions is greater than 1 for 
alumina calcine, minor modifications could be made in the cesium removal process 
to reduce the cesium such that the Class A limits are met. Also, calcine blending, 
without process modifications would likely result in Class A grout. 

CALCULATION METHOD SUMMARY 

Table 2 

Radionuclides concentrations in residual calcine for Bin Set 1 were taken from 
Reference 1, and for Bin Set 4 from Reference 2. The activities given in Reference 
3 for liquid SBW were converted to  calcine activities by t h e  ratio of 4 million liters 
of calcine producing 845,000 kg of calcine ("700 m3). All radionuclides in SBW 
were assumed to be 100% retained in calcine except for 3H, for which it was 
assumed that none was  retained. All radionuclide concentrations shown in Table 2 
are decayed t o  the year 201 6. From these concentrations, the total curies of each 
radionuclide was  calculated using the  mass of residual calcine. 

Table 3 

The radionuclide concentrations shown in Table 3 were calculated by dividing the 
activity in curies, in Table 2, by the total mass or volume of grout that  would fill a 
particular Bin Set. The volume of the residual calcine, being negligible compared to  
the volume of the grout, was neglected. 

Table 4 

The fraction of Class C limits were calculated by dividing the concentrations in 
Table 3 by the Class C limits. 

Table 5 

The values in Table 5 are t h e  residual calcine volumes for risk-based and landfill 
closure were multiplied by the inverse of the sum of the fractions shown in Table 4. 
The same residual calcine volumes to  meet Class A limits are obtained regardless of 
whether risk-based or landfill residual calcine volumes are used in the calculations. 
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Table 6 

Total curies of each radionuclide and total calcine volumes were obtained from 
Systems Engineering High Level Waste internet pages: 

htto://wcb08/- .nichtt.wcb.inel/im/Bins/CSSFl . htm 
htt~://wcb08/- .nichtt.wcb.inel/im/Bins/CSSF2.htm 
htto://wcb08/" .nichtt.wcb.inel/im/Bins/CSSF3. htm 
htt~://wcb08/" .nichtt.wcb.inel/im/Bins/CSSF4. htm 
htt~:/ /wcb08/- .nichtt. wcb.inel/im/Bins/CSSF5. htm 
htt~:/ /wcb08/- .nichtt.wcb.inel/im/Bins/CSSF6.htm 

The radionuclide activities in th i s  data are decayed to  January 1, 2000. No 
activities are available in this data for "Tc or l2'I. The data used was last updated 
November 14, 1997. Radionuclide concentrations in Ci per kg were calculated from 
the  total Curies, t h e  total volume and the  following densities: 

Bin Set 1 
Bin Set 2 
Bin Set 3 
Bin Set 4 
Bin Set 5 
Bin Set 6 

1.09 g/cm3 (from WINCO-1050) 
1.36 g/cm3 (from WINCO-1050) 
1.53 g/cm3 (from WINCO-1050) 
1.60 g/cm3 (estimated) 
1.50 g/cm3 (estimated) 
1.20 g/cm3 (estimated) 

Table 7 

The radioactivity in Class C grout was taken from the TRU Scoping Study material 
balance (Reference 4, Appendix 2). The sources of the  activity data for the TRU 
Scoping Study material balance for calcine are References 1 and 2, although for 
SBW, the TRU Scoping Study material balance used SBW analysis data, and this 
data was not decayed. The activities from Reference 4 were converted to  units 
consistent with Class C limits and divided by those limits to  obtain the values in 
Table 7 .  

Table 8 

Values in Table 8 are the sum of activity in residual calcine (Table 2) and in Class C 
grout. Radionuclide concentrations in Class C grout, a s  described in the  method for 
Table 7, were taken from the TRU Scoping Study material balance, and multiplied 
by the mass of grout that would fil l  each bin set to obtain t h e  total Ci in t h e  grout. 



431.02# 
0611 7/97 
Rev. #04 

ENGINEERING DESIGN FILE Function File Number - SPR-01 
EDF Serial Number - EDFBSC-008 

Page 15 of 16 

Table 9 

Values in Table 9 are the total Curies given in Table 8 divided bl 
C grout. 

Table 10  

the limits f Class 

Two sets of activity data were used to calculate the activity of residual calcine in 
the Bin Sets. The activities of calcine in Bin Sets 1, 4 and 6 were based on 
References 1-3. The total curies in these three Bin Sets are shown in Table 2. For 
Bin Sets 2,3 and 5, calcine activity data from the HLW Program Systems 
Engineering Home pages (see Calculations for Table 6) were used to calculate the 
ratio of activities to a given Bin Set (2, 3 or 5) to either Bin Set 1 or 4. The 
activities in Table 2 for Bin Set 1 or 4 were multiplied by these ratios to obtain 
calcine activities for Bin Sets 2, 3 and 5. This, in effect, converted the HLW home 
page data to the same basis as used in the other calculations, Wentel's data 
decayed to 2016. For Bin Set 3, activity ratios of Bin Set 3 to Bin Set 1 were used 
to calculate the  required grout volume and height. For Bin Sets 2 and 5, the  ratios 
of Bin Set 2 or 5 to Bin Set 4 was used for total alpha, 137Cs, and 'OSr, but since no 
data was available for 241Pu for Bin Set 4, t h e  ratio of Bin Set 2 or 5 to Bin Set 1 
was used for 241Pu. Once total curies in residual grout were calculated for all bin 
sets, the following procedure was used to calculate the volume and height of clean 
grout needed to leave Class C waste in the  Bin Sets. 

1. For each bin set, a volume of grout was assumed. 
2. For each radionuclide, t h e  activity in Ci/m3 or nCi/g was calculated. 
3. Ratios of the  concentrations obtained in step 2 to the  Class C limit were 

calculated. 
4. Ratios obtained in Step 3 were added to obtain the "sum of the 

fractions". 
5. The original volume estimates were multiplied by the inverse of the sum 

of the fractions. These new volumes would give a sum of the fractions 
of 1 .OO for each bin set. 

6. For Bin Sets with bottom elliptical heads (all exept Bin Set 11, the volume 
of the  bottom heads was calculated. 

7. The area of a cross section of t h e  Bin Sets was then calculated. For Bin 
Sets 1, 5, 6, and 7, an "equivalent" area was calculated by subtracting 
from the total area of t h e  outer bin set walls t h e  area of inner sections 
which do not contain calcine. 

8. The height of grout was then calculated by subtracting the head volume 
from the total grout voume obtained in step 5, and dividing the result by 
t he  cross sectional area. 

For Bin Set 7 ,  the calcine activity was assumed to be the same as Bin Set 6. 
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Table 11  

The procedure for calculating residual calcine volumes for a specified (4-ft high) 
heel was  a s  follows: 

1. For each bin set, a volume of residual calcine was assumed. 
2. For each radionuclide, the activity in Ci/m3 or nCi/g was calculated using 

the known volume of grout, t he  assumed volume of calcine and calcine 
activity data (See procedure for Table IO). 

3. Ratios of the concentrations obtained in step 2 to  t h e  Class A or C limit 
were calculated. 

4. Ratios obtained in Step 3 were added t o  obtain t h e  "sum of the 
fractions". 

5. The original volume estimates were multiplied by the inverse of the sum 
of the  fractions. These new volumes would give a sum of t h e  fractions 
of 1 .OO for each bin set. 

Table 12 

Activities in Class A grout shown in Table 11 were calculated by multiplying 
radionuclide concentrations in Class A grout, from Reference 4 Appendix 3, by the 
estimate volumes grout that would fill the Bin Sets. 

Table 13 

The values shown in Table 12 are ratios of the radionuclide concentrations in Class 
A grout, from Reference 4 Appendix 3, converted to  equivalent units and then 
divided by the Class A waste limit. 
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Proj ect/Task 
Sub task Estimated Bin, Tank, NWCF and grout Volume Production Accuracy 

I Title: ESTIMATED CSSF BIN, TFF TANK, NWCF VOLUME AND GROUT VOLUME PRODUCTION] 

BIN SET CLOSURE STUDY 

ACCURACY 
SUMMARY 1/27/98 

The purpose of this Engineering Design File (EDF) is to estimate the uncertainty (% error) of the volume 
calculations for the Calcine Solids Storage Facility (CSSF) bins, Tank F m  Facility (TFF) tanks, New Waste 
Calcining Facility (NWCF) and the estimated NRC Low Level Waste (LLW) grout production. This is to ensure 
accurate LLW grout dissemination in these areas. Further study is needed to reduce the calculated uncertainty. 

ReSnltS 
The uncertainty (% error) was estimated at+/-0.6% for each bin set and +/-1.6% (minimum volume uncertainty 
7,131 m3; standard volume 7,247 m3; maximum volume uncertainty 7,363 m3) for the entire CSSF bin sets,+/- 

1 0.5% for each TFF tapk volume and +/-1.7% (minimum volume uncertainty 15,359 m3; standard volume 
15,624 m3; maximum volume uncertainty 15,890 m3) for the entire TFF tanks, as calculated in this EDF (see 

I Table #1-5, Page 2 & 3). The uncertainties for the NWCF and grout production volumes are estimated to be+/- 
20% (minimum volume uncertainty 10,204 m3; standard volume 12,756 m3; maximum volume uncertainty 
15,307 m3) and +/-15% (NRC Class A Grout: minimum volume uncertainty 20,315 m3; standard volume 
23,900 m3; maximum volume uncertainty 27,485 m3. NRC Class C Grout: minimum volume uncertainty 
19,040 m3; standard volume 22,400 m3; maximum volume uncertainty 25,760 m3) respectively. The CSSF 
closure study group was not responsible for the NWCF and grout production volume calculations, therefore 
experts were used to give uncertainty estimates. Resources were unavailable to pursue more accurate NWCF 
and grout production volume uncertainty estimates at this time. 

Conclusions 
Void spaces will be produced during the TFF Tanks, CSSF Bin Sets, and NWCF closure process. NRC Class A 
or C grout can be created by a grouting facility to fill in these void spaces. If this occurs the TFF Tank voids will 
be filled first with LLW grout, the CSSF Bin Sets will be filled second and finally, if any LLW grout remains, 
the NWCF void space will be filled third. The following table represents the estimated volume range of void 
space remaining in the CSSF or the amount of LLW grout that can be emplaced in the NWCF after the LLW 
grouting campaign. The amount of void space remaining in the CSSF after a grouting campaign are shown as 
negative values and the amount of LLW grout that can be placed in the NWCF after a grouting campaign are 
shown as positive values. 



CSSF Void Space or LLW Grout Excess (placed in NWCF) After LLW Grout Campaign (from Table #5) 
Minimum Differential Volume Differential Volume Maximum Differential Volume 

Campaign (Cubic Meter) (Cubic Meter) (Cubic Meter) 
LLW Grout Class A -2,175 1,028 4,232 
LLW Grout Class C -3,450 -472 2,507 

Note: Differential Volumes are the total estimated CSSF and TFF volumes added together and subtracted eon 
the grout production volume. The resulting value gives the estimated amount of void space (volume) remainin1 
in the CSSF (negative) or the amount of grout that could be emplaced in the NWCF (positive) after the LLW 
grouting campaign. 



TABLE I: CSSF Bin Volumes With Uncertainties 
oscrlbos each CSSF bln so1 volume wllh mlnlmum and moxlmum ronoos accordlng lo tho osllmolod unwrlalnly. 

0.8 56 
1.8 % 

Unwrlolnty por lndlvlduol Bln (+/-) 
To101 Normollzed Unwrtalnly (+/-) 

Mlnlmum CSSF Bln Volumo CSSF Bln Volume. Maxlmum CSSF Bln Volumo 
CSSF (gallons) (cublcfoal) (cublc yords) (cublc molers) (gallons) (cublc fool) (cublc yards) (cublc meters) (gollons) (cublc fool) (cublc yards) (cublc molors 

8 
7 

7.797 
1,181 
1,498 1,145 

1.345 1.029 
17,788 

421,221 56,309 2,086 1,694 
481,688 84.389 2,385 1.823 

Doscrlbos tho NWCF volume wtth mlnlmum and maxlmum rongo according to tho osllmated uncerlahty. Those values wore calwlolod uslng space occupancy drawlngs 057807 (NWCF second level), 057812 (NWCF lhlrd lovol) and 
elavallon drawlngs 132320 through 132327, and 132334. Tho volume of oqulpmenl lnsldo each NWCF room wos found uslng tho NWCF Safely Analysts Report, SAR 512C24.120/08-28.98/SA. For machhorylequlpmenl no1 represonled 
In tho safety analysls report. a conglomerate of drawings was used for volume approxlmallon. 

NWCF Volume Uncerlalnty (+/-) 20 %' 
Mlnlmum NWCF Volume NWCF Volumo" Maxlmum NWCF Volume 

(gallons) (cublc feel) (cublc yords) (cublc molars) (gallons) (cublc feel) (cublc yards) (cublc meters) (gallons) (cublc foal) (cublc yards) (cublc molersL 

NWCF 2,885,740 380,388 13,347 10,204 3,389,676 460,460 16,884 12,768 4,043,810 640,662 20,020 16,307 

Value Obtalnod from Bill Landman. lachnlcal load NWCF Deadlvotlon Opllon for Low-Loval Wosle Groul Dlsposal ProJoc\lNEEUEXT-97/01076. 
.* NWCF Volume was oblahad from EDF-OFC-003. PFN-73601 

Totel Volume (+I- 1.8%) 1,883,916 261,843 9,326 7,131 
(normallzed) (normallrod) (normallzod) (normallzed) I 

58,877 7,844 291 222 
235,951 31,542 1,188 893 
304,352 40,888 1,507 1,152 
133.884 17.895 683 507 
273,388 38,644 1,353 1,035 
423,764 58,649 2,098 1,804 
484,573 64,778 2,399 1,834 

1,814,648 266,938 9,479 7,247 

59,029 7,891 
237,388 31.731 1,175 
308.179 40.930 1,518 1,159 
134,887 18,002 
275,008 38,783 1.382 1,041 
428,307 58.989 2,111 1.614 
487,481 65,187 2,414 1,845 

1,946,182 260,033 9,831 7,383 
(normallrod) (normallzod) (normallzod) (normallzod] 

I CSSF Eln Volumes wore oblalnad from EDF-ESC-001, PFN-15720 

'ABLE 2: TFF Tank Volumes With Uncertainties 
ascribes each lank volume wHh mlnlmum and maxlmum ranges eccordlng lo  tho esllmolod unwrtalnly. 

Unwrlalnty per lndlvldual Tank (+/-) 
Total Normallrod Uncerlolnty (+I-) 

0.5 % 
1.7 % 

Mlnlmum TFF Tank Volume TFF Tank Volume' Maxlmum TFF Tank Volume 
TFF Tank (gallons) (cublc foal) (cublc yords) (cublc malero) (gallons) (cublc fool) (cublc yords) (cublc meters) (gallons) (cublc feel) (cublc yards) (cublc melors 

183 

188 
187 
188 
189 

402,211 
402,211 
368.938 
388,938 
388,938 
388,938 
388,938 
388.938 
388,938 
368,938 491053 1;817 1;389 
366,938 49,053 1.817 1.389 

53,768 
53,788 
49,053 
49,053 
49,053 
49,053 
49,053 
49,053 
49.053 

1,991 
1,991 
1,817 
1,817 
1,817 
1,817 
1,817 
1.817 
1.817 

1,523 
1,523 
1.389 
1,389 
1,389 
1,389 
1,389 
1.389 
1.389 

Total Volume (+I- 1.7%) 4,067,338 642,387 20,088 16,369 
(normallzod) (normallzed) (normallrod) (normallzed) I 

404,232 
404,232 
368,782 
388.782 
388,782 
388.782 
388.782 
388,782 
388.782 
388,782 
388,782 

4,127,604 

64,038 
54.038 
49,299 
49,299 
49,299 
49,299 
49,299 
49,299 
49,299 
49,299 
49,299 

681,787 

2,001 1,530 
2,001 1,530 
1,826 1,398 
1,828 1,396 
1,828 1,398 
1.828 1,398 
1.826 1,398 
1,828 1,396 
1,828 1,388 
1.828 1,398 
1,826 1.396 

20,438 16,824 

408,253 
408,253 
370.828 
370.826 
370,828 
370,828 
370.628 
370,828 
370,828 
370,828 
370,828 

4,f97,871 
(normallzod) 

54,308 2,011 
54,308 2,011 
49,545 1,835 
49,545 1.835 
49,545 1,835 
49,545 1,835 
49,545 1,835 
49,545 1,835 
49.645 1,835 
49,545 1,835 
49.645 1,835 

681,147 20,783 
(normallzod) (normollzod) 

1,538 
1,538 
1,403 
1,403 
1,403 
1,403 
1,403 
1,403 
1.403 
1,403 
1.403 

16,890 
(normallzed] 

I TFF Tank Volumes wore oblalnod from EDF-TFC-029. PFN-73501 

TABLE 3: NWCF Volume With Uncertainties 



TABLE 4: LLW Grout Volume With Uncertainties 
Describes Ihe groul producllon volume with mlnlmum end maximum velues according to the esllmaled uncertainly. 

15 %* Groul Volume Uncerlahly (tb) 
Grout Volume" Maxlmum GroulVolume Mlnlmum Grout Volume 

LLW Grout (gellons) (cublc feel) (cublc yards) (cublc melers) (gallons) (cublc feet) (cublc yards) (cublc meters) (gallons) (cublc feet) (cublc yards) (cublc metors) 

9,328 7,131 Total CSSF Bln Volume (*/-1.8%) 1,883,918 251,843 
Total TFF Tank Volume (tl- 1.7%) 4,057,338 542.387 

I Class A 6,368,862 717,417 28,671 20,316 6,313,708 844,020 31,280 23,900 7,280,784 970.623 36,949 27,485 
Class B 6,029,832 672,391 24,903 19,040 6,917,460 791,048 29,298 22,400 6,805,087 909,706 33,893 25,760 

1,914,649 255,938 9,479 7,247 1,945,162 280.033 9.631 7,363 

Value oblalned from Charles Barnes, separallons feed and wesle volume aulhorily. 
*' Groul Volumes were oblalned from EDF-FDO-001. Rev.1 (TRU Separallons), PFN-73301, Charles Barnes. I 

20,088 15,359 4,127,604 651,767 20.436 16.624 4,197.671 661.147 20,763 15.890 

LLW Grout Class A 

LLW Groh  Gaee A. -674,801 -78,813 
LLW Grout Class C* -911,420 421,839 

5,388,652 717,417 26,571 20.315 6,313,708 844,020 31,280 23,900 7,280,764 970.623 35.949 27.485 

-2,846 -2,176 271,866 
4,613 -3,460 -124,603 

LLW Groul Class C 5.029.832 872,391 24,803 19.040 5.917.450 791,048 29.298 22,400 

36,316 
-18,667 

8,805,067 909.705 33.693 25,760 

1,346 
51 7 

1,028 1,117,911 149,443 
-472 882,214 88,626 

6,636 
3,279 I 4,232 

2,607 

I 'Note: Values shown am calculalod vold space volume amounts mmalnlng In fbe CSSF (negaflve) orcalcu/afod volumo emounls oxceodlng /bo CSSF volumo (pos/l/vo) I 
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AN L T ~ ~ ~ U - I O / J  ELWR A U A L ~ S I S . -  de 1 
<m+ 0 4  c w t e w A I N r \  E S  )d P&SKPSC M=+suR.e.iefits/ 
S&N 2. T-AYL-oR, / y S L  g P6-5- 

E~~~~~ z t  1 r 58 *per 3 PROPAGAAN OF - 
Suppose that we'wish.to find the efficiency of a D.C. electric motor 

by using it to lift a mass m through a height h. The work accomplished 
. is mgh, and the electric energy delivered to the motor is Vlt ,  where V is 

the applied voltage, I the ament, add t the %ne for which the motor 
runs. 'The efficiency is then ' 

1 

work done by motor 
energy delivered to motor efficiency, e = 

=- mgh 
. .  VIt * 

. .  
Let ussuppose that m, h, V,':and I can all be measured with 1 percent 
a-cy, 

(fractional uncertainty form, h, V, and I )  = 1%, 

and that the time t has an uncertainty of5 percent,' 

(hctional uncertainty for t) = 5%. 

the e5jiigency e, then, according to our old rule ("fractional errors add"), 
we have an uncertainty 

(Of course, g is known with negligible uncertainty.) If we now compute I j 
i 

A i  ! 

6e bm 6h 6V 61 . 6t . -=-+-+-+-+- , 

. e . m  h V I .  t 

= (1 + 1 + 1 + 1 + 5)% =9%. 

On the other hand, if we are confident that the various uncertainties are 
k&-t aqd en we can compute &/e by the quadratic 
sum to gtve 

~ = ~ ( ~ ~ + ( ~ ~ + ( ~ ~ + ( ~ ~ + ( ~ ~  e 

. = J12.+ 12.+ l2 + l2 + Si% 
= Jz% 2 5%. 

. Clearly, the quadratic sum leads to a significantly smaller estimate for 6e. 
Furthermore, it .will be seen that, to onesignificant figure, the uncertainties 

. .  -I 

I 

I 
I 
I 
i 
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i r _ _ ,  

. r. . Section 3.5.. Arbitrary Functions of Ohe Variizble 

in m, h, V, and I make no contribution at aI1 to. the uncertainty in e com- 
puted in this way; that is, to .one significant figure, we have found (in 
'this example) 

Se. 6t 
e r :  

This striking simplific&on is easily understood; When numbers are added 
in &adrature, they are squared first and then summed The process of 
squaring geatli exaggerates the importank ofthe larger numbers. n u s ,  
if one number i s5  h e s  any of the others (as .in.our example), then its 
square is 25 tim& that of the otheq and we can usually neglect the. 

'others entirely. . ' 

This example ilIystrat& how it is usually petter, and oft& easier, .to 
cpmbine errors in quadrature. The example also illustrates what the0 type 
of problem is in which the errors are hdepegdent, and for which addition 
-in quadrature is justiited (For the moment we take for granted that the 
eriols are random. We willdiscuss this more difkult point in Chapter 4.) 
The five quantities measured (m,. h, V, I, and r) are physically distinct. 
quantities; with different units, and qre measured by entireIy different. 
processes. It is almost inconceivable that the sources of erroiin any one 
quantity are correlated -with those in any other. Therefore the errors can 
reasonably be treated as independent and combined in quadrature. 

. ,  

-=- 

. 

J' L 



I- Section 3.7. Examples 65 

Measurement of g with a Simple Penilulum 
As a first example, suppose that we-measure g, the acceleration of 

nduluin. The period of such a pendulum is well- gravity, using a simple 

landTaremeasured,wecan€indgas 
. known to be T = 2x&, where 1 is the length of the pendulum. Thus if , 

, i  

. !  
! 

. I  . .  
1 

i 
i 

, .  
! 

! 
: 
I 

i 
f 
I 

(3.28) 

This gives g as the produd or quotient of three factors, 47?, 1, and T'. If 
the various uncertainties'are independent and random, the fractionail 
uncertainty in our answer is just the quadratic sum of the fractional uncer- 
@ties in these factors. The factor 4x2 has no uncertainty, and the h c -  
tiox@ uncertainty in Tz is'twice that in T:, . 

J(T2) 6T ' -=2-. 
TZ T 

0 

Thus the fractional unkrtainty in our answer for g will be . 

''\ Suppose we measure the period Tfor one value of the length 1 and get 

I = 92.95 f. .1 cm, 
T = 1.936 f. -064 sec. i x  

Our best estimate for g is easily found from (328) as 

4x2 x (92.95 cm) . 
' 11.936 sec)' . : 

= 979 cmfSec2. 9best = 

To find o.ur uncertainty in g using (3,29), we need the fractional uncer- 
tainties in I and T. These are easily klculated (in the head) as 

s ~ t h o l g h  at fiat sight an unceaainty 6r = -004 Kc may seem unrralistica~y &I, 
i 

one can easily achieve it by timing several oscillations. If one can rn-.ure with an accuracy I 1 
I 
I 

of .I sec, as is certainly possible with a stopwatch,.thcn by timing 25 oscillations one will 
c d  T within . .  -004 sec. 

1 

! 

- i  
I 

! 



I 
: 

t 
! ! 

I 

- = J(O.1)' + (2 ~,0.2)'% = 0.4%; 
g : . 

. . 8s 
. . .  

6g = 0.004 x' 979 cm/sec2 

~ ~ ~ ~ ~ ~ ~ ~ , b ~ ~ n t h ~ e ? ~ ~ ~ e n ~ , ~  ' .. =4cm/sec2. 
' . , . 

g = 979 +_ 4 cm/sec2. I .  

. If this experiment 5 nowiepeated (as most such experiments should be) 
with dikerent values for the parameters, it will not be necessary to repeat 
the uncertainty dculationS in .bmplete'detaiL With a m e  thought, one 
can easily record the Various valuesof Z, T, and g and the corresponding 
micertainty calculations all in a single tabulation (see Problem 3J3). -_I 
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Calcined Solids Storage Facility Closure Study 

Sub task . Groundwork for Design - CSSF Volume Calculations 
TITLE:. Calcined Solids Storage Facilities - Volume Calculations . 

SUMMARY . .  

This. Engineering Design File provides volumelric infixmation that is necessary for cost &ling and ediation 
exposure estimates.' For each of the seven Calcinkd Solids Storage Facilities (CSSFs), the following information 
was calculated (1) bin capacity, (2) volume of calcine rknaining following CRTP activities, (3) vault void 

' 

volumes, and (4) equivalent number of filled 55-gallon dnuns. - .  
The following table provides a summary of the r e m e g  calcine volumes for Risk-Based Clean Closure and 
Closure to Landfill Standards a?%r all removal activities have been completed. 

1 
2 
3 
4 
5 
6 
7 
Total 

CSSF Total Calcine Volume Remainhg in Bin Set 
_. Following Risk-Based Clean Closure 

(W 1 w3 1 
31.2 (0.9) 
88.1 . (2.5) 

149.4 .(4.2) 
49.7 . (1.4) 

106.5 (3.0) . 
,162.9 (4.6) 
'178.4 - (5.0) 
766.2 (21.6) 

To& Calcine Volume Remaining in Bin Set 
Following Closure to Landfill Standards . 

70.0. (2.0) 
(m w3i 

120.8 ~ . (3.4) 
. 303.9 (8.6) 

. 67.1 . (1.9) 
158.2 (4.5) 
233.9 (6.6) 
- 233.9 (6.6) 

I ,I 87.8 (33.6) 

The following pages con& the methodology, &sumpti'bns, and results of the calculations. The supporting 
hand and software calculations are also included in the body of thiSEDF. See tables provided in the body of this 
EDF for details of the results. 
Distribution: D. J. Harrell, M S  3211; B. R. Helm, MS 3765; B. C. Spaulding, MS 
3765; M. M. Dahlmeir, "MS 3765; S. P: Swanson, MS '3765; Project File (Original' +1) 

. .  
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Introduction 

The following idoxmation was calculated to support cost e&ates and radiation exposure calculations _ .  . .  
for closure activities at the Cal@ed Solids Storage Facility (CSSF). Within the estimate, volumes were 
calculated to determine the required amount of grout to be used dining closure activities. The remaining cdciqe 
on the bin walls, supports, piping, q d  floor was also calculated to appro-te the remaining residual calcine 
voIumes at different stages of&e &oval process. 

The estimates for remaining calcine and vault void volume are higher than what would actually be 
experienced in the field, but are necessary for bounding purposes. The residual calcine in the bins may be higher 
than what is experienced in the field as it was assumed that the entire bin volume is fyll of calcine before 
removal activities commence. The vault void volumes are high& as the vault roof beam volumes were 
Ileg1e"Cted. 

The estimations that follow should be considGd rough order of magnitude, due to the time constraints' 
ah dictated by the project's scope of work Should more accurate numbers be required, a new analysis would be 
necessary. 

Methodology 

The volumes of the bin heads (top and bottom domes) were estimated by aSsuming an ASME flanged . 
and dished shape geometry for CSSFs 2-5, while an ellipsoidal geometry was assumed for the sixth and seventh 
bin seti;. Volumes and d a c e  areas for the heads were retrieved from pre-calculated volirmes in reference 1. 
The cylindrical volume of the bin was then cdculated and added to the head volumes. For CSSFs 5-7, an annular 
volume was sybtracted. The total volume was then calculated for the entire bin set. 

Based on a report concerning retrieval testing performed on CSSF 1 (Reference 3), it was assumed that 
95% of the total bin volume would be removed du&g the Calcined Retrieval and Transport Project (CRTP) 
activities. Additional calcine'was then added onto the walls, supports, internal piping, and external piping. 

Calcine was assumed to remain 04 the internal bin s u p p h  and piping aft& the CRTP performed their 
removal activities. A 45' acc&ulation slope was assumed for these fixtures. The calcine film on the bin walls 
was assumed to be two particles thick with average particle size of .4mm for CSSF 1 and Smm for CSSFs 2 
through 7 (See EDF-BSC-002 for particle size information). 

99% of the calcine in the distn'butor and extemal piping was assumed to be removed during CRTP 
activities (1% remaining on the walls, expansion joints, etc.). Of the remaining calcine in the distributor and 
external piping, 95% w assumed to be removed by a pipe &wler robot during final I&OA activities - 90% 
of which falls to the bin floor, and 10% of which attaches to the bin walls. 

80% of thecalcine on the bin walls (calcine deposited during CRTP activities and d&g final removal , 

activities), sqports, and mtemal piping was assumed to be removed by carbon dioxide blasting and falls to the . 
bin floor. 

During the,last.step of the final removal activities, it was assumed that 95% of the calcine at the bottom 
of the bin could be removed by a robot and vacuum. See page 6 f0r.a review of the assumptions. 
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Hand calculations were performedto gather initial data (See the attached sheets): Excel software 
to manipulate the 'information done by hand. See the Excel printout for the results of all the calculations. 

then used . 

Calculations indicate that out of the initial 255,984 cubic feet of calcine at the CSSF area, approximate1y 
13,345 cubic feet of calcine will remain after the Calcine Retrieval and Transport Project (CRTP) perfiorms its 
activities; At closure (after Bin Set Closure'Project activities), approximately 766 cubic feet of calcinkare . 
estimated &.remain for Risk-Based Clean Closure and l;188 cubic feet for'closure to Landfill Stqdards. This is 
an additional reduction of over 12,579 cubic feet of calcine (1,711 %gallon drums) for Risk-Based Clean . 
Closure and 12,157 cubic feet (1,653 55:gdon drums) for Closure to Landfill Standarb. Thus, approximately 
94.7% of the'initial calcine is estimated to be removed fiom the bins during CRTP activities, while an additional . 

. 
. 

e 5.0% is estimated to be removed by the BSCP removal activities during Risk-Based Clean Closure (4.7% is 
estimated for Closure to Landfill Standards). . ,. 

The volume of grout necessary forgroutirig the p$mg e n e g  the.bins has also been calculated and is 
estimtid at 686 cubic feet per bin set. The estimated height of the. calcine in the bottom of a bin after initial . .  

.' ' removal is estimated at 2 feet. . .. 

The following tables smmarki information that was estimated by hand and software calculations. See 
the attached copy of the Excel output for the r d t s .  

Risk-based Closure 

Table 1. Remaining Calcine Volumes (Risk-based Clean Closure) 

. 



CSSF Bin Set # 

1 .  
2 
3 
4 
5 
6 
7 

hitid Calcine Calcine Volume Calcine Volume Percent Calcine Total Percent 
VoIumelA Mer CRTP Mer Bin Set Removed - by Calcine 
v 3  (M3) RemovalB Closure CRTP Removed . 

FT3 (M3) %. (CRTP+BSCP) 
% 

FT3 W3) 

7,848 (222) 443 (13) 31 (1) 94.4 99.6 . 

31,550’ (893) 1,619 (46) 88 (3) 94.9 99.7 

17,898 (506) 917 (26) 50 (1) . 94.9 99.7 
36,552 (1,035) 1,894 (54) 106 (3) 94.8 99;7 ‘ 

56,657 (1,604) 2,925 (83) 163 (5) . 94.8 . . 99.7 
64,786 (1,835) 3,311 (94) - 178 (5) 94.9 99.7 

40,694 (1,152) 2,237 (63) 149 (4) 94.5 ’ 99.6 

CSSF 

1 
2 
3 
4 .  
5 
6 
7 

Calcine  eft o n ~ i n  ’ Calcine  eft on Calcine Left on Calcine Left on Calcine on Floor 
Walls sipports Piping External Piping FT3 OM31 

FT3 (M3) FT3 (M3) FT3 (M3) FT3 (M3) 
.9 (.O) 8.5 (.2) . 0 (0) -2 (0) 21.6 (.6) 

6.9 (2) 0.2 (.O) 0 (0) -3 (0) 80.6 (2.3) 
. 8.9 (.3) 30.3 (.9) 0 (0) -3 (0) 109.8 (3.1) 

12.1 (-3) 0 (0) 0 (0) .3 (0) 94.1 (2.7) 
17.2 (-5) 0 (0) 0 (0) -3 (0) 145.4 (4.1) 

3.9 (.1) 0 (0) 0 (0) .I (0) 45.7 (L3) 

13.1 (-4) 0 (0) 0 (0) -3 (0) 164.9 (4.7) 

CSSF 

1 

TotalVolume Removed . Total Volume Removed by Total Volume Removed 
by CRTP CRTP+BSCP During BSCP Activities 

FT3, (M3) FT3 (M3) FT3. (M3) 
7,406 (210) 7,817 (221) . . .  411 (21) 

I 

A Vblume of calcine currently in each bin set. It is assumed for bounding purposes that the bins are filled to e u m  
capacity. 

The Calcine Retrieval and Transportation Project will remove approximately 95% of the original calcine volume (EDF- BSCOOS) . .  

2 . .  
3 

. _  4 

29,931 (848) 31,462 (891) 1,531 (43) 
38,457 (1089) ’ 40,544 (1148) 2,087 (59) 
16,981 (481) 17,849 (506) . 868 (25) 

6 
7 

53,732 (1522) . 56,494 . (1600) 2,762 (78) 
61,475 (1741) 64,607 (1829) 3,312 (88) . 



' 8 .  

CSSF 

1 
2 
3 
4 ' .  ' 
5 
6 .  
7 

. . .  

. .  

Volume of Clean Grout Necessary to Volume of Grout Necessary to Fill 
Fill Vault Piping and Distributor 

FT3 .(M3) - FT3 (M3) 
17,025 (482) 686 (19) 
75,513 (2138) * . 686 (19) 
75,294 (2132) 686 (19) 
49,617 . (1405) 686 '(19) 
96,187 . (2724) 686 (19) . 

134,824 (3818) 686 (19) 
126,695 (3588) . . . '  686 (19) 
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I CSSF 

1 
2 .  

' Total Calcine Volume RemaiIiing m Bin Set 
Following Closure to Land1  Shdards 

Total Calcine Volume Remaining in Bin Set 
' Following Closure to Landfill Standards 

. 
(M3) (333) 

6Y.Y. 2.0 
3.4 . .  

t .  ' Closure to Landfill Standards .' 

Table 6. Remafig Calcine Volumes (Closure to Landfill Standards) 

303.5, . - 3  8.6 

5 
6 
7 

1582. 4.3 
233.9 6.6 
233.9 6.6 

~~ ~ ~ 

Table 7. Summary of Calcine Volume at Various Stages & the Removal Process (Closure to Landfill Standards) 

CSSF Bin Set # Initial Calcine Calcine Volume 
volumec AftercRTP 

FT3 (343). RemovalD 
*FT3 (M3) 

1 .  7,848 (222) 443 (13) 

3 40,694 (1,152) 2,237 (63) 
' 2  31,550 (893) 1,619 (46) . 

4 ' 17,898 (506) 917 (26) 
5 36,552 (1,035) . 1,894 (54) 
6 56,657 *(1,604) 2,925 (83) 
7 64,786 (1,835) - 3,311 (94) 

Calcine Volume Percent Calcine Total Percent 
Mer Bin Set Removed - by Calcine Removed 

Closke CRn (CRTP+BSCP) 
FT3 (M3) % % 
70 (2) 94.4 99.1 

304 (8.6) 94.5 99.3 
121 (3.4) ' 94.9 99.6 

67 (1.9) 94.9 99.6 
158 (4.5) '94.8 99.6 
234 (6.6) 94.8 99.6 
234 (6.6) 94.9 99.6 

Volume of calcine currently m each bm-set. It is assumed for bounding purposes that the bins are filled to maximum . 

The Cdcine Gtrieval and Transp0rtatio.n Project will remove approximately 95% of the original calcine volume (EDF- 
capacity. . 

BSCOOS) 
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CSSF 

1 
2 
3 
4 

- 5  
6 
7 

Calcine Left on Calcine Left on Calcine Left on Calcine Left on Calcine on Floor 
Bin Walls supports Piping E x t d  Piping FT.3 (M3) 
FT3 (343)' FT3 (M3) FT3 (M3) Fr3 (M3) 
4.0 (0.1) . 42.4 (1.2) 0 (0) 3.9 (A) 19.6 (.6) 
33.9 (2.0) 1.0 (0.0) 2 (0) 6.9 (2) 78.9 (22) 
43.9 (12) 151.5 (4.3) 0 (0) 6.9 (.2) 101.7 (2.9) 
19.4 (0.5) 0 (0) 0 (0) 2.9 (A) 44.7 (1.3) 

91.4 (2.6) 60.0 (1.7) 0 (0) 0 (0) 6.9 (.2) 
. 85.4 (2.4) 0 (0) 0 (0) 6.9 (.2) 141.6 (4.0) 

65.1 (1.8) 0 (0) 0 . (0) . 6.9 (.2) ' 162.0 (4.6) 

Table 9. Calcine Volumes Removed d&g C R P  and BSCP Activkes (Closure.to Landfill) 

. CSSF 

1 
2 
3 
4 
5 
6 
7 '  

Total Volume Removed Total Volume Removed by Total Volume Removed 
by CRTP. CRP+BSCP During BSCP Activities 

FT3 (M3) FT3 (M3)- FT3 (M3) 
7,406 (210) 7,778 (220) 372 (10) 
29,931 (848) 31,429 (890) 1,498 (42) ' 

38,457 (1089) 40,390 (1144) 1,933 (55) 
16,981 (481) 17,83 1. (505) 850 (24) 
34,658 (981) 36,393 (1031) 1,736 (50) 
53,732 (1522) 56,423 (1598) * 2,691 (76) 
61,475 (1741) 64,552 (1828) 3,077 (87) 

Table 10. Summary of Grout Estimates (Duplicate of Risk-based) 

CSSF . 

1 

3 '  
4 

- 2  . 

. Volume of Clean Grout Necessary to V o l ~ e  of Grout Necessary to Fill 
Fill Vault . Piping and Distributor 

FT3. (M3) . FT3 (M3) 
17,025 . (482) . . 686 (19) . 

75,513 (2138) 686 (19) 
' 686 (19) 

686 (19) 
75,294 (2132) 

. 49,617. (1405) 
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' Miscellaneous 

Additional information has been provided at the end of this EDI;. This information does not have a 
reference (gathered %om D& Staiger of LMlTCO) and has not been reviewed for accuracy. The information in e 

these pages does relate to the volume calculations for the bin sets ind is included to provide a more detailed 
summary ofthe work performed. This information may be useful should additional volume calculations be 
required.. a 
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Megyesy, E. F: Pressure Vessel Handbook Tenth Edition. Ressure Vessel Publishing, Jnc. 
July 1,1995. 
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Griffith, D. L. " Status of Calcine Refxiend Development Work - DLG-06096" September 26,1996. 
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' CSSF NUMBER OF BINS PER BIN SET , TOTAL BIN SET VOLUME (CU.FT) TOTAL BIN SET VOLUME (CUM.) ' TOTAL STARTING CALCINE VOLUME (CU.n) 
222.1180782 . 7848.355551 

2 7 31,542 683.1885058 31648.82221 
40883.82221 3 7 40,888 1162.007326 

4 '  3 17,806 608.720138 17808.28888 . 
6 7 38,644 * ' 1034.800130 38651.62221 

58866.62221 8 .7 68640 . 1804.118403 
7 7 . 1  84778 ' 1834.30587 84785.02221 

' 1  4 7844 

SUM OFTOTAL BIN VOLUME SUM OF'TOTAL $IN VOLUME . SUM OF TOTAL BIN VOLUME 
' 265883.7333 ' 255038 . 7247.346158 

11*1***1ad, . 1 ~ 1 1 1 ~ 1 1 1 ~ 1 1 . b ~ l 1 * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ 1 * ~ ~  *. ~ ~ ~ I ~ ~ ~ l ~ l ~ ~ O l ~ ~ ~ ~ . . . . . . . . . . . . . . . . . 1 . . ~ ~  b ~ b l l I b I ~ ~ 1 L 1 ~ ~ 1 ~ 1 ~ 1 ~ ~ ~ * ~ * ~ * ~ * ~ ~ ~ * b l b ~ l * * ~ ~ * * *  1 . b . b l . . . . . . . . . . . . . . . . . . I I . . . . . . . . . . . . . . ~ ~ ~ ~ ; ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~  

CONDITIONS AFTER CALCINED RETRIEVAL AND TRANSPORTATION PROJECT ACTIVITIES 
(INITIAL CSSF CLOSURE PBOJECT GONDITIONS) 

I 

. CSSF CALCINE LER. ON FLOOR ( c u . ~ ~ )  CALCINE LEFT ON FLOOR (CU.M) CALCINE  LE^ ON LLS (cum) CALCINE LEFT ON WALLS (CU.M) 
1 I . l d  4.01 WA_ 0.113650388 1 382.2 

1677.1 
2034.3 67.80488824 43.88 1.242641 184 

33.88 0.858373184 . A m  2 CWP 3 . .- . -. . . . - . 
- 3 4  804.76 26.3384688 19.4 . 0.64034602 

1827.2 51.74045888 50.08 1.808441884 
8 2832.45 80.20502016 86.4 , 2.41826472 
6 

7 3238.0. 81.71628352 . . 86.1 1.84342308 BALLCSSF 8.82403072 
CSSF ' SUMOFC . SUM OF CALCINE IN ALL CSSF SUM OF CALCINE IN ALL CSSF SUM 

. 12708.8 . 

1 21.848878 
2 80.678533 
3 100.848853 
4 45.860357 

8 145.367833 . 
7 184.888333 

SUM OF CALCINE IN ALL CSSF 
882.031118 

5 . 04.078533 . 

0.813028802 
2.281728203 
3.110562337 
1.282872020 
2.884003003 
4.1 18088885 
4.888543812 

SUM OF CALCINE IN ALL CSSF 
18.74860276 

CALCINE LEFT ON WALLS (CU.fT) 

0.87648 
6.00834 
8.00834 
3.03688 
12.12834 
17.21034 
13.16034 ' 

SUM OF CALCINE IN ALL CSSF 
' 83.11204 

CALCINE LEFr ON WALLS (CU.M) 

0.024810100 
.0.105585440 
0.262100040 
0.1 1146008 

. 0.343370145 
' 0.487341768 

0.372375548 
SUM OF CALCINE IN ALL CSSF 

1.787131014 

1 



TOTAL STARTING CALCINE VOLUME (CU.M) 
222.2403145 
893.3843423 

. 1162.313182 
608.8218375 
1035.024978 

1834.621 607 
SUM OF TOTAL BIN VOLUME 

7248.840179 

' 1804.33424 . 
. 

......................... \* ,,,,,,,,,, * .,,.,...,...,..... .r.,r ............ * ....... *.; ............... * .................. ......... ,..a .................... ................ ....................... * ...,.. 
%%k ' 9. 

CALCINE LEFT ON SUPPORTS (CUFT) CALCINE LEFT ON SUPPORTS (CU.M) CALCINE LEFT ON PIPES (CU.FT) CALCINE LEIT ON PIPES (CUM) 

0.00496544 ' 
42.4 1.20083232 0 .  0 

' 1.05 0.020732e4 0.175 
. 151.45 4.28867038 0.020 0.00070287 . 

0 0 0 .  0 .' 
0 0 0 
0 0 0 

0 
0 
0' 

SUM OF CALCINE IN ALL OSSF 

* .  0 
SUM OF CALCINE IN ALL CSSF SUM OF CALCI E IN ALL CSSF 

, 6.51884432 0.203 0.00574831 . 

CALCINE LEFT ON SUPPORTS (CUFT) 

8.48 

30.29 
0.21 

0 .  . 
' . o  

0 
0 

SUM OF CALCINE IN ALL CSSF 
38.98 

CALCINE LEFT ON SUPPORTS (CU.M) 

' 0.240128484 
0.005848528 
0.857715872 

0 
0 '  
0 
0 

, SUM OF CALCINE IN ALL CSSF 
1.103780864 

CALCINE LEFT ON PIPES (CU.FT) 

. o  
0.035 

0.0050 
0 

0 
0 

SUM OF CALCINE IN ALL CSSF 
0.0400 

0 .  

CALCINE LEFT ON PIPES (CUM) 

0 
O . O O O D D I O ~ ~  , 

' 0.000168574 
' 0  

. o  
0 
0 

SUM OF CALCINE IN ALL CSSF 
o.ooii4~0e2 

, 



CALCINE LEFT IN 
EXTERNAL PIPING (CU.M) 

0.1 11001858 
0.104253248 
0.104253248 
0.083251302 
0.104253248 
0.194253248 

' . 0.104253248 
SUM OF CALCINE IN ALL CSSF 

1.185510488 

CALCINE LEFT IN 
EXTERNAL PIPING (CU.FT) 

0.108 
0.343, 
0.343 
0.147 

' 0.343 
0.343 
0.343 

2.058 
. ' SUM OF CALCINE IN ALL CSSF 

CALCINE LEFT IN 
EXTERNAL PIPING (CU.M) 

' 0.005550003 
0.000712802 
0.000712882 
0.00418257 

0.000712882 
0.009712882 
0.000712882 

SUM OF CALCINE IN ALL CSSF 
0.058275074 

I .  

TOTAL CALCINE LEFT IN THE BIN SET (CU.FT) 
31.201358 

. 88.072873 
140.383503 

, 40.733217 
100.647873 
162.011 173 
178.381873 

SUM OF CALCINE IN ALL CSSF 
. 786.22t758 

TOTAL CALCINE LEFT IN THE BIN SET (CUM) 
' 0.883522558 

2.40304103 
4.2303484d4 
1.408285550 
3.01709481 

4.813123104 
5.050831827. 

SUM OF CALCINE IN ALL CSSF 
21.89894828 



' EQUIVALENT NUMBER OF 55-GALLON DRUMS 
00.18408 
220.18284 ' 

304.188448 . 
124.72424 
267.58044 ' 
387.78058 
450.27888 

SUM OF CALCINE IN ALL CSSF 
1814.884588 

' 

TOTAL PERCENTAGE REMOVED % 
84.30148308 
84.88818520 
84.60400854 
84.87800801 ' 

84.818178 , 
84.83783204 
84,88851424 

AVERAGE REMOVAL 
84.73847401 

.. 

.......*...........*........ , ...... ;.* ................ 

TOTAL CALCINE REMOVED (CU.FT) 
7405.825551 
28830.55721 
38457.10421 
18881.17880 
34857.58221 
53731.83221 
01474.70221 

34882.7020 
AVERAGE REMOVAL 

TOTAL CALCINE REMOVED (CU.M) 
200.700281 ' 
847.6370025 
1088.882128 

' 480,8526833 
881.3818241 . 
1621.616812 
1740.708647 

AVERAGE REMOVAL 
' 881.6308264 

EQUIVALENT NUMBER OF 65-GALLON DRUMS 
4.243384418 
11.87701073 
20.31752805 
6.78371 761 2 
14.48061073 
22.1650hl53 
24.26718753 

SUM OF CALCINE IN ALL CSSF 
104.2081681 

" 

TOTAL PERCENTAGE REMOVED % 
88.80244722 781 7.154185 '. 31401.54834 

40544.22882 
99.72084334 

17848.63345 
88.63288205 
89.72213380 . ' 

88.70850020 38445.07434 . 
09.71245873 ' 58483.71104 

84807.28064 88.72480842 
AVERAGE REMOVAL 

88.88813842 ' 38468.8445 

TOTAL CALCINE REMOVED (CU.FT) 

. AVERAGE REMOVAL 

. .  

TOTAL CALCINE REMOVED (CU.M) ' 
221.3587018 
880.8804004' 
1140.08281 3 
505.41 3351 8 
1032.007881 
1680.721 117 
1820.470075 . ' , 

AVERAGE REMOVAL 
1032.420481 

' .  



Landflll Calculatlons -Assumes only floor Is cleaned (95% removal). 
Does not Include cleaning the bln walls, supports, or Internal and external plplng. 

CSSF NUMBER OF BINS PER BIN SET TOTAL BIN SET VOLUME (CU.FT) . TOTAL BIN SETVOLUME (CUM.) 
222.t I69792 
883.1885056 

1 4 7844 
2 7 31.542 
3 7 40.686 1152.087325 
4 3 17,605 ' 608.720136 
5 7 36,644 . t034.809139 

1604.118403 6 . 7  66649 
7 .  84776 1034,.30567 

SUM OF TOTAL BIN VOLUME 
7 

SUM OF TOTAL BIN VOLUME ' 

. 255936 7247.346156 ' ........................................................... .111.1....,...,11...11111......,................,...........,.,....,.ll.,....,.,...111)......, 

CONDITIONS AFTER CALCINED RETRIEVAL AND TRANSPORTATION PROJECT ACTIVITIES 
(INITIAL CONDITIONS FOR CSSF CLOSURE PROJECT) ' 

CSSF CALCINE LEFT ON FLOOR (CU.FT) 
1 382.2 . 
2 1577.1 

. 3 '  2034.3 
4 884.75 

. 6  4827.2 
8 2632.45 
7 I 3238.9 

SUM OF CALCINE IN ALL CSSF 
12706.9 , 

CALCINE LEFT ON FLOOR (CU.M) 
11.10584896 
.44.65842626 
67.60486624 
25.3364560 
61.74046696 ' 

91.71526352 . 
SUM OF CALCINE IN ALL CSSF 

362.3672579 

' 80.20592016 

'CALCINE LEFT ON WALLS (CU.FT) 
4.01 

43.88 
19.4 
59.98 
65.4 
65.1 

SUM OF CALCINE IN ALL CSSF 
311.B5 

33.88. 

. .  
.................... ....,......,.,.....,I ..,,.I,.. ..*....*. ., 1,,111..11..,..1....,.....11..111..,,.,.. ....a .,,, .. 11.11.1111.,..1..1..........1....... 
CONDITIONS AT CLOSURE (AFTER CSSF CLOSURE ACTIVITIES) 

.CSSF CALCINE LEFT ON FLOOR (CU.FT) CALCINE LEFT ON FLOOR (CUM) CALCINE LEFT ON WALLS (CU.FT) 

10.61 
76.655 
101.716 
44.7375 
91.38 

141.6225 
161.945 . 

SUM OF CALCINE IN ALL CSSF 
639.845 

0.555282448 
2.232021264 
2.880243312 
1.26682284 
2.687022640 . 
4.010286008 
4.585764178 

SUM OF CALCINE IN ALL CSSF 
10.1!03629 

4.01 . 
33.60 
43.66 
19.4 . 59.08 
65.4 
65.1 

SUM OF CALCINE IN ALL CSSF 
311.65 

TOTAL STARTING CALCINE VOLUME (CUFT) 
7848.355551 
31549.62221 
40893.62221 
17698.26888 
36551.62221 
58656.62221 
84765.62221 

SUM OF TOTAL BIN VOLUME 
255963.7333 ....,*. 11..11..11,,...,..1)1...~......,..,,.*.,,.......,., 

CALCINE LEFT ON WALLS (CUM) 
0,113550388 

, 0.058373184 
1.242541184 
0.54934582 
1.688441884 
2.41625472 
1.84342368 

SUM OF CALCINE IN ALL ESSF . 8.62493072 

CALCINE LEFT ON WALLS (cu.M), 
0.113550368 I 

0.958373164 
1.242541184 . 
1.608441664 0.54834592 

2.41825472 
1.84342368 

SUM OF CALCINE IN ALL CSSF 
8.82493072 



TOTAL STARTINO CALCINEVOLUME (CUM) 
222.2403145 . 
893.3843423 
1152.313182 
508.8218375 
1035.024978 
1604.33424 
1834.521 507 

. 7248.840170 
e SUMOFTOTALBINVOLUkE 

...,,..,,,,,,,... 1111.1.11,11,1,11111....111..111.1.......... 

CALCltdE LEFT ON SUPPORTS (CU.FT) 
42.4 
1.05 

0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
184.8 

151.45 , . 

CALCINE LEFT ON SUPPORTS (CUM) 
1.20063232 

4.28857938 
0 
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
5.51884432 

0.029732,M ' 

' \  

CALCINE LEFT ON SUPPORTS (CU.FT) 

42.4 
1:05 

151.45 
0 

. o  
0 
0 

184.8 
SUM OF CALCINE IN ALL CSSF 

CALCINE LEFT ON SUPPORTS (CUM) 

CALCINE LEFT ON PIPES (CU.FT) 
0 

0.175 

0 
0 
0 

. o  
SUM OF CALCINE IN ALL CSSF 

' 0.203 

0.028 . 

CALCINE LEFT ON PIPES (CUM) 
0 

0.00496544 
0.00078287 

0 '  
0 
0 
0 

SUM OF CALCINE IN ALL CSSF 
0.00574831 

11. ..,.. 1111,1,1,1,...........,,,..,.*.,,..,,**.,,. .1.11.1..11........1...,*,,..,.,.,,..,,....,..,,,. 

CALCINE LEFT.ON PIPES (CU.FT) CALCINE LEFT ON PIPES (CU.M) 

1.20083232 
0.02073284 
4.28857038 

0 

0 0 
9.176 0.00495544 
0.028 0.00076287 

0 0 
0 0 .  0 

' 0  . o  0 
0 - .  . o  ' 0 .  

SUM OFCALCINE IN ALL CSSF ' . SUM OF CALCINE IN ALLCSSF SUM OF CALCINE IN ALL CSSF 
' 5.51084432 0.203 0.00574831 . .  

1 
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I 

. .  

.............................................................................................................. 

........................................................ 
EQUIVALENT NUMBEROF 554ALLON DRUMS 

80.18408 
220.18284' 
304.168448 
124.72424 
257.58944 
387.78058 

SUM OF CALCINE IN ALL CSSF 
1814.894588 ' 

450.27888. 

kQUIVALENT NUMBER OF 5543ALLON DRUMS 
0.61184 . . 
18.43152 

41.334888 
9.12254 
21.6152 

. .  31.80802 
31.81108 

SUM OF C/)LCINE IN ALLCSSF 
161.535088 

, 

..................................................... 
TOTAL PERCENTAGE REMOVED .I. 

04.38149398 
94.88810529 
94.50400854 ' 
84.87808801 

84.83783204 
84.88851424 

AVERAQE REMbVAL . . 64.73847401 ' 

. 94.810178 

TOTAL CALCINE REMOVED (CU.FT) 
7405.825551 , 
28830.55721 
38457.10421 

' 18981.lt888 

63731.81221 
81474.78221 

34862.7020 

. 34857.58221. 

AVEftAGEREMOVAL . , 
. .  

...................................................... 
TOTAL PERCENTAGE REMOVED % 

89.10885701 , 
89.81704771 ' 
89.26311883 
89.82622807 
80.58710747 . 
69.83885538 

AVERAGE REhjPVAL 
89.48538891 

. .  89.5$37103 

TOTAL CALCINE REMOVED (CU.FT) 
7778.415551 
31428.80221. 
,40380.88921 . 
17831.18018 ' 

' 38393.42221 
58422.73971 . 
84551.71721 

AVERAQE FEMOVAL . 38388.4?504 

. .  

., 

TOTAL CALCINE REMOVE0 (CU.M) . 209.700281 
847.6378025 
1088.082128 
480.8525933 
881.3918241 , 

1521.515812 
1740.784547 

AVERAGE REMOVAL 
881.5388254 , 

. .  

TOTAL CALCINE REMOVED (CUM) 
220.2588375 
888.0631088 
1143.708752 
504.8222173 
1030.645258 
1507.71 1438 
1827.898068 

AVERAGE REMOVAL 
1030.715230 

, 
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---- lN€b 
Form L-0431.23' 
(05-96-Rev.gO2) 

Project/Task: 
Sub task: 

Project File Number: 73501 
EDF Serial Number: . EDF-TFC-029 
Functional File Number: RD-01 

CPP TANK FARM CLOSURE. STUDY 
Tank and Vault Void Volumes and Dimensions 

Title: TYPICAL VAULT DIMENSIONS AND APPROXIMATE TANK AND VAULT YOID VOLUMES 
SUMMARY 
This document gives definitive vault and pillar dimensions, total vault, tank void and vau i  void volume! 
pertaining to the ICPP Tank Farm vaults. The dimensions were taken from the drawing collection c 
Mike Swenson. 'The dimensions are  close to the dimensions found in several drawings (sel 
attachments). 

Vault void volume is the spa& betwee.n the tank and vault walls. Tank void volume'is the space insid 
the tank. Total vault volume is'the entire vault ,space excluding the .tank. These volumes have .bee 
calculated for each of the three vault designs (Le. Cast in Place, Pillar and Panel, and Square vault: 
and two tank designs. Pillar volumes for vaults WM 180-1 86 were subtracted from the vault volume fc 
accuracy. 

The following volumes a re  close approximations and are preliminary in nature: Additional work anc 
furiher study is needed, to obtain better accuracy: 

WM 180-1 81 (drawhgs 103362, Chicago Bridge and Iron 5-791 5) 
. .  

Total Vault Volume: . 3,386 yd3 2,589 m3 91,421 ft3 
Tank Void Volume: 2,001 yd3 1,530 m3 54,038 ft3 
Vault .Void Volume: . 1,384yd3 1,059 m3 37,383ft3 

Total Vault Volume: 3,229 yd3 2,469 m3 87,1$4 
Tank Void Volume: . . 1,826 yd3. 1,396 m3 . 49,299 e 
Vaultvoid Volume: . ;I ,404 yd3 1,073 m3 37,895 ft3 

Total Vault Volume: . 3,737 yd3 2,857 m3 100,902 f? 

WM 182-1 86 (drawings 106217,106220,106230,106214,1 O5l'64,105588) 

WM 187-190 (drawings 106308,106310,106242) 

Tank Void Volume: 1,826yd3 1,396 m3 49,299ft3 . 

Vault Void Volume: 1,911 yd3 1,461. m3 51;603 ft3 . 

Distribution: B.R.  Helm, D;J. Harrell, B.C. Spaulding;R.A Gavalya and WTP EIS 

Reviewed 

. t " l O ' € % q  
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II..LocIIym IN€' ENGINEERING DESIGN FILE 

Form L- 0431.2# 
(05-96-Rev.#02) 

Project File -Number 015720 

Rractional File Number C-04 
EDF Serial Number EDF-BSC-010 

BIN SET CLOSURE STUDY Pro] ect/Task ~ 

Sub task Calcine Removal Time 

Title: CSSF BIN SET CALCINE REMOVAL TIME 
SUMMARY 

The purpose of this Engineering Design File (EDF) is to estimate the time to remove calcine h m  the CSSF (Calcinec 
Solids Storage Facility) bin walls and bin bottom for Risk Based Clean Closure (RBCC) and Closure to Land Fill Standard 
(CLFS) options. 

The following calculations are general approximations for the entire CSSF Bin Sets using a IO-hour workday. Nomina 
CSSF bin dimensions and types (cylindrical) were used to simplify the calculation process. Further study is needed tc 
deternine exact values for each individual CSSF bin. 

Results: 
Estimated Number of Working Days to Clean All 50 CSSF Interior Bin Walls 
Estimated Number of Working Days to Clean Bin Bottom [RBCCJ 
Estimated Number of Working Days to Clean Bin Bottom [CLFS] 

Conclusion: 
TotaI Working Days to Clean AI1 CSSF Bin Sets [RBCC] 
Total Working Days to Clean AU CSSF Bin Sets [CLFS] 

430 workdays 
1168 workdays 
1123 workdays 

1598 workdays 
1553 workdays 

i' 
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CPP BIN SET CLOSURE STUDY 
Waste Disposal 

~ 

"LE: Bin Set Waste Classification Assumptions 
SUMMARY 

The purpose of this Engineering Design File is to provide cost bounding assumptions for final equipment 
management, waste determinations and subsequent disposal during and after Bin Set Closure. As part of the 
RCRA Closure process, all temporary structures and equipment installed for use during the a c t i v i ~  must be 
removed. Structure and equipment would be decontaminated, if possible, for reuse. If the equipment and 
structures could not be decontaminated, they would be disposed of, thus requiring a hazardous waste 
determination (40 CFR 265.1 11). Based on this hazardous waste determination, the waste would be managed 
(stored, treated, and disposed of) in accordance with the requirements applicable to the waste. The attached 
table identifies the anticipated management of structures and equipment following completion of the Calcine 
Retrieval and Transportation and Bin Set Closure activities. The assumed waste classifications are based on 
current knowledge. 

Reference: 
1. Bin Set Closure Starting Conditions, January 1998, EDF-BSC-005 
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Table Component removed and assumed waste classification. 

Component Assumed Waste Classification a 

Bridge Crane 
One bridge crane will be installed on 
each Bin Set (7 total) 
(Fi-we 1) 

Remote hole saw 

Ventilation, Instrumentation, and 
Control building (VIC) 
Tbis is a pre-manufactured, steel 
building separate from the confinement 
enclosure. One per Bin Set (7 total) 

Confinement enclosure 
Premufactured steel building on top 
of each Bin Set (7 total) 
(Figure 1) 

Auxiliary Heating unit 
(one per Bin Set 7 total) 

Jumper retrieval piping (shielded) 
Double wall, heavy pipe encased in 
concrete (one per Bin Set 7 total) 

Remote Core-drilling platfom 
(7 total) (Figure I) 

Remote Welding and Cutting 
equipment 

Vertical Deployment Apparatus (VDA) 
One per Bin Set (7 total) 
(Fi-we 1) 

Shielding and riser plugs (new and 
existing 100 Total) 

Remote equipment 

COZ blasting equipment (this equipment 
won’t come in contact with calcine) 
(2 s w  
HEPA Filters ( 63 total) 

Ducting 

Mixed Waste or uncontaminated solid waste 
(noncompactible, nonconditional industrial waste) 

Mixed waste- remote handled 

Uncontaminated solid waste (noncompactible, 
nonconditional industrial waste) 

Mixed waste-remote handled or Uncontaminated 
solid waste (noncompactible, nonconditional 
industrial waste)d 

Uncontaminated solid waste (noncompactiile, 
nonconditional industrial waste) 

Mixed waste- remote handled 

Mixed wastwemote handle or Uncontaminated solid 
waste (noncompactible, nonconditional industrial 
wasteld 

Mixed waste- remote and contact handled 

Mixed waste-remote handled or Uncontaminated 
solid waste (noncompactible, nonconditional 
industrial waste)d 

Mixed waste-contact handled 

Mixed waste- remote handled 

Uncontaminated solid waste (noncompactible, 
nonconditional industrial waste) 

Mixed waste-contact handled 

Mixed waste-contact handled 
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Component Assumed Waste Classification a 

Retrieval lines Mixed waste-remote handled 

Portable D ~ d h g  Dust coUector Mixed waste (Contaminated internally>contact 
handled 

Closed Circuit Television (CCTV) Mixed waste-remote handled 
(2 total) 

Control Consoles Store for future use. 

Cameras and Lighting (100 total) Mixed waste-remote handled 

Extension tubes for camera and lighting 
(100 total) 

Mixed waste-remote handled 

Clean grout Grouting manifold 
(8 total) (Figure 5) 

Class C Grouting manifold (8 total) 

LDUA Uncontaminated solid waste (noncompactible, 
There will be 7 LDUAs (Figure 3) 

Uncontaminated solid waste (noncompactiile, 
nonconditional industrial waste) 

Mixed waste-remote handed 
(Figure 6) 

nonconditional industrial waste) 
Mixed wastes-contact handed e 

Pipe Crawler Robots ( 7 total) Mixed waste-left in bin 
(Figure 2) 

(Figure 4) 
Tractor Robots ( 53 total) Mixed waste-left in bin 

Robots control tethers, and hose lines Mixed Waste-left in bin 

Personal Protective Eqipment Mixed waste-contact handed 
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Component Assumed Waste Classification a 

&Future studies may show that the calcine can be delisted. If this occu~s, the equipment listed as mixed waste 
could be disposed of as L t W  (radioactive waste). 

b.Approximate quantity in each classification is based on preliminary information. Further detailed information 
would be necessary to estimate this more accurately. 

c. It is assumed that the cutting and welding tip, which is deployed within the bin prior to calcine retrieval, will 
require remote handling. The remaining pieces of the cutting and welding equipment would be contact handled. 

d.The confinement enclosure wil l  be designed by the CRTP so as to minimize the contamination risk. It is 
assumed for cost bounding purposes that one confinement enclosure will become contaminated due to unforeseen 
circumstauces. If the confinement enclosure becomes contaminated, the equipment in that enclosure will 
become contaminated. 

e.At completion of closure activities, at least seven LDUA's are assumed to require disposal. It is assumed the 
LDUA's will be sized for disposal such that approximately half of the LDUA can be disposed of as 
uncontaminated solid waste. Only the section of the LDUA that came in contact with the calcine will require 
rmqement as mixed waste. 

robots small crevices inaccessible pieces, etc which would be difficult to decontaminate), a new robot will be 
required for each bin. This practice follows ALARA principals, minimizing the exposure to personnel. 

f. For the purposes of this study, it is assumed that due to the high level of contamination and the nature of the 

g.The Cablasting equipment (excluding hoses) will be located such that it will not come in contact with calcine. 
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Project File Number 01 5720 

Projectflask Bin Set Closure Evaluations 

Subtask 

Me: 
summary: 

Estimates of Bin Set Flush Composition 

Bin Set Waste Composition After Flushing With Nitric Acid 
Following retrieval of calcine from the Bin Sets in the Calcine Solids Storage Facility 
(CSSF), residual amounts of calcine will remain on the bin walls, floor, supports and 
piping. One option for removing this residual calcine is to flush the bin sets with 
nitric acid. This EDF contains estimates of flush effluent volumes and compositions. 
Flushing conceivably could be used to remove calcine from the bins immediately after 
retrieval, which would attempt to remove about thirteen thousand cubic feet of 
calcine, or after other closure activities, in an effort to remove much smaller amounts 
of calcine. 

If nitric acid flushing is used immediately following calcine retrieval from the bin sets, 
a minimum of 3-8 million liters of waste liquid would be produced. This waste could 
be processed in the proposed Waste Treatment Facilities (WTF). However, 
processing in the WTF would either add 1-4 years to the WTF schedule, resulting in a 
failure to meet deadlines of the Batt agreement, or necessitating an increase in the 
size and hence cost of the WIF.  

Little data is available to accurately determine the dissolution efficiency. For removal 
immediately after retrieval, and based on small-scale dissolution experiments, perhaps 
60-70% of the total calcine would dissolve. However, different chemical and 
radionuclide species will leach from the calcine at different rates. 

Calcine is typically dissolved in boiling nitric acid at an acid to calcine ratio of 10-1 5 
liters acid per kg calcine. For calcine dissolution in the Waste Treatment Facilities, 
12-13 liters of 5 molar HNO, per kg calcine is used in a stirred tank dissolver with a 
batch time of 35 hours. These conditions of temperature and possibly residence time 
are not attainable for dissolution of residual calcine in the bin sets. 

If used to remove smaller amounts of calcine as part of other closure activities, an 
estimated 0.6 million to 3 million liters of liquid waste would be produced. The 
estimated amount of calcine dissolved, corresponding to these volumes, is 50-90%. 
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After retrieval of calcine from the bins in the Calcine Solids Storage Facility (CSSF), 
small amounts of calcine will remain on the bin walls, floor, supports, and internal 
and external piping. Flushing the bins with acid will result in a liquid waste stream. 
This EDF contains estimates of compositions of these wastes. - 

Estimates of the total residual calcine volumes in the Bin Sets are a s  follows:' 

Bin Set 1 
Bin Set 2 
Bin Set 3 
Bin Set 4 
Bin Set 5 
Bin Set 6 
Bin Set 7 

Immediately Following 
Retrieval 
443 ft3 

1619 ft3 
2237 ft3 

917 ft3 
1894 ft3 
2925 ft3 
3311 ft3 

Following Risk-Based 
Closure Activities 

31 -2 ft3 
88.1 ft3 

149.4 ft3 
49.7 ft3 

106.5 ft3 
162.9 ft3 
178.4 ft3. 

Leaching or dissolution of ICPP calcine has been t h e  subject of several studies. 
Early studies showed that only small amounts of the  major chemical species of 
calcine were leached from calcine using water. For example, only 0.01 % of t h e  
aluminum in alumina calcine was leached in 50 days from calcine with water at 
25OC.' For zirconia calcine, about 0.1 2% of the aluminum, 3% of t h e  calcium, 1 % 
of the  fluoride, and 55% of t h e  nitrate was leached in 1800 hours with water at 
25°C.3 

However, much higher percentages of calcine can be dissolved using nitric acid. 
While most dissolution studies of calcine in nitric acid have used elevated 
temperatures, one recent study used a matrix of conditions that included tests a t  
25°C.4 These results are shown in Table 1. 

Table 1 shows that, depending on the experimental conditions and the type of 
calcine, the amount of calcine dissolved ranged from 39-98%. Higher amounts of 
calcine dissolved with higher acid to  calcine ratios and more concentrated acid. 
Also, for t h e  same conditions, more zirconia-sodium calcine dissolved than alumina- 
sodium calcine. 

' Data received from S. Swanson, January 14, 1998. 

101 1, July, 1966. 

Calcining Facility, IN-I 298, June, 1969. 

Plant Calcine Dissolution and Liquid Feed Stability, INEL-9510097, February, 1 995. 

B. E. Paige, Leachability of Alumina Calicne Produced in the Idaho Waste Calcining Facility, IN- 

M. W. Wilding,D. W. Rhodes, Leachability of Zirconia Calicne Produced in the Idaho Waste 

R. S. Herbst, D. S. Fryer, K. N. Brewer, C. K. Johnson, T. A. Todd, Ekperimental Results: Pilot 
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Table 1. Dissolution of Calcine in Nitric Acid a t  25OC. 

Based on the dissolution results shown in Table 1, several cases were chosen for 
calculation of the compositions and volume of acid flushes of calcine bin sets. For 
dissolution of calcine present in t h e  bins immediately after retrieval, calculations 
were made for acid t o  calcine ratios of 5 liters per kg, 15 liters per kg, and 30 liters 
per kg. The lowest of this ratios represents the approximate minimum requirement 
for 8 molar nitric acid, while 15 liters per kg represents the approximate minimum 
requirement for 4 molar nitric acid, and also represents approximately t h e  amount 
of acid that would completely fill the bin sets. The minimum ratios are set by 
calcine chemistry. The higher ratio of 30% was used to represent a case of higher 
dissolution efficiency. 

Extrapolating linearly from the data in Table 1 for 2-4 hours, the expected 
dissolution efficiencies for these conditions are as follows: 

- Liters acid per kcr calcine 4 molar HNO, - 8 molar HNO, 
5 50-60% 60-65 % 
15 5 5-60 % 60-70% 
30 60-65 % 65-75% 

It should be kept in mind that t h e  the data in Table 1 was generated in experiments 
conducted in laboratory glassware, with the acidkalcine mixture stirred during the 
tests. The different fluid dynamics of spraying acid into bins, the different 
residence times and the  potential of residual calcine being shielded from acid sprays 
or flows could result in different dissolution efficiencies than those estimated 
above. Testing is recommended in apparatus more representative of bin set 
geometry to  better determine the  amount of acid required and dissolution efficiency 
for bin set flushes. A multi-step decontamination process may lead t o  reduced 
decontamination waste volumes and increased efficiencies. 



431.02# 
0611 7/97 
Rev. #Q4 

ENGINEERING DESIGN FILE Function File Number - G O 2  
EDF Serial Number - EDF-BSC-012 

Page 4 of 22 

The amount of liquid waste that would be produced from flushing bin sets after 
retrieval is shown in Table 2. The Feasibility Study for t h e  Waste Treatment 
Facilities5 (WTF) did not consider liquid waste from Bin Set Closure in its design 
basis feeds. The WTF could conceivably process the waste, but it would require 
either larger equipment or an  extended schedule. The WTF was designed for a 
liquid (dissolved calcine) flow rate of 900 L/hr, based on dissolution using 5 molar 
nitric acid.5 At this flowrate, to  process t h e  volumes of waste shown in Table 2 in 
t h e  WTF would take 1 year for an acid t o  calcine ratio of 5 L/kg, 2 years for a ratio 
of 1 5  L/kg, and 4 years for a ratio of 30 L/kg. Extending the  WTF schedule beyond 
the present completion date of 2035 would not comply with the Settlement 
Agreement between the  DOE and the State of Idaho (commonly called "the Batt 
agreement"), which requires that all high level waste stored a t  the ICPP be 
processed by 2035. There is a two-year window in t h e  WTF schedule which may 
allow earlier processing of calcine, however there is no room to  extend t h e  
schedule beyond this two-year period. Also, the EIS Option in which Class C grout 
is produced, the  TRU Separations / Class C Option, does not have this  window, as 
the schedule for this option is constrained by t h e  closure of t h e  remote-handled 
storage facilities a t  t he  Waste Isolation Pilot Plant (WIPP). 

Table 2. Estimates of Liquid Waste from Bin Set Flushes Immediately Following 
Calcine Retreival. 

Rather than extending the  schedule, an increase in plant capacty of 9-1 8% would 
be required to  process the  bin set flush liquid, based on acid to  calcine ratios of 15- 
30 literdkg. Assuming a capacity scaling exponent of 0.7, the  cost of the 
separations facilities would increase by 6-1 2%. The Total Estimated Cost (TEC) for 
Waste Separations (WS), Calcine Dissolution (CD) and Low Activity Waste 
Treatment (LAWT) facilities is $686 million for the Full Separations WTF,5 or $688 

Fluor Daniel, Inc., Idaho Chemical Processing Plant Waste Treatment Facilities Feasibility Study 
Repon, December, 1997. 
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Acid, liters 

for the same processing units in the TRU Separations / Class C Option.' Thus the 
incremental TEC is about $40-80 million. Temporary storage of the flush effluent 
may add additional costs. 

Compositions of the liquid waste are given later in this EDF. 

The volumes shown in Table 2 are equivalent to about 30-40% of t h e  volume of 
the bin sets for the ratio of 5 liters of acid per kg of calcine, 90-130% of the 
volume of the bin sets for the ratio of 15 literslkg and 180-250% of the volume of 
the bin sets for the ratio of 30 liters/kg. 

Calculations of dissolution of the much smaller quantities of calcine estimated to 
remain in t h e  bin sets after risk-based closure activities used higher ratios of acid to  
calcine. The purpose of this acid cleaning would be to remove very high 
percentages of the residual calcine, hence higher ratios of acid t o  calcine were used 
to  achieve higher dissolution efficiency. 

Table 3 shows the amount of acid that would be required for the  various bin sets 
and the various acid to  calcine ratios. The values shown in Table 3 are simply the 
amount of calcine multiplied by the acid to  calcine ratio, and hence apply to  any 
molarity of nitric acid. As discussed above, dissolution efficiencies are estimates 
based solely on the experimental data, shown in Table 1, and obtained in a much 
different apparatus than would be used in Bin Set flushing. 

Table 3. Estimated Acid Requirement for Removal of Residual Calcine from the 
CSSF. 

(e) These estimates need to be confirmed by tests done in apparatus representative of bin set 
flushing. 

See Appendix 4 of W. H. Landman, Jr., C. M. Barnes, TRU Separations Option Scoping Study 
Report, JNEEUEXT-97-01428, December, 1997 (Draft). 
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Tables 4-21 show the composition of the  rinse effluent assuming complete 
dissolution of calcine. Thus the concentrations shown are the maximum 
concentrations that could be expected. For incomplete dissolution, the 
concentration of the more soluble species, both chemical species and radionuclides, 
will approach the maximum, while the concentration of less soluble species will be 
some fraction of that shown. The concentration of acid used in t he  flush affects 
only the hydrogen ion (H') and nitrate ion (NO,) concentrations. Tables 3-8 are 
based on calcine Compositions from Table 3f of INEL/EXT-97-00600. 

Compositions are given in Tables 4-9 for residual calcine volumes "after retrieval", 
and in Tables 13-1 8 for residual calcine volumes "after risk-based closure". 
Compositions are presented for Bin Sets 1-6. Insufficient data is available at 
present t o  predict the chemical composition of calcine that will be placed in Bin Set 
7. 

Tables 10-1 2 ("after retrieval" calcine volumes) and Tables 19-21 ("after risk- 
based closure" calcine volumes) present radiological composition estimates for acid 
rinses of t h e  calcine Bin Sets. Tables 10 and 1 9  show the  radiological composition 
estimates for Bin Set 1, which contains alumina calcine; Tables 1 1 and 20 show 
estimates for Bin Set 4 which containszirconia calcine; and Tables 12 and 21 
show estimates for Sodium-Bearing Waste calcine, which will be a large percentage 
of t h e  calcine in Bin Set 6. The data shown in these tables are based on 
radionuclide inventories recently calculated by Doug WenzeL7 All activities shown 
in these tables have been decayed to January, 201 6. 

' D. R. Wenzel, Evaluation of Radionuclide Jnventory for Zr Calcine, EDF-FDO-003, October 14, 
1997, D. R. Wenzel, Evaluation of Radionuclide Jnventory for AI Calcine, EDF-FDO-004, October 
14, 1997, D. R. Wenzel, Evaluation of Radionuclide Inventory for Sodium Bearing Waste, EDF-FDO- 
006, November 26, 1997. 
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Table 4. Bin Set 1 Rinse Effluent Composition Estimates ("After Retrieval" 
Residual Calcine Volume). 

A1+3 
B+3 
Fe+3 
Hg+2 
K+ 
Na+ 
PO4-3 
SO4-2 

H+, 4 M acid 
N03-, 4 M acid 

H+, 8 M acid 
N03-, 8 M acid 

3.1 Et00 
3.4E-02 
4.4E-03 
2.5 E-02 
3.OE-03 
1.2E-01 
4.4E-02 
3.9E-02 

Not feasible 
Not feasible 

2.4 
7.1 

1 .I Et00 
1.2E-02 
1.6E-03 
8.9E-03 
1 .I E-03 
4.5 E-02 
1.6E-02 
1.4E-02 

2. I 
3.8 

5.9 
7.7 

30 - 
5.7E-7j? 
6.4E-03 
8.1 E-04 
4.6E-03 
5.5E-04 
2.3 E-02 
8.2E-03 
7.2E-03 

3.0 
3.9 

6.9 
7.8 

Table 5. Bin Set 2 Rinse Effluent Composition Estimates ("After Retrieval" 
Residual Calcine Volume). 

L acid/kg calcine 
A1+3 
B+3 
Ca+2 
cr+3 
Fe+3 
F- 
Hg+2 
K+ 
Mg+2 
Na+ 
PO43 
Sn+4 
SO4-2 
u+4 
Zr+4 

H+, 4 M acid 
N03-, 4 M acid 
H+, 8 M acid 
N03-, 8 M acid 

Concentrations, Mold 
5 15 30 

1.2E+00 4.5E-is? 2.3E-Tj-j- 
7.3E-02 2.6E-02 1.4E-02 
1 .OE+OO 3.7E-01 1.9E-01 
5.9E-03 2.2E-03 1.1 E-03 
2.9E-03 1 .OE-03 5.3E-04 
1.9E+00 6.9E-01 3.6E-01 
7.3E-03 2.7E-03 1.4E-03 
6.7E-03 2.4E-03 1.2E-03 
3.4E-02 1.2E-02 6.4E-03 
5.4E-02 2.OE-02 1 .OE-02 
4.5E-03 1.6E-03 8.4E-04 
1.9E-03 6.7E-04 3.4E-04 
1 .I E-02 3.9E-03 2.OE-03 
2.7E-06 1 .OE-06 5.1 E-07 
1.6E-01 5.7E-02 2.9E-02 

0.7 
3.5 
4.2 
7.0 

2.8 
3.8 
6.6 
7.7 

3.4 
3.9 
7.3 
7.8 
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Table 6. Bin Set 3 Rinse Effluent Composition Estimates ("After Retrieval" 
Residual Calcine Volume). 

L acidkg calcine 
A1+3 
B+3 
Ca+2 
CI- 
Cr+3 
Fe+3 
F- 
Gd+3 
Hg+2 
K+ 
Mg+2 
Mn+2 
Na+ 
Ni+2 
PO4-3 
Sn+4 
so42 
u+4 
Zr+4 

H+, 4 M acid 
N03-,  4 M acid 

H+, 8 M acid 
N03-, 8 M acid 

Concentrations, Mol/l 
5 15 30 

5.9 E-0; 2.2E-= 1 .I E-= 
1 .OE-01 3.6E-02 1.9E-02 
1.3E+00 4.7E-01 2.4E-01 
1.9E-03 6.8E-04 3.5E-04 
1 .OE-02 3.8E-03 1.9E-03 
5.5E-03 2.OE-03 1 .OE-03 
2.3E+00 8.3E-0 1 4.3E-01 
2.OE-05 7.4E-06 3.8E-06 
4.6E-04 1.7E-04 8.5E-05 
8.2E-03 3.OE-03 1.5E-03 
6.1 E-02 2.2E-02 1 .I E-02 
2.5E-04 8.9 E-05 4.6E-05 
7.5E-02 2.7E-02 1.4E-02 
7.7E-05 2.8E-05 I .4E-05 
1.8E-02 6.6 E-03 3.4E-03 
2.5E-03 9.1 E-04 4.6E-04 
1 .I E-02 4.OE-03 2.1 E-03 
5.4E-06 2.OE-06 1 .OE-06 
2.1 E-01 7.6E-02 3.9E-02 

1.2 
3.6 

4.7 
7.1 

3.0 
3.8 

6.8 
7.7 

3.5 
3.9 

7.4 
7.8 
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Table 7. Bin Set 4 Rinse Effluent Composition Estimates ("After Retrieval" 
Residual Calcine Volume). 

L acid/kg calcine 
A1+3 
B+3 
Ca+2 
CI- 
Cr+3 
Fe+3 
F- 
Gd+3 
Hg+2 
K+ 
Mg+2 
Na+ 
Sn+4 
u+4 
Zr+4 

H+, 4 M acid 
N03-, 4 M acid 

H+, 8 M acid 
NO33 8 M acid 

Concentrations. Moll1 
5 

5.1 E-01 
I .2E-01 
1.3E+00 
5.2E-03 
8.7E-03 
I .2E-02 

2.4E+00 
1.4E-04 
4.OE-04 
1.4E-02 
2.3E-02 
1.4E-01 
2.6E-03 
2.8E-05 
2.2E-01 

1.2 
3.6 

4.7 
7.1 

15 
1.8E-E 
4.3 E-02 
4.9E-01 
1.9E-03 
3.2E-03 
4.2E-03 
8.6E-01 
5.1 E-05 
1.5E-04 
5.2E-03 
8.4E-03 
5.2 E-02 
9.4E-04 
1 .OE-05 
7.9E-02 

3.0 
3.9 

6.8 
7.7 

30- 
9.4E-02 
2.2E-02 
2.5E-0 1 
9.6E-04 
1.6E-03 
2.1 E-03 
4.4E-01 
2.6E-05 
7.5E-05 
2.7E-03 
4.3E-03 
2.7E-02 
4.8 E-04 
5.2E-06 
4.1 E-02 

3.5 
3.9 

7.4 
7.8 
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Table 8. Bin Set 5 Rinse Effluent Composition Estimates ("After Retrieval" 
Residual Calcine Volume). 

Conce 
L acidkg calcine 
A1+3 
B+3 
Ca+2 
Cd+2 
CI- 
Cr+3 
Fe+3 
F- 
Gd+3 
Hg+2 
K+ 
Mg+2 
Mn+2 
Na+ 
N b+5 
Ni+2 
PO43 
Sn+4 
so42 
u+4 
Zr+4 

H+, 4 M acid 
N03-,  4 M acid 

H+, 8 M acid 
N03-,  8 M acid 

trations, MOM 
5 15 

5.6E-07 2.OE-z 
1.1E-01 4.1E-02 
1.2E+OO 4.3E-01 
3.4E-02 1.2E-02 
8.4E-03 3.OE-03 
2.8E-03 1 .OE-03 
1.2E-02 4.5E-03 
1.8E+00 6.7E-01 
2.2E-05 7.9E-06 
1.5E-03 5.6E-04 
3.6E-02 1.3E-02 
3.9E-02 1.4E-02 
4.7E-04 1.7E-04 
2.9E-01 1 .I E-01 
3.4E-03 1.2E-03 
2.2E-04 8.OE-05 
8.2E-05 3.OE-05 
1.7E-03 6.3E-04 
8.4E-02 3.1 E-02 
8.1 E-05 2.9E-05 
1.5E-01 5.5E-02 

1.1 
3.7 

4.6 
7.2 

3.0 
3.9 

6.8 
7.7 

30 
1 .OE-G 
2.1 E-02 
2.2E-01 
6.3E-03 
1.6E-03 
5.3 E-04 
2.3E-03 
3.4E-01 
4.1 E-06 
2.9E-04 
6.7E-03 
7.3E-03 
8.8E-05 
5.4E-02 
6.3E-04 
4.1 E-05 
1.5E-05 
3.2E-04 
1.6E-02 
1.5E-05 
2.8E-02 

3.5 
3.9 

7.4 
7.9 
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Table 9. Bin Set 6 Rinse Effluent Composition Estimates ("After Retrieval" 

Concentrations. Moll1 
L acid/kg calcine 
A1+3 
B+3 
Cai.2 
Cd+2 
CI- 
Cr+3 
Fe+3 
F- 
Gd+3 
Hg+2 
K+ 
Mg+2 
Mn+2 
Mo+6 
Na+ 
Ni+2 
P O 4 3  
Pb+2 
Sn+4 
so42 
u+4 
Zr+4 

H+, 4 M acid 
N03- ,  4 M acid 

H+, 8 M acid 
N03-, 8 M acid 

5 
2.6E+Oi 
2.2 E-02 
1.3E-01 
5.5E-03 
1.1 E-02 

. 2.7E-03 
1.3E-02 
2.1 E-01 
1.3E-06 
1.4E-03 
5.5E-02 
1.7E-02 
4.2E-03 
2.4E-04 
5.7E-01 
1.1E-03 
1.1 E-02 
3.9E-04 
1.4E-04 
5.4E-02 
1.3E-05 
2.0 E-02 

-1.8 
3.5 

1.7 
7.0 

IU 

9.4E-z 
8.1 E-03 
4.7E-02 
2.OE-03 
3.9E-03 
9.9E-04 
4.8E-03 
7.8E-02 
4.7E-07 
5. I E-04 
2.0 E-02 
6. I E-03 
1.5E-03 
8.6E-05 
2.1 E-01 
4.1 E-04 
3.9E-03 
1.4E-04 
5.OE-05 
2.OE-02 
4.9E-06 
7.2E-03 

1.9 
3.8 

5.7 
7.7 

30 
4.8E-01 
4.1 E-03 
2.4E-02 
1 .OE-03 
2.OE-03 
5.1 E-04 
2.4E-03 
4.OE-02 
2.4E-07 
2.6E-04 
1 .OE-02 
3.1 E-03 
7.8 E-04 
4.4E-05 
1.1E-01 
2.1 E-04 
2.0 E-03 
7.3 E-05 
2.6E-05 
I .OE-02 
2.5E-06 
3.7E-03 

2.9 
3.9 

6.8 
7.8 
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Table 10. Estimated Radionuclide Concentrations in Bin Set 1 Flush Effluent 
(Alumina Calcine, "After Retrieval" Residual Calcine Volume) 



431.02# 
0611 7/97 
Rev. #04 

L Acid/kg 5 
Calcine 

Ci/Liter 

ENGINEERING DESIGN FILE 

15 30 5 15 30 

Ci/Liter CiiLter Ci/Lter CiiLiter Ci/Lter 

Function File Number - (2-02 
EDF Serial Number - EDF-BSC-012 

Page 13 of 22 

Table 11. Estimated Radionuclide Concentrations in Bin Set 4 Flush Effluent 
(Zirconia Calcine, "After Retrieval" Residual Calcine Volume). 
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Table 12. Estimated Radionuclide Concentrations in Bin Set 6 Flush Effluent 
(Sodium Bearing Waste Calcine, "After Retrieval' Residual Calcine Volume). 
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L acidlkg calcine 

Table 13. Bin Set 1 Rinse Effluent Composition Estimates (Risk-Based 
Residual Calcine Volume). 

Concentrations, Moll1 
- 20 - 50 100- - 

A1+3 I 8.4E-01 3.4E-01 1 . 7 E X  
B+3 
Fe+3 
Hg+2 
K+ 
Na+ 
PO43 
SO4-2 

H+, 4 M acid 
N03-, 4 M acid 

9.5E-03 
1.2E-03 
6.8E-03 
8.2E-04 
3.4E-02 
1.2E-02 
1 .I E-02 

2.6 
3.9 

3.9E-03 
4.9E-04 
2.8E-03 
3.3E-04 
1.4E-02 
5.OE-03 
4.4E-03 

3.4 
4.0 

I .9E-03 
2.5 E-04 
1.4E-03 
1.7E-04 
7.OE-03 
2.5E-03 
2.2E-03 

3.7 
4.0 

H+, 8 M acid 6.4 7.4 7.7 
N03-, 8 M acid 1 7.7 7.9 7.9 

Table 14. Bin Set 2 Rinse Effluent Composition Estimates (Risk-Based 
Residual Calcine Volume). 

L acidlkg calcine 
A1+3 
B+3 
Ca+2 
Cr+3 
Fe+3 
F- 
Hg+2 
K+ 
Mg+2 
Na+ 
PO43 
Sn+4 
SO4-2 
u+4 
zr+4 

H+, 4 M acid 
N03-, 4 M acid 
H+, 8 M acid 
N03-, 8 M acid 

20 
3.4E-i 
2.OE-02 
2.8 E-0 1 
1.6E-03 
7.9E-04 
5.3E-0 I 
2.0Ei03 
1.8E-03 
9.4E-03 
1.5E-02 
1.2E-03 
5.1 E-04 
2.9E-03 
7.6E-07 
4.3E-02 

3.1 
3.9 
6.9 
7.7 

Concentrations, Moll1 
- 50 - 100 

1.4E-01 
8.2E-03 
I .2E-01 
6.7 E-04 
3.2 E-04 
2.2E-01 
8.3E-04 
7.5E-04 
3.8E-03 
6.1 E-03 
5.1 E-04 
2.1 E-04 
1.2E-03 
3.1 E-07 
I .8E-02 

3.6 
3.9 
7.6 
7.9 

7.OE-02 
4.1 E-03 
5.8E-02 
3.4E-04 
1.6E-04 
1 .I E-01 
4.2E-04 
3.8E-04 
I .9E-03 
3.1 E-03 
2.6 E-04 
1.1 E-04 
6.0 E-04 
1.6E-07 
8.9E-03 

3.8 
4.0 
7.8 
7.9 
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Table 15. Bin Set 3 Rinse Effluent Composition Estimates (Risk-Based 
Residual Calcine Volume). 

L acid/kg calcine 
A1+3 
B+3 
Ca+2 
CI- 
Cr+3 
Fe+3 
F- 
Gd+3 
Hg+2 
K+ 
Mg+2 
Mn+2 
Na+ 
Ni+2 
PO43 
Sn+4 
SO4-2 
u+4 
zr+4 

H+, 4 M acid 
N03-, 4 M acid 

H+, 8 M acid 
N03-, 8 M acid 

20 
1.6E-G 
2.8E-02 
3.6E-0 1 
5.1 E-04 
2.9E-03 
1.5E-03 
6.3 E-0 1 
5.6E-06 
1.3E-04 
2.3 E-03 
1.7E-02 
6.8E-05 
2.1 E-02 
2.1 E-05 
5.OE-03 
6.9E-04 
3.1 E-03 
1.5E-06 
5.8E-02 

3.2 
3.9 

7.1 
7.7 

~~ 

50 
6.7E-E 
1 .I E-02 
1.5E-01 
2.1 E-04 
1.2E-03 
6.2E-04 
2.6E-01 
2.3E-06 
5.2E-05 
9.3E-04 
6.9 E-03 
2.8E-05 
8.5E-03 
8.7E-06 
2.1 E-03 
2.8E-04 
1.2E-03 
6.1 E-07 
2.4E-02 

3.7 
4.0 

7.6 
7.9 

Concentrations, MOM 
- 100 

3.4E-02 
5.7E-03 
7.4E-02 
1 .I E-04 
5.9 E-04 
3.1 E-04 
1.3E-01 
1.2E-06 
2.6E-05 
4.7E-04 
3.5E-03 
1.4E-05 
4.3E-03 
4.4E-06 
1 .OE-03 
1.4E-04 
6.3 E-04 
3.1 E-07 
1.2E-02 

3.8 
4.0 

7.8 
7.9 
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Table 16. Bin Set 4 Rinse Effluent Composition Estimates (Risk-Based 
Residual Calcine Volume). 

L acidlkg calcine 
A1+3 
B+3 . 
Ca+2 
CI- 
Cr+3 
Fe+3 
F- 
Gd+3 
Hg+2 
K+ 
Mg+2 
Na+ 
Sn+4 
u+4 
Zr+4 

H+, 4 M acid 
N03-, 4 M acid 

H+, 8 M acid 
N03-, 8 M acid 

Concentrations, MOM 
20 

1.4E-01 
3.3E-02 
3.7E-01 
1.4E-03 
2.4 E-03 
3.2E-03 
6.5E-01 
3.8E-05 
1 .I E-04 
3.9E-03 
6.4E-03 
4.OE-02 
7. I E-04 
7.7E-06 
6.0 E-02 

3.2 
3.9 

7. I 
7.8 

50 
5.7E-E 
1.3E-02 
1.5E-01 
5.8E-04 
9.8E-04 
I .3E-03 
2.7E-01 
1.6E-05 
4.6E-05 
1.6E-03 
2.6E-03 
1.6E-02 
2.9E-04 
3.2E-06 
2.5E-02 

3.7 
4.0 

7.6 
7.9 

- 100- 
2.9E-02 
6.7E-03 
7.6E-02 
2.9E-04 
4.9E-04 
6.5E-04 
1.3E-01 
7.9E-06 
2.3E-05 
8.1 E-04 
1.3E-03 
8.2E-03 
1.5E-04 
1.6E-06 
1.2E-02 

3.8 
4.0 

7.8 
7.9 
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Table 17. Bin Set 5 Rinse Effluent Composition Estimates (Risk-Based 
Residual Calcine Volume). 

Conce 
L acid/kg calcine 
A1+3 
B+3 
Ca+2 
Cd+2 
CI- 
Cr+3 
Fe+3 
F- 
Gd+3 
Hg+2 
K+ 
~ g + 2  
Mn+2 
Na+ 
Nb+5 
Ni+2 
PO43 
Sn+4 
so42 
u+4 
zr+4 

H+, 4 M acid 
N03-,  4 M acid 

H+, 8 M acid 
N03-,  8 M acid 

trations, Mol/l 
20 50 

1.5E-01 6.3E-02 
3.1 E-02 1.3E-02 
3.2E-01 1.3E-01 
9.4E-03 3.8E-03 
2.3E-03 9.4E-04 
7.8E-04 3.2E-04 
3.4E-03 1.4E-03 
5.1E-01 2.1E-01 
6.OE-06 2.5E-06 
4.3E-04 1.7E-04 
9.9E-03 4.OE-03 
1.1 E-02 4.4E-03 
1.3E-04 5.3E-05 
8.1 E-02 3.3E-02 
9.3E-04 3.8E-04 
6.OE-05 2.5E-05 
2.3E-05 9.3E-06 
4.8E-04 2.OE-04 
2.3E-02 9.5E-03 
2.2E-05 9.1 E-06 
4.2E-02 1.7E-02 

3.2 3.7 
3.9 4.0 

. 7.1 7.6 
7.8 7.9 

- 100 
3.2E-02 
6.4E-03 
6.6E-02 
1.9E-03 
4.8E-04 
1.6E-04 
7.1 E-04 
1 .OE-01 
1.2E-06 
8.8 E-05 
2.OE-03 
2.2E-03 
2.7E-05 
1.7E-02 
1.9E-04 
1.2E-05 
4.7E-06 
9.9E-05 
4.8E-03 
4.6E-06 
8.6E-03 

3.8 
4.0 

7.8 
8.0 
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Table 18. Bin Set 6 Rinse Effluent Composition Estimates (Risk-Based 

Concentrations. MoUI 
L acid/kg calcine 
A1+3 
B+3 
Ca+2 
Cd+2 
CI- 
Cr+3 
Fe+3 
F- 
Gd+3 
Hg+2 
K+ 
Mg+2 
Mn+2 
Mo+6 
Na+ 
Ni+2 
P O 4 3  
Pb+2 
Sn+4 
so42 
u+4 
Zr+4 

H+, 4 M acid 
N03-,  4 M acid 

H+, 8 M acid 
N03-, 8 M acid 

7.1 E-0.1 
6.1 E-03 
3.6E-02 
1.5E-03 
3.0 E-0 3 
7.5E-04 
3.6E-03 
5.9E-02 
3.6 E-07 
3.8E-04 
1.5E-02 
4.6E-03 
1.2E-03 
6.5E-05 
1.6E-01 
3.1E-04 
3.OE-03 
1 .I E-04 
3.8E-05 
1.5E-02 
3.7E-06 
5.5E-03 

2.4 
3.9 

6.2 
7.7 

2.9E-0 1 
2.5E-03 
1.5E-02 
6.2E-04 
1.2E-03 
3. I E-04 
1.5E-03 
2.4E-02 
1.5E-07 
1.6E-04 
6.2E-03 
1.9E-03 
4.7E-04 
2.7E-05 
6.4E-02 
1.3E-04 
1.2E-03 
4.4E-05 
1.5E-05 
6.1 E-03 
1.5E-06 
2.2E-03 

3.3 
3.9 

7.3 
7.9 

- 100 
1.5E-01 
1.3E-03 
7.3E-03 
3.1 E-04 
6.1 E-04 
1.6E-04 
7.4E-04 
1.2E-02 
7.3E-08 
7.9E-05 
3.1 E-03 
9.6 E-04 
2.4E-04 
1.3E-05 
3.2 E-02 
6.4E-05 
6.1 E-04 
2.2E-05 
7.8E-06 
3.1 E-03 
7.6E-07 
1 .I E-03 

3.7 
4.0 

7.6 
7.9 
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Table 19. Estimated Radionuclide Concentrations in Bin Set 1 Flush Effluent 
(Alumina Calcine, Risk-Based Residual Calcine Volume) 
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Table 21. Estimated Radionuclide Concentrations in Bin Set 6 Flush Effluent 
(Sodium Bearing Waste Calcine, Risk-Based Residual Calcine Volume). 
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The following assumptions were made in developing the Bin Set source term: 

It is assumed that 5% of the calcine remains in the bins before the closure operations 
begin. 
The inventories from the Waste InventoriesKharacterization Study (Garcia 1997) were 
used as a basis for the source term. 
Only data for Bin Sets 1 through 6 are included in the referenced study (Garcia 1997). 
Bin Set 7 will be assumed to have the same source term as that of Bin Set 6. 
An offgas system containing at least 1 HEPA filter will be in place to remove 99% of any 
material which may be released via the airborne pathway. 
It is assumed 10% of the material becomes airborne during the bin set wall cleaning 
activity. 
It is assumed that 0.2% of the calcine becomes airborne during the grouting operations. 

e 

0 

Shown in Table 1 is the total activity (Ci) in each of the bin sets. This data was derived fiom 
Table 1 from the Waste InventoriedCharacterization Study (Garcia 1997). Five percent of the total 
calcine is assumed to remain in the bins before the closure operations begin. These values are given in 
the second column of Table 2. The amount of material on the bin walls was obtained fiom 
EDF-BSC-001 and is listed in the third column of Table 2. 

Two different release rates are calculated for the bin set closure options. One release rate for the 
two options where the cleaning of the bin walls is included, and one release rate for the two options 
where the bin walls are not cleaned. During the cleaning operations it is assumed that 10% of the 
material becomes airborne. This is a conservative value since the cleaning is going to be done with C02. 
C02 is heavier than air it will force any material coming off the walls of the bins to drop to the bottom. 
95% of the material on the wall is assumed to be removed. During grouting operations, as with the Tank 
Farm it is assumed that a 0.2 % of the material becomes airborne and is released. Again, only 1% of all 
airborne material released will be released to the atmosphere because it first goes through a HEPA filter 
where 99% of the airborne material will be removed. Multiplying the total amount of each radionuclide 
in the bin set bottoms by the release fraction (0.002) and the HEPA fraction (0.01) and adding this value 
to the 1% release during the cleaning operations (99% of which is also removed by the HEPA filter) 
yields the amount released to the atmosphere during the cleaning and grouting operations. These values 
are listed in the fourth column in Table 2. Finally, it is assumed that the cleaning and grouting operations 
for all 7 bin sets will occur over a span of 14 years. Therefore, the yearly release rate of material is found 
by dividing this number into the amount of material released. The release rates for the two options 
including wall cleaning are given in the fifth column of Table 5 with the total release rate being 123E+OO 
CVy. 

For the other two options (no bin wall cleaning) the total release is found by multiplying the total 
amount of each radionuclide in the bin set bottoms by the release hction (0.002) and the HEPA fraction 
(0.01). These values are listed in the sixth column in Table 2. Again, it is assumed that the grouting 
operations for all 7 bin sets will occur over a span of 14 years. Therefore, the yearly release rate of 
material is found by dividing this number into the amount of material released. The release rates for the 
two options excluding wall cleaning are given in the last column of Table 2 with the total release rate 
being 7.2OE-02 Ci/yr. 
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Table 1. Total curies contained in the bin setsa. 

Contaminant 

Am-24 1 

Am-243 

Ce-144 

Cm-242 

Cm-244 

CS-134 

(3-137 

Eu-154 

Eu-155 

Np-237 

Pm-147 

Pu-238 

Pu-239 

Pu-240 

Pu-24 1 

Pu-242 

Ru-106 

Sb-125 

Sr-90 

U-233 

u-234 

U-235 

U-236 
u-237 

U-238 

Bin I 

2.2lEi-02 

2.02E+OO 

O.OOEi-00 

1.58E.tO2 

126Ei-02 

1 -32E1-00 

1 -04Ei-06 

223E+03 

O.OOEi-00 

8.62301 

7.77E+01 

1.70Ei-04 

1 -7OEi-02 

1 .58E+02 

3.89Ei.04 

4-3-01 

O.OOEi-00 

O.OOEi-00 

9.54E+05 

2.91E-07 

2.72E+00 

1.9OE-02 

4.42E-02 
536E-07 

Bin 2 

4.52Ei-02 

4.12Ei-00 

O.OOEi-00 

323Ei-02 

2.58Ei-02 

2.63E+OO 

2.31Ei-06 

5.52E-tO3 

O.OOEi-00 

1.76E+00 

1.55Ei-02 

3.48Ei.04 

3.48Ei-02 

323E+02 

7.95Ei-04 

8.95E-01 

O.OOE+OO 

O.OOEi-00 

2.07E+06 

5.96E-07 

129Ei-01 

8.99E-02 

2.09E-01 
2.54306 

Bin 3 

3.67Ei-02 

3.35E-i-00 

O.OOE-i-00 

2.62Ei-02 
2.1 OEi-02 

1.53E-i-02 

2.45Et.06 

5.04E-i-03 

O.OOE-i-00 

1.43ENO 

l.lOEi-03 

2.82Ei.04 

2.82Ei-02 

2.62E+02 

6.45EW 

726E-0 1 

1.52302 

O.OOEi-00 

2.27E-i-06 

4.84E-07 

1.81E+01 

127E-01 

2.95E-01 
3.57E-06 

Bin 4 

1.67Ei-02 

1.52E+OO 

1.50Ei-0 1 

1.19Ei-02 
9.55E+01 

4.22Ei-02 

1.38E+06 

1.13Ei-04 

O.OOEi-00 

13OE-01 

6.94Ei-03 

129E+04 

129Ei-02 

1.19Ei-02 

2.94Ei.04 

3.30E-0 1 

123E-01 

O.OOEi-00 

1.35Ei-06 

22OE-07 

6.09Ei-00 

3.43E-02 

9.77E-02 
1.61E-06 

Bin 5 

3.89E+02 

3.54E-i-00 

2.78E-01 

2.78Ei-02 
2.22Ei-02 

1.22E+03 

2.08Ei-06 

2.15Ei-04 

1.99Ei-04 

1.52Ei-00 

4.29Ei-03 

2.99Ei-04 

2.99Ei-02 

2.78Ei-02 

6.83E+04 

7.69E-O 1 

6.80E-01 

4.58Ei-01 

1.96Ei-06 

5.12E-07 

1.60Ei-01 

1.11E-01 

2.59E-0 1 
3.14E-06 

Bin 6 

3.64E-i-02 

3.32E-i-00 

2.99E+O 1 

2.60Ei-02 
2.08E-i-02 

2.82Ei-03 

4.05E-i-05 

7.48E-i-03 

2.25Ei-02 

1.42E-i-00 

O.OOE-i-00 

2.80E+04 

2.80Ei-02 

2.60E-i-02 

6.40E-i-04 

72OE-01 

2.40E-i-0 1 

7.86E-i-01 

3.89Ei-05 

4.8OE-07 

1.49Ei-0 1 

1.04E-01 

2.43E-0 1 
2.94E-06 

Bin 7 

3.64Ei-02 

3.32Ei-00 

2.99Ei-01 

2.60Ei-02 
2.08E+02 

2.82E+03 

4.0%+05 

7.48Ei-03 

225Ei-02 

1.42E+00 

O.OOEi-00 

2.80Ei-04 

2.80Ei-02 

2.60Ei-02 

6.40Ei.04 

7.20E-01 

2.40Ei-01 

7.86Ei-01 

3.89E+05 

4.80E-07 

1.49Ei-0 1 

1.04E-0 1 

2.43E-0 1 
2.94E-06 

Total 

2.32Ei-03 

2.12Ei-01 

7.5 1E+O 1 

1.66Ei-03 
I -33Ei-03 

7.43Ei-03 

1.01Ei-07 

6.06Et-04 

2.03E+04 

8.54Ei-00 

1.26Ei.04 

1.79E-105 

I .79E+03 

1.66Ei-03 

4.09E05 

4.60E+00 

4.89Ei-01 

2.03Ei-02 

939Ei-06 

3.06E-06 

8.57Ei-0 1 

5.9OE-01 

139Ei-00 
1 -73E-05 

1.08E-03 5.09E-03 7.16E-03 1.94303 6.3OE-03 5.9OE-03 5.90E-03 3.34E-02 
a. This is the total inventory assuming 5% of the calcine remains in the bins. 
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Table 2. Release rates of radionuclides from the bin sets.a 

Contaminant 

Am-24 1 

Am-243 

Ce-144 

Cm-242 

Cm-244 

CS-134 

(3-137 

Eu- 1 54 

Eu-155 

Np-237 

h - 1 4 7  

Pu-238 

PU-239 

hi-240 

Pu-241 

PU-242 

Ru-106 

sb-125 

Sr-90 

U-233 

U-234 

U-235 

U-236 

U-237 

U-238 

Bin Bottoms 
(Ci) 

1.16EM2 

1.06E+Oo 

3.76EMO 

8.30EM1 

6.64E+01 

3.72Ei-02 

5.03Ei-05 

3.03EM3 

1.02Ei-03 

4.2-0 1 

628EM2 

8.94EM3 

8.94Ei-01 

8.30EM1 

2.04E+04 

2.3 OE-0 1 

2.44Ei-00 

i -0 1Ei-0 1 

4.70Ei-05 

I S3E-07 

4.28EiQO 

2.95E-02 

6.956-02 

8.64E-07 

1.67E-03 

Bin Walls 
(Ci) 

2.18EMO 

1.99E-02 

5.97E-02 

1.56EMO 

1.25E+OO 

6.49EMO 

1 .O lE+04 

6.3 8EM 1 

2.82Ei-O 1 

8.02303 

1.39Ei-0 1 

1.68Ei-02 

1.68EMO 

1.56EMO 

3.84E-t.02 

4.32E-03 

3.7 1E-02 

1.82E-0 1 

9.42EM3 

2.88E-09 

8.1 8E-02 

5.63E-04 

1.33E-03 

1.65E-08 

3.19E-05 

Releaseb 
(Ci) 

1.86E-03 

1.7OE-05 

5.15E-05 

1.33E-03 

1 .Om-03 

55%-03 

8.58EMO 

5.41E-02 

2.36E-02 

6.85E-06 

1.1 8E-02 

1.43E-01 

1.43E-03 

133303 

3 28E-0 1 

3.69306 

3.22E-05 

1 S6E-04 

8.01EMO 

2.46E-12 

6.97E-05 

4.8OE-07 

1.13E-06 

1.41E-11 

2.72E-08 

Release Rateb 
(CilYr> 

1 -33E-04 

121E-06 

3.68E-06 

9.51E-05 

7.61E-05 

3.98E-04 

6.13E-01 

3.86E-03 

1.68E-03 

4.89E-07 

8.4 1E-04 

1.02E-02 

1.02E-04 

9.5 IE-05 

2.34E-02 

2.63E-07 

2.3OE-06 

1.11E-05 

5.72E-0 1 

1.76E-13 

4.98E-06 

3.43E-08 

8.09E-08 

1 .OOE-12 

1.94E-09 

Release' 
(Ci) 

1.16E-04 

1.06E-06 

3.76E-06 

8.30E-05 

6.64E-05 

3.72E-04 

5.03E-01 

3.03E-03 

1.02E-03 

427E-07 

6.28E-04 

8.94E-03 

8.94E-05 

8.30E-05 

2.04E-02 

2.30E-07 

2.44E-06 

1.01E-05 

4.70E-01 

1 S3E-13 

428E-06 

2.95E-08 

6.95E-08 

8.64E-13 

1.67E-09 

Release Rate' 
(Ci/Yr> 

8.30E-06 

7.57E-08 

2.68E-07 

5.93E-06 

4.74E-06 

2.65E-05 

3.6OE-02 

2.16E-04 

726E-05 

3.05E-08 

4.49E-05 

6.38E-04 

6.3 8E-06 

5.93E-06 

1 -46E-03 

1.64E-08 

1.75507 

725507 

3.35E-02 

1.09E-14 

3.06E-07 

2.1 1E-09 

4.97E-09 

6.17E-14 

1.19E-10 

Total 1 -72Ei-0 1 123EMO 1 .01EMO 720E-02 

a These results based on 5% of the calcine remaining the bins before closure. 
b. Data for options which include cleaning offthe bin set walls. 
c. Data for options which do not include cleaning off the bin set walls. 
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Sub task Cost Estimates 
TI'JLE: Cost Estimate for RBCC; NRC Class A Landfill 

SUMMARY 

Cost estimates were prepared for closing the Calcined Solids Storage Facility to either Risk-Based Clean Closure (RBCC) 
or Closure to Landfill Standards (CLFS) and subsequently filling the bin voids with Class A type waste. These cost 
estimates are attached to this Engineering Design File (EDF). Further analysis has shown, however, that the radionuclide 
concentrations in the bins following CLFS and subsequently filling the bin voids with Class A grout would exceed the Class 
A concentration limits. The concentration limits were also exceeded assuming three iterative decontamination cycles in 
RJ3CC. The original cost estimates for RBCC with a Class A fill included only three decontamination cycles. 
This EDF was thw prepared to estimate the cost to close the CSSF to RBCC (with additional decontamination cycles) and 
subsequently fill the bin voids with Class A type waste. If it is determined that creating an NRC Class A landfii following 
RBCC is a viable option, these cost estimates should be analyzed further, as rough estimates were done to account for the 
increasing difficulty in cleaning the bins. 
The estimated costs are summarized below: 

Activity Unescalated Cost Escalated Cost 

Regulatory Compliance !§ 19.5M 
Fill Vaults with Clean Grout 12.4M 
Clean Bins with Robots 

Floor 216.1M 
Walls 34.6M 
Piping 16.6M 

23.7M 
17.OM 

Fill Bins with NRC Class A Grout 
D & D of Equipment 

!§ 31.6M 
23.3M 

421.4111 
65.7M 
33.5M 
51.9M 
50.6M 

Total $339.9M $678.0M 

These estimates are based on 13 additional decontamination cycles for the walls and pipes, and 6 additional decontamination 
cycles for the floor. 
Distribution: B. C. Spaulding, MS 3765; B. R. Helm, MS 3765; D. J. Harrell, MS 321 1; M. M. Dahlmeir, MS 3765; Project 
File (Original + 1) 

Authors Department 

fw+iiQ.Ki a-4-9w 
M. M. Dahlmeir MC&IE/4130 Date Date 
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The following discussion presents the methodology by which the final cost for RBCC; NRC Class A Landfill, can be estimated 
based on the original cost estimate. 

In order to determine the added costs due to the additional decontamination cycles required, it is assumed that the percent of 
calcine removed during each decontamination cycle, or pass, is consistent. In addition, it is assumed the cost of each pass will 
not increase as the total volume of calcine remaining decreases. 

The additional number of cleaning passes needed for Bin Set 1 to meet Class A concentration limits will be calculated, as this 
Bin Set represents the worst case scenario’ in regards to the level of cleanliness required to meet Class A concentration limits. 
The number of passes required for Bin Set 1 will thus be used for all of the Bin Sets. 

Note: The following calculations are approximations. Volumes have been rounded to the nearest whole number, and the 
cleaning of the walls, pipes, and floors is considered independently. During actual cleaning operations, the bin 
walls would be cleaned frrst, which would result in additional calcine falling to the floor. 

Derive the formula for calculating the hction of calcine removed from the bins per pass: 

(1) V , ( l -X)=V,  Where: V, = Original volume of calcine in bin 

V, = Calcine volume remaining following first pass 

X = Fraction of volume removed per pass 

(2) v, (1 - X )  =v2 Vz= Calcine volume remaining following second pass 

(2a) V, = VJ( 1-X) 

Substitute Equation 2a for V, in Equation 1 

(3)V0(1 -X)=VJ(l-X) 

(4) v, (1 - X) = v, V, = Calcine volume remaining following third pass 

Substitute Equation 3a into Equation 4 for V, 

(5) v, = v, (1 - x )2 (1 - x) 
(5a) V3=V,(1-X)3 

(5b) V,N, = (1 - X )’ 

Substitute “i” for “3” in Equation 5b to make a general equation 

(5c) VJV, = (1 - x y 
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Calculate the volume of calcine removed fiom the walls and pipes per pass assuming 80% removal after 3 passes": 

Using Equation 5b, and substituting LLL," for "X", where GI is the percent volume removed from the walls and 
pipes per pass, solve for LI: 

V3/v,,=(I -&)3 v3 = 20% of v,b = 0.20 v, 
0.20 v, = (1 - L 3 3  

vo 
0.20 = (I - LJ3 
(0.20)'" = 1 - L, 

= 1 - (0.20)'" = 0.42, or 42% 

Calculate the number of passes required to clean the walls of Bin Set 1 sufficiently to meet Class A concentration limits when 
filled with Class A grout 

Using Equation 5c, substitute "P4," for "i" , for X, and Vow for V,, where PA' represents the number of passes 
required to clean the walls and pipes sufficiently to meet the Class A concentration limits, represents the fraction 
of calcine removed fiom the walls each pass (calculated above), and V, represents the original volume of calcine on 
the walls, solve for PAl: 

V ) v w = ( 1 - ~ , ) i  

PWdl = F o g  (VM,Nw)]l[log (1 -&')I V, = Original calcine volume on walls 

= 50.8 cubic fee? 
VMI = Final calcine volume on walls and pipes 

= 12% of 0.086 cubic feet' = 0.01 cubic feet 
PA1 = [Log (0.01 /50.8)]/[10g (1 - 0.42 )] 

Pd1 = 15.7 = 16.passes required to clean the walls and pipes sufficiently for Class A limits 

It has been assumed that 80% of the calcine remaining on the walls of the bins following CRTP will be removed by the 
LDUA during RBCC'. It is assumed that a minimum of three decontamination cycles will be required to meet RBCC. For the 
purposes of these calculations, it is thus assumed that three decontamination cycles will remove 80% of the calcine remaining 
on the walls of the bins following CRTP. 

It has been assumed that 80% of the calcine would be removed from the walls following three decontamination cycles'. It 
follows that the volume remaining after three decontamination cycles would be 20% of the original volume of calcine on the 
walls. 
'It is assumed that because 12% of the residual calcine volume following CRTP is on the walls, the wall should account for 
12% of the final volume allowed to remain in the Bin Set and still meet Class A concentration limits, or 12% of 0.086 cubic 
feet'. '. 
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Calculate the volume of calcine removed from the floor per pass assuming 95% removal after 3 passes‘: 

Using Equation 5b, and substituting ‘‘Xflo0r)’ for “X”, where Xflw is the percent volume removed fiom the floors per 
pass, solve for Xfloor: 

v~Vo = (1 - Xfloor13 V, = 5% of V,b = 0.05 Vo 

0.05 V, - = (1 - Xflw)3 
VO 

0.05 = (1 - X,,)’ 
(0.05)’’ = 1 - X,, 
Xnwr = 1 - (0.05)’” = 0.63 = 63% 

Calculate the number of passes required to clean the floors of Bin Set 1 sufficiently to meet Class A concentration limits when 
filled with Class A grout: 

Using Equation 5c, substitute “Pfloor)) for “i” , Xnmr for X, and V,, for Vo, where Pnoor represents the number of passes 
required to clean the floors sufficiently to meet the Class A concentration limits, Xnwr represents the fiaction of calcine 
removed fiom the floors each pass (calculated above), and V,, represents the original volume of calcine on the floors, 
solve for P,,: 

V P o f  = (1 - X,mr Y 
VPfiwNof= (1 -X,oor) 

VPnoor = Vof (1 - X,oor) 

VP,, No, = (1 - X,oor) 

Pnmr = [Log (Vp,,rN,f)]/[log (1 - Xfloor)] V,, = Original calcine volume on floors 

= 392.2 cubic fee? 

VPnwr = Final calcine volume on floors 
= 88% of 0.086 cubic feef = 0.076 cubic feet 

Pfl, = [Log (0.076/392.2)]/[10g (1 - 0.63 )] 
Pnmr = 8.6 = 9 passes required to clean the floors sufficiently for Class A limits 

a It has been assumed that 95% of the calcine remaining on the floor of the bins following CRTP will be removed by the tractor 
robot during RJ3CC. It is assumed that a minimum of three decontamination cycles will be required to meet RBCC’. For the 
purposes of these calculations, it is thus assumed that three decontamination cycles will remove 95% of the calcine remaining 
on the floor of the bins following CRTP. 

It has been assumed that 95% of the calcine would be removed from the floors following three decontamination cycles2. It 
follows that the volume remaining after three decontamination cycles would be 5% of the original volume of calcine on the 
floors. 
‘It is assumed that because 88% of the residual calcine volume following CRTP is on the floors, the floor should account for 
88% of the final volume allowed to remain in the Bin Set and still meet Class A concentration limits, or 88% of 0.086 cubic 
feet‘n2. 
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Determine the cost, per hour, for the additional decontamination cycles, assuming a crew of 19 Wl-time employees: 

Assume that the cost per hour will be the same to clean the walls, pipes, and floors. 

Costhour = Total labor cost/Unit labor hours 

Costhour = $2 1,760,223/34,590 hours‘ 

Cost = $629.09 per hour 

Determine the additional cost to clean the walls to the extent necessary to create a Class A landfill: 

Determine the hours required for each cleaning pass: 

Hours/pass = Unit labor h o d 3  passesb 

= 828 hOurs/3 passes‘ 

= 276 hourslpass 

Determine the total cost to clean the walls: 

Cost = (Additional passes required * Hourslpass * Costhour * Contingencyd) i- Original Estimate‘ 

= [( 16 passes required - 3 passes already costed)(276 hours/pass)($629.09hour)( 1.75)] + 
$30,600,000 

= $34,550,056 = $34.6M 

Determine the additional cost to clean the pipes to the extent necessary to create a Class A landfill: 
Determine the hours required for each cleaning pass: 

Hourslpass = Unit labor hours13 passes 
= 515 hOUS/3 passes‘ 

= 172 hourslpass 

Taken from the “Operation of Calcine Retrieval” task in the attached Risk-Based Clean Closure, NRC Class A fill estimate for 
the tractor (Risk Based Estimates). 

The unit labor hours represents how many hours are required to clean the walls three times based on a 19 FTE crew. The cost 
estimates were done based on 3 decontamination cycles, thus the unit labor hours stated in the cost estimate must be divided by 
3 to determine the number of hours required per pass. 
Taken from the “Operation of Calcine Retrieval” task in the attached Risk-Based Clean Closure, NRC Class A fdl estimate for 

the LDUA (Risk Based Estimates). 
Due to the inherent difficulties in continuous decontamination cycles, it is expected that the time required for each pass will 

increase as the bins become cleaner and cleaner. To account for the increased time. which cannot be accurately quantified at 
without further in-depth analysis, a large contingency (75%) will be added to the labor cost per pass. 
’ The original cost (unescalated) shown in the Risk Based Clean Closure, NRC Class A fill cost estimate for the given task. 

the pipe crawler (Risk Based Estimates). 
Taken from the “Operation of Calcine Retrieval” task in the attached Risk-Based Clean Closure, NRC Class A fill estimate for 
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It is assumed that supplementary equipment will be required to clean the pipes due to the additional decontamination 
passes. For the purposes of these calculations, it will be assumed that one additional pipe crawler robot will be 
required for each one of the seven Bin Sets to be cleaned. This results in an additional 7 pipe crawler robots. 

Determine the cost due to the additional robots: 
Cost per robot = Design Modifications + Fabrication Costs + Installation Costs 

Design Modifications = $90,000/6 robots’ = $15,000 - 
Fabrication Costs = $420,00016 robotsb = $70,000 

Installation Costs = ($297,990 + $547,990)/50 times’ = $16,920 

- 

Cost per robot = $15,000 + $70,000 + $16,920 

= $101,920 

Determine the total cost to clean the pipes: 

Cost = (Additional passes required * Hours/pass * Costhour * Contingency) + Original Estimate + 
(Cost per robot * 7 additional robots) 

= [(16 passes required - 3 passes already costed)( 172 hours/pass)($629.09/hour)( 1.75)] + 
$13,400,000 + ($101,920 * 7) 

= $16,575,069 = $16.6M 
Determine the additional cost to clean the floors to the extent necessary to create a Class A landfilk 

Detennine the hours required for each cleaning pass: 

Hours/pass = Unit labor hours/3 passes 

= 34,590 hours13 passesd 
= 11,530 hourdpass 

It is assumed that supplementary equipment will be required to clean the floors due to the additional decontamination 
passes. For the purposes of these calculations, it will be assumed that approximately half of the tractor robots will have 
to be replaced during the course of the additional cleaning due to the high radiation fields present in the bins. The 
original cost estimates assumed that 52 robots, in addition to the prototype, would be required. For the purposes of 
these calculations, then, it will be assumed that 26 additional robots will be needed for the added decontamination 
passes. 

a Taken fiom the “Design of Modifications for add’l units” task in the attached Risk-Based Clean Closure, MRC Class A fill 
estimate for the pipe crawler (Risk Based Estimates). This number was divided by six to determine the per unit cost, as the cost 
estimate was done for 6 robotic units. 

for the pipe crawler (Risk Based Estimates). This number was divided by six to determine the per unit cost, as the cost 
estimate was done for 6 robotic units. 

Closure, NRC Class A fdl estimate for the pipe crawler (Risk Based Estimates). This number was divided by 50 to determine 
the installation cost per robot in each bin. 

the tractor (Risk Based Estimates). 

Taken fiom the “Fabrication of Additional units” task in the attached Risk-Based Clean Closure, NRC Class A fill estimate 

Taken fiom the “Install Robotic Units” and “Install and Shield Unit Hose/Tubes” tasks in the attached Risk-Based Clean 

Taken fiom the “Operation of Calcine Retrieval” task in the attached Risk-Based Clean Closure, NRC Class A fill estimate for 
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Determine the cost due to the additional robots: 

Cost per robot = Design Modifications + Fabrication Costs + Installation Costs 

Design Modifications = $1,300,000/52 robots’ = $25,000 

Fabrication Costs = $13,000,000152 robotsb = $250,000 
Installation Costs = ($264,880 + $514,880)/50 times’= $15,595 

Cost per robot = $25,000 + $250,000 + $15,595 
= $290,595 

Determine the total cost to clean the floors: 

Cost = (Additional passes required * Hours/pass * Costhour * Contingency) + Original Estimate + 
(Cost per robot * 26 additional robots) 

= [(9 passes required - 3 passes already costed)(l1,530 hours/pass)($629.09/hour)(l.75)] + 
$132,400,000 + ($290,595 * 26) 

= $216,116,251 = $216.1M 

The original, unescalated cost for each major activity and the new, calculated unescalated cost are summarized in Table 1. 

’ Taken from the “Design of Development of Modifications to add’l Units” task in the attached Risk-Based Clean Closure, NRC 
Class A fill estimate for the tractor (Risk Based Estimates). This number was divided by 52 to determine the per unit cost, as 
the cost estimate was done for 52 robotic units. 
Taken from the “Fabrication of Additional units” task in the attached Risk-Based Clean Closure, NRC Class A fill estimate 

for the tractor (Risk Based Estimates). This number was divided by 52 to determine the per unit cost, as the cost estimate was 
done for 52 robotic units. 
’ Taken from the “Install Robotic Units” and “Install and Shield Unit HoseRubes” tasks in the attached Risk-Based Clean 
Closure, NRC Class A fill estimate for the tractor (Risk Based Estimates). This number was divided by 50 to determine the 
installation cost per robot in each bin. 



EDF-BSC-016 
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Determine the escalated costs for Risk Based Clean Closure; NRC Class A Landfill: 

First, assume that the escalation costs can be calculated as a straight percent increase of the unescalated costs. 
Secondly, assume that the percent increase remains constant. 

(6) OEC = OUC + PI (OUC) 

(6a) PI = (OEC - OUC)/(OUC) 

(7) CEC = cuc + PI (cuC) 

Where: OEC is the Original Escalated Cost 
OUC is'the Original Unescalated Cost 
PI is the Percent Increase 
CEC is the Calculated Escalated Cost 
CUC is the Calculated Unescalated Cost 

Using Equations 6a and 7, calculate the escalated cost to clean the walls: 
PI = (OEC - OUC)/(OUC>J 

= ($58,200,000 - $30,600,000)/$30,600,000 

= 0.90 = 90% 
CEC = CUC + PI (CUC) 

= $34,600,000 + 0.90($34,600,000) 
= $65,740,000 = $65.7M 

Using Equations 6a and 7, determine the escalated cost to clean the pipes: 

PI = (OEC - OUC)/(OUC) 
= ($27,100,000 - $13,400,000)/$ 13,400,000 
= 1.02 = 102% 

CEC = CUC + PI (CUC) 
= $16,600,000 + 1.02($16,600,000) 
= $33,532,000 = $33.5M 

Using Equations 6a and 7, determine the escalated cost to clean the floors: 
PI = (OEC - OUC)/(OUC) 

= ($258,700,000 - $132,400,000)/$132,400,000 

= 0.95 = 95% 
CEC = CUC + PI (CUC) 

= $216,100,000 + 0.95($216,100,000) 
= $421,395,000 = $421.4M 

Dollar amounts for the original escalated costs to clean the walls, pipes, and floors were taken from the attached Risk Based 
Clean Closure, Class A fill escalated cost estimate summary. 
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The original, escalated cost for each major activity and the new, calculated escalated cost are summarized in Table 2. 

' EDF-BSC-008, Class Cand Class A Assessment, C.  M. Barnes, January 1998. 

* EDF-BSC-001, Calcined Solids Storage Facility- Volume Calculations, S .  P. Swanson, January 1998. 



COST ESTIMATE SUMMARY 
UNESCALATED 

ICPP BIN SET CLOSURE 
RISK BASED CLEAN CLOSURE 
CLASS A FILL 
Requestor: B. C. Spaulding 

Planning Estimate 1 /28/9€ 
Estimate #2423 

Prepared by: S. L. Coward 
Checked by: 
Approved by: 

Regulatory Compliance 
Fill Vaults with Clean Grout 
Clean Bins with Robots 

Floor 
Walls 
Piping 

Fill Bins with NRC Class A Grout 

19,500,000 
12,400,000 

132,400,000 
30,600,000 
13,400,000 
23,700,000 

D&D of Equipment 17,000,000 
TOTAL $249,000;000 
I USE $249.000.000 



RISK BASED CLEAN CLOSURE - NRC CLASS A GROUT 

DESCRIPTION BIN SET R1 BIN SET #5 BIN SET 87 BIN SET 16 BIN SET #3 BIN SET 154 BIN SET #2 
Scheduled Completion (11111 4) (41111 8) (1 W1122) (1 111126) (811 128) 
ASSUME: Walt 6 Months until Start of Closure 

(511131) (W1131) 

Permitting 5 Years 

Grout Vaults 'Clean' (Assume 1 Year) 
ED&I (2 Yrs) 
Management 
Construction 

711112-711/14 
711112-1 1 I1 I32 

Clean Bin Walls/Piplng with Robot (3 Months) (15 Months) (25 Months) (24 Months) (17 Months) (7 Months) (13 Months) 
ED&I (4 Yrs) 711110-7/1/14 
Management 711110-12/1/32 
Construction 

Clean Bin Floors with Robot (3 Months) (15 Months) (25 Months) (24 Months) (17 Months) (7 Months) (13 Months) 
ED&I (4 Yrs) 10l1l10 -1011114 
Management 1011110-1/1I34 
Constructlon 

RCRA CLOSURE 

Grout Bins 'NRC Class A' (3 Months) (1 1 Months) (18 Months) (17 Months) (12 Months) (6 Months) (10 Months) 
ED&l (3 Yrs) 111R1-1/1/24 
Management 111I21-811 P 4  
Construction 1/1124-4/1 I24 411I24-311 I25 8/1b?7-2/1 I29 5/1/31 - 1011I32 1Q11I32 -1 011 I33 1011I33 -4li I34 411 /34 -211 I35 

ASSUMPTIONS 

1) 
2) 

3) 
4) 
5) 

6) 
7) 

Assume same schedule as optlons for pourlng Class C grout. 
Installation of NRC Class A Grout Into Mns are based on hdivldual schedules for each bln set. These schedules assume everything is In place for pouring at start-up date, 
and allow no flexlbllity for error or downtime. 
More than 1 crew could be utllbed simultaneously for pouring the 'clean' grout Into the vaults. 
Moe than 1 crew could be utlked slmultaneously for cleaning the separate blns. However, cleaning of the floors wlll require scheduling after cleaning the wallslplping. 
Cleaning of bln floors are based on hdivldual bln pro-rated calclne retrieval vdumes to total volume. These schedules assume mobldemob, Installation of robolc units, 
and any modificadons of blns wlll be completed and blns wlll be ready for retrieval. 
Because of the dlHiculty of cleanlng of bin wallslplplng, It was assumed that It would take the same duration as the cleaning of the bin floors for each bln. 
Installation of 'clean' grout Intovaults wlll average 1 year pervault. 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 

WBS 
Element 

- _. ~ 

Rsv. 696 
PROJECTNAME PetmittinglDocumenWon TYPE OF ESTUAATE: PLANNING 

wmEnoR: Bryan Spaulding REPORT NAME Cost Estimate Summary 

Risk Based - NRC Class C PROJECT NO: 2423-40 
L O a n O t i  I: INEELKPP PREPAREDBY: S.L.coward 

Cost Estimate Element 

- 1.1 
1.1.1 

g 
12.1 
1.2.2 

1.3 - 
1.3.1 

CONCEPTUAL 
CONCEPTUAL DESIGN 

MANAGEMENT 
PM FOR PROJECT DEVELOPMENT . 
PROJECT EXECUTION 

PERMITTING 
PERMITING 

1.5.2 I PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

DATE =-.Jan-1998 
TIME 1951:07 

CHECXED By: 

APPRO By: 

Total 
Unescalated 

0 

1,896,534 
4n,848 

11,946306 

119,462 

14,440,050 

MANAGEMENT RESERVE 

CONTINGENCY 

TOTAL ESTIMATED COST 

ED1 AS A % OF CONST. + GFE= 0.00% 

Escalation lnct Escalation 1 
0 

0 
0 

0 

>’ $g 
0 

>> $2,374,382 
1,896,534 

47?,848 

811,946,206 
11,946206 

$1,206,567 

>> S19,500,000 



Lockheed Marlin Idaho Technologies Co. 

ROJECT W E  Permlttlng~Documentatlon 
Rlsk Based - NRC Class C 

OCATION 1: INEEUlCPP 

Rev 6.96 

~IUESTOR Blyan Spaulding 

:ODE DESCRIPTION QlY 

I 12  CONCEPTUAL DESIGN 

la PROJECT ADMINISTRATION 
Project Admin. during Oocumanlatlon 
(5% of DOC. costs) I '  . __.- ..._ -.-- 

PROJECT ADMINISTRATION S/T 

- 1.2.2 PROJECT EXECUTION 
_.__..- .-__- --.-- ._..- ---.-.--------. 
- 

PROJECT EXECUTION S/T 

PROJECT SUPPORT I Support During permlttln~Doc. (4% of I doc. costs) 

PROJECT SUPPORT S/T 

DETAILED COST ESTIMATE SHEET 

TYPE OF ESTIMATE PLANNING' 
PROJECT NO: 2423-bD 
PREPARED BY: s. L. Coward 

PAGE# 1 

DATE 27Jan-1998 
TIME: 19:Sl:OB 

REPORTNAME: Detall Cost Estlmate Sheet 

SIC TOTAL CONST. TOTAL 
LAB HRS LABOR EQUIP. MAT'L (OTHER 1) COST 

- 
0 



Lockheed Martin Idaho Technologies Co. 

VIOJECT NAME PermllIlnQ/DOCUmenlaliOn 
Rlsk Based - NRC Class C 

OCATION 1 INEEUICPP 

n o v  6 96 

, t i  auEsion Bryan Spauldlng 

DETAILED COST ESTIMATE SHEET 
WPE OF ESTIMATE PLANNING 

PROJECT NO.: 2423-bD 
PnEPARED BY: S. L. Coward 

PAGE# 2 

DATE 27Jan-1998 
TIME: 19:61:09 

REPORT NAME: Delall Cost Eetlmale Sheet 

CODE DESCRIPTION 

PERMITTING 
PERMITTING AND DOCUMENTATION I 

1 Air Monitoring Activities, Fees, etc. 
........... - 

RCRC Closure (Incl. Wrillng. Reviews, 
Public Comments 8 Issuance of Permils) ----I' 
P.E. Activities 

. "_ ~ - 
CAA Permit lo Construcl (Incl. 
Preparing, Reviews, Public commenls 8 
Issuance) 

. . . . . . . . .  -- ............. -. -_ --- 
CERCLA Coordinator 

Regulatory Affairs Oversighl 
._ - - __ . - -. - ._ - - 

Other deouiaiory C i m p i ~ i ~ e ' i ~ i ~ - -  
Storm Waler. ttistorical. elc.) 

.... 
Survey Plat 

. . . . . . . .  -. ........ - ........ .- ----- I SARR 
-- 

NRC Landfill Disposal Requirements 

Environmental8 Hazards Analysis 
. . .  ................... 

---I 
Seismic Test Bores (Allowance) 
........... . - . I _ . - _ _ - ~  .... ' .... I Operallonal Readiness Review 

. . . . . . . . . . . . . . . . . . . . . . . .  _I- - - I I PERMITTING srr 

TOTAL 
COST 

770,000 

186,221 

60,000 

116,388 
-- 

-- 
193,080 

96,990 

64,660- 

-- 

10,000 

312,2K 
---- 

4,960,800 

198,432 

2,976,480 

2.000,000 

--- 

511,946,206 
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Lockheed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS 
R N  6-96 

- 
PROJECT HAME Penitt inglDocumentaton r f P E  OF PLANNING 

LOCATION 1 INEEUlCPP PREPARED By: s. L. C0-d 
Risk Based - NRC Class C PROJECT NO: 242340 

REauEsToR: Bryan Spaulding 

OAE 27Jan-1998 
TIME 19:51:03 

REPORT NIW: Contingency A ~ l p i s  

PROBABLE % VARlA 

WBS 
Uemant Cost Estimate Element Total Cost wlo 

Contingency 

1.1.1 I CONCEPTUAL OESIGN I 0 
12.1 PM FOR PROJECT DEVELOPMENT 1,896,= 
12.2 PROJECT EXECUTION 4n,w 
1.3.1 PERMIlllNG 11,946,206 
1.53 I PROCUREMENTFEES I 119,462 

I ESWAl lON 0 I 

SUBTOTAL 1 14.440.050 
~~ 

CALCULATED CONTINGENCY I 5,054,017 
RESULTAHTTEC I i9.m.aw 

~~ ~ ~ 

ROUNDED TEC I 19,500.ow 
PROJECT CONTINGENCY 5,059,950 

MANAGEMENT RESERVE 1,206,567 
CONTINGENCY 

TOTAL Esnmm COST 

ION CONTINGENCY 
‘k T&l Pmb. % Var. Wt X of Pmb. 
Cost FmmEtt  Contingency % C w t  - I +  . I +  

1 I t I 1 1 I 

I -  I I I I I I 
I 

35.04% 
I 

I 

I I I I I I I 
~ 

5,059,9s( I I 

ZONFIDENCE LEVEL AND ASSUMED RISKS; 
l’he Lockheed Idaho Technologies Co. Cost Esbrnate Contingency Ana&& 
vlodel is based on the applied contingency and the assumptions upon which 
he  estimate was predicated. The model is applied with a suggested risk level 
rf 18% and a level of confidence of 90% the estimate will fall within the bid range me Contmgency Analysis Is based on a weighted average to provide a 
30 % probability of undemn and a 10% probability of overrun. 

SUMMARY 

0 
2561,100 

W J S l  
16,132,286 

161,323 
0 

19,500,000 

CONTINGENCY ANALYSlS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by DOEEM 50. Cost Estimating Guide, Vol. 6, 
Cost Guide, and as presented in the INEL Cost Estimating Guide. 

PLANNING 20% - 30% 
ExperimentaUSpedal Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperirnentaUSpedal Conditions ............ Up to 40% 

m1 10% -20% 
TITLE I1 5% -15% 
n u  IWAFC Market Conditions 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; UNESCALATED 

REGULATORY COMPLIANCE 

PROCUREMENT FEE: 
CONSTRUCTION = $1 1,946,206 
GFE = 

Subtotal $1 1,946,206 

FEE @ 1% = $11,946,206 * 0.01 = $1 19,462 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 5 YE) 

CONSTRUCTION OR 
CEILING * 5 YEARS = $2,500,000 
GFE = $0 
PROCUREMENT FEE = $1 19,462 

Subtotal $2,619,462 

FEE @z 23% = $2,619,462 * 0.23 = $602,476 

PIF @ 5.5% 

CONSTRUCTION = $1 1,946,206 
GFE = $0 
PROCUREMENT FEE = $1 19,462 
G&A= $602,476 

Subtotal $12,668,144 

FEE @ 5.5% = $12,668,744 0.055 = $696,748 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$1 19,462 

$602,476 

$696,748 



Lockheed Martin ldaho Technologies Co. 
Rev. 646 

PROJECT w e  ICPP Bin Set Closure (US Stud 

LOCATION 1: ICPP 
R E a u E m R '  Bryan Spauldlng 

Place Clean Grout in Vault 

~ 

WBS 
Element 

COST ESTIMATE SUMMARY 

~~ 

Cast Estimate Element 

TVPE OF E ~ E  Planning 
PROJECT NO: 2423-A2 

PREPARED By: s. L coward 
REPORTNAME: Cost Estimate Summary 

'> g.sas.n4 
1,326,812 

264,962 

>> $2216,357 
1,686,432 

529,925 

>> 35,299,250 
1,067,791 

0 
4,231,459 

1.5.2 

1.1.1 
1.12 

PROCUREMENT FEES 

1.2 
1.2.1 
1.2.2 

a> $535,224 

>> 52706,403 

->> $42,400,000 

g 
1.3.1 
1.3.2 
1.3.3 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING 
TITLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 
SmWORK 
C O N C R m  

PROJECT CONTINGENCY 

MANAGEMENT RESERVE 

CONTINGENCY 

TOTAL ESTlh!lATED COST 

w e  n-Jan-1998 m 1954:a 
CHECKED By: 

APPRD 8Y: 

Total 
Unescalated 

1,324,812 
264,962 

1,686,432 
529,925 

1,067,791 
0 

4,231,459 

52992 

Escalation lncl Escalation i 
0 
0 

0 
0 

0 
0 
0 

ED1 AS A % OF CONST. + GFE= 30.00% 



.ockheed Marlin Idaho Technologies Co. 
Rov 6.96 

l7OJECT NAME ICPP Bln Set Closure (EIS Study) 

OCATION 1. lcpp 
Place Clean Grout In Vault 

EauEsToR Bryan Spauldlng 

:ODE 

--- 
EMO'  

l a  

A E M b  

-.. -.-. . - 

1.2.1 - 

DESCRIPTION 

IESIGN ENGINEERING 
ENGINEERING AND DESIGN 

' 

Tille I 811 Englneering 8 Design @ 20% 
01 Conslruclion 

_______I-~_._.._.---._I_----- 
Conceplual Engineeiing 8 Design @ 5% 
of Conslruclion 

IESIGN ENGINEERING S i l  

rlTLE 111 INSPECTION 
' 

INSPECTION - TITLE 111 

rlTLE 111 INSPECTION S/T 

PROJECT MANAGEMENT 
PROJECT MANAGEMENT 

PM @ IO% of Conslruclion 
._.__.___-____.^.---. - ----- 

PROJECT MANAGEMENT S i l  

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Plannlng 

PROJECT NO : 2423-A2 
PREPARED BY: S. L. Coward 

PAGEU 3 

DATE 27Jan-1998 
TIME: 19:64:45 

REPORTNAME: Detall Cost Estimate Sheet 

SIC TOTAL CONST. 
COST EQUIP. MAT'L (OTHER 1) 

1,069,850 1,059,850 

--- 
264,962 264,962 

$1,324,812 $1,324,81 

264,962 264,962 
--- -- 

$264,962 $264,96 

629,926 629,926 

$1,686,432 $1,686,43 l-i-+ 



.ockhoed Martin Idaho Technologies Co. 

MIJECT NAME ICPP Bln Sol Closure (EIS Study) 
Ruv 6.ffi 

Place Clean Grout In Vault 
SCATION 1 lcpp 
i:auEs.Ton Bryan Spauldlng 

:ODE DESCRIPTION 

, .2.2 CONSTRUCTION MANAGEMENT 
CONSTRUCTION MANAGEMENT 

MATL 
UDM UNITCOST 

GENERAL CONDITIONS 
SUPERVISION (Duralion of Schedule - 
Assume 3 Years) 

CREW UNITLAB 
SUB HOURS 

1.- .._.------ 
TRAINING 

LS 

___ ---._ 

FTE 

-- 
FTE 

.- .. . .- 
FTE 

0.000 
LMITCO 

-- -- --- 
--.---- -- 

CONF 6240.00 
GEtU 

.-- 
CONC 166.000 

GEh 

LMlTCa 

_..- ~ . ._. 
2-1342 6240.00 

__..___-. 

- 1.3.2 
- ~ ._.. ~ . 

- 

..-.. --.- - ...--- 
Gioul Pump 

RADcoN iour...iib.n of. - . ... ~ 

Schedule - Assume 3 Years) 

.. ._ .. ~ 

- 
GENERAL CONDITIONS SIT 

SITEWORK 
, ., __ _. . . . . . .._ 
-- 
SITEWORK SIT 

QTY 

1.3.3 - 
- .. - --. _____-- 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE. Plannlng 

PROJECT NO ' 242362 
PREPARED BY: S. L. Coward 

CONCRETE 
. . . - -- 

----- 
PROCURE EQUIPMENT FOR PLACEMENT OF 
GROUT 

TOTAL 
LAB HRS 

0 

6,240 

1,660 

12,400 
1-1--- 

20,370 

0 

PAGE# 2 

DATE 27Jan-1998 
TIME 19:64:46 

REPORTNAME Detail Cost Esllmale Sheet 

CONST. TOTAL 
EQUIP. 

629,926 629,926 

I I I I 



.ockheed Martin Idaho Technologies Co. 

IIOJECT NAME ICPP Bln Set Closure (EIS Study) 
Rev 6.96 

Place Clean Grout In Vault 
OCATION 1. lcpp 
EauEsToR Bryan Spauldlng 

:ODE 

1.3.3 

--- 
AEMO: 

1.3.3.1 - 
...-- 

MEMO: 

DESCRIPTION 

CONCRETE 
Air Conipressor and Miscellaneous 
Cleaning Equipmenl 

GROUT DELIVERY PIPING AND ACCESSORIES 
PURCHASE (Incl 10% Wasle) 

GROUT DELIVERY PIPING (Incl. 10% 
Waste) 

Inslall. Remove 8, Clean Pipe after 
Ench Vaull(7 Vaulls) 

GROUT DELIVERY PIPING CLEANING BEWEN 
MANIFOLDS a DROP TUBES 

.__--.--.------- I_ 

- 

.I. - ._.--_I--- -_---- ....... -- 

Assume cleaning between each lill 

Gioii? MKN~"EFAW~E~~GT~STTM~-'-  
Can be Reused nfter each Vault Sel17 
_.-.--- 
limes) 

VAULT GROUTING 
PURCHASE GROUT DROP TUBES AND 
ACCESSORIES 

Assume 88' long lor 4 Tubes per Vauil 
Plus 10% Wasle (Can be Reused) 

INSTALL AND REMOVE DROP TUBES 
_.--__-.-_-- -- 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Plannlng 

PROJECT NO: 2423-A2 
PREPARED BY: s. L. Coward 

390 LF 

I-- - 2,123 LF 

I 

PAGE# 3 

DATE 27Jan-1998 
, TIME 1B:64:45 

REPORT WE Detall Cost Estimate Sheet 



Lockheed Martin Idaho Technologies Co. 

'IIOJECT NAME ICPP Bln Set Closure (EIS Study) 
Rov 0.06 

Place Clean Grout In Vault 
OCATION 1 lcpp 
w x m . i o R  Bryan Spauldlng 

TOTAL 
LAB HRS 

DETAILED COST ESTIMATE SHEET 

LABOR 

PAGE# 4 

SIC 
(OTHER 1) 

TYPE OF ESTIMATE Plannlng 
PROJECT NO ; 2423-A2 
PREPARED BY S. L. Coward 

TOTAL 
COST 

DATE 274an-1098 
TIME: 19:64:46 

REPORT NAME Detall Cost Estlmate Sheet 

................. ... 

rlAULT GROUTING SIT 

~ 

~~ ~ 

BIN SET VAULT ACCESS HOLES 
CORE DRILL 18" HOLE THROUGH VAULT ROOF 
(4 PLACESNAU1.T) 

StflELDlNG AROUND VAULT HOLES 
, - -- - . -- - ._ . 

..... - .. . __ 
CAP i? DIAMETER t ioLEs 

28 

-- 
28 

28 

38.012 
........................... 

$1,377,863 

izwix 
HOURS CODE DESCRIPTION I QTY UOM 

CONST. 
EQUIP. MAT'L 

1.3.3.1 
AEMO. 

267,23( 

~ - - -  I 8,031 

JAULT GROUTING 
Assume 4 lubes Y 7 vaults plus 10% 
wasle 

GROUT PLACEMENT 8 CLEANUP (Includes 
10% Waste) ---4 . .  - . 

1,835,680 1 CY 

-- 

0.350 

. ._ . 

........... - .. 
$1,843,48( =I= 9,093 $291,23( t 2,800 89,681 

$2,134,716 

1.3.3.2 
EA 100.000 28,000 

----I 

60,400 

117,684 
G N  

G N  

G N  -- 
--I 

. - ...... -. .. 
.. " 

_. .- 

EA 

EA 
----..- 

24.000 

40.000 
- 
-- 

4,592 $147,08: =F - -. .- - -- 
................ - 

, ._-- _.. - - 
I $218,401 

........................... 
$80,000 I $2,097,960 PROJECT SUBTOTAL 



Lockheed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS 
RN&% 

PROJECT ME: ICPP Bin Set Closure (EIS Stud 

REauEnoR: Bryan Spaulding 

NPE OF ESTMATE: Planning 
Place Clean Grout in Vault PROJECT N O  242342 

LOCATION 1. lcpp PREPARED By: S. I Coward 

DATE: 27Jan-1998 
TIME: 19:54:39 

REPORTHAME: Contingency Anabsis 

wmte Element 

:ONFIDENCE LEVEL AND ASSUMED RISKS: 
b e  Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
klodel is based on the applied contingency and the assumptions upon which 
he estimate was predicated. The model is appljed with a sugges!ed risk level 
i f  18% and a level of confidence of 90% the esbmate will fall within the bid range 
h e  Conbngency Analyss s based on a weighted average to provide a 
30 % probability of undermn and a 10% probability of ovemn. 

~~ ~ 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by DOUFM 50. Cost Estimating Gulde. Vol. 6. 
Cost Guide, and as presented in the INEL Cost Estimating Gude. 

PLANNING 20% - 30% 
ExperimentaUSpedal Conditio ns............ Up to 50% 

Conceptual 15% - 25% 
ExperimentaUSpecial Conditio ns............ Up to 40% 

TlTLEI 10% -20% 
5% -15% 

TlTLE IVAFC 
TITLE I1 Market Condaons 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; UNESCALATED 

FILL VAULTS WI CLEAN GROUT 

PROCUREMENT FEE: 
CONSTRUCTION = $5,299,250 
GFE = 

Subtotal $5,299,250 

FEE @ 1% = $5,299,250 *0.01 = $52,993 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 7 yrs) 

CONSTRUCTION OR 
CEILING * 7 YEARS = $3,500,000 
GFE = $0 
PROCUREMENT FEE = $52,993 

Subtotal $3,552,993 

FEE @ 23% = $3,552,993 * 0.23 = $817,188 

PIF @ 5.5% 

CONSTRUCTION = $5,299,250 
GFE = $0 
PROCUREMENT FEE = $52,993 
G&A= $81 7,188 

Subtotal $6,169,431 

FEE @ 5.5% = $6,169,431 0.055 = $339,319 

TOTAL PROCUREMENT FEE: $52,993 

TOTAL G&A FEE: $817,188 

TOTAL PIF: $339,319 



Lockheed Martin Idaho Technologies Co. 
Rw. 6% 

PROJECT NAME ICPP Bin Set Closure (US Stud 
Tractor (Risk Based Estimates) 

LOCATION 1: ICPP 
tmuEsToR: Bryan Spaulding 

COST ESTIMATE SUMMARY 
TYPE OF ESTIMA~ Planning 

PROJECT NO: 
PREPARED BY: s. L. coward 

REPORT NAME Cost Estrmate Summary 

WBS Cost Estimate Element 
Element 

- .I 
1.1.1 
1.1.2 TITLE 111 INSPECTION 

ENGINEERING. DESIGN AND INSPECTION 
DESIGN ENGINEERING TlTLE I & I1 

.2 
1.2.1 
1.2.2 

- MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
1.3.1 GENERAL CONDITIONS 

1.5.2 PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVt 

CONTINGENCY 

TOTAL ESTIMATED COST 

PROJECT COST PARAMETERS 

ED1 AS A % OF CONST. + GFE= 20.000A 

CONllNGENCY= 34.96% 

Total 
Unescalated 

9,900,244 
3,300,081 

11,639,957 
6,600,163 

6,840,414 
59,161,216 

660,016 

98,102,091 

DATE: 27Jan-1998 
 ME 20:42:03 

CHECKED By: 

ArrKu UT: 

Total 
Escalation lncl Escalation 

0 
0 

0 
0 

0 
0 

>> $13,200.325 
9,900,244 
3,300,081 

>> $18,240,120 
11,639,957 
6,600,163 

>> $66,001,630 
6,840,414 

59,161,216 

56.666.165 



Lockheed Mart in  Idaho Technologies Co. 

PROJECTNAME ICPP Bln Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

Rev8.93 

Tractor (Risk Based Estlmates) 

CODE 

- 1.1.1 

MEMO 

- 1.1.2 

MEMO: 

- 1.2.1 

MEMO: 

DETAILED COST ESTIMATE SHEET 

MATL CREW UNITLAB TOTAL CONST. 
DESCRIPTION QTY UOM UNITCOST SUB HOURS LABHRS EQUIP. MAT'L LABOR 

DESIGN ENGINEERING TITLE I & II 
ENGINEERING AND DESIGN 

Title I &I1 Englneerlng & Deslgn @! 10% 1 LS 0.000 

Conceptual Englneerlng & Deslgn Q 5% 1 LS 0.000 

of Conslrucllon LMITCO 

of Conslrucllon LMITCO 

DESIGN ENGINEERING TITLE I & II SIT 0 

TITLE 111 INSPECTION 
INSPECTION -TITLE 111 1 LS 0.000 

LMITCO 
Tllle 111 Q 6% of Construction 

TITLE 111 INSPECTION S/T 0 

PROJECT MANAGEMENT 
PROJECTMANAQEMENT 1 LOT 0.000 

PM Q 10% of ConslmcUon 

G&A I LS 0.000 

PIF 1 LS 0.000 

LMITCO --- 

-- LMlTCO 

LMITCO 
--- 

PROJECT MANAGEMENT S/T 0 

M P E  OF ESTIMATE: P h n h g  
PROJECT NO.: 242341 
PREPARED BY: s. L. Coward 

PAGE# 1 

DATE 27Jan-1998 
TIME 20:42:05 

REPORTNAME Detall COSt Estlmate Sheet 

TOTAL 
(OTHER 1) --I-- 6,600,163 6,600,163 

3,300,081 3,300,081 I 



Lockheed Martin Idaho Technologies Co. 

PROJECTNAME ICPP Bin Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR Bryan Spauldlng 

Rov648 

Tractor (Risk Based Estimates) 

LABOR 

839,696 

81,947 
-- 

2,066,040 

DETAILED COST ESTIMATE SHEET 

CONST. 
EQUIP. MAT'L 

---____I 

--- 

TYPE OF ESTIMATE Planning 
PROJECT NO.: 2423-C1 
PREPARED BY s. L. Coward 

~~~~~~ 

- 1.3.13 

PAQE# 2 

DATE 27Jan-1998 
TIME 20:42:06 

REPORT NAME: Detail Cost Estimate Sheet 

SPECIAL CONSTRUCTION 

CODE I DESCRIPTION 

1.2.2 CONSTRUCTION MANAGEMENT - I  CONSTRUCTION MANAGEMENT 
I 

MEMO: CM Q 10% of Conslrucllon Costs 

CONSTRUCTION MANAGEMENT S/T 

GENERAL CONDITIONS 
SUPERVISION (Durallon of Schedule for 
Installalion of Robols - 10 years) 

RADCON TECHNICIAN SUPPORT (Duration of 
Schedule - Assume 10 Years) 

I 

FABRICATION OF FOLDABLE TRACTOR ROBOT 

Deslgn 8, Develop lrst Traclor Robot, 
Includlng: 

Design, Approvals, Mock-up, Proof of 
Process, elc. 

Febrlcallon of Addilional Unlls 

QN 

1 

I 

15 

2 

1 

52 

$2,976,683 

SIC 
(OTHER 1) 

6,600,163 

$6,600,163 

2,841,100 

$2,841 ,I 00 

3,000,000 

**# ##* 
S I  

TOTAL 
COST 

6,600,163 

' $6,600,163 

3,680,796 

81,947 

2,066,040 

$5,817,783 

3,000,000 

13,000,000 



Lockheed Martin ldaho Technologies Co. 

PROJECTNAME: iCPP Bin Set Closure (EIS Study) 
ROV 6-98 

Tractor (Rlsk Based Estimates) 
LOCATION 1: icpp 
REQUESTOR Bryan Spauiding 

DESCRIPTION 

1.3.13 SPECIAL CONSTRUCTION 
Deslon of DeVelODmanl of Modlkalions 

- 
250,000 

75,000 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Plannhg 

PROJECT NO.: 242341 
PREPARED BY: S. L. Coward 

264,880 

514,880 

7S,OOO 

io~dd't  Untts * 

INSTALLATION OF CLEANING UNIT: 

lnslall Robollc Unlls 

lnslall and Shlald Unit Hosenubes 
(Mods, Elaclr., etc.) -Allowance 

Syslems lnlagrallon 

CAP 18" DIAMETER HOLES 

CAP e" DIAMETER HOLES 

OPERATION OF CALCINE RETRIEVAL - 

[SPECIAL CONSTRUCTION S/T 

PROJECTSUBTOTAL 

- 
QTY 

52 

50 

50 

1 

100 * 

100 

19 

7 

- 

UOM 

EA 

EACH 

EA 

LS 

EA 

FTE 

- 

MATL 
UNIT COST 

6,000.01 

1,800.01 

500.01 
-- 

X E W  
SUB - 

GEA 

SKWK 
GEtl 

SKWK 
GEh 

GEh 
SKWK 

GEb 
SKWK 

GEF 
SKWK 

GEfl 

- 
nIIEII*BLIII 

m 
HOURS 

0.000 

160.000 

160.000 

0.000 

40.000 

24.000 

34590.0 

-- 

LAB HRS LABOR 

I 
264,1180 

I-- 
79,464 

679,610 I $22,501,881 

PAGE# 3 

DATE 274an-1998 
TIME: 20:42:05 

REPORTNAME: Detail Cost Estimate Sheet 

CONST. 
EQUIP. 

' 



Lockheed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS 
Rev646 

PROJECTME ICPP Bin Set Closure (EIS Stud TYPEOF ESTIMATE: Planning 

LOCATION 1: ICPP PREPARED BY: s. L coward 
REauEsroft Bryan Spaulding 

Tractor (Risk Based Estimates) PROJECTNO: 242-1 
DATE: 27Jan-1998 
TIME: 20:4200 

REPORT NAME: Contingency Analysis 

PROBABLE % VARIATION 

CONFIDENCE L N E L  AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The  model is applied with a suggested risk level 
of 18% and a level of confidence of 90% t h e  estimate will fall within the bid range 
The Contingency Analysis is based on a weighted average to provide a 
90 % probability of underrun and a 10% probability of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIhMTE 
Guidelines establiihed by DO- 50, Cost Estimating.Guide: Vol. 6, 
Cost Guide, and as presented in the INEL Cost Estimating Guide. 

PLANNING 20% - 30% 
ExperimentaUSpeaal Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperimentaVSpetial Condih'ons ............ Up to 40% 

mi 10% -20% m II 5% -15% m IVAFC Market Conditions 



G&APIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE: CLASS A FILL; UNESCALATED 

CLEAN BINS W1 ROBOTS - FLOOR 

PROCUREMENT FEE: 
CONSTRUCTION = 
GFE = 

$66,001,630 

Subtotal $66,001,630 

FEE @ 1% = $66,001,630 * 0.01 = $660,016 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 10 yrs) 

CONSTRUCTION OR 
CEILING 10 YEARS = 
GFE = 

$5,000,000 
$0 

PROCUREMENT FEE = $660.016 
Subtotal $5,660,016 

FEE @ 23% = $5,660,016 * 0.23 = $1,301,804 

PIF @ 5.5% 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 

$66,001,630 
$0 

$660,016 
G&A= $1,301,804 

Subtotal $67,963,450 

FEE @ 5.5% = $67,963,450 0.055 = $3,737,990 
~~~ 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

~- ~ 

$660,016 

$1,301,804 

TOTAL PIF: $3,737,990 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rev. 696 

DATE: 27Jan-I998 
TIME 20:47:33 

PROJECTNAME lcpp Bin Set ClOSLlE (EIS Stud lYPEOFESflh4A'E P h n i n g  

LOCATION 1: lcpp PREPAREDBY: s.LcOWard CHECKUI By: 
LDUA (Risk Based Estimates) PROJECTNO 24- 

REauEsoR: Bryan Spaulding REPORTNAME Cost Estimate Summary 
APPRD BY: 

Escalation 
WBS 
Element 

1.1.1 
1 .I .2 

E 
1.2.1 
1.2.2 

g 
1.3.1 
1.3.13 

1 S.2 

Total 
lncl Escalation 

Cost Estimate Element 

0 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING TITLE I & I1 
TITLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 
SPECW CONSTRUCTION 

PROCUREMENT FEES 

>> $22,678,056 
~ ~ _ _ _ _  ~~ 

SUBTOTAL INCLUDING ESCALATION 

>> $6,519,044 

. >> $30,600,000 

PROJECT CONTINGENCY 

MANAGEMENT RESERVt 
~~~ ~ ~ 

CONTINGENCY 

TOTAL ESTIMATED COST 

ED1 AS A % OF CONST. + GFE= 20.00% 

CONTINGENCY= 34.93% 

Total 
Unescalatd 

2,083,513 
694,504 

3,407,558 
2,463,481 

1,831,085 
12,059,014 

138,901 

22,678,056 

0 
0 

0 
0 

0 
0 

0 

>> $2,na,o17 
2,083,513 

694,504 

>> !$5,871.039 
3,407,558 
2,463,481 

>> $13,890,099 
1,831,085 

12,059,014 

>> ~13a.901 

$1.402.900 



Lockheed Martin Idaho Technologies Co. DETAILED COST ESTIMATE SHEET 

MATL 
CODE DESCRIPTION QTY UOM UNITCOST 

- 1 .I .I DESIGN ENGINEERING TITLE I & I1 
ENGINEERING AND DESIGN 

MEMO Tille I &I1 Engineering & Deslgn Q 10% 1 LS 

Conceplual Engineering & Deslgn Q 5% 1 LS 

of Conslrucllon 

of Conslrucllon 

-- 

DESIGN ENGINEERING TITLE I & II S/T 

1 .I .2 TITLE 111 INSPECTION 
1 LS 

- 
INSPECTION -TITLE 111 

MEMO Title 111 Q 6% of Conslrucllon 

TITLE 111 INSPECTION S/T 

1.2.1 PROJECT MANAGEMENT 
1 LOT 

- 
PROJECT MANAGEMENT 

PM Q 10% of Conslrucllon MEMO: 

Q&A I LS 

PIF 1 LS 

PROJECT MANAGEMENT SfT 

Rov6-96 
PROJECT NAME: ICPP Bin Set Closure (EIS Study) 

REQUESTOR Bryan Spauldlng 

LDUA (Rlsk Based Estimates) 
LOCATION 1: lcpp 

CREW UNITLAB 
SUB HOURS 

0.000 
LMITCO 

0.000 
LMITCO 

0.000 
LMITCO 

.-- 

0.000 
LMITCO 

0.000 

0.000 
LMITCO 

LMlTCO 

N P E  OF ESTIMATE Pkinnltlg 
PROJECT NO.: 2423-D 
PREPARED BY: s. L. Coward 

~ ~ ~~ 

$694,604 

1,389,009 

1,181,947 

836,602 

$694,60 

1,389,009 

1,181,947 

836,602 

LAB HRS 

$3,407,558 

I 

$3,407,65 

't 
4 

0 

- 

0 

PAGE# 1 

DATE 27Jan-1998 
TIME 20:47:35 

REPORT NAME: Detail Cost Estimate Sheet 

CONST. TOTAL 'fl EQUIP. 

694,504 

$2,083,613 $2,083,51: M I 694,604 I 694,604 



Lockheed Martin Idaho Technologies Co. 

PROJECT NAME: ICPP Bln Set Closure (EIS Study) 

LOCATION 1: lcpp 
RE(IUEST0R: Bryan Spauldlng 

Rov 6.96 

LDUA (Risk Based Estlmates) 

6,000,000 

-- 
2,550,000 

CODE 

1.2.2 - 
MEMO: 

1.3.1 - 

1.3.13 - 

DESCRIPTION 

CONSTRUCTION MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CM Q 10% of Conslrucllon Costs 

CONSTRUCTION MANAGEMENT S/T 

GENERAL CONDITIONS 
SUPERVISION (Assume Share with Plplng 
Est (10 Yrsl2) - Duratlon of 
Schedule) 

TRAINING 

RADCON TECHNICIAN SUPPORT (Assume 
Share wllh Plplng Est (10 Yrsl2) - 
Durallon) 

GENERAL CONDITIONS S/T 

SPECIAL CONSTRUCTION 

DESION AND DEVELOPMENT OF LDUA 

Deslgn and Fabrlcale Irst LDUA, 
Including: 

Deslgn, Approvals, Mock-up, Proof of 
Process, etc. 

Fabdcallon of Add'l Unlls 

DETAILED COST ESTIMATE SHEET 
N P E  OF ESTIMATE Planning 

PROJECT NO.: 2423-D 
PREPARED BY: S. L. Coward 

MATL 
QTY UOM UNITCOST 

1 LOT 

- ---- 

1 FTE 

8 FTE 

2 FTE 

-- 

- 

.--- 
1 EA 

6 EA 

PAGE# 2 

DATE 27Jan-1998 
TIME: 20:47:36 

REPORT NAME Detail Cost Estlmate Sheet 

EQUIP. 

2,483,481 

$2,463,481 

419,848 

--- 
43,705 

1,027,620 

~- 

I- l - -  I 
$1,491,073 3 

TOTAL 
COST 

2,483,481 

$2,463,481 

419,848 

-- 
43,706 

1,027,620 

$1,491,073 

6,000,000 

2,660,000 



Lockheed Martin ldaho Technologies Co. 

PROJECT NAME ICPP Bln Set Closure (EIS Study) 
ROV 8.96 

LDUA (Rlsk Based Estlrnates) 
LOCATION 1: icpp 
REQUESTOR Bryan Spauldlng 

UNITLAB 
HOURS 

0.000 

200.000 

200.000 

0.000 

0.000 

40.000 

24.000 

828.000 

S=DEII=EIDII 

:ODE 
TOTAL 

LABHRS LABOR 

10,000 331,IOC 

10,000 331,lOt 

2,000 66,22( 

1,200 39,73: 

16,732 620,881 

38,932 $1,289,03I 

~ = I P S E ~ D D = = D D = 1 : ~ = E C E = D I = = = = I I  

71.452 $2,780,112 PROJECTSUBTOTAL 

MATL 
UNITCOST 

-- 
6,000.00 

e 

DESCRIPTION QTY 
CREW 

SUB 

GEb 

-- 
SKWK 

G B  
SKWK 

GEt 

GEt 

GEf 
SKWK 

GEf 

SKWK 
GEt 

SKWK 
G B  

:=laa~~ess=: 

iPECIAL CONSTRUCTION 
Deslgn of Modlncations for add'l 
Unlls 

260,000 

$260,000 

$260,000 

6 

331,100 

681,100 

100,000 100,000 

360,000 350,000 

66,220 

39,732 

620,887 

$8,460,000 $9,989,039 

= E I I = I I D S E = D = e e E I = D I ~ = = ~ = = = ~ ~ = ~  DP.I-.rn...PPI 

817,099,066r $20,129,161 

INSTALLATION OF CLEANING UNIT: 

Install Robotic Unlls 50 

Install and Shleld Unit Hosenubes  50 
(Mods, Eleclr., etc.) -Allowance 

Systems lnlegrallon 1 

Shleldlng and Relrleval Area 7 

CAP 18" DIA. HOLES - ASSUME Holes 
were capped In Floor Estimate 

CAP 6" DIAMETER HOLES -Assume Holes 
were capped In Floor Esllmate 

50 

50 

OPERATION OF CALCINE RETRIEVAL 19 

iPEClAL CONSTRUCTION SfT 

DETAILED COST ESTIMATE SHEET 
NPEOFESTIMATE Planning 

PROJECT NO.: 2423-D 
PREPARED BY: s. L. Coward 

UOM 

EA 

EACH 

EA 

LS 

EA 

EA 

EA 

FTE 

PAGE# 3 

DATE 27Jan-I998 
TIME 20:47:35 

REPORT NAME Detall Cost Estlmate Sheat 

CONST. 
EQUIP. 

TOTAL 

450,000 460,000 



Lockheed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS 
Rev 6-96 

PROJECT NAME ICPP Bin Set Closure (EIS Stud 

LOCATION 1: 1CPP PREPAREDBY: S.LCoward 
tmuEsToR: Bryan Spaulding 

W E  OF ESTIMTE Planning 
LDUA (Risk Based Estimates) PROJECTNO 2423-D 

DATE 27Jan-1998 
m ~ :  20:47:30 

REPORT NAME: Contingency Analysis 

PROJECT CONTINGENCY 

TOTAL ESTlMATED COST 

CONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall within the bid range 
The Contingency Analysis is based on a weighted average to p m d e  a 
90 % probability of undemn and a 10% probability of ovemn. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIWTE 
Guidelines established by DO- 50, Cost Estimating-Guide, Vol. 6, 
Cost Guide, and as presented in the INEL Cost Estrmatmg Guide. 

PLANNING 20% - 30% 
ExperimentaUSpedal Conditions ............ UD to 50% 

Conceptual 15%'- 25% 
ExpenmentaUSpeaal Conditio ns............ Up to 40% 

TlTLEI 10% -20% m I1 5% -15% m IVAFC Market Conditions 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; UNESCALATED 

CLEAN BINS W1 ROBOTS -WALLS 

PROCUREMENT FEE 
CONSTRUCTION = 
GFE = 

FEE @ 1% = 

$13,890,099 

Subtotal $13,890,099 

$13,890,099 *0.01 = $138.901 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 10 yrs) 

CONSTRUCTION OR 
CEILING 10 YEARS = 
GFE = 

$5,000,000 
$0 

PROCUREMENT FEE = $138,901 
Subtotal $5,138,901 

FEE @ 23% = $5,138,901 * 0.23 = $1,181,947 

PIF @ 5.5% 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 

$13,890,099 
$0 

$1 38,901 
G&A = $1 ,181,947 

Subtotal $15,210,947 

FEE @ 5.5% = $15,210,947 0.055 = $836,602 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$138,901 

$1 ,I 81,947 

$836,602 



Lockheed Martin Idaho Technologies Co. 
Rev. 646 

PROJECTNAME: ICPP Bin Set Closure (EIS Stud 
Pipe Crawler (Risk Based Estim 

LOCATION 1: ICPP 
m m s o R :  Bryan Spaulding 

COST ESTIMATE SUMMARY 
TYPE OF ESTIMATE: Planning 

PROJECT NO: 2 4 2 s  
PREPARE0 BY: s. L. coward 

REPORT NAME: Cost Estimate Summary 

WBS Cost Estimate Element 
Element 

1.1 ENGINEERING, DESIGN AND INSPECTION 
1.1.1 DESIGN ENGINEERING 
1.1.2 TlTLE 111 INSPECTION 

1.2 
1.2.1 
I .2.2 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

1.3 CONSTRUCTION 
1.3.1 GENERAL CONDITIONS 
1.3.13 S P E C W  CONSTRUCTION 

1.5.2 PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVi 

CONTINGENCY 

TOTAL ESTIMATED COST 

PROJECT COST PARAMETERS 

ED1 AS A % OF CONST. + GFE= 20.000/0 

I CONTINGENCY= 35.15% 

Total 
Unescalated 

889,168 
296,389 

2,149,702 
592,779 

1,831,085 
4,096,709 

59,278 

DATE: 27Jan-I998 
TIME: 205233 

CHECKED By: 

Escalation 

0 
0 

lncl Total Escalation 

>> $4,185,557 
889,168 
296,389 

0 
0 

0 
0 

0 

9,915,110 0 

>> $598,707 

>> $2,886,183 

>> $13,400,000 

*> $2,742,481 
2,149,702 

592,779 

>> $5,927,794 
1,831,085 
4,096,709 

>> $59,278 

>> $9,9153 10 



Lockheed Martin idaho Technologies Co. 
Rev 6.96 

PROJECTNAME lcpp Bhl Set ClOSUre (EIS Study) 
Plpe Crawler (Rlsk Based Estlmates) 

LOCATION 1: IcPP 
REQUESTOR: Blyan Spauldlng 

- 1.1.2 

MEMO: 

- 1.2.1 

MEMO: 

DETAILED COST ESTIMATE SHEET 

TITLE 111 INSPECTION 
INSPECTION -TITLE 111 I LS 0.000 296,389 296,389 
Tllle 111 @ 6% of Conslrucllon 

LMITCO 

$298,389 $298,389 TITLE 111 INSPECTION S/T 0 

PROJECT MANAGEMENT 
PROJECT MANAGEMENT 1 LOT 0.000 692,779 692,779 

PM Q I O %  of Conslrucllon 

1,183,634 1,163,634 G&A 1 LS 0.000 

PIF 1 LS 0.000 393,289 393,289 

LMITCO - -- 

- LMITCO 

LMITCO 

$2,149,702 $2,149,702 PROJECT MANAGEMENT S/T 0 

- 

TYPE OF ESTIMATE Planning 
PROJECT NO.: 2423-E 
PREPARED BY: s. L. Coward 

PAGE# 1 

DATE 27Jan-1998 
TIME 20:62:35 

REPORT NAME Detall Cost Estlmate Sheet 



Lockheed Martin ldaho Technologies Co. 
Rov 6.98 

PROJECT NAME lcpp Bln Set ClOSUre (EIS Study) 

LOCATION 1: lcpp 
Pipe Crawler (Rlsk Based Estlmates) 

REQUESTOR: Bryan Spauldlng 

CODE 

- 1.2.2 

MEMO: 

DESCRIPTION QTY 

CONSTRUCTION MANAGEMENT 
CONSTRUCTION MANAGEMENT 1 

CM Q 10% of Construcllon Costs 

CONSTRUCTION MANAGEMENT SIT 

LABOR 
CONST. 
EQUIP. MAT'L 

SIC 
(OTHER 1) 

5 9 2 , 7 7 9 

GENERAL CONDITIONS S/T 

1.3.13 SPECIAL CONSTRUCTION 

TOTAL 
COST 

5 9 2 , 7 7 9 

Includlng: 

- 1.3.1 

I I 
Deslon, Approvals, Mock-ups. Proof of 
Process, elc. 

GENERAL CONDITIONS 
SUPERVISION (Share wllh Wall Eat. ( IO  1 
yrsI2) - Duratlon) 

i 
Fabrlcatlon of Addltlonal unlls 

TRAINING 

RADCON TECHNICIAN SUPPORT (Share wilh 
Wall Est (10 yrsI2) - Durallon) 

3 

8 

2 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Planning 

PROJECT NO.: 2423-E 
PREPARED OY: s. L. Coward 

PAQE# 2 

DATE 273an-1998 
TIME 20:52:35 

REPORTNAME Detall Cost Estlmate Sheet 

419,848 

1,027,520 

1 -__- 
$1,491,073 

--- --- 

$592,779 $692,778 

419,848 

1,027,620 

$1,491,073 'F 



Lockheed Martin Idaho Technologies Co. 

PROJECTNAME: ICPP Bin Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spaulding 

Rev 8-98 

Pipe Crawler (Risk Based Estlmates) 

:ODE DESCRIPTION QTY 

1.3.13 SPECIAL CONSTRUCTION 
Deslgn of Modllicallons for addl 
unik 

INSTALLATION OF PIPE CR4WLER 

lnslall Robollc Unlls 50 

Install and Shleld Unll Hosenubes 50 
(Mods, Eleclr., elc.) - Allowance 

6 

-- 

Systems Integralion 1 

Shleldlng and Relrleval Area 7 

CAP 18'' DIAMETER HOLES - ASSUME Holes 
Capped In Floor Estimate 

CAP 8" DIAMETER HOLES -ASSUME Holes 
Capped In Floor Esllmate 

OPERATION OF CALCINE RETRIEVAL 19 

50 

50 

PROJECT SUBTOTAL 

SPECIAL CONSTRUCTION SIT 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Planning 

PROJECT NO.: 2423-E 
PREPARED BY: s. L. Coward 

MATL CREW 
UOM UNITCOST SUB 

EA 
GEl 

EACH SKWK 
GEi 

EA 6,000.00 SKWK 
GEi 

LS 
ON 

GN 
EA SKWK 

GEi 

EA SKWK 
GEi 

FTE SKWK 
G.6 

- - - _ ~  

=:=======E= 

m 
HOURS 

0.000 

180.000 

180.000 

0.000 

0.000 

40.000 

24.000 

61 6.00 0 

TOTAL 
LAB HRS LABOR 

9,000 297,990 i 
2,000 66,220 

323,981 

PAGE# 3 

DATE 27Jan-1998 
TIME: 20:62:35 

REPORTNAME: Detail Cost Estlmate Sheet 

CONST. SIC TOTAL 
EQUIP. MAT'L (OTHER 1) COST 

I 90.000 I 

100,000 100,000 

360,000 360,000 

66,220 

39,732 

323,981 



Lockheed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS 
Rev 6.96 

PROJECT NAME ICPP Bin Set Closure (EIS Stud TYPE OF E ~ T E :  Planning DATE: 27Jan-1998 

LOCAllON 1: ICPP PREPARED BY: s. L. coward 
REQUESTOR Bryan Spaulding 

Pipe Crawier (Risk Based Estim PROJECTNO: 2423-E TIME 20:5230 

REPORTNAME: Contingency Analysis 

PROBABLE % VARlA 

Element Cost Estimate Element Total Cost wlo 

1.1.1 DESIGN ENGINEERING 889,168 
1.12 TlTLE 111 INSPECTION 296,389 
121 PROJECTMANAGEMENT 2,149,702 
1.22 CONSTRUCTION MANAGEMENT 592,n9 
1.3.1 I GENERALCONDITIONS I 1,831,085 
1.3.13 I S P E C W  CONSTRUCTION I 4,096,709 

1.52 I PROCUREMENTFEES 59278 
I ESCALATION 0 

SUBTOTAL 9,915,110 
CALCULATED CONTINGENCY 3,470289 
RESULTANT E C  I 13,385,399 
ROUNDED TEC I 13dO0.000 
PROJECT CONTINGENCY 3484,890 

TOTAL ESTIhlAlEO COST 13,400,000 

ION - 
% Total 
Cost 

8.97 
2.99 
21.68 
5.98 

0.60 
0.00 
100.00 
- 

PROJECT 
CONTINGENCY SUMMARY 

Prob. % Var. 
From Est 

WT X of Prob. 
Contingency YO cost Total Cost 

by Element - I i  - i  
I I 

10 140 0.90 I 3.59 3.139Xl 8.97% I 312,518 I 1,201,686 
10 1 4 0  I 0.30 I I 2 0  I I.Wh1 2.99% I 104,173 I 400562 . - - ,_ __ 
10 140 I 217 I 8.67 I 7588”l 21.68% I 755,561 I 2,905,263 
I O  140 I 0.60 I 2.39 I 2092%1 5.98% I 801.125 

35.15% 

I 3,484,890 13,400,000 I 

CONFIDENCE L M L  AND ASSUMED RISKS 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall within the bid range 
The Contingency Analysis is based on a weighted average to provide a 
90 % probability of underrun and a 10% probability of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by D O W  50, Cost Estimating.Guide, Vol. 6, 
Cost Guide, and as presented in the INEL Cost Eshnatmg Guide. 

PlANNlNG 20% - 30% 
ExpenmentaUSpeaal Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperirnentaUSpeaal Conditio ns............ Up to 40% 

TlTLEI 10% -20% 
TlTLE II 5% -15% 
TlTLE IVAFC Market Conditions 



G&AIPIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; UNESCAUTED 

CLEAN BINS WI ROBOTS - PIPING 

PROCUREMENT FEE: 
CONSTRUCTION = 
GFE = 

$5,927,794 

Subtotal $5,927,794 

FEE @ 1% = $5,927,794 0.01 = $59,278 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 10 YE) 

CONSTRUCTION OR 
CEILING * 10 YEARS = 
GFE = 

$5,000,000 
$0 

PROCUREMENT FEE = $59,278 
Subtotal $5,059,278 

FEE Q 23% = $5,059,278 * 0.23 = $1,163,634 

PIF Q 5.5% 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 
G&A = 

$5,927,794 
$0 

$59,278 
$1 ,163,634 

Subtotal $7,150,706 

FEE Q 5.5% = $7,150,706 0.055 = $393,289 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$59,278 

$1,163,634 

$393,289 



Lockheed Martin ldaho Technologies Co. COST ESTIMATE SUMMARY 

0 
0 

0 
0 

0 
0 
0 
0 
0 

0 

0 

Rev. 6-96 
PROJECTNAME: ICPP Bin Set Closure (US Stud . TYPEOFE~T~MATE: Planning 

x a u E s o R :  Bryan Spaulding REPORT NAME: Cost Estimate Summary 

Place NRC Class A Grout PROJECTNO: 2423-81 
LOCATION 1: ICPP PREPAREDSI: S.LCoward 

>> $3.192222 
2,660,185 

532,037 

>> $3,594,336 
2,530,262 
1,064,074 

>> $10.640.741 
3,437.1 50 

0 
1,387,185 
3,365,584 
2450,822 

>> $106.407 

$17,533,706 

~~ 

WBS 
Element 

.I 
1.1.1 
1.1.2 

.2 
1.2.1 
1.2.2 

.3 
1.3.1 
1.32 
1.3.3 
1.3.15 
1.3.16 

1.5.2 

- 

- 

- 

Cost Estimate Element 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING TlTLE 1 & I I  
TITLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSfRUCTlON 
GENERAL CONDITIONS 
SITEWORK 
CONCRETE 
MECHANICAL 
ELECTRICAL 

PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVt 

CONTINGENCY 

TOTAL Esnmm COST 

I PROJECT COST PARAMETERS I 
ED1 AS A % OF CONST. + GFE= 30.00% 

CONTINGENCY= 35.17% 

Total 
Unescalated 

2,660,185 
532037 

2,530,262 
1,064,074 

3,437,150 
0 

1,387,185 
3,365,584 
2,4S0,822 

106.407 

17,533,706 

DATE: 274~~1-I998 
mr 2007:18 

CHECKED BY: 

& Escalation lncl b l a t i o n  



CODE DESCRIPTION 

I I 1-i 1 .I .I 

QTY 

I DESIGN ENGINEERING TITLE I & I1 
ENGINEERING AND DESIGN I 

MEMO 

MEMO: 

Title I 811 Engineering & Deslgn Q 20% 
of Conslrucllon 

Conceplual Deslgn Q 6% of Conslrucllon 

1 

1 
I I --- I I 

~~ 

- 1.2.1 

MEMO: 

I 
TITLE 111 INSPECTION 
INSPECTION -TITLE 111 

PROJECT MANAGEMENT 
PROJECT MANAQEMENT 1 

PM Q 10% of Conslrucllon 

G&A I 

1 PIF 
--- 

I ’  
__-------I__- ~ I Tllle 111 Q 6% of Conslrucllon I .____---- 

MEMO: I 

I I ~ 

PROJECT MANAGEMENT S/T 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Plannhlg 

PROJECT NO.: 2423-81 
PREPARED ey: S. L. Coward 

-LS 

I 

PAQEl 1 

DATE 274an-1998 
TIME 20:07:20 

REPORT NAME Detall.Cost Estlmate Sheet 



Lockheed Martln Idaho Technologles Co. 

PROJECT NAME: ICPP Bln Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR' Bryan Spauldlng 

ROV 0.08 

Place NRC Class A Grout 

LABOR 

691,600 

105,699 

2,055,040 
----I- 

$2,862,339 

CODE DESCRIPTION 
CONST. 
EQUIP. 

-- 

- 1.2.2 CONSTRUCTION MANAGEMENT 
CONSTRUCTION MANAGEMENT 

I 
MEMO: CM Q 10% of Conslrucllon Cosls 

~~ 

CONSTRUCTION MANAGEMENT SIT 

GENERAL CONDITIONS 
SUPERVISION (Durallon of ProJecl - 
Assume 10 Years) 

TRAINING 

RADCON TECHNICIAN SUPPORT (Durallonof 
Projecl- Assume 10 Years) 

GENERAL CONDITIONS S/T 

- 1.3.2  SITEW WORK 
ASSUME NO EXCAVATION WILL BE REQUIRED 
FOR MONITORS 

._-I.----_ --I ..-- -- 

- 1.3.3 CONCRETE 
- 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIWTE Plannhlg 

PROJECT NO.: 2423-01 
PREPARED ev: S. L. Coward 

PAQE# 2 

DATE 27Jan-1998 
TIME 20:07:20 

REPORT NWE Detall COSt Estlmate Sheet 



Lockheed Martin Idaho Technologies Co. 

PROJECT NAME: ICPP Bln Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

Rov 6-95 

Place NRC Class A Grout 

CODE DESCRIPTION 

DETAILED COST ESTIMATE SHEET 

MATL CREW UNITLAB 
QTY UOM UNITCOST SUB HOURS 

TYPE OF ESTIMATE Planning 
PROJECT NO.: 2423-81 
PREPARED BY: s. L. Coward 

TOTAL 
LAB HRS 

CONST. SIC TOTAL 
LABOR EQUIP. MAT'L (OTHER 1) COST 

1.3.3 CONCRETE - I  PROCURE EQUIPMENT FOR PLACEMENT OF 

1 

1 

100 

-~ 
10,406 

-- 
666 

100 
-I- 

I 
EA 

LS 

EA 

CY 

LIFTS 

EP 

- 

--- 

- 
..-- 

Groul Booslor Pump 

Air Compressor and Miscellaneous 
Cleanlng Equipment 

"A" FRAME HOIST FOR LIFTING OF FILL 
PIPE 

POUR CUSS A GROUT AND CLEAN PJPE 
(Includes 10% Wasle) 

CLEANING OF PIPING AFTER EACH LIFT 

6" CAPS FOR PENETRATIONS (Assume 2 per 
bln) 

2,000.00 

0.28 

30.00 

600.00 

CONC 40.000 
GEA 

CONC 0.800 
GEA 

CONC ' 0.500 

CONC 24.000 
GEA 

GEA 

-- 

VALVE MANIFOLD ASSEMBLY (7 Vaulla plus --I 1 Exlra) 

- 1.3.16 

CONCRETE S/T 

MECHANICAL 

DOUBLE CONTAINED GROUT DELIVERY PIPE 
(Includes 10% Waste) 

I I 1 I I I 

MEMO: 

.-- 

PAGE# 3 

DATE 274an-1998 
TIME 20:07:20 

REPORTNAME: Detail cost Estlmats Sheet 

SelCContalned Sealed Unit to Mltlgafe 
Leahege durlng Groul Placomonl 

REMOVAL OF RETR.TUBES (2 per Bin) 7,300 LF 0.20 CONC 0.260 
Addl labor for removal) GEA 



Lockheod Martin Idaho Technologles Co. 

PROJECT NAME: ICPP Bin Set Closure (E19 Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

ROV 0.96 

Place NRC Class A Grout 

CODE 

DETAILED COST ESTIMATE SHEET 
TYPE OF EBTIMATE PlanIllng 

PROJECT NO.: 2423-81 
PREPARED BY 9. L. Coward 

DESCRIPTION QTY UOM 
SIC 

(OTHER I) 
TOTAL 
COST 

160,006 770,601 
- 1.3.16 

MEMO: 

.-.---. 

MEMO: 

PAQEl  4 

DATE 27Jan-1998 
TIME 20:07:20 

REPORTNAME Detail Cost Estimate Sheet 

MECHANICAL 
REMOVAL AND DISPOSAL OF GROUT DELIVERY 10,667 Ll 
PIPE AND RETR. TUBES 

Incl. Glovebag, Cuts lo Rad Box, 
Handl., Rad Box Purch. & Dlsposal 

VALVElMANlFOLD REMOVAL 8 E/ 

Incl. Rad Tent, Dlsconnecl from Plplng 
&Pump, Rad Boxes & Dlsposal 

~ - -  

-------- -- _-I 

MECHANICAL S/T 

CONST. 
LABOR EQUIP. MAT'L 

- ----- - 
MONITOR TANKS DURING CLASS A GROUT 

684,496 16,001 

122,996 16,001 

' 

I_-_--- 

MEMO; 

$926,869 $10,101 $991.71 - I - t  
POUR 

Assume Readlngs lake 2 Days Once per 
Month for 10 Yrs 

-.--- - --- 

- 
201,789 1,280,00( 

76,872 

--. - 

"__-__-I 

CERCLA tp Monllor after Leaks are 
Filled wllh Class A Grout 

__I ---- 

ELECTRICAL S/T 

PROJECT SUBTOTAL 

I- 6,600 144,696 

$179,073 $2,106,74: =I= 
~~ 

1,461,789 

76,872 



Lockheed Martin Idaho Technolodes Co. CONTlNGENCY ANALYSIS ~ - 
-6-96 

PROJECTWE ICPP Bin Set Closure (EIS Stud MPEoFESFIMATE Planning 

R E a u E u o R  Bryan Spaulding 

Place NRC Class A Grout PROJECT NO: 2423-81 
LOCAflON 1: ICPP PREPAREDSI: S.LC0ward 

DATE =-Jan-1998 
TIME: 20:07:15 

REPORTNAME: Contingency Analysis 

Cost Estimate Element 

CONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lomeed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 

of 18% and a level of confidence of 90% the m a t e  wll fall within the bid range. 

90 % probability of undermn and a 10% probability of Overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by D O F  50, Cost Estiehg-Guide.  Vol. 6. 
Cost Guide, and as presented in the I N U  Cost Estnnatmg Guide. 

the estimate was predicated. The model is appljed -.a sugg.&ed risk-level 

The Contmgency Analysls is based on a weighted average to provide a 
PLANNING 20% - 30% 

ExperimentaUSpedal Conditions ............ Up to 50% 
Conceptual 15% - 25% 

ExperimentaUSpecial Conditio E............ Up to 40% 
TITLEI 10% -20% 
rmE I t  m IWAFC 

5% -15% 
Market Conditions 



GWPIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; UNESCAIATED 

FILL BINS W1 NRC CLASS A GROUT 

PROCUREMENT FEE: 
CONSTRUCTION = 
GFE = 

$1 0,640,741 

Subtotal $1 0,640,741 

FEE @ 1% = $10,640,741 * 0.01 = $106,407 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 7 yrs) 

CONSTRUCTION OR 
CEILING 7 YEARS = $3,500,000 
GFE = $0 
PROCUREMENT FEE = $1 06,407 

Subtotal $3,606,407 

FEE @ 23% = $3,606,407 0.23 = $829,474 

PIF @ 5.5% 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 

$1 0,640,741 
$0 

$1 06,407 
G&A = $8291474 

Subtotal $1 1,576,622 

FEE @ 5.5% = $1 1,576,622 0.055 = $636,714 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$1 06,407 

$829,474 

$636,714 



Lockheed 
R n .  6.96 

PROJECT HAME 

WBS 
Element 

LOCATlON 1: 
imuEsToR: 

Cost Estimate Efernent 

'Martin Idaho Technologies 
ICPP Bin Set Closure 
D&D of Equipment 
INEEL I ICPP 
6. C. Spaulding 

co. COST ESTIMATE SUMMARY 
WE OF ~ s m ~ ~ r r :  Planning 

PROJECTNO: 2423D8D 
pmm BY: SLCowardlsmb 

REPORT NAME: Cast -mate Summary 

I I 

1.1 - 
1.1 .l 
1.1s 

1.2 - 
1.21 
1.22 

1.3.13 I" 

ENGINEERING. DESIGN AND INSPECflON 
DESIGN ENGINEERING TITLE I 8 I1 
TlTLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
SPECIAL CONSTRUCTION 

SUBTOTAL INCLUDING ESCALATION 

W G E M E N T R E S E R  

CONTINGENCY 

TOTAL ESTIMATED COST 

PROJECT COST PARAMETERS 

ED1 AS A % OF CONST. + GF€= 0.00% 

CONTINGENCY= 34.63% 

DATE ZJan-1998 
m e  1933.11 

CHEU(EDBy: 

APPrn  By: 

0 
0 

800,2l3 
0 

11,709,711 

0 
0 

0 
0 

0 

>> 511,709,711 
11,709,711 

12,627,021 p 
>> $17,000,000 



Lockhoed MartIn Idaho Technologles Co. 
Rov 6.96 

PROJECT NAME: ICPP Bin Set Closure 
DRD of Equipment 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Planning 

PROJECT NO.: 2423DRD 
PREPARED BY: S.L.Coward/smb 

PAGE1 1 

DATE 27Jan-1998 
TIME 19:30:67 

REPORTNAME Detall Cost Estimate Sheet 



Lockheed Martin Idaho Technologles Co. 

D&D of Equipment 

R O V  6.W 
I’ROJECT NME:  lcpp Bin Set CbSUrO 

LOCATION 1: INEEL / ICPP 
AEOUESTOR: B. C. Spauldlng 

DETAILED COST ESTIMATE SHEET 

TYPE OF ESTIMATE: Planning 
PROJECT NO.: 2423D&D 
PREPARED oy: S.L.Coward/smb 

PAOEl  2 

DATE 27Jan-1998 
TIME: 19:30:67 

REPORTNAME: Detail Cost Estimate Sheet 



Lockheed Martin Idaho Technologios CO. 

OI~OJECT NAME ICPP Bin Sot Closure 
D8D of Equipment 

I OCATtON 1 

R O V  6.96 

INEEL / ICPP 
ItEauEsToR: B. C. Spaulding 

CODE 

1.3.13 

~ -.--- 
.---- 

. .  _.- 

........... ..-.- 

. . . . . . . . .  

......... 
....... 

DETAILED COST ESTIMATE SHEET 
MPE OF ESTIMATE: Planning 

PROJECT NO.: 2423DLD 
PREPARED BY: S.L.Coward/smb 

PAGE# 3 

TIME: DATE 27Jan-1998 lB:30:67 

REPORT NAME Detali Cost Estlmate Sheet 



Lockheed Martin Idaho Technologies Co. 

PROJECTNAME' lCPP Bin Set Closure 
DBD of Equipment 

Nav &Mi 

I OCATION 1' 
ItI:.CllIESTOR 8. C. Spaulding 

INEEL / lcpp 

MAT'L 

DETAILED COST ESTIMATE SHEET 

S1C 
(OTtIER I) 

TYPE OF ESTIMATE: Piennlng 
PROJECT NO.: 2423DBD 
PREPARED BY: S.L.Coward/smb 

P A Q E l  4 

DATE 27Jan-1898 
TIME 18:30:67 

REPORT NAME: Detall Cost Estimate Sheet 

CODE DESCRIPTION 

iPEClAL CONSTRUCTION 
Groullng Manifolds - Class C - 
Allowance - 8 ea Q 300 sr 

LDUA's -Allowance - 7 ea Q 150 sf 

Pipe Crawler Robols -Allowance - 7 ea 

' 

- ___ 
Q 150 sr 
-..------- 
Tractor Robots -Allowance - 53 ea Q 
250 SI 

Mlsc Robol Wire and Hose Llnes - 
Allowance - 1 ea Q 1000 sr 

Wasle Disposal - quantilles as slated 
in EDF 

I ..-._.----I.--- 

. 

-..- -..- -- ..------ - Radloactlve W a d e  
..-.. --. ----. .... .." ~ .... ~ - Mixed Wasle 
. .. 

iPEClAL CONSTRUCTION S/T 

. .. ._. 

. . . . . . - . 
. . . . ... .. - - .. .. 

PROJECT SUBTOTAL 

LAB HRS LABOR 

--I 

CONST. 
EQUIP. 

537,274 

208,873 

209,873 

2,648,393 

199,879 

TOTAL 
COST 

637,274 

209,873 

209,873 
--__ 

2,648,397 

--- 
199,879 



Lockheed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS 
Rev 6.96 

PROJECTWE: ICPP Bin Set Closure TYPE OF Planning DATE: 274an-1998 
LoU\nON 1: INEEL I ICPP PREPARED BY: S.LCowardlsmb 
epuEsToA: 6. C. Spaulding 

D&D of Equipment PROJECTNO: a S D 8 D  TPAE: 19:33:04 

m m m  Contingency Awfi 

CONFIDENCE LRTrL AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the appfied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall within the bid range. 

90 % probability of undermn and a 10% probability of overmn. 
The Contingency Analysis is based on a weighted average to provide a 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by DO- 50, Cost Estimating.Guide! Vol. 6. 
Cost Guide. and as presented m the INEL Cost Estimahng Guide. 

PLANNING 20% - 30% 
ExperimentaVSpecial Condtions ............ up to 50% 

Conceptual 15% - 25% 
ExperimentaUSpecial Condtions ............ Up to 40% 

TlTLEI 10% - 20% 
5% -15% TTN: I1 

TTN: IWAFC Market Conditions 
I 

I 
i 
I 
! 



DOIO Piinlod inom8 i l t irno o 61 AM 

NO1X.Y: 
I . AIsunlod lhal lodlily will have low lovoll 01 hazardous rn~lOdOl. no rod conlamlnalion. end no asbaslo$ 
2 .  Assumo 40' OUOs5 by 45' hioh x 2' W for fall$ plur lrollay (5' x 5' x 6') 
3 . Assurno 7 Alr hondlors (5' X 5' x 6). 3 Exhaus1 Fans (4' X 4' X 3). end 03 HEPA nilor6 (8 x B' x 2') 
4 - Assunlo 210 LF x 2'wldo conuolo 
6 - Assurno plollorm (5' X 6 X 6) plus sow (100 tr) 
6 .  Assurno 6' X VXB' 
7 -Assume 2' W 2' plUgS 
0 .  Assumo 231O'X I'wlde 
0 .  Waslo L)lsporol (Iiionlilloa woio providod by EOF 

Asrliiiio IIIU f O l l O w l l l ~  WdSlO DiSpOSOl UnllCOlll: 

Indusldol LofldAll $I.OBlCl 
Low LOVOI WOllO Aoporlloly S12SId 
Rod Warlo 13Wd 

Mndosdi I Sheell 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; UNESCALATED 

D8D OF EQUIPMENT 

PROCUREMENT FEE 
CONSTRUCTION = 
GFE = 

$1 1,709,711 

Subtotal $1 1,709,711 

FEE @ 1% = $1 1,709.71 1 * 0.01 = $1 17,097 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 1 yr) 

CONSTRUCTION OR 
CEILING 1 YEARS = 
GFE = 

$500,000 
$0 

PROCUREMENT FEE = $1 17,097 
Subtotal $617,097 

FEE @ 23% = $617,097 * 0.23 = $141,932 

PIF @ 5.5% 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 
G&A= 

FEE Q 5.5% = 

$1 1,709,711 
$0 

$1 17,097 
$141,932 

Subtotal $1 1,968,740 

$1 1,968,740 * 0.055 = $658,281 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$1 17,097 

$141,932 

$658,281 



COST ESTIMATE SUMMARY 
ESCALATED 

ICPP BIN SET CLOSURE Planning Estimate 1/28/98 
RISK BASED CLEAN CLOSURE 
CLASS A FILL Checked by: 
Requestor: B. C. Spaulding Approved by: 

Estimate #2423 

Prepared by: S. L. Coward 

Regulatory Compliance 
Fill Vaults with Clean Grout 
Clean Bins with Robots 

Floor 
Walls 
Piping 

Fill Bins with NRC Class A Grout 

31,600,000 
23,300,000 

258,700,000 
58,200,000 
27,100 , 000 
51,900,000 

D&D of Equipment 50,600,000 
TOTAL $501,400,000 

USE $50~,000.000 



Lgc&oeed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
PROJECTNAME PennlttinglDocurnentation TYPE OF ESTIMATE PLANNING 

w.uEsToR: Bryan Spaulding REPORTNAME: Cost  Eshmate Summary 

Risk Based - NRC Class C PROJECTNO: 24-M 
LOCAnON I: INEEUCPP PREPrnOBy: S.LC0Ward 

WBS 
Element 

1.1 
1.1.1 

22 
1.21 
I .22 

7 1.3 
1.3.1 

1.5.2 

Cost Estimate Element 

CONCEPTUAL 
CONCEPTUAL DESIGN 

MANAGEMEM 
PM FOR PROJECT DEVELOPMENT 
PROJECT EXECUTION 

PERMITTING 
PERMKIING 

PROCUREMENT FEES 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE 

Escalation 

~~~ ____ 

CONTINGENCY 

TOTAL ESTIMATED COST 

Total 
lncl Escalation 

ED1 AS A % OF CONST. + GFE= O.OoO/o 

CONTINGENCY= 34.87% 

7,059,510 

70,595 

8,509,984 

DATE: 28-J-I998 
TIME: 11:02:58 lM 

CHECKED BY: 

APPRO By: 

>> $19,444,616 
19,444,616 

>> $194,446 

>> $23,439,782 

Total 
Unescalated 

0 

1,942,993 
477,848 

12,3851 06 

123,851 

14,929,798 

0 

1,107,506 
n 3 7 3  

0 

>> 43,800,720 
3,050,499 

750,221 

7; $1,963,906 

$6,196,312 

>> $31,600,000 



DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: PLANNING 

PROJECT NO.: 2423-BO-E 
PREPARED BY: S. L. Coward 

TOTAL CONST. 
LAB HRS LABOR EQUIP. MAT'L 

PAGE# 1 

DATE 28Jan-1998 
TIME: 11:03:00 

REPORT NAME Detail COSt Estimate Sheet 

SIC TOTAL 
(OTHER I) COST 

Lockheed Martin Idaho Technologies Co. 

PROJECT NAME: PermlttlnglDocumentatlon 
Risk Based - NRC Class C 

Rev6-96 

0 

LOCATION 1: 
REQUESTOR 

619,723 619,723 

726,960 726,960 

$1,346,683 $1,346,68 

CODE 

0 

1.1.1 - 

697,310 697,310 

$697,310 $697,31 

- 1.2.1 

1.2.2 - --- 

- 1.2.1.2 

- 

NEEUICPP 
3ryan Spauldlng 

PROJECT ADMINISTRATION S/T 

PROJECT EXECUTION 

PROJECT EXECUTION SIT 

PROJECT SUPPORT 
Support During permllllnglDoc. (4% of 
doc. costs) 

PROJECT SUPPORT S/T 

DESCRIPTION 

477,848 

CONCEPTUAL DESIGN 

477,848 

CONCEPTUAL DESIGN SIT 

0 

PM FOR PROJECT DEVELOPMENT 

- 
G&A 

$477,848 $477,84 

PIF 

PM FOR PROJECT DEVELOPMENT SIT 

1.2.1.1 PROJECT ADMINISTRATION 
ProJecl Admln. durlng Documentallon 
(6% of Doc. Cosls) 

QTY 

1 

I 

0 

0 1  



.... 

CONST. 
EQUIP. 

DETAILED COST ESTIMATE SHEET 

MAT'L 

Lockheed Martln Idaho Technologies Co. 

PROJECT NAME: PermIttlnglDocumentatlon 
Rlsk Based - NRC Class C 

LOCATION 1: INEEUICPP 
REQUESTOR: Bryan Spauldlng 

Rov 04K3 

PERMITTING 

- 
RCRC Closure (Incl. Writing, Revlews. 
Public Commenls 8, Issuance of Permits) 

Alr Monllorlng Acllvllles, Fees, elc. 

P.E. Acllvllies 

CAA Permll lo Construct (Incl. 
Preparing, Revlews, Public comments 8, 
Issuance) 

CERCIA Coordlnalor 

Regulatory Affalrs Overslghl 

Olher Regulatory Compllance (CWA. 
Slorm Waler. Hlslorical, elc.) 

PAGE# 2 

DATE 28Jan-1998 
TIME I 1  :03:00 

REPORTNAME: Datal1 Cost Estlmate Sheet 

----_- 
2 FTE 2-1700 

LMITCC 

2 LS 

1 LS 

1 LS 2-1700 

LMITCC 

LMITCC 

LMITCC 

-.- 

2 FTE 2-1700 

10 YR 2-1700 

1 LS 2-1700 

LMITCC 

LMITC( 

LMITCC 

TYPE OF ESTIMATE: PLANNING 
PROJECT NO.: 2423-BD-E 
PREPARED BY: S. L. Coward 

-.- 
Survey Plat 

SARR 

I- 

1 LS 
LMITCC 

I LS 2-3170 

Operalional Readlness Review 
- - - ~ - -  

LMITCC 

LMITCC 
1 LS 
- 

CODE DESCRIPTION LABOR 
UNIT LA@ 
HOURS 

TOTAL 
COST 

TOTAL 
LAB HRS 

SIC 
(OTHER 1) 

- 1.3.1 

144o.00 2,880 186,22 186,221 

o.oom 
0.000 

--I 

1800.00 

1,208,900 

60,000 

1,208,900 

60,000 

116,388 

$_I 
1,800 116,381 

1600.00 

iso.ooa 
1000.00 

3,000 

1,600 

1,000 

193,981 

96,991 

64,661 

193,980 

96,990 

64,660 

0.000 

4600.00 

9ooo.oa 

1800.00 
-- 

2700.00 

0.000 

10,000 10,000 

312,266 

4,960,800 

198,432 

2,976,480 

2,000,000 

$12,386,101 

4,600 

90,000 

3,600 

64,000 

312,261 

4,960,801 

198,43; 

2,976,481 

NRC Lendfill Disposal Requlremenls 

Envlronmenlal 8, Hazards Anelysls 
L MI TC( 

Selsmlc Tasl Bores (Allowance) 2-1710 z 2,000,000 

63,278,BOC 162,280 PERMlTTlNG S/T $9,106,201 



Lockheed Martin Idaho Techno/ogies Co. CONTINGENCY ANALYSIS 
RWw 

PROJECT NAME: PermittinglDocumentation TYPE OF ESTIMATE PLANNING 

LOCATION 1: INEEUlCPP PREPAREOW: S.LC0ward 
fmuEsroR: Bryan Spaulding 

Risk Based - NRC Class C PROJECT NO: 2423-ED-E 
DATE 2Wan-1998 
TIME: 11:0247 

REPORTNAME: Contingency Analysis 

PROJECT 
CONTINGENCY SUMWRY PROBABLE % VARIATION 

WBS % Total Rob. % Var. W t  % of Prub. 
Element Cost Estimate Element TotalCostwlo Cost FromEst .contingency % CUSt Total Gust 

Contingency - +  - +  by Element 

0 om 10 40 0.00 0.00 0 . W A  0.0046 0 n 

ZONRDENCE LML AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
be estimate was predicated. The model is applied with a suggested risk level 
,f 18% and a level of confidence of 90% the estimate will fall within the bid range 
The Contingency Analysis is based on a weighted average to provide a 
30 % probability of undermn and a 10% probabilii of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guideline established by W v  50, Cost Estimating-Guide: Vol. 6, 
Cost Guide, and as presented in the INEL Cost Estimating Guide. 

PLANNING 20% - 30% 
ExperimentaVSpeaal Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperimentaVSpeaal Conditions ............ Up to 40% 

TITLEI 10% -20% 
TITLE I1 5% -15% 
TITLE IUAFC Market Conditions 



GWPIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; ESCALATED 

REGULATORY COMPUANCE 

PROCUREMENT FEE 
CONSTRUCTION = $1 9,444,616 
GFE = 

Subtotal $1 9,M,616 

FEE @ 1% = $1 9,444,616 * 0.01 = $1 94,446 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 5 p) 

CONSTRUCTION OR 
CEILING 5 YEARS = $2,500,000 
GFE = $0 
PROCUREMENT FEE = $194,446 

Subtotal $2,694,446 

FEE @ 23% = $2,694,446 0.23 = $61 9,723 

PIF @ 5.5% 

CONSTRUCTION = $12,385.1 06 
GFE = $0 
PROCUREMENT FEE = $1 94,446 
G&A= $619,723 

Subtotal $1 3,199,275 

FEE @ 5.5% = $13,199,275 0.055 = $725,960 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$1 94,446 

$61 9,723 

$725,960 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 

Cost Estimate Element WBS 
Element 

_ _  
Rw. 6-96 

- 
PROJECT NAME ICPP Bin Set Closure (EIS Stud w E O F m E  Planning 

w m q o R :  Bryan Spaulding REPORTNME CostEstimateSummary 
Place Clean Grout in Vault PROJECT NO: %23-k?xl 

LOCATIONi: l cpp  PREPARE0 BY: s. L. coward 

Total 
Unescalated 

649,158 
254,364 

1,548,432 
508,728 

1,025,079 
0 

4,062,201 

1.1 
1.1.1 
1 .I .2 

g 
1.21 
1.2.2 

1.3 
1.3.1 
1.3.2 
1.3.3 

1 S.2 

>> $2,493,296 
1,973,970 

519,326 

>> $4,288,659 
3,250,006 
1,038,653 

>> $10.386.530 
2,092,870 

0 
8,293,660 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING 
TlTLE 111 INSPECTION 

MANAGEMENT' COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 
SmWORK 
CONCRf3E 

PROCUREMENT FEES 
I 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVt 

CONTINGENCY 

TOTAL ESTIMATED COST 

1,324,812 
264,962 

1,701,!574 
529,925 

1,067,791 
0 

4,231,459 

52,992 

9,173,515 - 8,098,835 

DATE! man-1998 
TPAE: 10:21:14 h d 3  CHECKED BY: 

A P p m  By: 

>> $17,272,350 

& Escalation lncl Escalation 

50,873 I >> $103,865 

$1,049,039 -1 $4,978,611 

$23,300,000 

PROJECT COST PARAMETERS 

ED1 AS A % OF CONST. + GFE= 24.000/0 

CONTINGENCY= 34-90?? 



Lockheed Martln Idaho Technologles Co. 

PROJECTNAME ICPP Bin Set Closure (EIS Study) 

REQUESTOR: Bryan Spauldlng 

Rev 6.93 

Place Clean Grout In Vault 
LOCATION 1: lcpp 

CODE DESCRIPTION 

DETAILED COST ESTIMATE SHEET 

MATL CREW UNITLAB 
QTY UOM UNITCOST SUB HOURS 

TYPE OF ESTIMATE P ~ ~ ~ ~ h l g  
PROJECT NO.: 242362-E1 
PREPARED BY: S. L. Coward 

1.1.1 DESIGN ENGINEERING 
ENGINEERING AND DESIGN 

Tille I &I1 Englneerlng 8 Deslgn @, 20% 
of Conslrucllon 

1 LS 0.000 
LMITCO, 

1.1.2 - 
MEMO: 

MEMO: --I- of Conslruclion 
Conceplual Englneerlng 81 Deslgn Q 6% 

TITLE 111 INSPECTION 
INSPECTION -TITLE 111 

Tllle I l l  @J 6% Of COn8lIUCllOn 

- 

DESIGN ENGINEERING S/T 

-__-_- - 
TITLE 111 INSPECTION Sf f  

1.2.1 - 

MEMO: 

- 

PROJECT MANAGEMENT 
PROJECT MANAGEMENT 

PM @, I O %  of Conslrucllon 

1 LS 0.000 
LMlTCO ---- 

G M  1 LS 0.000 

1 LS 0.000 
LMlTCO 

LMlTCO 

-- - --- 
PIF 

PROJECT MANAGEMENT S/T 

PAGE#. 1 

DATE 28-Jan-I998 
TIME: 10:21:16 

REPORT NAME Detail Cost Estlmate Sheet 

TOTAL CONST. SIC TOTAL 
LAB HRS LABOR EQUIP. MAT'L (OTHER I )  COST 

1,069,860 1,069,860 

264,962 264,962 

I I I 

, 1 1 . :::rr 828,880 828,880 

342,760 

, 1 629,925 1 
I 

- 

$1,701,674 $1,701 $7 0 



Lockheed Martln Idaho Tochnologles Co. 
Rov 8.06 

PROJECT NME:  lcpp Bln Set ClOSUre (EIS Study) 

LOCATION 1: lcpp 
RE(lUEST0R: Bryan Spauldlng 

Place Clean Grout In Vault 

CONSTRUCTION MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CM @I 10% of Construcllon Costs 

CODE 

1 LS 
- I .2.2 

MEMO 

TRAINING 

RADCON TECHNICIAN (Duralion of 
Schedule -Assume 3 Years) 

-- 

1.3.1 - 

10 FTE 

2 FTE 
-- 

1.3.2 
- 

SITEWORK S/T 

CONCRETE 
- 

PROCURE EQUIPMENT FOR PLACEMENT OF 
GROUT 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Plannlna 

PROJECT NO.: 2423-AZ-EI 
PREPARED OW s. L. Coward 

----- 

PAOE# 2 

DATE 28Jan-1998 
TIME: 10:21:16 

REPORT NAME Detall Cost Estlmate Sheet 

DESCRIPTION I QN I UOM 

CONSTRUCTION MANAGEMENT SK 

GENERAL CONDITIONS 
SUPERVISION (Duralion of Schedule - 
Assume 3 Years) 

1 I 1 FTE 

------ .__.- 

GENERAL CONDITIONS SK ------it- SITEWORK 

I I 
Groul Pump 1 EA 

SIC 
(OTHER 1) 

6 2 9 , 9 2 6 

$629,926 

TOTAL 
COST 

$629,92 

207,400 

62,850 

616,612 

$876,84 

66,000 



Lockheed Martin Idaho Technologies Co. 

PROJECTNAME: ICPP Bin Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

Rov 6-BB 

Place Clean Grout In Vault 

DETAILED COST ESTIMATE SHEET PAGE# 3 

DATE 28Jan-1998 
TIME 10:21:16 

REPORTNAME Detall Cost Estlmate Sheet 

TYPE OF ESTIMATE Plannillo 
PROJECT NO.: 2423A2-El 
PREPARED BY: s. L. Coward 

MATL CREW UNITLAB 
CODE DESCRIPTION QTY UOM UNITCOST SUB HOURS 

I I I i I - 1.3.3 CONCRETE 
Alr Compressor and Mlswllaneous 
Cleanlng Equlpmenl 

1 EA 0.000 
GE 

GROUT DELIVERY PIPING AND ACCESSORIES 415 LF 20.00 0.000 
PURCHASE (Incl. 10% Wasle) GEN 

- 
GROUT DELIVERY PIPING (Incl. 10% 2,905 LF CONC 0.470 
Waste) GEN 

MEMO Install, Remove &Clean Pipe afler 
Each Vaull(7 Vaulls) 

GROUT DELIVERY PIPING CLEANING BETWEEN 676 LIFTS 30.00 CONC 0.600 
MANIFOLDS & DROP TUBES GEh 

--- 

-1 Assume cleanlng between each llfl 
I I I I I 

I I 
1 LOT 7,500.00 CONC 254.000 I 

GROUT MANIFOLD AND CLEANING SYSTEM 

Can be Reused after each Vaull Set (7 
GEN 

MEMO: 

CONCRETE S/T 

- 1.3.3.1 VAULT GROUTING 
PURCHASE GROUT DROP TUBES AND 390 LF 20.00 0.000 
ACCESSORIES GEh 

MEMO: Assume 88' long for 4 Tubes per Vaull 
Plus 10% Wasle (Can be Reused) 

INSTALL AND REMOVE DROP TUBES 
GEh 



Lockheed Martin Idaho Technologies Co. 

PROJECT NAME: ICPP Bln Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

nov 8.00 

Place Clean Grout In Vault 

QTY 

22,946 

28 

28 

28 

~ 

CODE UOM 

CY 

-.--- 

EA 

EA 

EA 
---- 

DESCRIPTION 

672 

1 ,I 20 

4,592 

1.3.3.1 VAULT GROUTING 
MEMO: Assume 4 lubes x 7 vaulls plus 10% 

wasle 

GROUT PLACEMENT & CLEANUP (Includes 
10% Wasle) 

21,624 140,000 

35,874 60,400 

$147,082 $218,401 

.--I .-.- -- 

VAULT GROUTING SIT 

1.3.3.2 - I  (4 PLACESIVAULT) 

BIN SET VAULT ACCESS HOLES 
CORE DRILL 18“ HOLE THROUGH VAULT ROOF 

-1 SHIELDING AROUND VAULT HOLES 
__-. - I CAP 18” DIAMETER HOLES 

BIN SET VAULT ACCESS HOLES SIT 

PROJECT SUBTOTAL 

DETAILED COST ESTIMATE SHEET PAQEI  4 

TYPE OF ESTIMATE: Plannlng 
PROJECT NO.: 2423-A2-E1 
PREPARED By: s. L. Coward 

MATL 
UNIT COST 

80.01 

1,000.01 

6,OOO.Ot 

1,800.Ot 

-1- CONC 100.000 

DATE 28Jan-1998 
TIME 10:21:16 

REPORTNAME Detall Cost Estlmate Sheet 

LAB HRS LABOR EQUIP. MAT’L 

I 

8,031 I 267,2361 I 1,836,680 

$1,843,481 

26,000 

(OTHER 1) 

2,0B2,916 7- 

117,684 

I $365,48: 



CONTINGENCY ANALYSIS Lockheed Martin Idaho Technologies Co. 
Rav6-96 

PROJECTNAME: ICPP Bin Set Closure (US Stud TYPEOF ESTIMATE: Planning 

REauEsToR: Bryan Spaulding 

Place Clean Grout in Vault PROJECT NO: =23-m*1 
LOCATION 1: ICPP PREPARED BY: s. 1. coward 

DATE: 28Jan-1998 
TIME: ro2o:ol 

REPORTNAME: Contingency Analysis 

PROBABLE %VARIATION CONTINGENCY SUMhlARY 

% Total Prob. % Var. W % of Prob. 
Element Cost Estimate Element ~otalcostwio cost . FromEst Contingency % cost Total cost WBS 

Contingency - i  - +  by Element 
I I 

~~~ ~~ ~ ~~~ 

2ONFIDENCE LEVEL AND AS.SUMED RISKS; 
me Lockheed Idaho Technologies Co. Cost W m a t e  Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
h e  estimate was predicated. The model IS applied with a suggested risk level 
i f  16% and a level of confidence of 90% the estimate will fall within the bid range 
me Conbngency Analysls IS based on a weighted average to prowde a 
30 % probability of undermn and a 10% probability of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by D O F  50. Cost Estimating-Guide, Vol. 6, 
Cost Guide, and as presented m the INEL Cost Esttmatmg Guide. 

PLANNING 20% - 30% 
ExperimentaVSpedal Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperimentaVSpeaal Conditions ............ Up to 40% 

TITLEI 10% -20% m II 5% -15% 
TlTLE IUAFC Market Conditions 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by D O F  50. Cost Estimating-Guide, Vol. 6, 
Cost Guide, and as presented m the INEL Cost Esttmatmg Guide. 

PLANNING 20% - 30% 
ExperimentaVSpedal Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperimentaVSpeaal Conditions ............ Up to 40% 

TITLEI 10% -20% m II 5% -15% 
TlTLE IUAFC Market Conditions 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; ESCALATED 

FILL VAULTS W1 CLEAN GROUT 

PROCUREMENT FEE: 
CONSTRUCTION = 
GFE = 

$1 0,386,530 

Subtotal $10,386,530 

FEE Q 1% = $10,386,530 *0.01 = $1 03,865 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 7 yrs) 

CONSTRUCTION OR 
CEILING 7 YEARS = $3,500,000 
GFE = $0 
PROCUREMENT FEE = $103,865 

Subtotal $3,603,865 

FEE @ 23% = $3,603,865 * 0.23 = $828,889 

PIF @ 5.5% 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 
GaIA = 

$5,299,250 
$0 

$1 03,865 
$828,889 

Subtotal $6,232,004 

FEE @ 5.5% = $6,232,004 * 0.055 = $342,760 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$1 03,865 

$828,889 

$342,760 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rev. 6.46 

PROJECTNAME: ICPP Bin Set Closure (EIS Stud 'PIPEOFESFIMATE: Planning 

LOCATION 1: l c p p  PREpARu)By: S.LCOward 
REQUESTOR: Bryan Spauldins REPORT NAME Cost Estimate Summary 

Tractor (Risk Based Estimates) PROJECT NO: 2423-CI-E4 

WBS 
Element 

DATE 284an-1998 
TIME 11:50:05 

CHECKEb By: 

Cost Estimate Element 

I.1 
1 .I .I 
1.1.2 

1.2 
1.2.1 
1.2.2 

1.3 
1.3.1 
1.3.13 

1.5.2 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING TlTLE I & II 
TITLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 
S P E C W  CONSTRUCTION 

PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVt 

CONTINGENCY 

TOTAL ESTIMATED COST 

ED1 AS A % OF CONST. + GFE= 16.000/0 

CONTINGENCY= 35.00% 

T o d  
Unescalated 

9,900,244 
3,300,081 

11,&u),340 
6,600,163 

6,840,414 
59,161,216 

660,016 
~ ~~~ 

98,302,474 

Escalation 

4,455,110 
3,366,083 

10,774,709 
6,732,166 

6,977,222 
60,344,441 

673,217 

93,322,948 

lncl Total Escalation 

*> $21,021,518 
14,355,354 
6,666,164 

*> g5.947.378 
22,615,049 
13,332,329 

*> $1 33.323.293 
13,817,636 

119,505,657 

>> $1.333.233 

>>$I 91,625,422 

>> $13,465,653 

>> $53,608,925 

>> $258,700,000 



Lockheed Martin Idaho Technologies Co. 

PROJECT NAME ICPP Bln Set Closure (EIS Study) 

REQUESTOR Blyan Spauldlng 

Rov 6-96 

Tractor (Risk Based Estlmates) 
LOCATION 1: lcpp 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Plannhg 

PROJECT NO.: 2423-CI-E4 
PREPARED BY: S. L. Coward 

DESCRIPTION QN 

DESIGN ENGINEERING TITLE I & I1 
ENGINEERING AND DESIGN 

Title I811 Engineering & Dsslgn Q 10% 
of Conslrudlon 

Conceplual Engineering & Design Q 6% 
of Conslrucllon 

1 

1 

DESIGN ENGINEERING TITLE I & II S/T T 
TITLE 111 INSPECTION 
INSPECTION -TITLE 111 I 1  
Tllle 111 Q 6% of Conslrucllon 

I 

TITLE 111 INSPECTION S/T I 
PROJECT MANAGEMENT 
PROJECT MANAGEMENT 1 

PM Q 10% of Conslrucllon 

G&A 1 

PIF 1 

PROJECT MANAGEMENT S/T 

PAGE# 1 

DATE 28Jan-1998 
TIME 11:60:08 

REPORTNAME Detall Cost Estlmate Sheet 

TOTAL 
COST 

6,600,163 

3,300,oai 

$9,900,244 

3,300,081 

~3,300,oai 

6,600,163 

1,466,644 

3,783,533 

611,840,340 



Lockheed Madn Idaho Technologies Co. 

PROJECTNAME ICPP Bin Set Closure (EIS Study) 
ROV e-Qe 

Tractor (Rlsk Based Estimates) 
LOCATION 1: lcpp 
REQUESTOR: BQWn Spaulding 

CODE 

1.2.2 - 
MEMO: 

1.3.1 - 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Plannlng 

PROJECT NO.: 2423-CI-E4 
PREPARE0 BY: s. L. Coward 

MATL 
DESCRIPTION QTY UOM UNlTCOSl 

CONSTRUCTION MANAGEMENT 
CONSTRUCTION MANAGEMENT I 4  LOT 1 
CM Q 10% of Conslrucllon Costs I I 

CONSTRUCTION MANAGEMENT S/T 

GENERAL CONDITIONS 
SUPERVISION (Durallon of Schedule for 1 FTE 
lnstallatlon of Robots - 10 years) 

TRAINING 15 FTE 

RADCON TECHNICIAN SUPPORT (Durallon of 2 FTE 
Schedule - Assume I O  Years) 

-- -- 

~~ 

GENERAL CONDlTlONS S/T 

I I  SPECIAL CONSTRUCTION 

FABRICATION OF FOLDABLE TRACTOR ROBOT 

Deelgn & Develop Irst Tractor Robot, 1 EA 
Includlng: 

Daslgn, Approvals, Mock-up, Proof of 
Process, etc. 

Fabrlcatlon of Addlllonal Unlts IT- 

0.000 J LMITC 

GE 
plpFti 20800*o 

0.000 
GEN 

0.000 
GEN 

PAQEII 2 

DATE 28-Jan4 998 
TIME 11:60:08 

REPORT NAME. Detail Cost Estimate Sheet 



Lockheed Martln Idaho Technologies Co. 

PROJECTNAME ICPP Bin Set Closure (EIS Study) 

LOCATION 1: 1CPP 
REQUESTOR Bryan Spauldlng 

Rov6-98 

Tractor (Rlsk Based Estimates) 

r 

CODE DESCRIPTION 

DETAILED COST ESTIMATE SHEET 
N P E  OF ESTIMATE: Phlning 

PROJECT NO.: 2423-CI-E4 
PREPARED OY: s. L. Coward 

1.3.13 

PAGE# 3 

DATE 28Jan-1998 
TIME 11:60:08 

REPORTNAME Detall Cost Estlmate Sheet 

SPECIAL CONSTRUCTION 
DeSIgn of Developmenl of Modincallons 
to Add'l Unlls 

INSTALLATION OF CLEANING UNIT: 

lnstell Robollc Unlls 

lnslall and Shleld Unll HoselTubes 
(Mods, Eleclr., etc.) -Allowance 

Syslems Integralion 

CAP 18" DIAMETER HOLES 

CAP 6" DIAMETER HOLES 

OPERATION OF CALCINE RETRIEVAL - 

PROJECT SUBTOTAL 

SPECIAL CONSTRUCTION S/T 

- 
QTY - 
52 

50 

50 

1 

100 

100 

19 

UOM - 
EA 

EACH 

EA 

LS 

EA 

FTE 

MAT'L 

260,000 

180,000 

60,000 

$480,000 

EEEEEE=EEEEiiE 

$480,000 

(OTHER 1) 

I 
264,880 

614,880 

76,000 76,000 

312,440 

129,464 

21,760,223 

$* dh* *(I* , , $40,366,88: 

i i i i l i iSEDDmEDf.: DII1IDDDDEEPIPI 

$61,866,928 $77,816,48 
P . I I I I - I L I I P m  



Lockheed Martin Idaho Technolo&.s Co. CONTINGENCY ANALYSIS - 
Rw6.96 

PROJECTNAME l c p p  Bin Set ClOSUE (EIS Stud M P E O F E S n M A E  Planning 
Tractor (Risk Based Estimates) PROJECTNO: 2423-CI-E4 

LOCATION 1: 1CPP PREPARED By: s. L coward 
i m u E s r o R :  Blyan Spaulding 

DATE: 28Jan-1998 
nME: 11:50:02 

REPORTNAME Contingency Analysis 

I I I I I  I I I I I I I 

CONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall within the bid range 
The Contingency Analysis is based on a weighted average to provide a 
90 % probability of underrun and a 10% probability of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by DO- 50. Cost Estimating.Guide, Vol. 6. 
Cost Guide, and as presented in the INEL Cost !Sibmatrig Guide. 

PlANNlNG 20% - 30% 
ExperimentaUSpec-al Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperimentaUSpecial Conditions ............ Up to 40% 

TITLEI 10% -20% m I1 5% -15% 
TITLE IUAFC Market Conditions 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; ESCALATED 

CLEAN BINS W1 ROBOTS - FLOOR 

PROCUREMENT FEE: 
' CONSTRUCTION = $1 33,323,293 

Subtotal $133,323,293 
GFE = 

FEE Q 1% = $133,323,293 * 0.01 = $1,333,233 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 10 yrs) 

CONSTRUCTION OR 
CEILING 10 YEARS = $5,000,000 
GFE = $0 
PROCUREMENT FEE = $1,333,233 

Subtotal $6,333,233 

FEE Q 23% = $6,333,233 * 023 = $1,456,644 

PIF Q 5.5% 

CONSTRUCTION = $66,001,630 
GFE = $0 
PROCUREMENT FEE = $1,333,233 
G&A= $1,456,644 

Subtotal $68,791,507 

FEE @ 5.5% = $68,791,507 * 0.055 = $3,783,533 

-- 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$1,333,233 

$1,456,644 

$3,783,533 



Lockheed Martin ldaho Technologies Co. COST ESTIMATE SUMMARY 

WBS 
Element 

Rsv. 6-96 
- 

PROJECTNAM~ ICPP Bin Set Closure (EIS Stud TYPE OF ESTIMA~ Planning DATE: man-I998 

muEsIoR: Bryan Spaulding 

TIME: 112328 LDUA (Risk Based Estimates) PROJECTNO: 242-1 
LOCATION 1: ICPP PREPARED BY: s. L coward CHECKED BY: 

REPORT NAME: Cost Estimate Summary 
APPRO By: 

Cost Estimate Element 
Escalation lncl Total Escalation 

PROJECT CONTINGENCY 

$J 
1.1.1 
1.1.2 

i.2 
1.21 
1.22 

1.3 
1.3.1 
1.3.13 

1.5.2 

MANAGEMENT RESERVE 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING TITLE I & 11 
TITLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 
SPECIAL CONSTRUCTION 

PROCUREMENT FEES 

COKTINGENCY 

2,964,634 

TOTAL ESTIMATED COST 

6,411,883 

ED1 AS A % OF CONST. + GFE= 76.00% 

CONTINGENCY= 34.97% 

2,364,942 

1,757,841 
11,576,653 

133.345 

20,401,720 

* 

Total 
Unescalated 

4,828,423 

>> $27,224,593 
3,588,926 

23,635,667 

>> 5272246 

>> $43,119,461 

>> $2,749,684 

>> $12,330,849 

. M $58,200,000 

2,083,513 
694,504 

3,44799 
2,463,481 

1,831,085 
12,059,014 

138,901 

>> $4.382.322 
3,021,094 
1,361,228 

937,581 
666,724 



CODE DESCRIPTION QTY 

- 1.1.1 
MEMO: 

DESIGN ENGINEERIN0 TITLE I& II 
nile I a11 Englneerlng & Deslgn Q 10% 
of Conslrucllon 

1 

1.2.1 - 

Conceplual Englneerlng a Deslgn Q 6% 
of Conslrucllon 

MEMO 

I 

- 1.1.2 

MEMO: 

DESIGN ENGINEERING TITLE I & II STT 

TITLE 111 INSPECTION 
INSPECTION -TITLE 111 1 

Tlllc 111 Q 6% of Conslrucllon 

1.2.2 CONSTRUCTION MANAGEMENT - I  CONSTRUCTION MANAGEMENT 

-- 
TITLE Ill INSPECTION S/T 

PROJECT MANAGEMENT 
PROJECT MANAGEMENT I 

PM Q io% or Conslrucllon 

GBJ\ 1 

PIF I 

I '  

--- 

DETAILED COST ESTIMATE SHEET 

- 
PROJECT MANAGEMENT S/T 

TYPE OF ESTIMATE PkiIlnhlg 
PROJECT NO.: 2423-D-E1 
PREPARED BY: s. L. Coward 

PAGE# 1 

DATE 28Jan-1998 
TIME 11:26:30 

REPORTNAME Detall Cost Estlmate Sheet 

LS 

LS 

LS 

SIC 
MAT'L I (OTHERI) 

1,389,009 

$2,083,613 

694,604 

I $694,604 

1,389,009 

$3,447,249 

2,463,481 

TOTAL 
COST 

1,389,009 

694,604 

$2,083,61 

6 9 4 , 6 0 4 

- 
$694,60 

1,389,009 

1,212,617 

845,623 

$3,447,24 

2,463,481 



Lockhoed Martin Idaho Tochnologlos Co. 

PROJECT NAME: ICPP Bin Set Closure (EIS Study) 

LOCATION 1: lcpp 
RECIUESTOR: Bryan Spauldlng 

ROV 04N3 

LDUA (Risk Based Estimates) 

DESCRIPTION QTY UOM 

CONSTRUCTION MANAGEMENT 
CM Q 10% of Conslrucllon Costs 

_I__.--.-- -- 

CONSTRUCTION MANAGEMENT STT 

GENERAL CONDITIONS 

Est. (IO YrslZ) - Durallon of 
Schedule) 

TRAINING 8 FTE 

RAOCON TECHNIC-PPORT (Assume 2 FTE 
Share wllh Plplng Esl ( I O  Yrsl2) - 
Durallon) 

SUPERVISION (Assume Sharo wllh Plplng 1 FTE 

--. 

--- --- 

.--- . - 
_------. ----. 

GENERAL CONDITIONS S/T 

SPECIAL CONSTRUCTION 

DESIGN AND DEVELOPMENT OF LDUA 

Deslgn and Fabricale lrsl  LDUA, 1 EA 
Including: 

Design, Approvals, Mock-up, Proof of 
Process, elc. 

Fabrlcallon of Add'l Unlls 6 EA 

- --- 

-- --- 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Plannlnfj 

PROJECT NO.: 2423-0-E1 
PREPARED BY: s. L. Coward 

MATL CREW UNITLAB TOTAL CONST. SIC TOTAL 
UNITCOST SUB HOURS LABHRS LABOR EQUIP. MAT'L (OTHER 1) COST 

0 $2,463,401 $2,463,4f 

PlPF 10400.0 10,400 419,848 418,848 
GEhi 

SKWK 166.000 1,320 43,706 43,706 
GEN 

2.1342 10400.0 20,800 1,027,620 1,027,620 
LMlTCO 

--_--_--I-. 

-~ 
- .-- ~ -- - - - _ _ _ _ _ - ~  

32,520 $1,4Q1,073 $1,491,01 

-- 
s,ooo,ooo 6,000,000 0.000 

GEA 

0.000 2,660,000 2,660,000 
GEh 

PAGE# 2 

DATE 28Jan-1998 
TIME: 11:2630 

REPORTNAME: Detail Cost Estimate Sheet 

CODE 

1.2.2 
MEMO: 
- 

1.3.1 - 

- 1.3.13 



I- 
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I 
VI 
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I- 

I- 
VI 
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Lockheed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS 
b 6 - %  

PROJECTNAME ICPP Bin Set Closure (US Stud TYPEOFES~ME Planning DATE: 284an-1998 

LOCATION 1: ICPP PREPAREDBY: S.LC0ward 
REQUESTOR: Btyan Spaulding 

LDUA (Risk Based Estimates) PROJECTNO: 2423-GEl TlhE 11:252!5 

b REFURTNAJ.E Contingency Analysis 

TOTAL Esnmm COST 
1 1 I I I I I I I I 1 

CONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysii 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall within the bid rangi 
The Contingency Analysis is based on a weighted average to provlde a 
90 % probability of underrun and a 10% probability of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by D O V M  50. Cost Estimating-Guide, Vol. 6. 
Cost Guide, and as presented in the INEL Cost Esbmabng Guide. 

PLANNING 20% - 30% 
ExperimentaYSpecial Conditio ns............Up to 50% 

Conceptual 15% - 25% 
ExperimentaUSpeaal Conditio ns............ Up to 40% 

TlTLEl 10% -20% m II 5% -15% 
TITLE IVAFC Market Conditions 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; ESCALATED 

CLEAN BINS W1 ROBOTS -WALLS 

PROCUREMENT FEE: 
CONSTRUCTION = $27,224,593 
GFE = 

Subtotal $27,224,593 

FEE @ 1% = $27,224,593 * 0.01 = $272,246 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 10 yrs) 

CONSTRUCTION OR 

GFE = $0 
PROCUREMENT FEE = $272,246 

Subtotal $5,272,246 

CEILING 10 YEARS = $5 , 0 0 0,o 0 0 

FEE @ 23% = $5,272,246 0.23 = $1 2 1  2,617 

PlF @ 5.5% 

CONSTRUCTION = $13,890,099 
GFE = $0 
PROCUREMENT FEE = $272,246 
Gad4 = $1,212,617 

subtotal $15,374,961 

FEE @ 5.5% = $15,374,961 0.055 = $845,623 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$272,246 

$1,212,617 

$845,623 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rev. 6-96 

PROJECT NAME ICPP Bin Set Closure (EIS Stud 
LOCAllON 1: ICPP P R E P r n B y :  S.LC0ward 
REQUESTOR: Bryan Spaulding REPORT NAME Cost Estimate Summary 

TYPE OF ESTIMAIZ Planning 
Pipe Crawler (Risk Based Estim PROJECT NO: 2423-E-El 

Escalation 

800,251 
284,533 

1,863,310 
569,068 

f,757,841 
3,93%840 

56,907 

Cost Estimate Element 
Element 

1.1.1 DESIGN ENGINEERING 

Total 
lncl Escalation 

>> $3,159,509 
2,578,587 

580,922 

r> $5,191,797 
4,029,950 
1,161,847 

>> $11,618,475 
3,588,926 
8,029,549 

>> $116,185 

1.2 - 
1.2.1 
1.2.2 

- I .3 
1.3.1 
1.3.13 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 
SPECIAL CONSTRUCTION 

I 1.5.2 I PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESER 

CONTINGENCY 

Total 
Unescalated 

1,778,336 
296,389 

2,166,640 
592,779 

1,831,085 
4,096,709 

59,278 

10,821,216 

DATE: 28Jan-1998 
WE- 11:28:25 

CHECKED By: 

APPRO By: 

~~~~ ~~ ~ 

9,264,750 >> $20,085,966 I 
$1,173,466 

>> $27,100,000 

PROJECT COST PARAMETERS 

ED1 AS A % OF CONST. + GFE= 27.0005 

CONTINGENCY= 34.9% 



Lockheed Martin Idaho Technologies Co. 

PROJECT NAME ICPP Bln Set Closure (EIS Study) 
Rov 6-96 

Pipe Crawler (Risk Based Estimates) 
LOCATION 1: ICPP 
REQUESTOR Bryan Spauldlng 

SIC 
(OTHER 1) 

DETAILED COST ESTIMATE SHEET 

TOTAL 
COST 

TYPE OF ESTIMATE: Planning 
PROJECT NO.: 2423-E-El 
PREPARED BY: S. L. Coward 

TOTAL 
LAB HRS 

CONST. 
LABOR EQUIP. MAT'L 

1 .I .I DESIGN ENGINEERING 
MEMO - I  of Conslrucllon 

Tille I &I1 Englneerlng & Deslgn Q 10% 

CODE DESCRIPTION QTY UOM 

I I Lsl 
MATL 

UNITCOST 

Conceplual Englneerlng & Deslgn Q 5% 1 LS 

MEMO Tllle I &II Englneerlng 8, Design Q 10% 1 LS 

Conceptual Englneerlng & Deslgn Q 5% I LS 

of Conslrucllon 

of Conslruclion 

of Conslrucllon 

DESIGN ENGINEERING S/T 

CREW 
SUB 

LMlTCO 

1.1.2 TITLE 111 INSPECTION - I  INSPECTION -TITLE 111 

UNITLAB 
HOURS 

0.000 

I 1 I L S I  

692,779 

I I I I I nile 111 Q 6% of Conslrucllon MEMO: 

592,779 

~~~ ~ 

TITLE 111 INSPECTION SfT 

1.2.1 - PROJECT MANAGEMENT I PROJECT MANAGEMENT 

MEMO: PM Q 10% of Conslrucllon 

G&A 1 LS 

PIF 1 LS 

I 
0.000 

LMlTC 

0.000 

LMlTC 
0.000 4 LMlTC 

I 

PAGE# 1 

DATE 28Jan-1998 
TIME 11:28:28 

REPORT NAME Detall Cost Estimate Sheet 

$1,778,336 I $1,778,33( 

296,389 296,389 

$298,381 $298,389 

6 9 2,7 7 9 592,779 



Lockheed Martin idaho Technologies Co. DETAILED COST ESTIMATE SHEET PAGE# 2 

DESCRIPTION 

Rov 6-90 
PROJECT NME: ICPP Bin Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

Pipe Crawler (Rlsk Based Estimates) 

MATL 
QTY UOM UNITCOST 

TYPE OF ESTIMATE: Planning 
PROJECT NO.: 2423-E-El 
PREPARED BY: s. L. Coward 

2 

DATE 28-Jan-lfJBll 
TIME 11 :28:28 

REPORT NAME Detail Cost Estlmate Sheet 

G E ~  
FTE 2-1342 10400.0 

LMlTCO 

CODE 

I PROJECT MANAGEMENT 

PROJECT MANAGEMENT S/T 

/ I  

~ 

0.000 
1.2.2 

MEMO: 

CONSTRUCTION MANAGEMENT LOT 

CM @ 10% of Constructlon Costs I-I+ LMlTC +-- 
I I I I I 

1 I I 
I -- 

CONSTRUCTION MANAGEMENT SiT 

PIPFI GE 10400.0 
1.3.1 - GENERAL CONDITIONS 

SUPERVISION (Share wllh Wall Est. ( I O  
yrs/2) - Ouratlon) 

1 FTE 

TRAINING tsIFTEl i ~~w~l165.000 
RADCON TECHNICIAN SUPPORT (Share wllh 
Wall Est ( I O  yrS/2) - Duration) 

I I- I----+--+- 

GENERAL CONDITIONS S/T 

SPECIAL CONSTRUCTION 

I 
DESIGN AND DEVELOPMENT OF PIPE CRAWLEq \r Deslgn and Daveloprnent of lrsl Unlt, 



I .  

MATL CREW UNITLAB TOTAL CONST. 
UNITCOST SUB HOURS LABHRS LABOR EQUIP. MAT'L 

Lockheed Martln Idaho Technologies Co. 

PROJECT NAME ICPP Bln Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

Rov 8-96 

Plpe Crawler (Rlsk Based Estlmates) 

SIC TOTAL 
(OTHER 1) COST CODE 

GEh 

1.3.13 - 

0.000 420,000 420,000 

0.000 90,000 90,000 

DESCRIPTION 

GEh 

jPEClAL CONSTRUCTION 
Deslgn, Approvals, Mock-ups, Proof of 
Process, elc. 

0.000 420,000 420,000 

0.000 90,000 90,000 

Fabrlcallon of Addlllonal unlls 

Deslgn of Modincatlons for edd'l 
unlls 

INSTALLATION OF PIPE CRAWLER 

GEN 

SKWK Inslell Robollc Unlls 180.000 9,000 297,990 297,990 

lnslall and Shleld Unlt Hosenubes 
(Mods, Eleclr., elc.) -Allowance 

9,000 

Syslems lnlegrallon 

Shleldlng and Relrleval Area 

Cepped In Floor Esllmala 
CAP 18" DIAMETER HOLES -ASSUME Holes 

CAP 6" DIAMETER HOLES -ASSUME Holes 
Capped In Floor Estlmale 

297,990 297,990 

OPERATION OF CALCINE RETRIEVAL 
~ 

SPECIAL CONSTRUCTION S/T 

PROJECTSUBTOTAL 

QTY 

6 

6 

50 

50 

1 

7 

50 

50 

19 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Plannlng 

PROJECT NO.: 2423-E-E1 
PREPARED BY: S. L. Coward 

UOM 

EA 

EA 

EACH 

EA 

LS 

EA 

EA 

FTE 

PAGE# 3 

DATE 28Jan-1998 
TIME 11:28:28 

REPORT NAME Detall Cost Estlmate Sheet 



Lockheed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS 
Rev 6% 

PROJECTNAME lcpp Bin SetClOSUn? (EIS Stud TYPEOFESTIhWTE Phln ing DATE: 28-Jan-1998 

LOCATION 1: ICPP PREPARED By: s. L. coward 
REQUESTOR Bryan Spaulding 

Pipe Ctawler (Risk Based Estim PROJECT NO 2423-E-El TIME: 11:2822 

REPORT NAME: Contingency Analysis 

PROJECT 
PROBABLE % VARIATION CONTINGENCY 

Element Cost Estimate Element Totalcostwlo Cost FromEst , Contingency % Cost 
WBS % Total Pmb. % Var. W t  % of Pmb. 

Contingency - 4 -  - I +  
I I 

SUMMARY 

Total Cost 
by Element 

12.1 PROJEC, IV--YY.IL.I. I 

592,779 2.95 10 40 0.30 1.18 1.033% 2.95% 206,999 1.2.2 CONSTRUCTION MANAGEMENT 
1.3.1 GENERAL CONDITIONS 1,831,085 9.12 10 40 0.91 3.65 3.191% 9.12% 639416 2,470,501 

4,096,709 20.40 10 40 204 8.16 7.139% 20.40% 1,430,!34 5,mm 1.3.13 SPECIAL CONSTRUCTION 

PROJECT CONTINGENCY 
MANAGEMENT RESERVE 
CONTINGENCY 

TOTAL EsTIwm COST 

7,014,034 34.92% 
1,173,466 
5,840,568 

27,100,000 7,014,034 27,100,000 

ZONFIDENCE LEVEL AND AS.SUMED RISKS; 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
:he estimate was predicated. The model is applied with a suggested risk level 
,f 18% and a level of confidence of 90% the estimate will fall within the bid range 
The Contingency Analysis is based on a weighted average to provide a 
30 % probability of undermn and a 10% probability of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by DO- 50, Cost Estimating.Guide, Vol. 6. 
Cost Guide. and as presented in the INEL Cost Wmabng Guide. 

PLANNING 20% - 30% 
ExperimentaVSpedal Conditio ns............ Up to 50% 

Conceptual 15% - 25% 
E.xperimentaVSpecia1 Conditions ............ Up to 40% 

TITLEI 10% -20% m I1 5% -15% m IVAFC Market Cond~ons 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; ESCALATED 

CLEAN BINS W1 ROBOTS - PIPING 
PROCUREMENT FEE: 

CONSTRUCTION = 
GFE = 

$1 1,618,475 

Subtotal $1 1,618,475 

FEE @ 1% = $1 1,618,475 0.01 = $116,185 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 10 yrs) 

CONSTRUCTION OR 
CEILING * 10 YEARS = 
GFE = 

$5,0 0 0,o 0 0 
$0 

PROCUREMENT FEE = $116,185 
Subtotal $5,116,185 

FEE @ 23% = $5,116,185 0.23 = $1,176,722 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 
G&A= 

FEE @ 5.5% = 

$5,927,794 
$0 

$116,185 
. $1,176,722 

Subtotal $7,220,701 

$7,220,701 0.055 = $397,139 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$1 16,185 

$1,176,722 

$397.1 39 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rev. 636 

DATE: 2Wan-1998 
TIME: 1225:03 @(& PROJECT WE: ICPP Bin Set Closure (EIS Stud 

LOCATION 1: lcpp PREPARED BY: s. L coward CHECKED BY: 
tmuEsroR: Bryan Spaulding REPORTNAME: Cost Estimate Summary 

TYPE OF ES~MATE: Planning 
Place NRC Class A Grout PROJECT NO: 2423-B1-E1 

APPRP By: 

WBS 
Element 

Cost Estimate Element Total 
Unescalated 

PROJECT CONTINGENCY 

Total 
Escalation lncl Escalation 

MANAGEMENT RESERVL 

I.1 
1.1.1 
1.1.2 

1.2.1 
1.2.2 

1.3 
1.3.1 
1.3.2 
1.3.3 
1.3.15 
1.3.16 

1 S.2 

TOTAL ESTIMATED COST 

ENGINEERING. DESIGN AND INSPECTION 
DESIGN ENGINEERING TITLE I & I I  
TITLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 
smoRK 
CONCRETE 
MECHANICAL 
ELECTRICAL 

PROCUREMENT FEES 

PROJECT COST PARAMEERS 

ED1 AS A % OF CONST. + GFE= 26.000? 

CONTINGENCY= 34.87% 

2,660,185 
532,037 

>> $6,278,036 
2420,768 s,oao,gs 
665,046 1,197,083 

3,058,124 
1,330,093 

2,569,852 
1,064,074 

>> $8.022.143 
5,627,976 
2,394,167 

3,437,150 
0 

1,387,185 
3,365,584 
2,450,822 

4,296,437 
0 

1,733,982 
4,206,980 
3,063,527 

106,407 133,009 

17,573,296 20,907,966 I- 
>> $23,941.667 

7,733,587 
0 

3,121,167 
7,572,564 
5,514,349 

5s $239,416 

>> $3a,a,262 

>> $2,418,108 

>, $11,000,630 

>, $51,900,000 



Lockheed Martfn Idaho Technofogies Co. 

PROJECTNAME: ICPP Bln Set Closure (EIS Study) 

LOCATION 1: 1CPP 
REQUESTOR: Bryan Spauldlng 

Rev 6-93 

Place NRC Class A Grout 

MATL CREW UNITLAB TOTAL CONST. SIC TOTAL 
DESCRIPTION QTY UOM UNITCOST SUB HOURS LABHRS LABOR EQUIP. MAT'L (OTHER 1) COST CODE 

- 1.1.1 DESIGN ENGINEERING TITLE I & II 
ENGINEERING AND DESIGN 

Tllle I &I1 Englneerlng & Deslgn Q 20% 
of Conslrucllon LMITCO 

I LS 0.000 2,128,148 2,128,148 MEMO: 

MEMO Conceplual Deslgn Q 5% of Conslrucllon 1 LS 0.000 532,037 532,037 
LMITCO 

0 $2,660,185 $2,680,186 DESIGN ENGINEERING TITLE I & II S/T 

1.1.2 TITLE 111 INSPECTION 
1 LS 0.000 532,037 532,037 - 

INSPECTION -TITLE 111 
LMITCO 

MEMO Tllle 111 f@ 6% of Conslrucllon 

TITLE 111 INSPECTION S/T 0 $632,037 $532,037 

1,064,074 1,064,074 
1.2.1 PROJECT MANAGEMENT 

1 LS 0.000 - 
PROJECT MANAGEMENT 

LMITCO 
MEMO PM f@ 10% of Conslrucllon 

G&A I LS 0.000 860,066 860,066 
LMITCO 

LMITCO 
PIF I C s  0.000 645,712 645,712 

0 $2,569,852 $2,669,852 PROJECT MANAGEMENT S/T 

~ 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Planning 

PROJECT NO.: 2423-81-E1 
PREPARED BY: S. L. Coward 

PAGE# 1 

DATE 28Jan-1998 
TIME: 122506 

REPORTNAME: Detall Cost Estlmate Sheet 



Lockheed Martin Idaho Technologies Co. 

PROJECTNAME ICPP Bin Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

ROV 6-96 

Place NRC Class A Grout 

DESCRIPTION 

CONSTRUCTION MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CM Q 10% of Conslrucllon Cosls 

I 
CONSTRUCTION MANAGEMENT SiT 

I 
GENERAL CONDITIONS 

1 Assume 10 Years) 
SUPERVISION (Duratlon of ProJect - 

TRAINING 

RADCON TECHNICIAN SUPPORT (Durallon of 
Project - Assume 10 Years) 

-_ 

GENERAL CONDITIONS SiT 

SITEWORK 

ASSUME NO EXCAVATION WILL BE REQUIRED 
FOR MONITORS 

SITEWORK SIT 

CONCRETE 

DETAILED COST ESTIMATE SHEET 

MATL CREW UNITLAB TOTAL 
QTY UOM UNITCOST SUB HOURS LABHRS 

1 LS 0.000 
LMlTCC 

.--- 

0 

1 FTE CONF 20800.0 20,800 
GEh 

20 FTE CONC 165.000 3,300 

2 FTE 2-1342 20800.0 41,600 
GElv 

LMITCO 

65,700 

----- - 

_.- 

0 

TYPE OF ESTIMATE Platlnlng 
PROJECT NO.: 2423-BI-El 
PREPARED RY: s. L. Coward 

LABOR 

1.2.2 - 

SIC TOTAL CONST. 
EQUIP. MAT'L (OTHER 1) COST 

1,064,074 1,064,074 

$1,064,074 $1,064,074 

MEMO: 

691,600 

105,699 

2,055,040 

- 1.3.1 
691,600 

105,699 

2,055,040 

1.3.2 - 

1.3.3 - 

P A W #  2 

DATE 28-Jan4998 
TIME 12:25:06 

REPORT NAME Detall Cost Estimate Sheet 

$2,652,3391 I I 



Lockheed Martin ldaho Technologies Co. 

PROJECT NAME ICPP Bin Set Closure (EIS Study) 

REQUESTOR Bryan Spauldlng 

Rev 6-96 

Place NRC Class A Grout 
LOCATION 1: i cpp  

MATL CREW UNITLAB TOTAL CONST. 
CODE DESCRIPTION QTY UOM UNITCOST SUB HOURS LABHRS LABOR EQUIP. 

1.3.3 CONCRETE 
PROCURE EQUIPMENT FOR PLACEMENT OF 
GROUT 

Grout Boosler Pump 1 EA 66,000.00 0.000 
GEN 

Alr Compressor and Mlscellaneous 1 LS 26,000.00 0.000 
Cleanlng Equlpment GEh 

“A” FRAME HOIST FOR LIFTING OF FILL 100 EA 2,000.00 CONC 40.000 4,000 128,120 
PIPE GEh 

POUR CLASS A GROUT AND CLEAN PIPE 10,406 . CY 0.28 CONC 0.800 8,325 266,643 
(Includes 10% Waste) GEN 

CLEANING OF PIPING AFTER EACH LIFT 666 LIFTS 30.00 CONC 0.600 333 10,666 

6” CAPS FOR PENETRATIONS (A8sume 2 per 100 EA 600.00 CONC 24.000 2,400 76,872 
GEN 

bln) GEll 

CONCRETE STT 15,058 $482,301 

1.3.16 MECHANICAL - 
DOUBLE CONTAINED GROUT DELIVERY PIPE 3,367 LF 47.00 CONC 1.200 4,040 10,101 129,414 
(Includes 10% Wasle) GEN 

VALVE MANIFOLD ASSEMBLY (7 Vaulla PIUS 8 EA 100,000.00 CONC 80.000 640 20,499 
1 Exlra) GEh 

SelCContained Sealed Unit to Mlllgate 
Leakage durlng Groul Placement 

REMOVAL OF RETR.TUBES (2 per Bin) 7,300 LF 0.20 CONC 0.250 1,825 68,456 
Add1 labor for removal) GE& 

MEMO 

I 

DETAILED COST ESTIMATE SHEET 

SIC TOTAL 
MAT’L (OTHER 1) COST 

56,000 56,000 

25,000 26,000 

200,000 328,120 

2,914 269,557 

19,980 30,646 

60,000 126,872 

$352,894 $836,195 

168,249 13,468 311,232 

800,000 820,499 

1,460 59,916 

TYPE OF ESTIMATE Plannlng 
PROJECT NO.: 2423-81-E1 
PREPARED BY: S. L. Coward 

PAGE# 3 

DATE 28Jan-1998 
TIME: 12:25:06 

REPORTNAME Detail Cost Estlmate Sheet 



Lockheed Martfn Idaho Technologies Co. 

PROJECTNAME iCPP Bin Set Closure (EIS Study) 
Rov6.W 

Placo NRC Class A Grout 
LOCATION 1: tcpp 
REQUESTOR: Bryan Spauldlng 

PROJECT SUBTOTAL 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Planning 

PROJECT NO.: 2423-81-E1 
PREPARED BY: s. L. Coward 

PAGE# 4 

DATE 281)an-1998 
TIME 12:26:06 

REPORTNAME Detall Cost Estimate Sheet 



Lockheed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS - Rev646 
PROJECT w e  ICPP Bin Set Closure (EIS Stud 

REaumoR: Bryan Spaulding 

MPE OF ESTIMATE: Planning 
Place NRC Class A Grout PROJECT NO: 2423-BI-El 

LOCATION 1: ICPP PREPAREDBY: s.LcOward 

DATE 284an-1998 
TIME 1227:49 

REPORT NAME: Contingency Analysis 

I 
CONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is appljed with-a s u g g e e d  risk!evel 
of 18% and a level of confidence of 90% the &mate wlll fall within the bid range 
The Contingency Analysis is based on a weighted average to provide a 
90 % probability of undemn and a 10% probability of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIhlAE 
Guideline established by DOUFM 50. Cost Estimating.Guide, Vol. 6, 
Cost Guide, and as presented in the INEL Cost Esbmatmg Guide. 

PLANNING 20% - 30% 
ExperimentaUSpedal Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperimentaUSpedal Conditions ............ Up to 40% 

TITLEI 10% -20% 
TmLE I1 5% -15% 
TmLE IUAFC Market Conditions 



GWPIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; ESCALATED 

FILL BINS W1 NRC CLASS A GROUT 

PROCUREMENT FEE: 
CONSTRUCTION = ’ $23,941,667 
GFE = 

Subtotal $23,941,667 

FEE@.%= $23,941,667 0.01 = $239,417 

G&A Q 23% (with a ceiling of $500,000 imposed per year, 7 yrs) 

CONSTRUCTION OR 
CEILING 7 YEARS = $3,500,000 
GFE = $0 
PROCUREMENT FEE = $239,417 

Subtotal $3,739,417 

FEE Q 23% = $3,739,417 0.23 = $860,066 

PIF @ 5.5% 

CONSTRUCTION = $1 0,640,741 
GFE = $0 
PROCUREMENT FEE = $239,417 
G&A = $860,066 

Subtotal $1 1,740,224 

FEE Q 5.5% = $1 1,740,224 0.055 = $645,712 
~ ~ 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$239,417 

$860,066 

$645.712 



Lockheed Martin Idaho Technoloaies Co. COST ESTIMATE SUMMARY 

Cost Estimate Element WBS 
Element 

- 
Rsv. €4 

PROJECTHAME: ICPP Bin Set Closure TYPE OF ESTIMATE: Planning 

LoanoN t IN=/ ICPP PREPARU) BY: S.LCyardkmb 
EauEsToR: B. C. Spaulding REPORTNAME: CostEsbmateSurnmary 

D&D of Equipment PROJECTNO: 2423DgD 

Total 
Unescalated Escalation 

DATE 28-Jan-1998 
TlME 09:58:46 

CHEWED BY: 

1.1 
1 .I .I 
1.1.2 

1.2 
1.2.1 
1.2.2 

1.3 
1.3.13 

1.5.2 

APPRO m. 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING TITLE I & I1 
TITLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
SPECIAL CONSIRUCTION 

PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE 

CONTINGENCY 

TOTAL ESTINlATED COST 

12,694,986 24,755,222 

0 
0 

0 
0 

868,178 1 1,692,947 

117,097 I 228,339 

PROJECT COST PARAMETERS 

EDI AS A % OF CONST. + GFE= 0.00% 

CONTINGENCY= 35.11% 

Total 
lncl Escalation 

*> 
0 
0 

*> @,561.125 
' f561,12!5 

0 

*> $34,543.647 
34,543,647 

>> 9345,436 

>> $37,450,208 

>> SO 

>> $13,149,792 

>> $50,600,000 





Lockheed Martln Idaho Technologies Co. 

PROJECT NAME ICPP Bln Set Closure 
D&D of Equlpment 

LOCATION 1: INEEL / ICPP 

ROV 6-Bo 

REQUESTOR 6. c. Spauldlng 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Phnnlng 

PROJECT NO.: 2423D&D 
PREPARED BY: S.L.Coward/smb 

PAQE# 2 

DATE 28Jan-1998 
TIME 10:13:24 

REPORTNAME Detall Cost Estlmate Sheet 



Lockheed Martln Idaho Technologles Co. 

PROJECT NAME ICPP Bln Set closure 
D&D of Equlpment 

LOCATION 1: INEEL / lcpp 
REQUESTOR: B. c. Spauldlng 

Rov 6-96 

MATL CREW UNITLAB TOTAL 
CODE DESCRIPTION Q N  UOM UNITCOST SUB HOURS LABHRS LABOR 

- 1.3.13 SPECIAL CONSTRUCTION - Assume 83 HEPA fillers Q B'x8'x2' 

Jumper Relrieval Piping (Shlelded) - 1 1 lot 0.000 
ea Q 420 sf 

- Assume 210' long x 2'wlde concrete 

Remole Core Drilling PlalformlSaw, 1 lot 0.000 
elc. - I ea @ 260 sf 

- Assume plelform Q 6' x 6' x 8' and 
saw Is 100 sf 

Remole Welding end Culllng Equlpment - I lot 0.000 
Allowance - 1 ea Q 600 sf 

Verllcel Deployment Appartus - 7 ea @, ' 1  lot 0.000 
160 sf 

- Assume 5' x 5' x 8' 

Shleldlng & Riser Plugs - 100 ea 1 lot 0.000 
Q 4 S f  

-- 

- -~ 

- Assume 2' x 2' 

C02 Blasllng Equlpment - Allowance - 
2 ea Q 500 sf 

Relrleval Llnes - I ea Q 2310 ef I lot 0.000 

- Assume 2310' long x I' wlde 

Conlrol Consoles, Cameras, Lighling - 1 lot 0.000 
Allowance - 1 ea Q 1000 SI 

Grouling Menlfolds - Clean -Allowance 1 lot 0.000 - 8 ea Q 300 sf 

I lot 0.000 
-- 

-..- 

DETAILED COST ESTIMATE SHEET 
. MPE OF ESTIMATE Planning 

PROJECT NO.: 2423D&D 
PREPARED BY: S.L.Coward/smb 

SIC TOTAL CONST. 
EQUIP. MAT'L (OTHER 1) COST 

109,494 109,494 

55,966 66,966 

111,932 111,932 

236,057 235,067 

116,794 116,794 

223,864 223,864 

373,116 373,116 

107,934 107,934 

2 5 9 , 0 4 3 269,043 

PAGE# 3 

DATE 2BJan-I998 
TIME 10:13:24 

REPORT NAME Detail COSt Estimate Sheet 



Lockheed Martln Idaho Technologies Co. DETAILED COST ESTIMATE SHEET 
Rov 6.W 

PROJECT NAME ICPP Bln Set Ciosuro TYPE OF ESTIMATE Planning 
PROJECT NO.: 2423D&D 
PREPARED O Y  S.L.Coward/smb 

MATL 
UNITCOST 

* 

E 

D&D of Equipment 
LOCATION 1: INEEL I ICPP 
REQUESTOR B. c. Spauldlng 

CREW 
SUB 

-_ 

:=m.=Deiiiil 

DESCRIPTION QTY UOM 
CONST. 
EQUIP. 

-- 

$0 

iPECIAL CONSTRUCTION 
Groullng Manifolds -Class C - 
4llowance - 8 ea Q 300 sf 

SIC TOTAL 
COST MAT'L (OTHER 1) 

637,274 637,274 

209,873 209,873 

209,873 209,873 

2,848,393 2,648,393 

199,879 199,879 

640 640 

3,000,000 3,000,000 

276,000 276,000 

$4 *h* *a* , , $11,709,71* 

E~~~~~EeEIESii:.¶¶¶.......p.......Ep.....~~~~ .UD.mDa-DII 

$0 $12,677,889 $12,677,88 
nmPnDDInnPn: 

I I 
LDUA's -Allowance - 7 ea Q 150 sf I I '  I lo1 
-- 
Plpe Crawler Robots -Allowance - 7 ea 
Q 150 sf 

Tractor Robols -Allowance - 53 ea Q 

--- 
M I S ~  Robol Wire and Hose Llnes - 
Allowance - 1 ea Q 1000 sf 

Wasle Dlsposal - quanlltles as slated 
In EDF 

---- --- -- . Solld Wasle 500 cf 

. Radloacllve Wasle 10,000 cf 
.-- -- 

2,200 
-- 

GI - Mixed Wasle 
------ 
iPEClAL CONSTRUCTION S/T 

PAQEW 4 

DATE 28-Jan4998 
TIME 10:13:24 

REPORTNAME Detail Cost Estimate Sheet 



Lokk&ed Martin ldaho Technologies Co. CONTINGENCY ANALYSIS 
PROJECTNAME ICPP Bin Set Closure 'IYPEOF ESTIMATE Planning DATE: 28-Jan-1998 

LmnOti I: INEEL I ICPP PREPARED BY: S.LCowardlsmb 
REQUESTOR B. C. Spaulding 

D&D of Equlpment PROJECTNO 24WD&D TBN: 09:58:43 

REPOFTNAME: Contingency Analysis 

PROBABLE % VARIATION 
% Tatal 

Element Cost Estimate Element 
Contingency 

1.1.1 DESIGN ENGINEERING TlTLE I & II 0 
1.12 TlTLE 111 INSPECTION 0 
12.1 PROJECTMANAGEMENT 8W178 
12.2 CONSTRUCTION MANAGEMENT 0 
13.13 SPECIALCONSTRUCIION 14,709,711 
125.2 PROCUREMENTFEES 117,097 

ESCALATION 24l755m 
SUBTOTAL 37-208 

0.00 
0.00 
2.32 
0.00 
31.27 
031 
66.10 

loom 

- 
- 

- 
I CALCULATE0 CONTINGENCY I 13,107,!23 I 

RESULTANTTEC I 50557.781 1 

I 
~ ~~~~ 

ROUNDED TEC 1 50,600,000 I 
PROJECT CONTINGENCY I 13,149,792 I 

MANAGMENT RESERVE 0 
CONTINGENCY 13,149,792 

TOTAL ESTIMATED COST 50,600,000 

CONTINGENCY SUMMARY 
Pmb. % Var. Wt. % of Pmb. 

From Est Contingency % Cost Total cost - I +  - I +  by Element 

I I I I I I I 
I I I I I I 

~~ I 35.11% 

I 
I 

13,149,792 50,600,000 I 

ZONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lodtheed ldaho Technologies Co. Cost Estimate Contingency Analysii 
dodel is based on the applied contingency and the assumptions upon which 
he estimate was predicated. The model is applied with-a sugges!ed risk!evel 
bf 18% and a level of confidence of 90% the &mate wll fall within the bid range 
The Contingency Analysis is based on a weighted average to provide a 
IO % probability of undemtn and a 10% probabili of ovemtn. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by DOUFM 50. Cost Estimating Guide, Vol. 6, 
Cost Guide, and as presented in the INEL Cost Estimating Guide. 

PLANNING 2Q% - 30% - - .. . . . . . . - - - . - - - . - 
ExperirnentaUSpedal Conditions ............ Up to 50% 

ExperimentaUSpedal Conditio ns............ Up to 40% 
Conceptual 15% - 25% 
TlTLEI 10% -20% 
TlTLE 1 
TlTLE IUAFC 

5% -15% 
Market Condib'ons 



G&AIPIF ADDER CALCULATION SHEET 
lCPP BIN SET CLOSURE 

RISK BASED CLEAN CLOSURE; CLASS A FILL; ESCALATED 

D&D OF EQUIPMENT 

PROCUREMENT FEE: 
CONSTRUCTION = 
GFE = 

FEE @ 1% 

$34,543,647 

Subtotal $34,543,647 

$34,543,647 *0.01= $345,436 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 1 yr) 

CONSTRUCTION OR 
CEILING * 1 YEARS = 
GFE = 

$500,000 
$0 

PROCUREMENT FEE = $345,436 
Subtotal $845,436 

FEE @ 23% = $845,436 * 0.23 = $1 94,450 
~ 

PIF @ 5.5% 

CONSTRUCTION = $1 1,709,711 
GFE = $0 
PROCUREMENT FEE = $345,436 
G&A = $1 94,450 

Subtotal $1 2,249,598 

FEE @ 5.5% = $12,249,598 0.055 = $673.728 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$345,436 

$1 94,450 

$673,728 



RISK BASED CLEi 
NRC CLASS 

2011 I 2012 I 2013 I 2014 I 2015 1 2016 I 2017 1 2018 I 2019 1 1  
PERMlITlNG 

2009 I 2010 

711 I in 
ill 2 DESIGN - GROUT VAULTS 

3 MANAGEMENT - GROUT VAULTS 

711 I 
711 

1 011 

1 011 

4 DESIGN - CLEAN BIN WALLS/PIPING 

5 MANAGEMENT - CLEAN WALLSlPlPlNG 11 1 DESIGN - CLEAN BIN FLOORS 

MANAGEMENT - CLEAN BIN FLOORS 

DESIGN - GROUT BINS 

1 011 

I .e 

9 MANAGEMENT - GROUT BINS 

-- I- 11 RETRIEVAL COMPLETE 

GROUT VAULTS I l2 
CLEAN BIN WALLSlPlPlNG 

CLEAN BIN FLOORS 

RCRACLOSURE 

I 16 I GROUTBINS I 
17 lBlNSET#5 

I 18 I RETRIEVALCOMPLETE 
I 

GROUT VAULTS 

CLEAN BIN WALLS/PIPING 

CLEAN BIN FLOORS li2 

RCRA CLOSURE 

GROUT BINS 
1 22 t 23 

1 I 

24 BINSET#7 

25 RETRIEVAL COMPLETE 

26 GROUT VAULTS 

27 CLEAN BIN WALLS/PIPING 

CLEAN BIN FLOORS 

RCRA CLOSURE 

GROUT BINS 

1 ’  31 )BINSET#6 

1 1  32 I RETRIEVALCOMPLETE 

I Task Progress 

Rolled Up Task 

5 1  Rolled Up Milestone 0 
Milestone 

I Summary 
Project: 2423-2.MPP 
Date: Tue 1/6/98 

I 

Page 



CLOSURE - 
;ROUT 

020 I 2021 I 2022 I 2023 I 2024 I 2025 I 2026 I 2027 1 2028 I 2029 1 2030 
- 
2031 - 

111 

2032 I 2033 

1111 

1 a1 

2035 

I1 

Rolled Up Progress - 



COST ESTIMATE SUMMARY 
UNESCALATED 

ICPP BIN SET CLOSURE 
CLOSURE TO RCRA LANDFILL 
STANDARDS; CLASS A FILL 
Requestor: B. C. Spaulding 

Planning Estimate 
Estimate #2423 

Prepared by: S. L. Coward 

1/28/98 

Checked by: 
Approved by: 

Regulatory Compliance 19,500,000 
Fill Vaults with Clean Grout 12,400,000 
Clean Bins with Robots 

Floor 82,600,000 
Fill Bins with NRC Class A Grout 23,700,000 

17,000,000 iD&D of Equipment 
$1 55,200,000 TOTAL USE $1 55.000.000 



RCRA CLOSURE TO LANDFILL STANDARDS - NRC CLASS A QROUT 

DESCRIPTION BIN SET R1 BIN SET R5 BIN SET R7 BIN SET #6 BIN SET B3 BIN SET R4 BIN SET R2 
Schodulod Cornplotion (llt I1  4) (411 11 8) (1211122) (1 111126) (811 128) (U1131) (511 131) 
ASSUME: Wait 6 Months until Start of Closure 

Porrnitting (5 Years) 711 19-711 I1 4 

Qrout Vaults 'Cloan' (Assumo 1 Yoar) 
ED&I (2 Yrs) 
Management 
Construction 

711 I t  2-711 I1 4 

711 It 2- 1 1 I1 I32 
711 11 4-7/1115 1 Ql1/18- 1 0/1/19 611 /23-6/1/24 511127-511 I28 2/1/29-2/1130 811131 -811132 1111131 -1 1/1/32 

Cloan Bin Floors with Robot (3 Months) (15 Months) (25 Months) (24 Months) (17 Months) (7 Months) (13 Months) 
ED&I (4 Yrs) 7/1110-7/1/14 

Management 7/1110-12/1/32 

Construction 711114- 1011 11 4 10ltI18- 111 I20 6/1/23-7/1/25 511 127-511 I29 211 /29-7/1/30 811/31-3/1 I32 1 1 I1 131 - 1211132 

RCRACLOSURE 

Grout Bins 'NRC Class A' (3 Months) (11 Months) (18 Months) (17 Months) (12 Months) (6 Months) (10 Months) 

ED&I (3 Yrs) 111/21-111/24 
Management 111121-10/1133 

Constructlon 111124-411 I24 411 124-3/1/25 711 126- 111127 611129- 1011130 1 0l1l3Q- 1011131 311 132-911132 1211132- 1011133 

ASSUMPTIONS: 

1) 
2) 

Assume snme schedule as options for pouring Class C grout. 
Installatlon of NRC Class A Qrout Into bins are based on lndlvldual schedules for each bin set. These schedules assume everythlng is In place at start-up date for pouring, 
and allows no flexlblllty for error or downtime. 
More than 1 crew could be utlllzed slmultanoously for pourlng the 'clean' grout Into the vaults. 
More than 1 crew could be utlllzed slmultaneously for cleanlng the separate bins. 
Installatlon of 'clean' grout Into vaults wlll average 1 year per vault. 
Cleaning of bin floors are based on lndlvldual bin pro-rated calcine retrieval volumes to total volume. Thoso schedules assume mobldemob, lnstallatlon of robotlu unlts, 
and any modlllcallons of bins wlll be completed and bins will be ready for retrieval. 



Lockheed Martin ldaho Technologies Co. COST ESTIMATE SUMMARY 
Rev. 696 

PROJECT NAME Permitb’nglDocumentation W E  OFESI’MATE: PLANNING 
Rtsk B m d  - NRC C l m  C PROJECTNO: 2423-bD 

~ a u E s T o R :  Bryan Spaulding REPORT NAME: Cost -mate Summary 
LmnOti I :  INEEUICPP PREPAREDBY: S.LC0ward 

Total 
Unescalated 

I 
Total 

Escalation lncl Escalation 
WBS 
Element 

Cost Estimate Element 

PROJECT CONTINGENCY 

- .I 
1.1.1 

.2 
1.2.1 
1.2.2 

- .3 
1.3.1 

1.5.2 

- 

MANAGEMENT RESERVi 

CONCEPTUAL 
CONCEPTUAL DESIGN 

MANAGEMENT 
PM FOR PROJECT DEVELOPMENT 
PROJECT EXECUTION 

PERMITTING 
PERM17TING 

PROCUREMENT FEES 

CONTINGENCY 

TOTAL ESTIMATED COST 

0 

ED1 AS A % OF CONST. + GFE= 0.00% 

CONTINGENCY= 35.04% 

>> $11,946,206 
11,946,206 

DATE: 27Jan-1998 
TIME 1951:07 

CHECKU) BY: 

APPRD BY: 

0 I 
1,896,534 

477,848 

11,946,206 

0 I..@ 0 

0 
0 

>> $2,374,382 
1,896,534 

477,848 

14,440,050 

p 
>> $19,500,000 



Lockheed Martln Idaho Technologies Co. 

PROJECT NAME: PermlttlnglDocumentation 
Rlsk Based - NRC Class C 

Rov 6-96 

LOCATION 1: INEEUICPP 
REPUESTOR BQWl Spauldlng 

CODE DESCRIPTION 

- 1.1.1  CONCEPTUAL DESIGN 

- 1.2.1 

CONCEPTUAL DESIGN SIT 

PM FOR PROJECT DEVELOPMENT 

G&A 

PIF 

- 1.2.1.1 

- 1.2.2 

1.2.1.2 

PROJECT SUPPORT SIT r 

PM FOR PROJECT DEVELOPMENT SIT 

PROJECT ADMINISTRATION 
ProJect Admln. during Documenlatlon 
(6% of Doc. Coats) 

PROJECT ADMINISTRATION S/T 

PROJECT EXECUTION 

PROJECT EXECUTION SIT 

PROJECT SUPPORT 
Support During penlHinglDoc. (4% of 
doc. coals) 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: PLANNING 

PROJECT NO.: 2423-bD 
PREPARED BY: s. L. Coward 

MATL 
QTY UOM UNITCOST 

-- 

1 LS 

1 LS 

1 LOT 

1 LOT 

--- 

PAGE# 1 

DATE 27Jan-1998 
TIME: 19:61 :og 

REPORTNAME: Detall Cost Estlmate Sheet 

> 

TOTAL 
COST 

602,476 

696,748 

$1,299,224 

697,310 

$597,310 

477,848 

$477,848 



Lockheed Martin Idaho Technologies Co. 

PROJECT NAME: PermlttlnglDocumentatlon 
Risk B a s e d  - NRC Class C 

ROV 8-98 

LOCAT~ON 1: INEEUlCPP 
REaUESTOR: BQWl Spauldlng 

MATL 
QTY UOM UNITCOST CODE 

CREW 
SUB 

~~ 

DESCRIPTION 

I 

1 

2 
-- 

1 

1 

2 

I O  

I 

I 

I 

10 

2 

20 

I 

-- 

-- 

-- 
~~ 

1.3.1 - 
LS 

LMITCC 

L MITC( 
FTE 2-1700 

LS 

LS 2-1700 
LMITC( 

LMITC( 

FTE 2-1700 
LMITC( 

LMITC( 

LMITC( 

YR 2-1700 

LS 2-1700 

LS 

LS 2-3170 

LS 2-1710 

FTE 2-1710 

HOLES 2-1710 

L MITC( 

LMITC( 

LMITC( 

LMITC( 

LMITC( 

LMITC( 
LS 

~ ~ ~~ --- 

PERMITTING 
PERMITTING AND DOCUMENTATION 

Alr Monltorlng Activitles, Fees, etc. 

RCRC Closure (Incl. Wrlllng, Revlews, 
Public Comments & Issuance of Permits) 

P.E. Acllvllles 

CAA Permit lo Conslrucl (Incl. 
Preparlng, Revlews, Publlc commenls & 
Issuance) 

CERCIA Coordlnalor 

Regulatory Affalrs Overslght 

Olhet Regulatory Compllance (CWA, 
Storm Water, Hislorlcal, elc.) 

Survey Plat 

SARR 

NRC Landflll Dlsposal Requlremenls 

Envlronmenlal & Hazards Analysts 

Selsmlc Test Bores (Allowance) 

Operallonal Readlness Revlew 

PERMITTING S/T 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: PLANNING 

PROJECT NO.: 2423-bD 
PREPARED BY: S. L. Coward 

PAGE# 2 

DATE 27Jan-1998 
TIME 1951 :09 

REPORTNAME: Detall Cost Estlmate Sheet 

UNITLAB TOTAL CONST. 
HOURS LABHRS LABOR EQUIP. MAT'L (OTHER I )  

770,000 770,000 

186,221 

60,000 60,000 

116,388 

193,980 

96,9BO 

64,660 

10,000 

2,000,000 

$2,840,000 

10,000 

312,265 

4,960,aoo 

198,432 

2,976,480 

2,000,000 

$11,946,206 



Lockheed Martin Idaho Technologies Co. 

PROJECT NAME PermlttlnglDocumentatlon 
Rlsk Based - NRC Class C 

Rov 6-96 

LOCATION 1: INEEUlCPP 
REPUESTOR: Bryan Spauldlng 

:ODE DESCRIPTION 

PROJECT SUBTOTAL 

QTY - 

DETAILED COST ESTIMATE SHEET 
N P E  OF ESTIMATE PLANNING 

PROJECT NO.: 2423-b0 
PREPARED BY: S. L. Coward 

UOM - 
MATL 

UNIT COST HOURS 
TOTAL 

LAB HRS LABOR 

PAGE# 3 

DATE 27Jan-1998 
TIME 19:61:oD 

REPORT NAME Detall Cost Estlrnate Sheet 

CONST. 
EQUIP. 

80 

MAT'L 
SIC 

[OTHER I )  

:===..s=.t.I=l 

$5,214,38: 

TOTAL 
COST 



Lockheed Martin Idaho Technoloaies Co. 

MANAGEMENT RESERVE 
CONTINGENCY 

TOTAL Esnmm cosr 

CONTINGENCY ANALYSIS 

W 6 9 7  I 
3,853383 

19,500,000 5,059,SSO 19,500,000 

- Rev 6-96 
PROJECT NAME PemittinglDocurnentation WE OF ESTIMATE: PLANNING 

REQUESTOR: Bryan Spaulding 

Risk Based - NRC Class C PROJECT NO 2423-bD 
LOCATION 1: INEEUlCPP PREPARED BY: s. L. coward 

DATE: 27Jan-1998 
'TIME 19:51:03 

REPORT NAME: Contingency AMlySk 

PROBABLE % VARIATION CONTINGENCY SUMWRY 
WBS % Total Pmb. % Var. Wt % of Pmb. 
Element CostEstimateElement Total costwlo . Cost Cost Total Cost . Contingency % From Est 

by Element Contingency - +  - I +  
I 1 I 1 I 1 

O.OOO%l 0.00% I 

CONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall within the bid range 
The Contingency Analysis is based on a weighted average to provide a 
90 % probability of undermn and a 10% probability of overmn. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by DOUmn 50. Cost Estimating Guide, Vol. 6. 
W G u i d e ,  and as presented in the INEL Cost Estirnsng Guide. 

PLANNING 20% - 3noL 
ExperirnentaUSpetial Conditions ............ Up tc 
EtperimentaUSpecial Condib'o ns............ Up to 40% 

TITLEI 10% -20% 

Conceptual 15% - L-.- 
. - - - -- . - 

TITLE I1 5% -15% 
TlTLE IUAFC Market Conditions 



G&AIPIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

CLOSURE TO RCRA LANDFILL STANDARDS; CLASS A FILL; UNESCALATED 

REGULATORY COMPLIANCE 

PROCUREMENT FEE: 
CONSTRUCTION = 
GFE = 

FEE @ 1% = 

$1 1,946,206 

Subtotal $1 1,946,206 

$11,946,206 0.01 = $1 19,462 

G&A @ 23% (with a ceiling of $500,000 imposed per year , 5  Years) 

CONSTRUCTION OR 
CEILING # OF YEARS = 
GFE = 

$2,500,000 
$0 

PROCUREMENT FEE = $1 19,462 
Subtotal $2,619,462 

FEE Q 23% = $2,619,462 * 023 = $602,476 

PIF @ 5.5% 

CONSTRUCTION = $1 1,946,206 
GFE = $0 
PROCUREMENT FEE = $1 19,462 
G&A = $602,476 

Subtotal $12,668,144 

FEE Q 5.5% = $12,668,144 0.055 = $696,748 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$1 19,462 

$602,476 

$696,748 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rev, &56 

PROJECTNAME lcpp Bin set closure (EIS Stud lYPEOFESTMATE: P h n i n g  DATE: 27Jan-I998 

LOCATlON 1: ICPP PREPAREDBY: S.LCoward CHECKED BY: 
REQUESTOR Bryan Spaulding REPORT NAME Cost Eshmate Summary 

Place Clean Grout in Vault PROJECTNO 242342 TtME 19:54:43 

APPR'D BY: 

WBS Cost Estimate Element 
Element 

Total 
Unwcalated 

1.1 
1 .I .I 
1.1.2 

1.2 
1.2.1 
1.2.2 

- 1.3 
1.3.1 
1.3.2 
1.3.3 

1,324,812 
264,962 

1,686,432 
529,925 

1,067,791 
0 

4,231,459 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING 
TITLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 
SmwORK 
CONCRETE 

1.5.2 

CONTINGENCY 

TOTAL ESTIMATED COST 

PROCUREMENT FEES 52,992 

ED1 AS A % OF CONST. + GFE= 30.00% 

CONTINGENCY= 35.40% 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTlNGENCY 

MANAGEMENT RESERVE 

Escalation 

9,158,373 

0 
0 

0 
0 

0 
0 
0 

0 

Total 
lncl Escalation 

>> $1,589,774 
1,324,812 

264,962 

>> $2,216,357 
1,686,432 

529,925 

*> $5,299.250 
1,067,791 

0 
4,231,459 

>> $52,992 

>> $9,158,373 

1> $535.224 -1 11 $2,706,403 

$12,400,000 



Lockheed Martin Idaho Technologies Co. 

PROJECTNAME ICPP Bln Set Closure (EIS Study) 

LOCATION 1: tcpp 
REQUESTOR: Bryan Spauldlng 

Rov 6-98 

Place Clean Grout In Vault 

CODE DESCRIPTION 

- 1 .I .I DESIGN ENGINEERING 
ENGINEERING AND DESIGN 

nile I &I1 Englneerlng & Design Q 20% 
of Conslrucllon 

Conceplual Engineering & Deslgn Q 6% 
of Conslrucllon 

MEMO: 

MEMO: 

DESIGN ENGINEERING S/T 

- 1.1.2 TITLE 111 INSPECTION 

MEMO; 

INSPECTION -TITLE 111 

nlie 111 @ 6% of Conslruclion 

TITLE 111 INSPECTION S/T 

- 1.2.1 PROJECT MANAGEMENT 
PROJECT MANAGEMENT 

PM Q 10% of Conslrucllon 

G&A 

PIF 

MEMO 

PROJECT MANAGEMENT S/T 

DETAILED COST ESTIMATE SHEET 

MATL CREW UNITLAB TOTAL CONST. SIC TOTAL 
QTY UOM UNITCOST SUB HOURS LABHRS LABOR EQUIP. MAT'L (OTHER 1) COST 

1 LS 0.000 1,069,860 1,069,860 
LMITCO 

1 LS 0.000 264,962 264,962 
LMITCO 

0 $1,324,812 $1,32481 2 

I LS 0.000 264,962 264,962 
LMITCC 

---------- ~~ ------ 
0 $264,962 $264,962 

620,926 620,925 1 LS 0.000 
LMITCO 

1 LS 0.000 817,188 817,188 

1 LS 0.000 339,319 339,319 
LMITCO 

LMITCO 

0 81,686,432 $1,686,432 

TYPE OF ESTIMATE Plannlng 
PROJECT NO.: 2423-A2 
PREPARED BY: s. L. Coward 

PAGE# 1 

DATE 27Jan-1998 
TIME 19:64:45 

REPORT NAME Detail Cost Estimate Sheet 



Lockheed Marfh Idaho Technologies Co. 

PROJECTNAME ICPP Bln Set Closure (EIS Study) 
Rov 6-90 

Place Clean Grout In Vault 
LOCATION 1: ICPP 
REQUESTOR: Bryan Spaulding 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Plannlng 

PROJECT NO.: 2423A2 
PREPARED BY: s. L. Coward 

MATL CREW UNITLAB TOTAL 
CODE DESCRIPTION QN UOM UNITCOST SUB HOURS LABHRS 

u/ j 1 o.ooo// 
- 1.2.2 CONSTRUCTION MANAGEMENT 

CONSTRUCTION MANAGEMENT I 

CM Q 10% of Construction Costs 
LMlTC 

MEMO 

I 

CONSTRUCTION MANAGEMENT S/T 0 

1.3.1 - I CONF I 1 I FTEl 
GENERAL CONDITIONS 
SUPERVISION (Durallon of Schedule - 
Assume 3 Yeers) 

TRAINING 

RADCON TECHNICIAN (Duration of 2-1342 
Schedule -Assume 3 Years) 

6240.00 6,240 

1,660 

6240.00 12,480 

1.3.2 - 

 SITEW WORK SIT I I I I I II 0 

1.3.3 - GONCRETE I I  I II 
PROCURE EQUIPMENT FOR PLACEMENT OF 
GROUT 

Grou! Pump 

PAQEt! 2 

DATE 27Jan-1998 
TIME 19:64:46 

REPORTNAME Detall Cost Estimate Sheet 

616,612 616,512 

1 I I I I 



Lockheed Martln Idaho Technologies Co. 

PROJECTNAME: ICPP Bin Set Closure (EIS Study) 
Rov 6-96 

Place Clean Grout In Vault 
LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

TOTAL CONST. 
LAB HRS LABOR EQUIP. MAT'L 

26,000 

8,300 

1,366 43,732 

338 10,826 20,280 

DETAILED COST ESTIMATE SHEET 

SIC TOTAL 
(OTHER 1) COST 

26,000 

8,300 

43,732 

31,106 

TYPE OF ESTIMATE: Plannlng 
PROJECT NO.: 242362 
PREPARED BY: s. L. Coward 

MATL 
UNlTCOST CODE 

CREW UNITLAB 
SUB HOURS DESCRIPTION I QTY I UOM 

I 
1.3.3 

EA 
CONCRETE 
Alr Compressor and Mlscellaneous 
Cleanlng Equlpment 

20.00 

0.000 
GEhi 

0.000 
GEA 

CONC 0.470 
GEN 

GROUT DELlVERY PIPING AND ACCESSORIES 
PURCHASE (Incl. 10% Waste) 

GROUT DELIVERY PIPING (Incl. 10% 
Waste) 

415 LF 

Install, Remove & Clean Plpe after 
Each Vault (7 Vaults) 

MEMO 

264 8,136 

-- 

1,957 $62,694 

- 
1,062 34,000 

I 
GROUT DELIVERY PIPING CLEANING BETWEEN 
MANIFOLDS & DROP TUBES 

7,600 16,636 

$80,000 $36,080 $178,774 

7,800 7,800 

- 34,000 

Zwr 

LIFTS 

MEMO 

MEMO 

Assume cleanlng behveen each llft 

GROUT MANIFOLD AND CLEANING SYSTEM 1 LOT 

Can be Reused afler each Vaull Set (7 
limes) 

---. 

1.3.3.1 - VAULT GROUTING 
PURCHASE GROUT DROP TUBES AND 
ACCESSORIES 

GE 

LF 

7,600.00 CONC 264.000 &E 
20.00 

MEMO: 

390 

Assume 88' long for 4 Tubas per Vaull 
Plus 10% Wasle (Can be Reused) 

INSTALL AND REMOVE DROP TUBES 

0.000 

- 
2,123 LF CONC 0.600 

GEN 

PAGE# 3 

DATE 27Jan-I998 
TIME: 19:64:46 

REPORTNAME: Detall Cost Estlmate Sheet 



Lockheed Martin Idaho Technologles Co. 
Rove-08 

PROJECT NAME ICPP Bln Set closure (EIS Study) 

LOCATION 1: lcpp 
Place Clean Grout in Vault 

REQUESTOR Bryan Spauldlng 

LABOR 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE PlannlIlg 

PROJECT NO.: 2423-A2 
PREPARED BY: s. L. Coward 

CONST. 
EQUIP. 

PAGE# 4 

DATE 27Jan-1998 
TIME: 19:64:46 

REPORTNAME Detal1 COSt Estimate Sheet 

I GROUT PLACEMENT & CLEANUP (Includes 
10% Wasle) 

- 1.3.3.2 

VAULT GROUTING SIT 

BIN SET VAULT ACCESS HOLES 
CORE DRILL 18" HOLE THROUGH VAULT ROOF 
(4 PLACESNAULT) 

SHIELDING AROUND VAULT HOLES 

CAP 18" DIAMETER HOLES 

MATL 
UNIT COS1 

CREW 
SUB 

UNIT L A E  
HOURS MAT'L 

TOTAL 
LAB HRS 

SIC 
(OTHER 1) 

TOTAL 
COST DESCRIPTION 

1.3.3.1 VAULT GROUTING 
MEMO: Assume 4 lubes x 7 vaulls plus 10% 

waste 

UOM - 

22,946 CY 80.0 0.36C 8,031 CONC 
G N  

1,836,880 2,092,918 

$291,238 =F $2,134,711 9,093 $1,843,481 

28 EA 1,000.01 CONC 
GEl 

100.000 2,800 28,000 117,884 89,884 

21,624 

36,874 

28 

28 

EA 

EA 

6,000.01 

1,800.01 
-- 

24.000 

40.000 

CONC 872 

1,120 

140,000 

60,400 

181,624 

86,274 
GE! 

CONC 
GEll 

$147,082 -4- $218,40( 4,592 $386,48: 

PROJECT SUBTOTAL 



Lockheed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS 
R W M  

PROJECTNAME: l c p p  Bin Set C l O S U E  (EIS Stud TYPEOFESTMATE: Planning 
Place Clean Grout in Vault PROJECTNO: %&A2 

LOCATION 1: l c p p  PREPAREDBY: s.1coward 
REQUESTOR: BIyan Spaulding 

OAE =Jan-1998 
TIME: 19:54:39 

REPORT NAME: Contingency Analysk 

CONFIDENCE L N E L  AND ASSUMED RISKS 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall within the bid range 
The Contingency Analysis is based on a weighted average to prowde a 
90 % probability of undermn and a 10% probability of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guideline established by DO- 50. Cost Estimating-Guide, Vol. 6, 
Cost Guide, and as presented in the INEL Cost Estimabng Guide. 

PLANNING 20% - 30% 
ExperimentaUSpeaal Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperirnentaUSpecial Conditio ns............ Up to 40% 
m1 10% -20% m I1 
TITLE IVAFC 

5% -15% 
Market Conditions 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

CLOSURE TO RCRA LANDFILL STANDARDS; CLASS A FILL; UNESCALATED 

FILL VAULTS W1 CLEAN GROUT 

PROCUREMENT FEE: 
CONSTRUCTION = 
GFE = 

FEE @ 1% = 

$5,299,250 

Subtotal $5,299,250 

$5,299,250 '0.01 = $52,993 

G&A @ 23% (with a ceiling of $500,000 imposed per year , 7  Years) 

CONSTRUCTION OR 
CEILING # OF YEARS = 
GFE = 

$3,500,000 
$0 

PROCUREMENT FEE = $52,993 
Subtotal $3,552,993 

FEE @ 23% = $3,552,993 * 0.23 = $817,188 

PIF @ 5.5% 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 
G&A = 

FEE @ 5.5% = 

$5,299,250 
$0 

$52,993 
$817,188 

Subtotal $6,169,431 

$6,169,431 0.055 = $339,319 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$52,993 

$817,188 

$339,319 



i.cgeed Martin ldaho Technologies Co. 
PROJECTNAME: ICPP Bin Set Closure (EIS Stud 

LOCATION 1: tcpp 
%aumoR Bryan Spaulding 

Tractor (RCRA Estimates) 

~ 

Cost Estimate Element WBS 
Element 

- .I 
1.1.1 
1.1.2 TlTLE 111 INSPECTlON 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING TITLE I & I I  

COST ESTIMATE SUMMARY 
TYPE OF ESTIMAE: Planning 

PROJECTNO: 2423-C 
PREPAREDEW S.L+ward 

REPORT NAME: Cost =mate Summary 

Total 
Unescalated 

6,128,131 
2,042,710 

Escalation 

DATE 274an-I998 
m e  19:21:06 

CHECKED BY: 

Total 
lncl Escalation 

APPRO BY: 

0 
0 

>> $8,170.841 
6,128,131 
2,042,710 

7,667,255 
4,085,421 

6,840,414 
34,013,797 

. 

>> SI  1,752.676 
7,667,255 
4,085,421 

>> S40,854,211 
6,840,414 

34.01 3,797 

PROJECT CONTINGENCY I I 
I 

.2 
1.21 
1.22 

.3 
1.3.1 
1.3.13 

- 

- 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 
S P E C W  CONSTRUCTION 

I 

1.5.2 PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

408,542 , 0 3408,542 

61,186,270 0 >> $61,186,270 

MANAGEMENT RESERVt 

CONTINGENCY 

TOTAL ESTIMATED COST 

0 
0 

>> $4,126,275 

>> $17,287,455 

’ >> $82,600,000 

0 
0 

PROJECT COST PARAMETERS 

ED1 AS A % OF CONST. + GFE= 20.00% 

I CONTINGENCY= 35.00% 



DETAILED COST ESTIMATE SHEET PAGE# 1 Lockheed Martin ldaho Technologies Co. 

MATL CREW UNITLAB TOTAL CONST. SIC 
a n  UOM UNITCOST SUB HOURS LABHRS LABOR EQUIP. MAT'L (OTHER 1) CODE DESCRIPTION 

1 .I .I DESIGN ENGINEERING TITLE I & II - 
ENGINEERING AND DESIGN 

LS 0.000 4,085,421 MEMO: Title I (LII Engineering & Design Q 10% 1 
of Conslrucllon ' LMITCO 

Conceptual Engineering & Deslgn Q 6% 
of Conslrucllon LMITCO 

--- 2,042,710 1 LS 0.000 - -- -- 

- ----- -I____- -I.-- --I- - 
DESIGN ENGINEERING TITLE I &  I1 S/T 0 $6,128,131 

' 1.1.2 TITLE 111 INSPECTION 
2,042,710 1 LS 0.000 - 

INSPECTION -TITLE 111 
LMITCO - - ~  I- ---_-.__---- ----- I____..-._-.---- ..----. 

MEMO: Til10 111 Q 6% of Conslruclion 
.__..-- --- -- -. -- -- 
__---. - 

TITLE 111 INSPECTION S/T 0 $2,042,710 

1.2.1 PROJECT MANAGEMENT 
1 LOT 0.000 4,085,421 - 

PROJECT MANAGEMENT 

P M  @ 10% of Conslrucllon 

G&A 

PIF 

LMITCO - - - .- - - --_- --. --- -- _______ _---- 
MEMO 

1,243,985 

2,337,869 

I LS 0.000 

I LS 0.000 

-.- ---- 
--- ---- LMITCO 

LMITCO 

--- --- - , .._._..__.- _-- - .--- - 
_- -. --- .____- ---_.I__- ------- --____-- 

Rev 6.96 
PROJECTNAME: ICPP Bln Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

Tractor (RCRA Estimates) 

TOTAL 
COST 

4,085,421 

2,042,710 

---- 

$ell 28,13 

2,042,710 
- 

$2,042,71 

4,085,421 

1,243,965 

2 , 3 3 W g  

TYPE OF ESTIMATE Plannlng 
PROJECT NO.: 2423-C 
PREPAREO BY: S. L. Coward 

0 -- ~~~~ ~~ ~~ 

PROJECT MANAGEMENT S/T 

DATE 27Jan-I998 
TIME: 19:21:08 

REPORTNAME: Detail Cost Estlmate Sheet 

$7,667,255 $7,667,251 



Lockheed Martln Idaho Technologies Co. 

PROJECT NAME ICPP Bln Sot Closuro (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spau ld ing  

ROV 6.90 

Tractor (RCRA Estimatos) 

SIC 
[OTHER 3) 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Plannlng 

PROJECT NO.: 24234 
PREPARED BY: s. L. Coward 

TOTAL 
COST CODE 

4,086,421 
1.2.2 - 

4,086,421 

- 1.3.1 

$4,086,421 

1.3.13 - 

$4,086,42 

~~ 

DESCRIPTION 

:ONSTRUCTION MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CM @r 10% of Conslrucllon Cosls 
~----._--_----------I__---- 

___---- -...-----.-- 
:ONSTRUCTION MANAGEMENT SIT 

2,841,100 
3ENERAL CONDITIONS 
SUPERVISION (Durallon of Schedule for 
Installallon of Robols - 10 years) 

TRAINING 

RADCON TECHNICIAN SUPPORT (Durallon of 
Schedule - Assume 10 Years) 

-__..-. 
~______- - - - - -  

3,680,796 

81,947 

2,065,040 
--- 

___________I-_ --- 

BENERAL CONDITIONS SIT 

SPECIAL CONSTRUCTION 
~ --.-.-- 

FABRICATION OF FOLDABLE TRACTOR ROBOT 

Deslgn & Develop l rs l  Tractor Robol, 
Includlng: 

Deslgn, Approvals. Mock-up, Proof of 
Process, elc. 

I.----- I-- - 

,-- 

Fabrlcallon of Addlllonal Unlls 

0.000 

LMITcl 

0.000 =I= 

TOTAL 
LAB HRS 

0 

20,800 

2,476 

41,600 

64,875 

PAGE# 2 

DATE 27Jan-1998 
TIME 19:21:08 

REPORTNAME Dotall Cost Estlmate Sheet 

LABOR I I MAT'L 

3,000,000 3,000,000 I 



DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Planning 

PROJECT NO.: 2423-C 
PREPARED BY: S. L. Coward 

CODE 

PAGE# 3 

DATE 27&n-I9g8 
TIME 19:21:08 

REPORT NAME: Detall Cost Estlmate Sheet 

DESCRIPTION 

____._-_ 
.- 

__-- 
.--. 

_"__. 

__._ -.--.I-. 

_I_-_.-_.-. ~ 

- 
X E W  

SUB - 

INSTALLATION OF CLEANING UNIT: 

lnslell Robotic Units 

install and Shield Unil HosefTubes 
(Mods, Electr.. elc.) -Allowance 

Systems Integration 

CAP 18" DIAMETER HOLES 

CAP 6" DIAMETER HOLES 

_.___-. ----- 

____-----_--------.I-- 

- -._.__.---. 
OPERATION OF CALCINE RETRIEVAL - 
.______.---.__.__--_----- 

SPECIAL CONSTRUCTION S/T 

iiimiii 
HOURS 

76,000 

-- 
, *a* , *a* 

SilElennunnnmDE 

$40,13Q,817 

264,880 

614,880 

76,000 

312,440 

129,464 

7,263,408 

$26,860,072 

D.nnDi.nm.iinmn, 

$61,691,37 
hnnnrnnnnnnl 

- 
QTY 

- 
UOM - 

EA 

CONST. 
EQUIP. 

TOTAL 
LAB HRS LABOR 

MATL 
UNIT COST MAT'L (OTHER 1) 

1.3.13 - SPECIAL CONSTRUCTION 
Design of Development of Modificallons 
to Addl Units 

52 0.000 
GE 

- 

260,000 

8,000' 

8,000 

-- 
160.000 

160.000 

--- 
EACH 

EA 

264,880 

264,880 

50 

50 

SKWK 
GE 

SKWK 
GE 

6,000.0( 

-- 
I 

100 

100 

19 

-.- 

-- 
_.._I 

0.000 

40.000 

24.000 

11630.0 

-I 

-- 
---- 

GE 
SKWK 180,000 

60,000 

132,440 

79,464 

7,263,408 
-- 

$7,9 9 6 , 0 7 1 

4,000 

2,400 

219,070 

241,470 

1,800.0( 

600.01 

FTE 
GE 

--I 

$480,0om 

PROJECTSUBTOTAL 



Ltgkzed Martin Idaho Technologies co. CONTINGENCY ANALYSIS . .- . - - - 
PROJECT NAME: ICPP Bin Set Closure (EIS Stud 
LOCATION 1: ICPP PREPAREDBY: s.L.coward 
REQUESTOR: Bryan Spaulding 

TYPE OF ESTEMATE: Planning 
Tractor (RCRA Estimates) PROJECTNO 

ME 27;lan-1998 
TIME 1921:02 

REPORT NAME Contingency Analysis 

CONFIDENCE LEVEL AND ASSUMU) RISKS: 
The Lodtheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall within the bid range 
The Contingency Analysis is based on a weighted average to provide a 
90 % probability of undemn and a 10% probability of ovemn.  

1 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guideline established by DOEFM 50. Cost Estimating Guide! Vol. 6. 
Cost Guide. and as presented in the INEL Cost m a t i n g  Guide. 

PLANNING 20% - 30% 
ExperimentaVSpedal Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperimentaVSpecial Conditions ............ Up to 40% 

10% -20% TlTLEI 
rmE II 5% -15% 
rmE IUAFC Market Conditions 

\ 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

CLOSURE TO RCRA LANDFILL STANDARDS; CLASS A FILL; UNESCALATED 

CLEAN BINS W1 ROBOTS FLOOR 

PROCUREMENT FEE: 
CONSTRUCTION = 
GFE = 

$40,854,211 

Subtotal $40,854,211 

FEE @ 1% = $40,854,211 * 0.01 = $408,542 

G&A @ 23% (with a ceiling of $500,000 imposed per year , l o  Years) 

CONSTRUCTION OR 
CEILING # OF YEARS = 
GFE = 

$5,000,000 
$0 

PROCUREMENT FEE = $408,542 
Subtotal $5,408,542 

FEE Q 23% = $5,408,542 0.23 = $1,243,965 

PIF @ 5.5% 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 

$40,854,211 
$0 

$408,542 
G&A = $1,243,965 

Subtotal $42,506,718 

FEE @ 5.5% = $42,506,718 * 0.055 = $2,337,869 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$408,542 

$1,243,965 

$2,337,869 



Lockheed Martin Idaho Technologies Co. 
Rev. 693 

COST ESTIMATE SUMMARY 
PROJECTWE: [CPP Bin Set ClOSUE (EIS Stud TYPEOFESTlMATE Planning DATE 27Jan-1998 

wamnort Bryan Spaulding REPORTNAME: Cost mmate  Summary 

Place NRC Class A Grout PROJECTNO: 242M1 TIME 20:07:18 
LOCAlIONt lcpp PREPARED BY: s. L coward CHECKED BY: 

_ _ ~ ~ ~  

WBS 
Element 

APPKD By: 

~ ~~~~~~ 

Cost Estimate Element 

1.1 
1.1.1 
1 .I .2 

1.2 
1.2.1 
1.22 

1.3 
1.3.1 
1.3.2 
1.3.3 
1.3.15 
1.3.16 

1.5.2 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING TlTLE I & I1 
TlTLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 
SmWORK 
CONCRETE 
MECHANICAL 
ELECTRICAL 

PROCUREMENT FEES 
I 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVt 

CONTINGENCY 

TOTAL ESTIMATED COST 

PROJECT COST PARAME7ERS 

ED1 AS A % OF CONST. + GFE= 30.00% 

CONTINGENCY= 35.77% 

Total 
Unescalated 

2,660,185 
532,037 

2,530,262 
1,064,074 

3,437,150 
0 

1,387,185 
3,365,584 
2,450,822 

106.407 

17,533,706 

Escalation 

0 
0 

0 
0 

0 
0 
0 
0 
0 

0 

0 

Total 
lncl Escalation 

I> $3,192.222 
2,660,185 

532,037 

’> $3,594,336 
2,530,262 
1,064,074 

-> $10,640,741 
3,437,150 

0 
1,387,185 
3 , 3 6 5,584 
2,4503822 

>> $106,407 

>> $17,533,706 

>> $1,074,715 

>> $5,091,579 

>> $23,700,000 



Lockheed Martin Idaho Technologies Co. 

PROJECTNAME ICPP Bin Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR Bryan Spauldlng 

RevB-93 

Place NRC Class A Grout 

DESCRIPTION 

DESIGN ENGINEERING TITLE I& II 
ENGINEERING AN0 DESIGN 

Tllle I &I1 Englneerlng & Oeslgn @I 20% 
of Conslrucllon 

Concepluel Deslgn @I 6% of Construction 

DESIGN ENGINEERING TITLE I & II S/T 

TITLE 111 INSPECTION 
INSPECTION -TITLE Ill 

Tllle Ill Q 6% of Conslrucllon 

TITLE 111 INSPECTION SfT 

PROJECT MANAGEMENT 
PROJECT MANAGEMENT 

PM Q 10% of Conslruclon 

G M  

PIF 

PROJECT MANAGEMENT S/T 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Plannhlg 

PROJECT NO.: 2423-81 
PREPARED BY: s. L. Coward 

SIC TOTAL CONST. MATL CREW UNITLAB TOTAL 
QTY UOM UNITCOST SUB HOURS LABHRS LABOR EQUIP. MAT'L (OTHER 1) COST 

1 LS 0.000 2,128,148 2,128,148 
LMITCO 

1 LS 0.000 632,037 632,037 
L MlTCO 

0 $2,660,186 $2,660,18t 

1 LS 0.000 632,037 632,037 
LMlTCO -- 

0 $532,037 $532,031 

1 LS 0.000 1,064,074 1,084,074 
-- LMITCO 

1 LS 0.000 829,474 820,474 

1 .- LS 0.000 636,714 636,714 
L MlTCO 

L MlTCO 

$2,630,262 $2,630,262 0 

PAGE# 1 

DATE 27Jan-1998 
TIME: 20:07:20 

REPORTNAME Detall cost Estlmate Sheet 

1.1.1 - 
MEMO: 

MEMO: 

- 1.1.2 

MEMO: 

1.2.1 - 
MEMO: 



Lockheed Martin Idaho Technologies Co. DETAILED COST ESTIMATE SHEET PAGE# 2 

CODE DESCRIPTION QTY 

- 
ROv 6.08 

PROJECT NAME ICPP Bln Set Closure (EIS Study) 
Place NRC Class A Grout 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

MATL CREW 
UOM UNITCOST SUB 

TYPE OF ESTIMATE Planning 
PROJECT NO.: 2423-81 
PREPARED BY: s. L. Coward 

1.2.2 - 
MEMO: 

CONSTRUCTION MANAGEMENT 
1 LS CONSTRUCTION MANAGEMENT 

LMITCI 
CM Q 10% of Constructlon Cosls 

_ -  

+I --l--l+l-- 

TRAINING 20 FTE CONC 
GE, 

2 FTE 2-1342 RAOCON TECHNICIAN SUPPORT (Durallon of 
Project -Assume 10 Years) LMITC! 

- 

CONSTRUCTION MANAGEMENT S/T 

~ 

- 1.3.3 

1.3.1 I- 

SITEWORK S/T 

CONCRETE 
-- 

GENERAL CONDITIONS I SUPERVISION (Durallon of Project - I I Assume 10 Years) 1 1 1 F I E /  1 CONF GE! 

~ 

GENERAL CONDITIONS SfT 

- 1.3.2 ]SITEWORK I I I I 
ASSUME NO EXCAVATION WILL BE REQUIRED 
FOR MONITORS 

DATE 27Jan-1998 
TIME 20:07:20 

REPORT NAME: Detall Cost Estimate Sheet 

EQUIP. 

$1,064,074 $1,064,07 

691,600 ' 691,800 

106,699 106,699 

2,066,040 2,066,040 

$1,064,074 $1,064,07 

691,600 ' 691,800 

106,699 106,699 

$2,862,339 $2,862,33 

1 



Lockheed Martin Idaho Technologies Co. 
PROJECTNAME lCPP Bln Set Closure (EIS Study) 

Rev 8-98 

Place NRC Class A Grout 
LOCATION 1: lcpp 
REQUESTOR Bryan Spauldlng 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Planning 

PROJECT NO.: 2423-B1 
PREPARE0 BY: s. L. Coward 

PAGE# 3 

DATE 27Jan-I998 
TIME 20:07:20 

REPORT NAME Detall Cost Estlmate Sheet 

MATL CREW UNITLAB TOTAL CONST. SIC TOTAL 
COST MAT’L (OTHER 1) CODE DESCRIPTION QTY UOM UNITCOST SUB HOURS LABHRS LABOR EQUIP. 

- 1.3.3 CONCRETE 
PROCURE EQUIPMENT FOR PLACEMENT OF 
GROUT 

Grout Booster Pump 1 EA 66,000.00 0.000 66,000 66,000 
GEh 

Alr Compressor and Mlscellaneous 1 LS 26,000.00 0.000 26,000 26,000 
Cleanlng Equipment GEll 

‘74’’ FRAME HOIST FOR LIFTING OF FILL I00 EA 2,000.00 CONC 40.000 4,000 128,120 200,000 328,120 
PIPE GEN 

POUR CLASS A GROUT AND CLEAN PIPE 10,406 CY 0.28 CONC 0.800 8,325 266,643 2,914 289,667 
(Includes 10% Wasle) GEN 

666 LIFTS 30.00 CONC ’ 0.500 333 10,666 19,980 30,646 CLEANING OF PIPING AFTER EACH LIFT 
GEh 

6” CAPS FOR PENETRATIONS (Assume 2 per 100 EA 600.00 CONC 24.000 2,400 76,872 60,000 126,872 
bln) GEh 

--- 

CONCRETE SIT 15,058 $482,301 $362,894 $836,19 

- 1.3.16 MECHANICAL 

LF 47.00 CONC 1.200 4,040 129,414 10,101 168,249 13,468 311,232 DOUBLE CONTAINED GROUT DELIVERY PIPE 3,367 
(Includes 10% Waste) GEN 

-- 
VALVE MANIFOLD ASSEMBLY (7 V a ~ l l ~  plus 8 EA 100,000.00 CONC 80.000 640 20,499 800,000 820,499 
1 Exlra) GEN 

SelCContalned Sealed Unlt to Mlllgate 
Leakage during Grout Placemenl 

MEMO 

-. 
REMOVAL OF RETR.TUBES (2 per Eln) 7,300 LF 0.20 CONC 0.260 1,826 68,466 1,460 59,916 
Add’l labor for removal) GEN 



Lockheed Marth Idaho Technologles Co. 

PROJECTNAME ICPP Bin Set Closure (EIS Study) 
Rov 6-W 

Place NRC Class A Grout 
LOCATION 1: ICPP 
REQUESTOR: Bryan Spauldlng 

CODE DESCRIPTION QTY UOM 

- 1.3.15 MECHANICAL 
REMOVAL AND DISPOSAL OF GROUT DELIVERY 10,667 LF 
PIPE AND RETR. TUBES 

Incl. Glovebag, Cuts to Rad Box, 
Handl., Rad Box Purch. & Dlopooal 

VALVOMANIFOLD REMOVAL 8 EA 

Incl. Rad Tent, Dlsconnect from Plplng 
&Pump, Rad Boxes & Dloposal 

MEMO: 

- 

MEMO: 

MECHANICAL S/T 

- 1.3.16 ELECTRICAL 

RAD MONITORS IN EXISTING LANCES 42 EA 

MONITOR TANKS DURING CLASS A GROUT I LS 
POUR 

Assume Readings lake 2 Days Once par 
Month for 10 Yrs 

CERCLA lp Monltor after Leaks are 
Filled wllh Class A Grout 

MEMO; 

ELECTRICAL S/T 

PROJECT SUBTOTAL 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Plannhlg 

PROJECT NO.: 2423-81 
PREPARED BY: s. L. Coward 

MATL CREW UNITLAB TOTAL 
UNITCOST SUB HOURS LABHRS 

1.50 CONC 1.740 18,561 
GEN 

2,000.00 CONC 480.000 3,840 
GEN 

28,906 

30,000.00 CONC 160.000 6,300 

CONC 2400.00 2,400 
GEN 

GEh 

8,700 

i :.=EEil~iilEl=~:.EE=EEEE==EE ~ : i m E a = E l P E = I =  

I 1  8,364 

CONST. 
EQUIP. LABOR MAT'L 

694,491 

122,991 

$9 2 5 , 8 5 I 

201,76! 

76,872 

$278,661 

:E E E E E i. I m E E = E E 

$4,639,160 

PAQEU 4 

DATE 27Jan-1998 
TIME 20:07:20 

REPORT NAME: Detail Cost Estimate Sheet 

16,001 

16,000 

$10,101 $991,71(1 + 
1,260,000 + 
I '  

$1,260,00C 

,.amEI=EEDDE= ===EEEE=EE.EE= 

$10,101 $2,604,603 t 



Ldkxded Martin Idaho Technologies Co. CONTINGENCY ANALYSIS - -- 
PROJECT NAME ICPP Bin Set closure (EIS Stud W E  OF ESTIMATE: Planning 

Place NRC Class A Grout PROJECTNO 2423-81 
LOCAllON 1: ICPP PREPARED BY: s. !.. COWard 
maumoR Bryan Spaulding 

DATE: 27Jan-1998 
me 20:07:15 

REPORTNAME Contingency Analysis 

ost Estimate Element 

CONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall within the bid range 
The Contingency Analysis is based on a weighted average to provide a 
90 % probability of undermn and a 10% probability of overmn. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTlNlATE 
Guideline established by D O F  50, Cost Estin@ng.Guide, Vol. 6, 
Cost Guide, and as presented in the INEL Cost mmatmg Gurde. 

PLANNING 20% - 30% 
ExmimentaVSPecial Conditions ............ UP to 50% 

Conceptual 15% '- 25% 
ExperimentaVSpecial Cond~ons  ............ Up to 40% 

TlTLEI 10% -20% 
TlTLE I1 5% -15% m IVMC Market Conditions 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

CLOSURE TO RCRA LANDFILL STANDARDS; CLASS A FILL; UNESCALATED 

FILL BINS W1 NRC CLASS A GROUT 

PROCUREMENT FEE: 
CONSTRUCTION = $10,640,741 
GFE = 

Subtotal $10,640,741 

FEE @ 1% = $10,640,741 * 0.01 = $1 06,407 

G&A @ 23% (with a ceiling of $500,000 imposed per year , 7 Years) 

CONSTRUCTION OR 
CEILING * # OF YEARS = !$3,500,000 
GFE = $0 
PROCUREMENT FEE = $1 06,407 

Subtotal $3,606,407 

FEE @ 23% = $3,606,407 * 0.23 = $829,474 

PIF @ 5.5% 

CONSTRUCTION = $1 0,640,741 
GFE = $0 
PROCUREMENT FEE = $106,407 
G&A = $829,474 

Subtotal $1 1,576,622 

FEE @ 5.5% = $1 1,576,622 * 0.055 = $636,714 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$1 06,407 

$829,474 

$636,714 



Lockheed Martin Idaho Technologies Co. 
Rev. 696 

PROJECTNAME ICPP Bin Set Closure 

REQUESTOR: B. C. Spaulding 

D&D of Equipment 
LOCAflON I: INEEL I ICPP 

WBS 
Element 

COST ESTIMATE SUMMARY 

Cost Estimate Element Total 
Unescalated 

TYPE OF ESTIMATE Planning 
PROJECT NO: 2423DW 

PREPARED BY: S L C o m r d f s m b  
REPORTME Cost Estimate Summary 

Escalation 

DATE 27Jan-1998/ 
mr 19:33:11 m!& CHECKEO By: 

MPRD BY: 

Total 
lncl Escalation 

- I .I 
1.1.1 
1.1.2 

- 1.2 
1.21 
1.2.2 

- 1.3 
1.3.13 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING TITLE I & II 
TITI.€ 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
SPECIAL CONSTRUCTION 

0 
0 

1.5.2 

800,2l3 
0 

PROCUREMENT FEES 117,097 

I 1,709.71 1 

0 >> $117,097 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

0 12,627,021 s> $12,627,021 

MANAGEMENT R E S E R E  

CONTINGENCY 

TOTAL ESTIMATED COST 

0 I= .so 0 
0 

>> $0 

>> $4,372,979 

' >> $17,000,000 

0 

0 
0 

0 

>> 5800.213 
800,213 

0 

$11,709.711 
11,709,711 

ED1 AS A % OF CONST. + GFE= 0.00% 

CONTINGENCY= 34.63% 



Lockheed Martin Idaho Technologles Co. 

PROJECTNAME: iCPP Bin Set Closure 
D&D of Equipment 

LOCATION 1: INEEL I ICPP 
REQUESTOR: B. c. Spaulding 

Rov 6-96 
DETAILED COST ESTIMATE SHEET 

NPE OF ESTIMATE: Planning 
PROJECT NO.: 2423D&D 
PREPARED BY: S.L.Cowardlsmb 

PAGE# 1 

DATE 27&n-1998 
TIME: 19:30:57 

REPORTNAME Detail Cost Estimate Sheet 



Lockheed Martin ldaho Technologles Co. 

PROJECT NAME: iCPP Bin Set Closure 
D&D of Equlpment 

Rov 6.93 

LOCATION 1: INEEL / ICPP 
REQUESTOR: B. c. Spauldlng 

DETAILED COST ESTIMATE SHEET 

TYPE OF ESTIMATE Plannhlg 
PROJECT NO.: 2423D&D 
PREPARE0 BY: S.L.Coward/smb 

PAGE# 2 

DATE 27Jan-1998 
TIME 19:30:67 

REPORT N M E  Detall Cost Estimate Sheet 



Lockheed Martin Idaho Techno/ogies Co. 

D&D of Equipment 

Rov 6-96 
PROJECT NAME lcpp Bln Set closure 

LOCATION 1: INEEL / ICPP 
REQUESTOR E. c. Spauldlng 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE Plannhlg 

PROJECT NO.: 2423DLD 
PREPARED BY: S.L.Cowardlsmb 

PAGE# 3 

DATE 27Jan-1998 
TIME 19:30:67 

REPORTNAME Detall Cost Estlmate Sheet 

MATL CREW UNITLAB TOTAL CONST. SIC TOTfiL 
COST MAT'L (OTHER 1) CODE DESCRIPTION a n  UOM UNITCOST SUB HOURS LABHRS LABOR EQUIP. 

- 1.3.13 SPECIAL CONSTRUCTION - Assume 63 HEPA fillers Q 8'x8'x2' 

Jumper Relrleval Plplng (Shielded) - 1 1 lot 0.000 109,494 109,494 
ea @ 420 sf 

- Assume 21 0' long x 2' wlde concrete 

Remote Core Drilling PlalformlSaw, 1 lot 0.000 66,966 66,966 
elc. - 1 ea Q 250 s i  

- Assume platform Q 5' x 5' x Wand 
saw Is 100 sf 

- -- - ~ - - -  ---. - ---_-_-- 

---I- -. --- -._--.---- --- - 

-.---- 
I I1 1,932 111,932 Remole Welding and Culling Equlpmenl- I lot 0.000 

Allowance - 1 ea Q 500 sf 



Lockheed Martin Idaho Technologies Co. 

PROJECT NAME: iCPP Bin Set Closure 
D&D of Equipment 

Rov 0.9% 

LOCATION 1: INEEL / ICPP 
AEOUESTOR: 6. c. Spaulding 

DETAILED COST ESTIMATE SHEET 
NPE OF ESTIMATE: Planning 

PROJECT NO.: 2423D&D 
PREPARED BY: S.L.Coward/smb 

PAOEW 4 

DATE 27Jan-1998 
TIME 19:30:67 

REPORTNAME Detail Coat Estimate Sheet 



Lockheed Martin Idaho Technologies Co. 
Rev 6-96 

PROJECTME ICPP Bin Set Closure 

LOanOt i  I: INEEL I ICPP 
mm.noR: 6. C. Spaulding 

D&D of Equipment 

ROUNDED TEC 17,000,000 I I 
PROJECT CONTINGENCY 4372979 34.63% 

MAN4GMENTRESERVE 0 
CONTINGENCY 4,372$79 

TOTAL Esnmm COST 17,000,000 4,372,979 17.000,OW 
i 

CONTINGENCY ANALYSIS 
TYPE OF ESTWTE Planning 

PROJECT NO: 2423D8D 
PREP- BY: S.L.Cowardlsmb 

DATE: =-Jan-1998 
TDN: 1933m 

REPORTNAME: Contingency Anabsis 

~~ 

SONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
h e  estimate was predicated. The model is appljed with-a suggested riskjevel 
3f 18% and a level of confidence of 90% the estimate wll fall within the bid range 
The Contingency Analysis is based on a weighted average to provide a 
80 % probability of undemn and a 10% probability of overrun. 

~~ 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by DOElFM 50. Cost Estimating Guide: Vol. 6, 
Cost Guide, and as presented in the INEL Cost Estimating Guide. 

PLANNING 20% - 30% 
ExpenmentaUSpedal Condkions ............ Up to 50% 

Conceptual 15% - 25% 
ExperimentaUSpecial Conditio ns............ Up to 40% 

TlTLEI 10% -20% 
5% -15% TlTLE I1 

TlTLE lVA!=C Market Condmons 

8 



Dolo Pimlod ltZ6lOLl I1 l lmo 0 61 AM 

N0I'Z.X: 
I . Assuniod IhoI locllily will hove low lovolr of hazofdoua mnlorlol. no red mlsmlnallon, and M) asboslos 
2 .  Assunio 40' auoss by 45' hloh x 2'w for mils plus lrolley (5' x 5' x 5') 
3 . Assumo 7 Alr hondlorr (5' x 5' Y LTJ, 3 Enhausl Fans (4' x 4' x 3). and 63 HEPA liltor8 (6' x 6' x 2 )  
4 - Assunio 210 LF x 2'wida conuolo 
6 . Assumo plnllom (Ox 5' x 6) plu5 sow (I00 SO 
6 - Assunio E x  6 x 0 '  
7 .  Assumo 2' x 2' plUOS 
6-Assviiio2310'x l'wido 
0 .  Wnslu Dirposnl Ouonlillos woro provldod by EDF 

Asswno IIIU IOIIOWIIIO Waslo msposol unll COSIS: 

Induslrlol Lendfill 
Low Lowal Waslo Roporllory 
Rod Wall0 

PeOe 101 I Mndoi xli I Shssll 



G&NPIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

CLOSURE TO RCRA LANDFILL STANDARDS; CLASS A FIL1; UNESCALATED 

D&D OF EQUIPMENT 

PROCUREMENT FEE: 
CONSTRUCTION = 
GFE = 

$1 1,709,711 

Subtotal $1 1,709,711 

FEE @ 1% = $1 1,709,711 * 0.01 = $1 17,097 

G&A @ 23% (with a ceiling of $500,000 imposed per year , 1 Year) 

CONSTRUCTION OR 
CEILING # OF YEARS = $500,000 
GFE = $0 
PROCUREMENT FEE = $1 17,097 

Subtotal $617,097 

FEE @ 23% = $617,097 * 0.23 = $1 41,932 

PIF @ 5.5% 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 
G&A = 

$1 1,709,711 
$0 

$1 17,007 
$141 1932 

Subtotal $1 1,968,740 

FEE @ 5.5% = $11,968,740 * 0.055 = $658,281 

TOTAL PROCUREMENT FEE: 

TOTAL G&A F E E  

TOTAL PIF: 

$1 17,097 

$141,932 

$658,281 



COST ESTIMATE SUMMARY 
ESCALATED 

ICPP BIN SET CLOSURE 
CLOSURE TO RCRA LANDFILL 
STANDARDS; CLASS A FILL 
Requestor: B. C. Spaulding 

Planning Estimate 1 /28/9E 
Estimate #2423 

Prepared by: S. L. Coward 
. Checked by: 

Approved by: 

Regulatory Compliance 31,600,000 
Fill Vaults with Clean Grout 23,300,000 
Clean Bins with Robots 

Floor 157,000,000 
53,100,000 Fill Bins with NRC Class A Grout 

D&D of Equipment 50,600,000 
TOTAL $31 5,600,000 

USE $31 6,000,000 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rei .  6-96 

PROJECTNAME: PermittinglDocumentation P~PE OF ESTIMATE: PLANNING 
Risk Based - NRC Class C PROJECTNO: 2 4 2 3 4 s  

REQUWO@ Bryan Spaulding mom NAME: Cost Estimate Summary 
L O a n O N  i: INEEUCPP PREPARED By: s. L COWald 

WBS 
Element 

- 1 .I 
1.1.1 

- 1.2 
12.1 
1.22 

- 1.3 
1.3.1 

1.52 

D A E  Wan-1998 
TIME: 11:02:58 

cxEcI(EDBy: 

APPRD By: 

Cost Estimate Element 

CONCEPTUAL 
CONCEPTUAL DESIGN 

MANAGEMENT 
PM FOR PROJECT DEVELOPMENT 
PROJECT EXECUTION 

PERMllTlNG 
PERMilllNG 

PROCUREMENT FEES 

Unescalated Total 

PROJECT COST PARAMETERS 

ED1 AS A % OF CONST. + GFE= 0.00% 

Escalation lncl Total Escalation 

I CONTINGENCY= 34.81% 

0 

1,942,993 
477,848 

1.1 07,506 
m 3 7 3  

12,385,106 

0 

>> $19,444,616 
7,059,510 19,444,616 

>* g 
0 

>> 53.800.720 
3,050,499 

750,221 

14,929,798 

$1,963,906 

$31,600,000 



. .. . 

TOTAL CONST. 
LAB HRS LABOR EQUIP. MAT'L 

SIC TOTAL . 
(OTHER 1) COST 

IU  CONCEPTUAL DESIGN 

CODE 

- 

CONCEPTUAL DESIGN SIT 

DESCRIPTION 

I- 1.2.1 

0 

, PM FOR PROJECT DEVELOPMENT 
I 

I 

1.2.1.1 - 

619,723 

726,960 

I 1.2.2 
I -  

619,723 

726,960 

PM FOR PROJECT DEVELOPMENT S/T 

-~ 

PROJECT EXECUTION S/T 

PROJECT ADMINISTRATION 
Prolecl Admln. during Oocumenlallon 
(6% of Doc. Cosls) 

PROJECT ADMINISTRATION S/T 
~~ 

PROJECT EXECUTION 

1 1.2.1.2 1 PROJECT SUPPORT 
Support During permilllnglfloc. (4% of 
doc. COSlS) 

PROJECT SUPPORT S/T 

DETAILED COST ESTIMATE SHEET 
N P E  OF ESTIMATE PLANNING 

PROJECT NO.: 2423-BD-E 
PREPARED BY: S. L. Coward 

PAGE# 1 

DATE 2848n-1998 
TIME: 11:03:00 

REPORT NAME: Detall Cost Estimate Sheet 



. .. I 

Lockheed Martin Idaho Technologies Co. 

PROJECT NAME PermlttlnglDocumentatlon 
Risk Based - NRC Class C 

REQUESTOR Bryan Spaulding 

Rov 8-90 

LOCATION 1: INEEUlCPP 

DESCRIPTION 

1.3.1 PERMITTING 

RCRC Closure (Incl. Wrlllng, Revlews, 
Public Comments & Issuance or Permits) ---I- 
Alr Monllorlng Acllvllles, Fees, elc. 

P.E. Acllvllles 

CAA Permll lo Conslrucl (Incl. 
Preparlng, Revlews, Public commenls & 
Issuance) 

CERCIA Coordlnalor 

Regulatoly Affalrs Overslght 

Olher Regulalory Compllance (CWA, 
Storm Waler, Hlslorlcal, elc.) 

--- - 

_- ---- 

Survey Plal 

SARR 

NRC Landfill Dlsposal Requlremenls 

Envlronmenlel & Hazards Analysts 

Selsmlc Test Bores (Allowance) 

Operallonal Readiness Revlew 

PERMITTING SIT 

PROJECT SUBTOTAL 

DETAILED COST ESTIMATE SHEET 
NPE OF ESTIMATE PLANNING 

PROJECT NO.: 2423-BO-E 
PREPARED BY: s. L. Coward 

CREW 
SUB 

2-1700 
LMITC( 

LMITC( 

LMITC( 

LMITC( 
2-1700 

2-1700 
LMITC( 

LMITC( 

LMITC( 

-- 
2-1700 

2-1700 

LMITC( 
2-3170 
LMITC( 
2-1710 
LMITC( 
2-1710 
LMITC( 
2-1710 
LMITC( 

L MI JC( 

PAQE# 2 

DATE 28 Jan- I  998 
TIME 11:03:00 

REPORTNAME Detail cost Estimate Sheet 

UNIT LAB TOTAL CONST. SIC 
HOURS LABHRS LABOR EQUIP. MAT'I (OTHER 1) 

1440.00 2,880 186,221 

0.000 1,208,900 

0.000 60,000 

1800.00 1,800 116,368 

160.000 

64,6601 I I 

~ . _  
9000.00 

1800.00 

2700.00 64,000 

--- 
---- 

0.000 

-- 
10,000 

312,266 

4,960,800 

198,432 

2,976,480 
----- 

2,000,000 

TOTAL 
COST 

186,221 

1,208,900 

60,000 

116,388 

193,980 

96,990 

64,660 

10,000 

312,266 

4,960,800 

198,432 

2,976,480 

2,000,000 

$12,386,10 



Lo&k&ed Martin ldaho Technologies Co. CONTINGENCY ANALYSIS 
PROJECT NAME P e m i t h n g l D o c u m e n t o n  TYPE OF PLANNING 
LOCAnON 1: INEEUlCPP PREPAREDBY: S.IcOward 
ftEauEsToR: Bryan Spaulding 

Risk Based - NRC Class C PROJECTNO 

CONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lockheed ldaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 

of 18% and a level of confidence of 90% the estimate will fall wiulin the  bid range. 

90 % probability of underrun and a 10% probability of overrun. 

the estimate was predicated. The  model is applied with a suggested risk level 

The Contingency Analysls is based on a weighted average to provide a 

DATE: 284an-1998 
TUIE: 11:0247 

w o r n  NAME Contingency Analysis 

L 

CONTlNGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by 00- 50, Cost Estimating-Guide! Vol. 6, 
Cost Guide, and as presented in the  INEL Cast Estmahng Guide. 

PLANNING 20% - 30% 
ExperimentaVSpecial Conditions ._........_. Up to 50% 

Conceptual 15% - 25% 
ExperimentaVSpeaal Conditions ......_..... Up to 40% 

TlTLEI 10% -20% m I I  5% -15% m IUAFC Market Conditions 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

CLOSURE TO RCRA LANDFILL STANDARDS; CLASS A FILL; ESCALATED 

REGULATORY COMPLIANCE 

PROCUREMENT FEE: 
CONSTRUCTION = 
GFE = 

$1 9,444,616 

Subtotal $1 9,444,616 

FEE @ 1% = $19,444,616 * 0.01 = $1 94,446 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 5 yrs) 

CONSTRUCTION OR 
CEILING 5 YEARS = 
GFE = 

$2,500,000 
$0 

PROCUREMENT FEE = $1 94,446 
Subtotal $2,694,446 

FEE Q 23% = $2,694,446 0.23 = $619,723 

PIF @ 5.5% 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 
G&A = 

$12,385,106 
$0 

$1 94,446 
$61 9.723 

Subtotal $1 3.1 99,275 

FEE @ 5.5% = $133 99,275 * 0.055 = $725,960 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$1 94,446 

$61 9,723 

$725,960 



LGcEkeed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
PROJECTNAME ICPP Bin Set Closure (EIS Stud W E  OFESIIMAE Planning D A E  2Wan-I998 

LOcAnON1: ICPP PREPAREDBy: S.LCoward CHECKED BY: 
TIME 1021:14 Place Clean Grout in Vault PROJECT NO: 2 4 s N - E l  

REPORTNAME Cost Estimate Summary 
APPRD By: 

~auErroR: Bryan Spaulding 

Total 
Unwcalated 

WBS 
Element 

1.1 
1 .I .I 
1 .I .2 

1.2 
1.2.1 
1.2.2 

1.3 
1.3.1 
1.3.2 
1.3.3 

1.5.2 

Total 
Escalation lncl Escalation 

Cost Estimate Element 

1,324,812 
264,962 

1,701 ,514 
529,925 

1,067,791 
0 

4,231,459 

52,992 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING 
TlTLE 111 INSPECTION 

>> $2,493,296 
649,158 1,973,970 
254,364 519,326 

>> $4,288.659 
1,548,432 3,250,006 
508,728 1,038,653 

>> $10,386,530 
1,025,079 2,092,870 

0 0 
4,062,201 8,293,660 

50,873 >> $103,865 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

8,098,835 

CONSTRUCTION 
GENERAL CONDITIONS 
SITEWORK 
CONCRETE 

$17,272,350 

PROCUREMENT FEES 

>> $4,978,611 

'* >> $23,300,000 

SUBTOTAL INCLUDlNG ESCALATION 

PROJECT CONTINGENCY 

CONTINGENCY 

TOTAL ESTIMATED COST 

ED1 AS A % OF CONST. + GFE= 24.00% 

CONTINGENCY= 34.90% 

8 1 s  $1,049,039 



Lockheed Martin Idaho Technologies Co. DETAILED COST ESTIMATE SHEET PAGE# 1 

TOTAL 
LAB HRS LABOR 

Rov 6-96 
P~OJECTNAME: ICPP Bin Set Closure (EIS Study) 

LOCATION 1: tcpp 
REQUESTOR: Bryan Spauldlng 

Place Clean Grout In Vault 

SIC TOTAL CONST. 
EQUIP. MAT'L (OTHER 1) COST 

N P E  OF ESTIMATE: Planning 
PROJECT NO.: 2423-A2-E1 
PREPARED BY: s. L. Coward 

0 

MATL 
CODE DESCRIPTION QTY UOM UNITCOST 

$1,324,812 $1,324,811 

1 .I .I DESIGN ENGINEERING 
ENGINEERING AND DESIGN - I  

264,962 

I l l  

264,962 

MEMO: Tllle I &II Engineering & Deslgn @I 20% 1 LS 

MEMO: Conceptuel Englneering & Deslgn @I 6% I LS 

of Conslrucllon 

of Construction 

0 

DESIGN ENGINEERING S K  

$264,962 $264,96: 

529,926 520,925 

1.1.2 TITLE 111 INSPECTION - I  INSPECTION -TITLE 111 

828,889 828,889 

342,760 342,760 
.-- 

I 1 I LSI  

0 

I I l l  MEMO: Tllle 111 @ 5% of Conslrucllon 

$1,701,574 $1,701,57~ 

~~ ~ _ _ _  

TITLE 111 INSPECTION SK 

1.2.1 PROJECT MANAGEMENT - I  PROJECT MANAGEMENT 

MEMO PM Q 10% of Conslrucllon 

G&A 1 LS 

LS PIF 1 
- 

PROJECT MANAGEMENT S/T * 
LMlTC 

0.000 
LMlTC 

0.000 

0.000 
LMlTC 

0.000 

0.000 

DATE 28Jan-1998 
TIME 10:21:16 

REPORT NAME Detail Cost Estimate Sheet 

-I-ttt 1,059,850 1,059,850 

-1 264,662 

I- I I I 



Lockheed Martin Idaho Technologies Co. 

PROJECTNAME: ICPP Bln Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

Rov B.96 

Place Clean Grout In Vault 

CODE DESCRIPTION 

- 1.2.2 CONSTRUCTION MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CM Q 10% of Construcllon Costs MEMO: 

~~ 

CONSTRUCTION MANAGEMENT SIT 

1.3.1 - GENERAL CONDITIONS 
SUPERVISION (Duration of Schedule - I Assume 3 Years) 

TRAINING 

Schedule -Assume 3 Years) 

GENERAL CONDITIONS SIT 

1.3.2 SITEWORK - 

SITEWORK SIT 

- 1.3.3 CONCRETE 

PROCURE EQUIPMENT FOR PLACEMENT OF 
GROUT 

Grout Pump fl Grout Pump fl 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Plannlng 

PROJECT NO.: 2423-A2-E1 
PREPARED B Y  s. L. Coward 

CREW UNITLAB 
SUB HOURS 

0.000 
L MlTCO 

CONF 6240.00 
GEA 

CONC 165.000 
GEh 

LMITCO 

-- 
2-1342 6240.00 

-- 

-- 

0.000 
GEh 

PAGE# 2 

DATE 28Jan-1998 
TIME 10:21:16 

REPORTNAME: Detall Cost Estimate Sheet 

6,240 1 207,4801 I I 207,480 I 
1,660 52,060 52,850 

616,512 
.-- 

12,480 616,512 

I I I I I 
I 

20,370 $076,042 $076,84: 

-- 



Lockheed Martin Idaho Technologies Co. 

MEMO 

MEMO: 

Rov 8-98 
PROJECTNAME ICPP Bin Set Closure (EIS Study) 

LOCATION I: lcpp 
Place Clean Grout In Vault 

GROUT DELIVERY PIPING AND ACCESSORIES 415 LF 20.00 
PURCHASE (Incl. 10% Waste) GEI 

GROUT DELIVERY PIPING (Incl. 10% 2,905 LF CONC 
Waste) GEl 

Install, Remove & Clean Pipe after 
Each Vault (7 Vaulls) 

GROUT DELIVERY PIPING CLEANING BETWEEN 676 LIFTS 30.00 CONC 
MANIFOLDS & DROP TUBES GEl 

Assume cleanlng between each lift 

GROUT MANIFOLD AND CLEANING SYSTEM 1 LOT 7,600.00 CONC 

REQUES~OR: Bryan Spauldlng 

MEMO: 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Plannlng 

PROJECT NO.: 2423-A2-E1 
PREPARED BY: S. L. Coward 

GEl 
Can be Reused afler each Vault Set (7 
tlmes) 

PAGE# 3 

DATE 28Jan-1998 
TIME 10:21:16 

REPORTNAME Detal l  Cost Estimate Sheet 

CONCRETE STT 

CODE DESCRIPTION I QTY I UOM I UNIT COST^ SUB I 
I I 1 I 

-- 

- 1.3.3 

- 1.3.3.1 

CONCRETE 
Alr Compressor and Mlscellaneous 
Cleenlng Equlpment 

VAULT GROUTING 
PURCHASE GROUT DROP TUBESAND 390 LF 20.00 
ACCESSORIES GE/ 

I I EAl 

I 

MEMO: Assume 08' long for 4 Tubes per Vault 
Plus 10% Waste (Can be  Reused) 

INSTALL AND REMOVE DROP TUBES 2,123 LF CONC 
GEl 



Lockheed Martin Idaho Technologies Co. 
Rov 8-08 

PROJECT NWE: lcpp Bln Set ClOSUre (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

Place Clean Grout In Vault 

DETAILED COST ESTIMATE SHEET PAGE# 4 

DATE 28 Jan4998 
TIME 10:21:16 

REPORT NAME Detall COSt Estimate Sheet 

TYPE OF ESTIMATE: Planning 
PROJECT NO.: 2423-AZ-E1 
PREPARED BY: s. L. Coward 

- 
CREW 

SUB - 

CONC 
GEi 

DESCRIPTION UOM 
MATL 

UNIT COS LABOR MAT'L 
CONST. 
EQUIP. QTY - 

22.946 

(OTHER 1) 

1.3.3.1 
MEMO: 

VAULT GROUTING 
Assume 4 tubes x 7 vaults plus 10% 
waste 

I 
2,092,916 GROUT PLACEMENT & CLEANUP (Includes 

10% Waste) 
CY 80.0 257.231 1,835,680 

I $2,134,71 ilAULT GROUTING S/T $291,23( $1,843,48( - 
28 

28 

28 

31N SET VAULT ACCESS HOLES 
CORE DRILL 18" HOLE THROUGH VAULT ROOF 
(4 PLACESNAULT) 

EA 1,000.0 89,68r 28,000 CONC 
GEl 

CONC 
GEI 

CONC 
GEl 

117,684 

SHIELDING AROUND VAULT HOLES 

CAP 18"DlAMETER HOLES 

EA 

EA 

5,000.0 

1,800.0 
-- 

21,621 

35,87d 

$147.08: 

140,000 

50,400 86,274 

31N SET VAULT ACCESS HOLES S/T $218,400 

PROJECT SUBTOTAL 



Lockheed Martin ldaho Technologies Co. CONTINGENCY ANALYSIS 
Rev &96 

PROJECT NAME: 1CPP Bin Set ClOSUtl? (EIS Stud TYPE OF ESTMATE: Planning 
Place Clean Grout in Vault PROJECT NO: 2423-?42-E1 

LocmoN I: ICPP PREPARE0 BY: s. L. coward 
mauEsIoR: Bryan Spaulding 

DATE: 284-1998 
mE: 10:2001 

REPORT NAME: Contingency A ~ ( y s b  

Cost Estimate Element 

I 1 I I I I I I I I I 

CONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall withi? the bid range 
The Contingency Analysis IS based on a weighted average to provide a 
90 % probability of undermn and a 10% probability of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guideline established by DO- 50. Cost Estimating-Guide, Vol. 6. 
Cost Guide, and as presented in the INEL Cost EstrmatIng Guide. 

PLANNING 20% - 30% 

Concentual . 15% - 25% 
ExperimentaUSpedal Conditio ns............ Up to 50% 

. 
~-nmentaVSpecial  Conditions ......... ;..Up to40% 

TITLEI 10% -20% m I1 5% -15% 
i-iiii? i k c  Market Conditions 



G&AIPIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

CLOSURE TO RCRA LANDFILL STANDARDS; CLASS A FILL; ESCALATED 

FILL VAULTS W1 CLASS A GROUT 

PROCUREMENT FEE: 
CONSTRUCTION = $10,386,530 
GFE = 

Subtotal $1 0,386,530 

FEE Q 1% = $10,386,530 0.01 = $1 03,865 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 7 yrs) 

CONSTRUCTION OR 
CEILING * 7 YEARS = $3,500,000 
GFE = $0 
PROCUREMENT FEE = $1 03,865 

Subtotal $3,603,865 

FEE @ 23% = $3,603,865 * 0.23 = $828,889 

PIF Q 5.5% 

CONSTRUCTION = $5,299,250 
GFE = $0 
PROCUREMENT FEE = $103,865 
G&A = $828,889 

Subtotal $6,232,004 

FEE Q 5.5% = $6,232,004 0.055 = $342,760 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE 

TOTAL PIF: 

$103,865 

$828,889 

$342,760 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rev. 6-96 

PROJECT NAME: ICPP Bin Set Closure (ElS Stud 

fmuEsoR: Blyan Spaulding REPORTNAME: Cost -mate Summary 

TYPE OF E ~ T E  Planning 
Tractor (RCFU Estimates) PROJECTNO: 2423441 

LOCAflONt ICPP PREPAREDBY: S.L*Ward 

w8S 
Element 

1.r 
1.1.1 
1.12 

1.2 
1.21 
1.22 

1.3.1 
1.3.13 

1.52 

OAT? 28Jan-1998 
TPAE 09:54:26 

CHECKEO By: 

APPRD BY: 

Cost Estimate Element 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING TlTLE 1 & I1 
TITLE 111 INSPECTiON 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDillONS 
SPECW. CONSTRUCTION 

PROCUREMENT FEES 

Escalation 

PROJECT CONTINGENCY 

Total 
lncl Escalation 

MANAGEMENT RESERVE 

CONTINGENCY 

TOTAL ESTIMATED COST 

2,757,659 
1,961,002 

6,694,235 
3,922,004 

6,566,797 
32,653,245 

392,200 

54,947,142 

Total 
Unescalated 

>> $12,889,502 
8,885,790 
4,003,712 

>> $22,485,654 
14,478,229 
8,007,425 

>> 580,074,253 
13,407,211 
66,667,042 

>> $800,742 

~~$116,250,151 

6,128,131 
2,042,710 

7,783,994 
4,085,421 

6,840,414 
34,013,797 

408,542 

61,303,009 

I 

$8,087,499 

>> $32,662,350 

PROJECT COST PARAMETERS 

ED1 AS A % OF CONST. + GFE= 16.000A 

CONTINGENCY= 35.05% 



Lockheed Martin Idaho Technologies Co. 

PROJECTNAME ICPP Bin Set Closure (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

Rev 6-96 

Tractor (RCRA Estlrnates) 

MATL CREW UNITLAB TOTAL CONST. SfC 
MAT'L (OTHER I) DESCRIPTION QTY UOM UNITCOST SUB HOURS IABHRS LABOR EQUIP. CODE 

1.1.1 DESIGN ENGINEERING TITLE I & II - 
ENGINEERING AND DESIGN 

Tllie I LII Englneerlng & Deslgn Q 10% 1 LS 0.000 4,086,421 
olConslruclion . LMITCO 

MEMO: 

2,042,710 Conceplual Englneerlng 8 Deslgn Q 6% 1 .  LS 0.000 
LMITCO of Conslruclion 

-.-. -- 

DESIGN ENGINEERING TITLE I& II S/T 0 $6,128,131 

1.1.2 TITLE Ill INSPECTION 2,042,710 

MEMO 

I .LS 0.000 - 
INSPECTION -TITLE 111 

LMITCO 
Tllle 111 Q 6% of Conslrucllon 

.-- --- 
TITLE 111 INSPECTION S/T 0 $2,042,710 

PROJECT MANAGEMENT 
4,086,421 

1.2.1 
1 LOT 0.000 - 

PROJECT MANAGEMENT 
LMITCO -.- . -- i MEMO PM Q io% or Conslrucllon 

GEA 

PIF 

1 LS 0.000 1,334,171 

I LS 0.000 2,364,402 
LMlTCO 

LMITCO 
-- ---- --- 

PROJECT MANAGEMENT. S/T 0 $7,783,994 

DETAILED COST ESTIMATE SHEET 

TOTAL 
COST 

4,086,421 

2,042,710 

$6,128,13: 

2,042,710 

$2,042,7il 

4,086,421 

1,334,171 

2,364,402 

$7,783,99d 

TYPE OF ESTIMATE: Plannlng 
PROJECT NO: 2423-C-El 
PREPARED BY: s. L. Coward 

PAGE# 1 

DATE 28Jan-1998 
TIME 10:09:30 

REPORTNAME Detail Cost Estlrnate Sheet 



Lockheed Martln Idaho Technologies Co. 

PROJECTNAME: ICPP Bln Set Closure (EIS Study) 
RoV 6.00 

Tractor (RCRA Estlmates) 
LOCATION 1: lcpp 
REQUESTOR Bryan Spauldlng 

QTY 

1 

--. 

I 

15 

2 

-- 

1 

52 

DETAILED COST ESTIMATE SHEET 

MATL CREW 
UOM UNITCOST SUB 

LOT 
LMITCC 

--- 
. 

FTE PlPF 
GEf 

FTE SKWK 
GEt 

LMITC( 

-~ 
FTE 2-1342 

-_- 

EA 
GEE 

EA 

NPE OF ESTIMATE: Plannlng 
PROJECT NO.: 2423-C-E1 
PREPARED BY: S. L. Coward 

PAGE# 2 

DATE 28Jan-1008 
TIME 10:00:30 

REPORT NAME Detall Cost Eatlmate Sheet 

CODE 

1.2.2 

MEMO: 

1.3.1 

1.3.13 - 

DESCRIPTION 

CONSTRUCTION MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CM @ 10% Of COnSltUCllOn COS18 

CONSTRUCTION MANAGEMENT SfT 

GENERAL CONDITIONS 
SUPERVISION (Durallon of Schedule for 
lnslallalion of Robots - 10 years) 

TRAINING 

RADCON TECHNICIAN SUPPORT (Durallon of 
Schedule - ASSUme 10 Years) 

GENERAL CONDITIONS S/T 

SPECIAL CONSTRUCTION 

FABRICATION OF FOLDABLE TRACTOR ROBOT 

Doslgn & Develop Ira1 Tractor Robot, 
Including: 

- 

Doslon, Approvals. Mock-up, Proof of 
Process, elc. 

Fabricallon of Addlllonal Unlls 



TOTAL 
LAB HRS LABOR CODE DESCRIPTION 

--- 

--- 

lnslall and Shleld Unll Hosemubes 
(Mods, ElEClr., etc.) -Allowance 

Syslems Inlegration 

CAP 18" DIAMETER HOLES 

CAP 6" DIAMETER HOLES . 
OPERATION OF CALCINE RETRIEVAL - 

SPECIAL CONSTRUCTION S/T 

4,000 

2,400 

219,070 
---. 

241,470 

1 S D 5 ~ E D D D D D ~ I l  

306,346 

132,44! 

79,464 

7,263,401 
. 

$7,996,07: 

l l1i lnDll immiImD.Dz 

$10,071,765 

Lockheed Martin Idaho Technologies Co. 

PROJECTNAME: ICPP Bln Set Closure (EIS Study) 

LOCATION 1: tcpp 
REQUESTOR: BQQ%l Spauldlng 

R ~ v  6-96 

Tractor (RCRA Estimates) 

DETAILED COST ESTIMATE SHEET PAGE# 3 

DATE 28Jan-I998 
TIME: 10:09:30 

REPORT NAME Detall Cost Estimate Sheet 

NPE OF ESTIMATE: Plannlng 
PROJECT NO.: 2423-C-E1 
PREPARED BY: S. L. Coward 

imm 
HOURS 

- 
QTY - 
52 

50 

50 

- 
UOM - 

EA 

EACH 

EA 

LS 

EA 

CONST. 
EQUIP. MAT'L 

SIC 
[OTHER 1) 

1,300,000 

TOTAL 
COST 

1.3.13 SPECIAL CONSTRUCTION - I  lo Add'l Unlls 
Deslgn of Development of Modlllcallons 0.000 1,300,000 + I 
INSTALLATION OF CLEANING UNIT: 

I lnslell Roboilc Unlls 160.000 

160.000 

0.000 

40.000 

24.000 

11630.0 
--- 

264,880 

sia,880 

76,000 

312,440 

129,464 

7,263,408 

264,881 260,000 

I 
I 

I 

100 

100 

19 

- 

76,000 

180,000 

60,000 600.00 

SKWK FTE 

- 

- 

$* *** *** * .  $25,860,072 $480,00[ 

PROJECT SUBTOTAL 



Lo&k&eed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS 
PROJECT NAME: lcpp Bin Set cb!5UE (EIS Stud M P E  OF ESTUMTE Planning 

Tractor (RCRA Estimates) PROJECTNO: 2423GE1 
LOCATION 1: ICPP PREPAREDBY: S.LC0ward 
m x u E n o R :  Bryan Spaulding 

PROBABLE % VARIATION 
% Total Prob. % Var. Wt. % of Prob. 

Element Cost Estimate Element TotalCostwlo Cost From Est 
WBS 

Contingency 
Contingency - +  - +  

I I 

DATE: 2Wan-1998 
m e  09:54:36 

REPORTNAME Contingency Analysis 

CONTINGENCY SUMMARY 

% Cost Total Cost 
by Element 

nwmo COST 

CONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall within the bid rangc 
The Contingency Analysis is based on a weighted average to provide a 
90 % probability of undermn and a 10% probability of overrun. 

0.04 0.14 0.123% 0.3% 143,209 551,751 
4.73 18.91 i 6 s . m  4 7 ~ ~  19,260,961 74,20a,o86 

35.000% 

35.05% 

40,749,849 157,000,000 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by D O F  50, Cost Estimating.Guide, Vol. 6, 
Cost Guide. and as presented in the INEL Cost Estimabng Guide. 

PLANNING 20% - 30% 
ExperimentaVSpeaal Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperimentaUSpecial Conditio Is............ Up to 40% 

TlTLEI 10% -20% 
5% -15% TlTLE II m IllAFC Market Conditions 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

CLOSURE TO RCRA LANDFILL STANDARDS; CLASS A FILL; ESCALATED 

CLEAN BINS W1 ROBOTS - FLOOR 

PROCUREMENT FEE: 
CONSTRUCTION = 
GFE = 

$80,074,253 

Subtotal $80,074,253 

FEE @ 1% = $80,074,253 0.01 = $800,743 

G&A @ 23% (with a ceiling of $500,000 imposed per year, 10 yrs) 

CONSTRUCTION OR 
CEILING * 10 YEARS = $5,000,000 
GFE = $0 
PROCUREMENT FEE = $800,743 

Subtotal $5,800,743 

FEE @ 23% = $5,800,743 0.23 = $1,334,171 

PIF @ 5.5% 

CONSTRUCTION = 
GFE = 
PROCUREMENT FEE = 
G&A = 

FEE @ 5.5% = 

$40,854,211 
$0 

$800,743 
$1,334,171 

Subtotal $42,989,124 

$42,989,124 * 0.055 = $2,364,402 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$800.743 

$1,334,171 

$2,364,402 



Lockheed Martin fdaho Technologies Co. COST ESTIMATE SUMMARY 
Rev, 6-96 

DATE: 28-Jan-I998 PROJECTWE ICPP Bin se t  cbsure  (EIS Stud N P E  OFESFIMATE: Planning 

LOCATION 1: ICPP PREPAREOW S.LCOward CHECKED BY: 
REauEsroR: Blyan Spaulding REPORTNAME Cost Estimate Summary 

2 2 3  Place NRC Class A Grout PROJECTNO: 2423-B1-E2 TIME: 103333 

WBS 
Element 

- 1 .I 
1 .I .I 
1.1.2 

- 1.2 
1.2.1 
I .2.2 

1.3 
1.3.1 
1.3.2 
1.3.3 
1.3.15 
1.3.1 6 

1.5.2 

APPrn  BY: 

Cost Estimate Element 

ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING TlTLE I 8 II 
TlTLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDlTlONS 
SITEWORK 
CONCRETE 
MECHANICAL 
ELECTRICAL 

PROCUREMENT FEES 140,458 

21,774,634 

~~~ 

MANAGEMENT RESERVE 

>> $246,865 

>> $39,350,147 

>> $2.493.338 

CONTINGENCY 

TOTAL ESTIMATED COST 

.-  

PROJECT COST PARAMETERS 

ED1 AS A % OF CONST. + GFE= 26.00% 

Total 
Uneswlated 

2,660,185 
532,037 

2,572,069 
1,064,074 

3,437,150 
0 

1,387,185 
3,365,584 
2,450,822 

106,407 

17,575,513 

==I== Escalation lncl Escalation 

2,420,768 
702,289 

3,060,762 
1,404,578 

4,537,038 
0 

1,831,085 
4,442,571 
3,235,085 

>> $6,315,279 
5,080,953 
1,234,326 

>> $8,101.483 
5,632,831 
2,468,652 

>> $24,686,520 
7,974,188 

0 
3,218,270 
7,808,155 
5,685,907 

>> 511,256,515 _t___ 

CONTINGENCY= 34.94% 



Lockheed Martin Idaho Technologies Co. 

PROJECTNAME: ICPP Bln Set Closure (EIS Study) 

LOCATION I: tcpp 
REQUESTOR: Bryan Spauldlng 

Rev 6-96 

Place NRC Class A Grout 

SIC 
(OTHER 1) 

2,128,148 

532,037 

$2,66OI18S 

532,037 

$532,037 

1,064,074 

861,779 

646,216 

$2,572,069 

1,064,074 

DETAILED COST ESTIMATE SHEET 

TOTAL 
COST 

2,128,148 

632,037 

$2,660,185 

5 3 2 , 0 3 7 

$532,037 

1,084,074 

861,779 

646,216 

$2,572,069 

1,064,074 

TYPE OF ESTIMATE: Plannhlg 
PROJECT NO.: 2423-81-E2 
PREPARED BY: S. L. Coward 

MATL CREW UNITLAB TOTAL 
CODE DESCRIPTION QTY UOM UNITCOST SUB HOURS LABHRS 

1.1.1 DESIGN ENGINEERING TITLE I & I1 
MEMO nlle I &I1 Englneerfng & Deslgn Q 20% I LS 0.000 

MEMO: Conceptual Deslgn @I 6% of Conslrucllon 1 LS 0.000 

- 
O of Conslwctlon LMITCO 

LMlTCd 

DESIGN ENGINEERING TITLE I 81 II SIT 0 

1.1.2 TITLE Ill INSPECTION - 
INSPECTION -TITLE 111 1 LS 0.000 

LMITCO 
MEMO: nile 111 Q 6% of Construction 

-- 

TITLE 111 INSPECTION SIT 0 

- 1.2.1 PROJECT MANAQEMENT 
PROJECT MANAGEMENT 1 LS 0.000 

LMITCO 
MEMO: PM Q 10% of Conslrucllon 

G&A I LS 0.000 

PIF 1 LS 0.000 
LMITCO 

LMITCO 

PROJECT MANAGEMENT S/T 0 

1.2.2 CONSTRUCTION MANAGEMENT 
I LS 0.000 

- 
CONSTRUCTION MANAGEMENT 

LMITCO 

PAGE# 1 

CONST. 
LABOR EQUIP. MAT'L 

DATE 28Jan-I998 
TIME: 1033:35 

REPORTNAME: Detall Cost Estimate Sheet 



Lockheed Martin ldaho Technologies Co. 
Rov 13-90 

PROJECT NAME lcpp Bin Set clOSUrt3 (EIS Study) 
Place NRC Class A Grout 

LOCATION 1: lcpp 
REQUESTOR Bryan Spauldlng 

CODE 

- 1.2.2 
MEMO: 

- 1.3.1 

- 1.3.2 

- 1.3.3 

DETAILED COST ESTIMATE SHEET 
NPE OF ESTIMATE Plannlng 

PROJECT NO.: 2423-BI-E2 
PREPARED DY: s. L. Coward 

MATL CREW UNITLAB TOTAL CONST. SIC TOTAL 
QTY UOM UNITCOST SUB HOURS LABHRS LABOR EQUIP. MAT'L (OTHER 1) COST DESCRIPTION 

CONSTRUCTION MANAGEMENT 
CM @I 10% of Conslruclion Cosls 

---___. ~- 

$1,064,074 $1,064,074 CONSTRUCTION MANAGEMENT SfI' 0 

GENERAL CONDITIONS 
691,600 SUPERVISION (Durallon of ProJecl - 1 FTE CONF 20800.0 20,800 691,600 

Assume 10 Years) GElV 

TRAINING 

RADCON TECHNICIAN SUPPORT (Duralton of 
Project - Assume 10 Years) 

--__- 
20 * FTE CONC 165.000 3,300 105,699 105,699 

2 FTE 2-1342 20800.0 41,600 2,055,040 2,055,040 
GEN 

LMlTCO 

-- .-- 

65,700 $2,852,339 $2,852,339 GENERAL CONDITIONS SfI' 

SITEWORK 

- 
ASSUME NO EXCAVATION WILL BE REQUIRED 
FOR MONITORS 

SITEWORK SfI' 0 

CONCRETE 

~- 
PROCURE EQUIPMENT FOR PIACEMENT OF 
GROUT 

PAQE# 2 

DATE 28-Jan4998 
TIME: 10:33:35 

REPORT NAME Detall Cost Estlmate Sheet 



Lockheed Martin Idaho Technologies Co. DETAILED COST ESTIMATE SHEET 

TOTAL CONST. SIC 
LA0 HRS LABOR EQUIP. MAT'L (OTHER I )  

65,000 

26,000 

4,000 128,120 200,000 

8,326 266,643 2,914 

333 10,666 19,980 

Rov 6-96 
PROJECT NAME: ICPP Bln Set Closure (EIS Study) 

LOCATION I: lcpp 
REQUESTOR Bryan Spauldlng 

Place NRC Class A Grout 

TOTAL 
COST 

65,000 

26,000 

328,120 

269,667 

30,646 

N P E  OF ESTIMATE PlaIlnlIlg 
PROJECT NO.: 2423-BI-E2 
PREPARED BY: S. L. Coward 

CODE DESCRIPTION QN UOM 

I (  I EA 
CONCRETE 
Groul Boosler Pump 

26,000.00 

2,000.00 

0.28 

30.00 

600.00 

GEh 

GEN 
0.000 

CONC 40.000 
Gfh 

CONC 0.800 
GEN 

CONC 0.600 

CONC 24.000 
GElL 

GEN 

Alr Compressor and Mlscellaneous 
Cleanlng Equlpmenl 

"A" FRAME HOIST FOR LIFTING OF FILL 
PIPE 

POUR CLASS A GROUT AND CLEAN PIPE 
(Includes 10% Wasle) 

CLEANING OF PIPING AFTER EACH LIFT 

6"CAPS FOR PENETRATIONS (Assume 2 per 
bln) 

1 LS 

100 EA 

10,406 CY 

~- 
666 LIFTS 

100 EA 

l- SelCConlalned Sealed Unlt lo  Mlligale 
Leakage during Groul Placement 

1.3.16 - 

CONCRETE S/T 

MECHANICAL 

DOUBLE CONTAINED GROUT DELIVERY PIPE 3,367 7 
(Includes 10% Wasle) 

UNIT COST 

66,000.00 0.000 

VALVE MANIFOLD ASSEMBLY (7 Vaulls plus 
1 Extra) 

8 EA 

I I I I I I I 

1,826 

18,661 

PAGE# 3 

68,466 1,460 69,916 

694,496 46,001 160,006 770,601 

DATE 28Jan-1998 
 ME 10:33:35 

REPORTNAME: Detail Cost Estlrnate Sheet 

REMOVAL OF RETR.TUBES (2 par Bin) 
Add'l labor for removal) 

REMOVAL AND DISPOSAL OF GROUT DELIVERY 
PIPE AND RETR. TUBES 

7,300 LF 

-- 
10,667 LF 



Lockheed Martin Idaho Technologies Co. DETAILED COST ESTIMATE SHEET 

CODE 

- 1.3.16 
MEMO 

MEMO: 

Rov 6-96 
PROJECT NAME lcpp Bln Set ClOSUre (EIS Study) 

LOCATION 1: lcpp 
REQUESTOR: Bryan Spauldlng 

Place N R C  Class A Grout 

MATL CREW UNlTLAf 
DESCRIPTION QTY UOM UNITCOST SUB HOURS 

I I I I I 

MECHANICAL 
Incl. Glovebag, Culs to Rad Box, 
Handl., Rad Box Purch. & Disposal 

VALVEhlANlFOLD REMOVAL 8 EA 2,000.00 CONC 480.00( 

Incl. Rad Tent, Dlswnnect from Plplng 
&Pump, Rad Boxes & Disposal 

GEN 

TYPE OF ESTIMATE: Plantlhlg 
PROJECT NO.: 2423-81-E2 
PREPARED BY: s. L. Coward 

$926,859 

I 

$10,101 $991,710 $179,073 $2,106,74: I I  

MEMO; 

ELECTRICAL I ~ 1.3.16 
I -  

Assume Readings lake 2 Days Once per 
Month for 10 Yrs 

I I I I I I 
I RAD MONITORS IN EXISTING LANCES I 42 I E A  I 30,000.00l CONC I 160.00t 

MONITOR TANKS DURING CLASS A GROUT 2400.0( 1 POUR 

CERCLA Ip Monitor after Leaks are 
Fllled wlth Class A Groul I 

ELECTRICAL S/T 

TOTAL 
LAB HRS 

3,840 

28,906 

6,300 

2,400 

8,700 

PAGE11 4 

DATE 28Jan-1998 
TIME 10:33:36 

REPORT NAME: Detall Cost Estlmate Sheet 

LABOR EQUIP. 

I 

122,995 16,000 6,600 144,595 

76,872 

$278,661 I 



Lockheed Martin Idaho Technologies Co. CONTINGENCY ANALYSIS 
RBV6-93 

- 
PROJECTNAME lCpp Bin Set Closure (US Stud WE OFESTIMATE: Planning 

Place NRC Class A Grout PROJECT NO: 2 4 B B I - W  
LOCA-nON 1: ICPP PREPAREDBY: S.LC0ward 
mxrisroft Bryan Spaulding 

OATE: 28Jan-I998 
 ME: 10:33:30 

REPORT NAME Contingency Analysis 

Cost Estimate Element 

CONFIDENCE LEVEL AND ASSUMED RISKS: 
The Lockheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with a suggested risk level 
of 18% and a level of confidence of 90% the estimate will fall within the bid rang 
The Contingency Analysis is based on a weighted average to provtde a 
90 % probability of undermn and a 10% probability of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by DO- 50, Cost Estimating-Guide, Vol. 6, 
Cost Guide, and as presented in the INEL Cost Edrnatmg Guide. 

PIANNING 20% - 30% 
ExperimentaVSpeaal Conditions ............ Up to 50% 

Conceptual 15% - 25% 
ExperimentaVSpecial Conditions ............ Up to 40% 

TITLEI 10% -20% m II 5% -15% 
TITLE IVAFC Market Conditions 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESTIMATE 
Guidelines established by DO- 50, Cost Estimating-Guide, Vol. 6, 
Cost Guide, and as presented in the INEL Cost Edrnatmg Guide. 

PIANNING 20% - 30% 
15% - 25% 

EYwrimentaVSpeaal Conditions ............ Up to 50% 



G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

CLOSURE TO RCRA LANDFILL STANDARDS; CLASS A FILL; ESCALATED 

FILL BINS WI NRC CLASS A GROUT 

PROCUREMENT FEE: 
CONSTRUCTION = $24,686,520 
GFE = 

FEE @ 1% = 

Subtotal $24,686,520 

$24,686,520 *0.01 = $246,865 

G&A @ 23% (with a ceiling of $500,000 imposed per year , 7  Years) 

CONSTRUCTION OR 
CEILING 7 YEARS = $3,500,000 
GFE = $0 
PROCUREMENT FEE = $246,865 

Subtotal $3,746,865 

FEE @ 23% = $3,746,865 * 0.23 = $861,779 

PIF @ 5.5% 

CONSTRUCTION = $1 0,640,741 
GFE = $0 
PROCUREMENT FEE = $246,865 
G&4 = $861,779 

Subtotal $1 1,749,385 

FEE @ 5.5% = $1 1,749,385 * 0.055 = $646,216 

TOTAL PROCUREMENT FEE 

TOTAL G&A FEE 

TOTAL PIF: 

$246,865 

$861,779 

$646,216 



Lackheed Martin Idaho Technolouies Co. COST ESTIMATE SUMMARY 

WBS 
Element 

- 
Rsv. 696 

PROJECT NAME: ICPP Bin Set Closure TYPE OF Planning 
D&D of Equipment PROJECTNO: 2423DgD 

LOCATION 1: INEEl I ICPP PREPAREO BY: S.LCowardlsmb 
itEauEsToR: B. C. Spaulding REPORTNAME: Cost Estmate Summary 

Cost Estimate Element 

1.1.1 
1.12 

1.2 
1.21 
1.22 

1.3 
1.3.13 

1.5.2 

I ENGINEERING, DESIGN AND INSPECTION 
DESIGN ENGINEERING TITLE I 8 I1 
TlTLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCIYON 
SPECIAL CONSTRUCTION 

PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVt 

CONTINGENCY 

TOTAL ESTIMATED COST 

PROJECT COST PARAMETERS 

ED1 AS A % OF CONST. + GFE= 0.OOOA 

CONTINGENCY= 35.77% 

mn? 2&Jan-1998 
TM: 09:58:4s 

CHECKED By: 

N P r n  BY: 

Total Total 
Unescalated Escalation lncl Escalation 

0 
0 

0 
0 

>> 
0 I 0 

>> $2,561.125 
1,692,947 ' f561,125 868,178 

0 

>> $34,543,641 
11,709,711 22,833,936 34,543,647 

O I  
0 

117,097 I 

>> $13,149,792 7 



Lockheed Martin Idaho Technologies Co. 

PROJECTNAME ICPP Bin Set Closure 
D&D of Equipment 

LOCATlON 1: INEEL / lCPP 
REQUESTOR: B. c. Spauldlng 

Rav 8-98 
* 

MATL CREW UNITLAB TOTAL CONST. SIC 
CODE DESCRIPTION QTY UOM UNITCOST SUB HOURS LABHRS LABOR EQUIP. MAT'L (OTHER 4) 

1.1.1 DESIGN ENOINEERINa TITLE I & II - - -- 
Cos6 for Desfgn acllvllles Included 
In Speclal Conslrucllon 

DESIGN ENGINEERING TITLE I & II S/T 0 

- 1.1.2 TITLE 111 INSPECTION 
-- 

Costs for lnspecllon acllvllles 
fncludad In Speclal Conslrucllon 

__-__ --------- --.------- 

TITLE 111 INSPECTION S/T 0 

- 1.2.1 PROJECT MANAGEMENT 

Cosls for ProJecl Management 
acllvllioe Included In Spoclnl 
Conslrucllon 

G&A I LS 0.000 194,460 

PIF 1 LS 0.000 t 673,728 
1 MITCO 

1 MlTCO 

---- 

--- 

---- 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: Plannlng 

PROJECT NO.: 2423DBD 
PREPARED By: S.L.Cowardlsmb 

TOTAL 
COST 

194,460 

673,728 -- 

PAQEI 1 

OAT€ 28Jan-1998 
TIME: 10:13:24 

REPORT NAME Detail Cost Estimate Sheet 

- 1.2.2 

$868,17 
~. ~ ~ 

$868,178 
~~ ~ ~-~ - 

PROJECT MANAGEMENT Sfl' 
t 

CONSTRUCTION MANAGEMENT 

I 



Lockheed Martln Idaho Technologies Co. 

D&D of Equlpment 

Rov 13.00 
PROJECT NAME lcpp Bln Set ClOSUre 

LOCATION 1: INEEL / ICPP 

CODE 

- 1.2.2 

------ 

- 1.3.13 

--- 

---- 

-- 

REQUESTOR B. c. Spauldlng 

CONST. 
EQUIP. 

MATL CREW UNITLAB TOTAL 
DESCRIPTION PTY UOM UNITCOST SUB HOURS LABHRS LABOR 

CONSTRUCTION MANAGEMENT 
Costs for Conslrucllon Management 
actlvllles Included In Speclal 
Conslrucllon 

.-- - - -I ---- 

0 CONSTRUCTION MANAQEMENT S/T 

SPECIAL CONSTRUCTION 

1 lot 0.000 Venlllatlon, Instrument and Control 
Building (VIC) - 7 ea Q 2400 sf 

- Assume faclllly wlil have low 
levels of hazardous maleriel 

- Assume faclllly ~ I l l  have no rad 
contamlnallon 

- Assume facility wlll have no 
asbestos 

Confinemenl Enclosures (top of Bin 
Sets) - 7 ea Q 1600 sf 

Brldge Crane - 7 ea Q 300 sf 

- Assume brldge 4O'across x 45' hlgh 
x 2'wlde for ralls 

- Assume trolley Q 5' x 6' x 5' 

W A C  EqulpmenUSyslem - I ea Q 6800 sf 

- Assume 7 atr handlers Q 5'x5'x6' 

- Assume 3 exhaust fans Q 4'x4'x3' 

--- - ---- ---------- 
1 lot 0.000 

1 lot 0.000 
--- - --. 

--. 
1 lot 0.000 

DETAILED COST ESTIMATE SHEET 

MAT'L 

TYPE OF ESTIMATE Plannhlg 
PROJECT NO.: 2423D&D 
PREPARED BY: S.L.Coward/smb 

SIC TOTAL 
(OTHER I) COST 

969,133 969,133 

1,248,126 1,248,126 

369,376 369,376 

449,044 449,044 

PACE# 2 

DATE 28Jan-1998 
TIME 10:13:24 

REPORTNAME Detail Cost Estimate Sheet 



Lockheed Martin Idaho Technologles Co. 

D&D of Equipment 

Rev 6-96 
PROJECTNAME lcpp Bin Set ClOSUre 

LOCATION 1: INEEL / ICPP 
REQUESTOR: B. c. Spauldlng 

CODE 

1.3.13 

DETAILED COST ESTIMATE SHEET 
. TYPE OF ESTIMATE PlaIlIllng 

PROJECT NO.: 2423DLD 
PREPARED BY: S.L.Coward/smb 

MATL CREW UNITLAB TOTAL CONST. SIC TOTAL 
DESCRIPTION QlY UOM UNITCOST SUE HOURS LABHRS LABOR EQUIP. MAT'L (OTHER 1) COST 

SPECIAL CONSTRUCTION - Assume 83 HEPA fillers Q 8'x8'x2' 

Jumper Relrleval Plplng (Shielded) - 1 
ea Q 420 sf 

- Assume 210' long x 2'wlde concrele 

Remole Core Orllllng PlelformlSaw, 
elc. - 1 ea @r 260 sf 

- Assume plalform Q 6' x 6' x 8' and 
saw Is 100 sf 

Remote Welding and Culllng Equlpmenl- 
Allowance - 1 ea Q 600 sf 

Verllcal Deploymenl Apparlus - 7 ea Q 
160 sf 

- Assume 6' x 6' x 8' 

Shleldlng & Rlser Plugs - 100 ea 

I lot 0.000 109,494 109,494 

-- 
I lot 0.000 55,966 65,966 

I lot 0.000 111,932 I1 1,932 

-- 
' I  lot 0.000 235,067 235,067 

1 lot 0.000 116,794 116,794 
Q 4 S f  

- Assume 2' x 2' 
---- .---- 

lot 0.000 223,864 2 2 3 , 8 6 4 C02 Blasllng Equipment -Allowance - 1 
2 ea Q 500 sf 

Relrlevel Llneli - 1 ea Q 2310 e l  

- Assume 2310' long x 1' wlde 

Control Consoles, Cameres, Llghllng - 
Allowence - 1 ea Q 1000 sf 

Grouling Manlfolds - Clean -Allowance - 8 ea Q 300 sf 

1 lot 0.000 373,116 373,116 

1 lot 0.000 107,934 107,934 

-~ 
1 lot 0.000 269,043 269,043 

PAGE# 3 

DATE 2BJan-1998 
TIME 10:13:24 

REPORTNAME Detail Cost Estimate Sheet 



Lockheed Martln Idaho Technologles Co. 

PROJECT NAME: ICPP Eln Set Closure 
D&D of Equlpmont 

LOCATION 1: INEEL I lCPP 
REaUESTOR: E. c. Spauldlng 

ROV 8-06 

am 

1 

I '  

1 
-- 

1 

-- 
1 

- 
500 

10,000 

2,200 

MATL 
UOM UNIT COST 

lot 

* 
lot 

lot 

lot 

* lot 

-- -_-_ 
cf . 
cf 

cf 

Wasle Dlsposal - quanlitles as stated 
In EDF 

CODE 

- 1.3.13 

SPECIAL CONSTRUCTION STT 

DESCRIPTION 

SPECIAL CONSTRUCTION 
Grouting Manifolds - Class C - 
Allowance - 8 ea Q 300 sf 

LDUA's -Allowance - 7 ea @ 160 sf 

Pipe Crawler Robots -Allowance - 7 ea 
Q 150 sf 

Tractor Robots - Allowance - 53 ea Q 
250 sf 

Misc Robot Wire and Hose Llnes - 
Allowance - 1 ea Q I000 sf 

---- 

PROJECTSUBTOTAL 

- 

iilili(nnilsnn 

DETAILED COST ESTIMATE SHEET 

0.000 

0.000 

0.000 

0.000 

0.000 

i l i i i i i = ~ ~ = ~ n ~ i  

TYPE OF ESTIMATE: Plannhlg 
PROJECT NO.: 2423D&D 
PREPARED OY: S.L.Coward/smb 

0.000 

0.000 =I= 0.000 

TOTAL 
LAB HRS 

0 

PAQE# 4 

DATE 28 Jan-1998 
TIME 10:13:24 

REPORTNAME: Detail Cost Estimate Sheet 

CONST. 
LABOR EQUIP. MAT'L 

SIC TOTAL 
(OTHER 1) COST 

637,274 637,274 

209,873 209,873 

209,873 209,873 

2,648,393 2,648,393 

100,879 199,879 

640 640 

3,000,000 3,000,000 

276,000 276,000 

$*).**:** $11,709,711 

1=IDPnIEilsmDEL m - I I I I M P P M I 1 D . I  

$12,677,889 $12,677,889 
PDllt lDllPIEIIE(D 

I I 



Lockheed Martin Idaho Technolosies Co. CONTINGENCY ANALYSIS 

PROBABLE % VARIATION 
% Total Prob. % Var. WI % of Prob. 

cpst Estimate Uement Totalcostwlo Cost FromEst Contingency 
WBS 
Element 

Contingency - I +  - I +  

- RSv6.56 
PROJECTNAME: ICPP Bin Set Closure TYPE OF ESTIMATE: Planning 

Locmoti 1: INEEL I ICPP PREPARED BY: S.LCowardlsmb 
REQUESTOR: 6. C. Spaulding 

D&D of Equipment PROJECTNO: %23Dm 

CONTINGENCY SUMMARY 

% cost TotalCost 
by EIement 

REPORTNAME Contingency Analysis 

1.1.1 DESIGN ENGINEERING rmE I & II ' 0  0.00 0 0 1  0.00 0.00 0.000% 0.00% 0 0 
0 0.00 0 0 I 0.00 0.00 0.000% 0.00% 0 0 

868,178 232 10 40 023 0.93 oaiix 2.32% *I 1,173,019 
0 0.00 0 0 0.00 0.00 O.Ooo% 0.00% 0 0 

1.12 TILE 111 INSPECTION 
1.21 PROJECTMANAGEMENT 
1.22 CONSTRUCTION MANAGEMENT 

40 3.13 1251 10.944% 3 1 Z h  4,111,600 15821,311 . _- 
115.13 I SPECWCONSTRUCTION I 11,7US,711 I 3127 I 10 

1 1.52 1 PROCUREMENTFEES 117,097 I 0.31 I 10 I 40 I 0.03 I 0.13 I O.lOS??l 031% I 41.116 I 158,213 
I ESCAIATON I 24.755222 I 66.10 I 10 I 40 I 6.61 I 26.44 I 23.136%( 66.10% I 8,692,2351 33,447- 
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CONFIDENCE LEVEL AND ASSUMED RISKS 
The Lodtheed Idaho Technologies Co. Cost Estimate Contingency Analysis 
Model is based on the applied contingency and the assumptions upon which 
the estimate was predicated. The model is applied with-a suggesfl  riskJevel 
of 18% and a level of confidence of 90% the m a t e  wll fall within the bid range 
The Contingency Analysis is based on a weighted average to prowde a 
90 % probability of underrun and a 10% probability of overrun. 

CONTINGENCY ANALYSIS GUIDE BY TYPE OF ESllhUTE 
GuideIinF established by D O W  50, Cost Estirnating.Guide,. Vol. 6, 
Cost Guide, and as presented in the INEL Cost Estimatmg Guide. 
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G&A/PIF ADDER CALCULATION SHEET 
ICPP BIN SET CLOSURE 

CLOSURE TO RCRA LANDFILL STANDARDS; CLASS A FILL; ESCALATED 

D&D OF EQUIPMENT 

PROCUREMENT FEE: 
CONSTRUCTION = $34,543,647 
GFE = 

Subtotal $34,543,647 

FEE @ 1% = $34,543,647 *0.01 = $345,436 

G&A Q 23% (with a ceiling of $500,000 imposed per year, 1 yr) 

CONSTRUCTION OR 
CEILING 1 YEARS = $500,000 
GFE = $0 
PROCUREMENT FEE = $345,436 

Subtotal $845,436 

FEE Q 23% = $845,436 *023=  $1 94,450 

PIF Q 5.5% 

CONSTRUCTION = $1 1,709,711 
GFE = $0 
PROCUREMENT FEE = $345,436 
G&A = $194.450 

Subtotal $12,249,598 

FEE @ 5.5% = $12,249,598 0.055 = $673,728 
~~ 

TOTAL PROCUREMENT FEE: 

TOTAL G&A FEE: 

TOTAL PIF: 

$345,436 

$1 94,450 

$673,728 
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n--- IN€' ENGINEERING DESIGN FILE 

Form L-0431.2g 
(05-96-Rev.#02) 

015720 Pro j ect File Number 

Functional File Number RD-01 
EDF Serial N d e r  EDF-BSC-017 

Pro j ect/Task 
Sub task Nitric Acid Corrosion Assessment 

BIN SET CLOSURE STUDY 

Title: NITRIC ACID CORROSION ASSESSMENT OF ICPP BIN SET VESSELS I BCN-1-98 
Summary From Letter by B.C. Norby 

A corrosion evaluation was performed to determine ifthe Calcine Bin Set vessels were 
compatible with nitric acid (HNO,). It has been proposed to dissolve any calcine that might be 
left in the vessels after pneumatic transfer with nitric acid. The materials in question were: type 
405,304, and 304L stainless steel (the materials of construction for the Bin Sets>. 

The evaluation indicated that nitric acid is not expected to be a problem for type 405 stainless 
steel (Bin Set 1) or 304L stainless steel (Bin Sets 4,5,6, and 7), but it would be a concern for 
type 304 stainless steel (Bin Sets 2 and 3). 

The concern for type 304 stainless steel is the heat-affected-zone. When welding 304 stainless 
steel, the area adjacent to the weld undergoes a metallurgical transformation that reduces its 
corrosion resistance. If the nitric acid is left in the vessels, the heat-affected-zone of the metal 
will experience intergranular attack (a form of localized corrosion). 

If the nitric acid dissolution process could be accomplished within a month or so and the nitric 
acid in the vessel could be rinsed and dried, there would be no problem with type 304 stainless 
steel. 

dim, M.M. Dahlmeir, B.R. Helm D.J. Harrell and pr ject 
A+ 2 



L O C K H E E D  M A R T I N  * 
Lockheed Martin Idaho Technologies Company 
INTERDEPARTMENTAL COMMUNICATION 

Date: 

To: 

From: 

February 2,1998 

M. M. Dahlmeir 

B. C. Norby /3f. 
Mail Stop 3765 

Mail Stop 5217 

Phone 6-2793 

Phone 6-3084 

Subject: NITRIC ACID CORROSION ASSESSMENT OF ICPP BIN SET VESSELS/ 
BCN-1-98 

Summary 

A corrosion evaluation was performed to determine ifthe Calcine Bin Set vessels were 
compatible with nitric acid @NO,). It has been proposed to dissolve any calcine that might be 
left in the vessels after pneumatic transfer with nitric acid. The materials in question were: type 
405,304, and 304L stainless steel (the materials of construction for the Bin Sets). 

The evaluation indicated that nitric acid is not expected to be a problem for type 405 stainless 
steel (Bin Set 1) or 304L stainless steel (Bin Sets 4,5,6, and 7), but it would be a concern for 
type 304 stainless steel (Bin Sets 2 and 3). 

The concern for tYpe 304 stainless steel is the heat-affected-zone. When welding 304 stainless 
steel, the area adjacent to the weld undergoes a metallurgical transformation that reduces its 
corrosion resistance. If the nitric acid is left in the vessels, the heat-eected-zone of the metal 
will experience intergranular attack (a form of localized corrosion). 

If the nitric acid dissolution process could be accomplished within a month or so and the nitric 
acid in the vessel could be rinsed and dried, there would be no problem with type 304 stainless 
steel. 

Bin Set One (Type 405 Stainless Steel) 

Type 405 stainless steel is a femtic stainless steel with only 11.5% to 14.5% chromium. There is 
no nickel in the alloy. This alloy is not as corrosion resistant to nitric acid as the austenitic 
stainless steels (300 series like 304L). 

Corrosion tests were performed to determine the corrosion rate of type 405 stainless steel in nitric 
acid solutions. The test coupons were welded. The weld metal was 3 10 stainless steel, the same 
weld wire used for Bin Set One. The results are tabulated below. 
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Table 1 - Type 405 Stainless Steel Corrosion 

Solution 

~ 

5MHN03 32 2422 

3 MHNO, with 0.67 32 2422 
AI(NOJ3 

A w 3 3 ) 3  

3 &l HNO, with 0.67 32 2422 

Coupon Number Corrosion Rate 
(0.00 1 "/year) 

W-2555 0.19 

W-2556 0.21 

W-2557 I 0.15 

W-2558 0.16 

These results show that type 405 stainless steel welded with 3 10 weld wire has adequate 
corrosion resistance for this application. After 2422 hours of exposure there was no evidence of 
intergranular corrosion of the heat-affected-zones. Even though the corrosion rates were 
acceptably low, it would still be advisable to rinse and dry the vessels after dissolving the calcine. 

Bin Sets Two and Three (Type 304 Stainless Steel) 

The vessels of bin sets two and three were made with 304 stainless steel. This alloy is an 
austenitic stainless steel with roughly 18% chromium and 8% nickel. The vessels have excellent 
corrosion resistance to nitric acid in the unwelded condition, but, they are not acceptable for 
ni.tric acid service in the welded condition. 

D~~ring welding of type 304 stainless steel, the heat affected zone experiences a metallurgical 
transformation. Chromium and carbon combine to form chromium carbide precipitates. In the 
areas adjacent to these precipitates the chromium level is reduced. This causes the alloy to lose 
corrosion resistance in these chromium lean areas. This leads to intergranular corrosion (see 
Figures 1 and 2). The heat af5ected zones of all the welds have these precipitates. This condition 
could only be corrected with a post-weld heat treatment (1900°F followed by a water quench). 

The time to failure would be a function of nitric acid concentration. As the nitric acid 
concentration increases the time to failure would decrease. Corrosion experience at the Idaho 
Chemical Processing Plant (ICPP) has indicated that a 2 molar nitric acid based solution at 
ambient temperatures can penetrate the heat affected zone of a 0.053 inch thick piece of 304 
stainless steel in three months. This is equivalent to a heat af5ected zone corrosion rate of about 
210 mpy (0.210"/year) . This compares to less than 2 mpy for unwelded 304 stainless steel. 



M. M. Dahlmeir 
February 2,1998 

Page 3 
BCN-0 1-98 

If it were possible to thoroughly flush and dry the vessels after dissolving the calcine, then a 
nitric acid dissolution would be acceptable. 

Bin Sets 4-7 (Type 304L Stainless Steel) 

Bin Sets 4,5,6, and 7 were made using 304L stainless steel. This alloy is similar to 304 stainless 
steel, except the percentage of carbon is lower (0.03% versus 0.08%). The low carbon prevents 
the foxmation of cbromium carbide precipitates. Therefore, the corrosion resistance of the heat- 
affected-zone is comparable to the base metal. Nitric acid is compatible with this alloy even in 
the welded condition. There would be no problem using nitric acid to decontaminate the bin set 
vessels. 

Conclusions 

1. Nitric acid could be used to dissolve the residual calcine for bin sets 1,4,5,6, and 7 (type 
304L and 405 stainless steel) without compromising the integrity of the vessel. 

2. Nitric acid should not be used for bin sets 2 and 3 (type 304 stainless steel) unless the vessels 
can be rinsed and dried within a short period of time (about a month). 

Distribution: 

W.D. McGee MS 5104 
C. V. Shelton-Davis MS 5217 
B. C. Spaulding MS 7132 
B. C. Norby file - 2 MS 5217 
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Figure 1 Nitric Acid Heat-affected-zone 
corrosion of 304 Stainless Steel (50Q 

Figure 2: Cross section of the heat-affected- 
zone of 304 stainless steel after three 
months exposure to nitric acid at ambient 
temperature (50% 
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