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ABSTRACT 

At the LANL TA-55 Plutonium Facility, cement fixation has been used for 25 years to dispose of 
TRU-radioactivea wastes generated by its plutonium processing activities at Technical Area 55 
(TA-55). As regulations and standards propagated, particularly those associated with the Waste 
Isolation Pilot Plant (WIPP)[1] and the Resource Conservation and Recovery Act (RCRA)[2] , the 
cementation process was upgraded to meet ever more stringent requirements. In addition, 
improvements were made to the process equipment and raw materials to increase throughput and 
waste loading and reduce labor intensity. This presentation will discuss the evolution of 
cementation operations from 1980 to 2005.  

 
INTRODUCTION 

From 1980 to 1988, cementation operations at TA-55 were conducted using makeshift 
equipment and borrowed glovebox space. The Portland cement powder used as the stabilization 
media was loaded into 1-gal containers at a remote location and transferred to the cement 
glovebox through a conveyor system and hand-to-hand through the glovebox lines. The primary 
TRU waste stream to which Envirostone™ was applied was evaporator bottoms generated from 
nitric acid-based plutonium processing at TA-55. This waste liquid was composed of high 
concentrations of nitric acid and a large number of nitrate salts near their saturation level,[3] 

including several that would later be regulated by the EPA under RCRA as hazardous 
materials.[2]  The primary waste stream was acidic evaporator bottoms. This waste was pretreated 
with NaOH to a pH of 13 to precipitate the metal and Pu hydroxides. The hydroxides were 
filtered and the filter cakes were mixed with Portland cement and water by hand-kneading inside 
plastic bags. After cementation the bags were placed in a 1-gal container and transferred by the 
same hand-to-hand/conveyor method to a remote glovebox location where they were loaded into 
the 55-gal shipping drum.  
 

Process Modifications 

The original equipment and process by which liquid waste was cemented was obviously 
extremely labor intensive. The system was modified in 1981 to decrease physical demands by 
using electric or pneumatic mixing in 1-gal cans. Additional relief came with elimination of the 
filtration step and the cementation of the unfiltered precipitate. Transport of the cement powder 
and cemented waste containers to and from the cement glovebox remained unchanged. Each 
drum was loaded with 35 one-gallon cans of cemented waste.  
 

 



WM’05 Conference, February 27-March 3, 2005, Tucson, AZ 

Envirostone™ Gypsum Cement 

In 1983 LANL investigated a product manufactured by United States Gypsum Company called 
Envirostone™b Gypsum Cement. Envirostone™ was a finely ground, nonflammable powder 
composed of calcium sulfate hemihydrate, water-soluble melamine formaldehyde resin and a 
small amount of ammonium chloride that served as a cross-linking agent to facilitate resin 
curing.[4] Several characteristics of Envirostone™ appeared favorable for cementation operations. 
First, Envirostone™ hardened at a lower pH of 4. This resulted in less NaOH for pH adjustment 
and greater waste loading in the mixing container. Second, unlike Portland cement, 
Envirostone™ was compatible with non-polar organic liquids, such as waste oils, when used in 
conjunction with Envirostone™ Emulsifier.[5,10] The only apparent drawback to the conversion to 
Envirostone™ was a its relatively short shelf-life of 6 months[5] and a cost of approximately 10 
times that of Portland Type I/II Cement.[6] 

 

Large-Scale Cementation System 

In 1988 a significant improvement was made to cement operations by installing a glovebox 
system dedicated to waste cementation operations. The cementation was performed directly in 
the 55-gal drum attached to the glovebox.[7,8] The cement powder was delivered to the drum via a 
bulk storage and screw-feeder delivery system.[9] The mechanized cement delivery system and 
the in-drum mixing greatly reduced manpower requirements, as well as the time required to 
produce a cement drum. Due to better utilization of the drum volume, waste loading per drum 
was increased by 70%. The combination of increased waste loading and faster production 
resulted in an increase in throughput of 240%. 
 

Envirostone Deficiencies 

The 55-gal system operated successfully under both the WIPP and RCRA requirements. 
However, in 1989 the Envirostone™ waste forms were discovered to be experiencing a delayed 
free-liquid phenomenon[11,12,13] This resulted in loss of WIPP certification for the TA-55 
solidification process and a major effort to remove the free liquid from the drums.[13,14] The free-
liquid generation occurred from 7 to 44 weeks after cementation and resulted in the generation of 
up to 15 liters of liquid from the 55-gallon waste drum.[15] This phenomenon was ultimately 
traced to internal pressurization by the radiolytic hydrogen breakdown of interstitial water that 
pushed the water to the surface.[16-20] In 1992 it was also found that the Envirostone™ waste form 
could not meet the RCRA limit for chromium.[3] The relatively high porosity of the 
Envirostone™ waste form contributed to these occurrences.[21,22]

Portland Cement  

To address the deficiencies of Envirostone™ waste forms, LANL workers investigated the 
relative performance of Portland-based cemented waste forms. It was shown Portland waste 
forms did not generate free liquid under 60Co irradiation equivalent to 107 rads.[11] On the other 
hand, the Envirostone™ samples generated free liquid after 2.5X106 rads. Portland waste forms 
also were shown to exhibit at least an order of magnitude greater resistance to chromium 
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leaching in the Toxicity Characteristic Leaching Procedure (TCLP) and easily passed the EPA 
chromium standard for non-mixed waste.[2]

 Based on these results, the cementation operation 
was converted to the use of Portland cement in 1996. The expected decline in waste loading due 
to the additional pH adjustment was not significant due to the lower amount of Portland cement 
required to achieve an adequate stabilization.[11] The loss of the ability to cement the various 
non-polar organic wastes was rendered inconsequential when the EPA determined that 
cementation would no longer be allowed for the stabilization of such wastes. The Portland 
process has continued to successfully meet the current WIPP and RCRA waste form 
requirements to the present time. 

 

CONCLUSION 

As the standards by which waste forms have become more stringent, the waste stabilization field 
has had to remain flexible and innovative. As at any production facility, LANL took efforts to 
improve efficiency by changes in both equipment and materials. Thus, the large-scale 
cementation system was developed and the use of Envirostone™ was started. Mechanically, the 
cementation equipment has held up surprisingly well over its 17-year life span and still offers 
reliable service. LANL came full circle with respect to its stabilization media, returning to 
Portland cement to meet waste form standards after utilizing Envirostone™ for its potential 
production benefits. As waste form standards continue to tighten, there is every expectation that 
Portland cement will continue to produce acceptable waste forms. If further improvements are 
required of the Portland waste form, a wide variety of industry additives are available to enhance 
performance. 

FOOTNOTES 

a TRU waste is any waste that contains alpha-emitting radionuclides of atomic weight greater 
than 92 with a half-life exceeding 20 years and a specific activity of greater than 100nci/g.  

b Envirostone™ is a registered trademark of United States Gypsum Company, Chicago, Illinois. 
c Portland additives are available to reduce porosity (fly ash), counteract undesired set 

accelerations or delays, reduce the water content, and improve compressive strength.  

 

REFERENCES 
1. U.S. Department of Energy, “Contact-Handled Transuranic Waste Acceptance Criteria for 

the Waste Isolation Pilot Plant,” WIPP/DOE-02-3122, Revision 0.1, (July 25, 2002). 
2. U.S. Environmental Protection Agency, 40 CFR Land Disposal Restrictions, May 1992, 

Washington D.C. 
3. Veazey, G. W., “Real-Waste TCLP Comparison for Cements,” NMT-2-PROC-93-053, Los 

Alamos National Laboratory, Los Alamos, NM, April 23, 1993. 
4. U.S. Patent, Rosenstiel et al., Jan. 3, 1984. 2 U.S. Patent 4,424,148 issued Jan. 3, 1984 to U.S. 

Gypsum Co. for Envirostone™. 

 



WM’05 Conference, February 27-March 3, 2005, Tucson, AZ 

5. Envirostone™ Gypsum Cement:  Solidification Medium for Low Level Radioactive Wastes, 
T.L. Rosenstiel, M.D. Joss, and R.G. Lange, United States Gypsum Company, Chicago, 
Illinois, Jan. 1982.  

6. Guidance for Low-Level Radioactive Waste (LLRW) and Mixed Waste (MW) Treatment 
and Handling, EM-1110-1-4002, U.S. Army Corp of Engineers, June 30, 1997.  

7. Wolfe, S. D., Veazey, G.W., “Design of the TRU Waste Immobilization System,” MST-12-
PS84-074, Los Alamos National Laboratory, Los Alamos, NM, Nov. 15, 1984. 

8. Veazey, G.W., “TRU Waste Storage and Neutralization System,” MST12-RD-84-027, Dec. 
14, 1984. 

9. Veazey, G.W., “Cement Delivery System,” MST12-WM-86-020, March 6, 1986. 
10. D.E. Clark, P. Colombo, and R.M. Neilson, Jr., “Solidification of Oils and Organic Liquids,” 

BNL-51612, Brookhaven National Laboratory, Upton, NY, July 1982. 
11. Waste-Form Development for Conversion to Portland Cement at Los Alamos National 

Laboratory Technical Area 55, LA-13125, Oct. 1996. 
12. Foxx, C.L., “Status Report on Cement Drum 52105,” NMT-17:89-078, Los Alamos National 

Laboratory, Los Alamos, NM, Feb. 20, 1990. 
13. Veazey, G.W., “Development of Free Liquid in Cement Drums,” NMT-7:90-67, Los Alamos 

National Laboratory, Los Alamos, NM, Feb. 20, 1990. 
14. Veazey, G. W., “Strategic Plan for Cement Free-Liquid Problem,” NMT-7:91-448, Los 

Alamos National Laboratory, Los Alamos, NM, Dec. 2, 1991. 
15. Veazey, G. W., “The Cement Solidification Systems at LANL,” Proceedings of Workshop 

on Radioactive, Hazardous, and/or Mixed Waste Sludge Management, Knoxville, TN, Dec. 
4-6, 1990. Lomenick, T.F. editor, CONF-901264.  

16. Shalek, P., “Documentation Re Possible Free-Liquid Mechanisms,” NMT-2-FY96-262, 
LANL, Los Alamos, NM June 27, 1996. 

17. Offermann, P., “Calculation of the Radiolytic Gas Production in Cemented Waste,” 
Scientific Basis for Nuclear Waste Management XII, ed. by W. Lutze and R. C. Ewing, Vol. 
127, (Material Research Society, Pittsburgh, PA, 1989), pp.461-468. 

18. Bibler, N. E., “Radiolytic Gas Production from Concrete Containing Savannah River Waste”, 
DP-1464, Savannah River Laboratory, Aiken, SC, Jan. 1978. 

19. Mockel, H. J. and Köster, R. H., “Gas Formation during the Gamma Irradiation of Cemented 
Low-and Intermediate-Level Waste Products,” Nuclear Technology, 59, pp. 494-497, Dec. 
1982. 

20. Powell, W. J., “Gas Generation from Tank 102-AP Simulated Waste, and Grout 
Preparation,” WHC-SD-WM-RPT-083, Westinghouse Hanford Company, Richland, 
Washington, Feb. 4, 1994. 

21. Powell, W. J. and H. L. Benny, “Liquid Return from Gas Pressurization of Grouted Waste,” 
Spectrum ’94 Proceedings, Atlanta, GA, Aug. 14-18, 1994, American Nuclear Society, Inc., 
La Grange Park, IL, (1994) 

22. Roblyer, S. P., “Grout Disposal Facility Gas Concentrations,” WHC-WM-ER-RPT-151, 
Westinghouse Hanford Company, Richland, Washington, Feb. 24, 1993. 

 

 


