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Los Alamos National Laboratory 

Daniel S. Stout 
Los Alamos National Laboratory 
P. O. Box 1669, Mail Stop M769 
Los Alamos, New Mexico 87545 
505-667-9948 
LA-UR-95-380 

ABSTRACT 
Decommissioning Buildings 3 and 4 South at Technical Area 21, Los Alamos National 
Laboratory, involves the decontamination, dismantlement, and demolition of two enriched-
uranium processing buildings containing process equipment and ductwork holdup. The 
Laboratory has adopted two successful management strategies to implement this project: 

• Rather than characterize an entire site, upfront, investigators use the "observational 
approach," in which they collect only enough data to begin decommissioning activities 
and then determine appropriate procedures for further characterization as the work 
progresses. 

• Project leaders augment work packages with task hazard analyses to fully define specific 
tasks and inform workers of hazards; all daily work activities are governed by specific 
work procedures and hazard analyses. 

State-of-the-art technical strategies are also contributing to the success of the project: 

• Nondestructive assay methods, including the use of a long-range alpha detector, support 
characterization work. 

• A demonstration of an innovative ductwork lining technique will be undertaken. 
• Sampling and dismantlement techniques recently developed at Oak Ridge National 

Laboratory were used to treat perchlorate-contaminated items without delaying the 
schedule. 

Together, these strategies have allowed the Laboratory to accelerate the work schedule by one 
year and reduce fixed costs by $1.4 million. 

INTRODUCTION 
The purpose of this paper is to discuss procedures for facility decommissioning at Los Alamos 
National Laboratory and identify lessons learned. Specifically, this paper examines the progress 
of several decommissioning projects currently being carried out at Technical Area (TA) 21, 
where the Laboratory's plutonium processing operations were based until the late 1970s. 

Many of the facilities at TA-21 were deactivated at that time and subsequently used for 
radiochemistry studies. Current decommissioning projects at the site involve (1) demolition of 
the enriched-uranium processing facility designated as Buildings 3 and 4 South and (2) 
characterization of plutonium-contaminated process exhaust filter buildings. The Buildings 3 
and 4 South decommissioning project began remediation work on September 20, 1993. The 
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project is one of the largest Department of Energy-sponsored decommissioning projects 
currently under way. The filter building characterization project began in December 1994 and 
will finish in May 1995. Decommissioning is scheduled to begin in July 1995. 

SCOPE 
Buildings 3 and 4 South Decommissioning 
The first project to be discussed involves the decontamination, dismantlement, and demolition of 
two enriched-uranium processing buildings covering a total area of approximately 10,000 ft2. 
The buildings were constructed in 1945 as part of the original plutonium processing site at the 
Laboratory. The facility was converted from plutonium processing to enriched-uranium 
recovery in the late 1940s. It operated from that time until 1984 and specialized in the recovery 
of weapons-grade enriched uranium from scrap, unused fuel elements, and hard-to-recover 
items. The facility used chemical processes to convert the scrap to purified oxide or uranium 
metal which could be used in nuclear research programs, reactors, and nuclear weapons. 

Building 3 served as the chemical concentration plant, where the scrap uranium was converted to 
high-quality uranyl nitrate. This building had been partially deactivated in 1987, at which time 
all solution tanks and associated piping were removed. Left behind were chemical dissolution 
hoods, a rotary calciner, a hydrofluoric acid cubicle, grinders and mills inside of gloveboxes, and 
a rag incinerator. An area on the north side of Building 3, Room 308, was not used for uranium 
chemistry; instead, it operated as a plutonium research laboratory until it was decommissioned in 
the late 1970s. Residual plutonium contamination was expected to range from 200,000 to 1 
million disintegrations per minute per 100 cm 2 in several areas. 

Building 4 served as the final recovery and purification plant, where pure oxides and metal were 
produced. The building contains numerous furnaces, uranyl nitrate piping, collection and 
precipitation systems, and hydrofluorination systems (see Figure 1). 

Fig. 1. Process equipment inside Building, Room 413, at the start of the project. 

The superstructure of each building is approximately 98 ft x 39 ft, with a height of 18 ft to the 
eaves and 26 ft to the center peak of the roof. The buildings are prefabricated, truss-and-purlin 
steel structures supported by concrete columns. Additional structures attached to Building 3 
housed sitewide utilities and a nuclear material storage vault. 

At the start of the project, the buildings contained surplus process equipment, approximately 300 
linear feet of hoods and gloveboxes, arid extensive utility systems. Ninety-three percent 
enriched uranium was distributed throughout major systems, as shown in Table 1 below. 
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Table I. Enriched Uranium Distribution at TA-21, Buildings 3 and 4 South 

Total Grams Grams Removed 
U-235 to Date 

Building 3 Hoods/Gloveboxes 570 570 

EquipmentOther 370 370 

Exhaust Ventilation 360 360 

Building 4 Hoods/Gloveboxes 3170 2930 

Other Equipment 190 180 

Exhaust Ventilation 1620 1200 

Total 6280 5610 

Additional potential hazards included residual acids and bases, asbestos, and inaccessible 
contaminated areas such as perimeter utility tunnels. 

Filter Buildings 
The second project involves the filter buildings at TA-21 and associated process exhaust. They 
have been identified as near-term candidates for decommissioning on the basis of current facility 
conditions and potential risk. Prior to actual remediation, detailed information on facility 
condition, utilities, radioactive contamination levels, and potential chemical contaminants is 
required. Such information is necessary to comply with hazardous waste requirements, properly 
characterize waste for transportation and disposal, protect workers and the environment, and 
support the selection of decommissioning methods. 
The filter buildings provided process exhaust to Buildings 2, 3, 4, 5, and 21 at TA-21. Exhaust 
is still active in Buildings 3 and 4 North; however, all but one hood has been disconnected from 
the system. The process exhaust filter system consists of three buildings: 21-329, the firescreen; 
21-146, the filter building; and 21-324, the filter house. Figure 2 depicts the filter buildings and 
associated structures. 

Figure 2. Sketch of filter buildings and process exhaust. 
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Ductwork exits Buildings 3 and 4 North and runs along elevated stanchions until it reaches the 
firescreen. The exhaust stream enters this structure, which is an elevated, sheet-metal-enclosed 
building containing screen filters and washdown equipment. A transparent glass line exits the 
sheet metal enclosure and discharges into a liquid waste transfer line, which runs to the onsite 
liquid waste treatment plant. The exhaust then enters Building 146, a concrete block building 
which houses a large, circular high-efficiency particulate air (HEPA) filter array and a glovebox 
assembly for changing out the filters. The HEPA filter array consists of a hexagonal filter bank 
containing six sets of three filters housed in a drum. The drum assembly rotates so that new 
filter faces can be presented to the airstream, thus reducing by a factor of six the downtime 
needed for changeout. The exhaust stream then enters Building 324, the filter house, which was 
added to the flow path in 1973. It contains twenty HEPA filters in parallel. Exhaust then 
releases through the stack at the north end of the building. 
Decommissioning of the filter buildings will involve removal of the process exhaust ductwork 
from Buildings 3 and 4 North; the elevated ductwork which runs into Building 146; the HEPA 
filters and glovebox and drum assemblies in 146; the firescreen and all ductwork and stacks in 
146; the HEPA filters in Building 324; and all ductwork and stacks in 324. Both buildings will 
then be demolished. 

PROJECT ORGANIZATION AND WORK PLANNING 
The Laboratory is responsible for overall project management, health physics, environmental 
compliance, criticality engineering, and waste management. Subcontractor oversight in the areas 
of engineering and health and safety also are performed by the Laboratory. Dismantlement is 
performed by Johnson Controls World Services, Inc., the onsite maintenance subcontractor. 
Johnson Controls also provides industrial hygiene services and develops work packages. 

For Buildings 3 and 4 South, site characterization began in 1992 and was completed in 
September 1993. This effort consisted of environmental review and approvals required by the 
National Environmental Policy Act and radioactive air emissions standards; development of 
project plans, including those for project management, health and safety compliance, waste 
management, and quality assurance; and historical and radiological data collection. 
Characterization of the entire facility was not conducted. Instead, the Laboratory follows the 
"observational approach" for decommissioning projects. Rather than extensively 
characterizing the entire project, enough data is collected to begin activities. Detailed procedures 
are developed as the work progresses, and additional information is collected as necessary. This 
process avoids efforts which can be rendered useless due to newly discovered problems, but it 
requires flexibility in scheduling and completing activities. The following section discusses the 
application of this approach to the filter buildings. 

Because the emphasis is on minimizing characterization activities, the bulk of work planning is 
done during remediation. The removal of utility tunnel piping is a good example of this work 
planning process. Buildings 3 and 4 have interior, 4- x 4-ft utility tunnels which traverse the 
building perimeter and are located below the floor slab. The tunnels contain steam, condensate, 
industrial waste, and acid waste lines and are contaminated due to system leaks over the years. 
Access to the tunnels is through hatches outdoors; however, current safety requirements do not 
permit entry. Tunnel decommissioning followed a methodical process to initially identify 
radiological conditions and general piping configurations through visual inspections and coring 
samples. Work then proceeded to remove the top of the trenches using a large floor saw. 
Finally, the tunnels were thoroughly surveyed and dismantled. 
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FILTER BUILDING CHARACTERIZATION 
The characterization activities necessary to support decommissioning of the filter buildings 
include historical records reviews and interviews with former users, collection and revision of 
applicable drawings, utility identification and review, and radiological and chemical sampling. 
In some cases, sampling will be postponed until actual decommissioning, for accessibility or 
safety reasons. The data acquired from the characterization will principally support demolition 
activities and waste characterization requirements. 

Engineering data requirements consist of utility and structural information. Specifically, the 
locations of all utilities and any necessary reroutes must be identified. Structurally, the 
characterization effort must ascertain whether the Building 146 drum assembly will rotate. The 
drum has not been turned since the 70's, and seal integrity and the opposite filter banks are items 
of concern. Existing drawings will be collected for reference and will be annotated to identify 
the as-left facility condition. Historical records will be reviewed to identify any abandoned 
utilities and any facility modifications which could affect decommissioning. 
Knowledge regarding types and quantities of contaminants is essential for decommissioning 
operations and waste handling. Radioactive waste may be either low-level or transuranic, while 
chemical contamination may result in hazardous or mixed waste. Potential contaminants have 
been identified from the remedial action work plan, operating summaries, decommissioning 
summaries, and historical interviews. Radionuclides of concern are U-235, U-238, Pu-238, Pu-
239, Tc-99, Am-241, Am-243, Np-237, Th-232, and Pa-231. Chemical concerns include 
asbestos (146 HEPA filters), metals (146 HEPA filters), PCBs (lighting ballasts), perchlorates 
(ductwork, 146 filters), and picric acid. 

Because the data address waste management and safety concerns, exact readings are not as 
important as bounding readings. The data should identify thresholds for waste categories or 
personal protective equipment requirements. 

A significant amount of data currently exist for this project (Marshall 1994). This information 
was obtained during a Laboratory-wide project to quantify special nuclear material holdup in 
ventilation systems. These data indicate that sizable portions of the process exhaust would be 
classified as transuranic waste. The project will decontaminate the ductwork during 
decommissioning to minimize the volume of transuranic waste. Accordingly, during 
decommissioning the removed ductwork and decontamination waste will be characterized for 
waste disposal purposes. This approach also recognizes the difficulty and expense of sampling 
exhaust systems prior to removal. Likewise, HEPA filter sampling is best left until actual 
removal, at which time the filters may be sawed into pieces and samples obtained more easily. 

Additional data will be collected to measure radioactivity in systems not addressed during 
previous holdup measurement campaigns. Measurements will be made using nondestructive 
assay methods with Sodium Iodide and Germanium detectors. Items likely to be free of 
contamination will nevertheless be surveyed to verify that no unexpected radioactivity is present. 
Appropriate engineering controls will be used during decommissioning to protect 
uncontaminated materials. 

Except for one small spot of contamination on the floor of Building 146, there have been no 
historical releases within either Building 146 or 324. The walls and floors should be free of 
contamination. The long-range alpha detector (LRAD), an experimental system developed at 
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Los Alamos (Rawool-Sullivan et al. 1994), and conventional gas-proportional instruments will be 
used to systematically survey the structures to verify that the material is uncontaminated. 
Facility processes did not involve hazardous wastes listed under the Resource Conservation and 
Recovery Act (RCRA). The RCRA facility investigation work plan does identify metals as a 
potential contaminant of concern, so the Building 146 filters will be sampled for metals. 
Sampling for metals, like the surveys for radioactive constituents mentioned above, will be 
performed at the time of filter removal. 

Building 146 has been sampled for perchlorates. This sampling will be repeated after the drum 
has been turned. Historical records suggest that picric acid was used for some experiments. 
Building 146 will be tested for picric acid before and after turning the drum. During 
disassembly, duct systems will routinely be tested for perchlorates. 
The HEPA filters contain asbestos, and the roofs of both buildings may contain nonfriable 
asbestos-contaminated material. The roofing material will be tested for asbestos. Lighting 
systems will be inspected for PCBs during disassembly, and fluorescent bulbs will be handled as 
hazardous waste. 

Table 2 summarizes the characterization approach. 

Table II. Sampling/Analysis Matrix 

System Contaminant Analysis 

Buildings 3 and 4 ductwork, 
elevated ductwork 

U, Pu, Am, Np Existing data 

Other radionuclides 

Perchlorates 

To be checked during 
decommissioning 

Field screening 

Firescreen plenum, remaining 
ductwork and stacks 

U, Pu, Am, Np Nondestructive assay 

Building 146 HEPA filters U, Pu, Am, Np 
Perchlorates 
Picric Acid 

Nondestructive assay 
Field screening 
Field screening 

Building 324 HEPA filters U, Pu, Am, Np Nondestructive assay 

Building structures and flooring None LRAD and gas-proportional 
instruments 

HEALTH AND SAFETY 
The Laboratory and project adhere to rigorous health and safety practices. A system is followed 
in which we develop work packages consisting of technical work procedures and special work 
permits, i.e., radiation work permits (RWPs), augmented with task hazard analyses (THAs). The 
THA fully defines specific tasks, identifies protective measures, and informs workers of hazards. 
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These work packages supplement the project plan and site-specific health and safety plan. The 
process also employs a graded approach in procedure development. 

For example, the work package for routine decontamination activities consists of an RWP and a 
THA. More difficult operations, such as hood and glovebox removal, also have a work 
procedure in addition to the aforementioned permit and THA. Because the exact hazards and 
sequence of activities can vary among hoods and gloveboxes, the THA is modified when 
warranted. 

The last type of work package addresses unique, higher-hazard systems, for which a detailed 
work procedure is prepared. Again, the procedure is augmented with RWPs and a THA. 
Because the Laboratory reviews and approves all work procedures, but not all THA revisions, this 
last category invariably receives additional scrutiny from project managers. Regardless of type, 
all daily work activities are tied to the specific governing work procedure-THA package, and this 
information is recorded by the site safety officer. Thus far, the project has recorded one lost 
workday case due to infection of a small cut. 

The Laboratory provides an extensive radiological protection program for the project. The 
program consists of radiological engineering, dosimetry, bioassay, and health physics coverage 
of operations. An ALARA (i.e., as low as reasonably achievable) Committee reviews all relevant 
work procedures. Total dose received by all personnel to date is approximately 40 mrem. 

The TA-21 Decommissioning Health and Safety Plan also is followed for filter building 
characterization activities. Characterization activities requiring documentation are (1) the 
perchlorate and picric acid testing procedure, THA, and RWP; (2) the drum turning THA and 
RWP; and (3), the structure survey procedure, THA, and RWP 

DECOMMISSIONING TECHNIQUES 
The project follows current, accepted industry practices. Because alpha contamination is the 
radioactive hazard in question, remote systems are unnecessary, but health, safety and 
environmental practices are nonetheless rigorous. For example, at the start of the project, the 
exhaust system for Building 3 was cut off, the stack capped, and portable HEPA systems were 
brought in to control general and process ventilation. These steps were required, since the 
building lacked an efficient filtration system, and dismantlement activities could have resulted in 
increased emissions. The net result was that during decommissioning, site emissions were 
significantly reduced by means of a filtration system that was more efficient than that used at the 
facility during forty years of operations. 

Also, at the start of remediation, an extensive hood and glovebox residual-uranium assay was 
performed. The data was necessary for reasons relating to safeguards and waste transportation 
and disposal. Measurements were performed in situ by the Laboratory's safeguards assay group 
using portable field instruments. Air sampling stations were installed around the site perimeter 
to collect data on fugitive dust emissions. 

The general decommissioning sequence consists of system electrical disconnects, acid line and 
piping removal, hood and glovebox removal, exhaust system removal, asbestos removal, concrete 
floor sawing, utility piping removal, final system disconnects (i.e. electrical and fire protection), 
and building demolition. 
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For the demolition of Building 3, the Laboratory rented a hydraulic shear and trackhoe. 
Although renting equipment is common in the commercial sector, the practice had not been 
used before by the Laboratory due to the potential for contamination. The risk of 
contamination was low, and the advantages of increased productivity, improved worker safety, 
and effective waste segregation and minimization clearly outweighed the contamination risk. 
Building 3 was demolished using the shear in August 1994, and the equipment was cleaned and 
returned without incident. Figure 3 shows the shear in operation. Additional air monitoring 
stations were placed to monitor emissions. 

Figure 3. Hydraulic shear demolishing Building 3 South. 

Building 4 presents several unique challenges. The process exhaust ductwork runs the exterior 
length of the building on both sides and is constructed of fiberglass-coated stainless steel. Each 
side contains approximately 300 g of enriched uranium. Removal will require secondary 
containment and work at a height of 15 ft to 25 ft above the ground. One portion of the utility 
tunnel is reputed to have a very deep pit, currently covered with steel plating and asphalt, formed 
by a long-term, low-volume hydrofluoric acid leak. 

Some new technology is being developed and applied to the project; however, only proven 
technologies are considered. As previously noted, portable nondestructive assay methods are 
used for determining glovebox and ductwork holdup. Additionally, the LRAD is being used for 
concrete characterization and for the free release of items. 

The Laboratory has issued a contract to demonstrate an innovative duct lining technique to 
either fix contamination inside ventilation systems or remove the contamination. A fabric liner 
soaked with commercially available strippable coating is everted into the duct using a pressurized 
canister. After curing, the liner may be removed to decontaminate the duct. Our goal is to 
decontaminate transuranic waste ductwork to levels low enough to allow recycling. 

WASTE MANAGEMENT 
Wastes generated on the project are classified as low specific activity or nonradioactive for 
transportation purposes and as low-level waste (LLW) for disposal purposes. The project waste 
volume estimate is 2000 yd^ of LLW. Additionally, radioactively contaminated asbestos has 
been generated (50 yd^), as have small amounts of mixed waste. Waste is disposed of at the Los 
Alamos LLW disposal facility. During the demolition of Building 3, most waste was placed into 
20- x 8- x 8-ft standard shipping containers. Considerable compaction was achieved, and the 
entire container was disposed of. 
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Laboratory and Department of Energy policy precludes the free release of any material with 
detectable activity above background, even when the surface contamination is below release 
guidelines. While some materials have been released to a municipal landfill following 
demonstration of no detectable activity, waste minimization activities primarily emphasize 
volume reduction through on-site compaction and recycling of contaminated scrap metal. 
Concrete will be cleaned using a shot vacuum system, and the remaining slabs will be crushed 
and used as onsite fill. Through recycling, steel decontamination, and concrete crushing, low-
level radioactive wastes from decommissioning Building 4 should be reduced by 60% compared 
to those generated at Building 3. 

Soil remediation is coordinated with the Laboratory's remedial action project. Sampling and 
other activities also are coordinated to ensure data applicability and cost effectiveness. 

COST AND SCHEDULE 
The Building 3 and 4 South decommissioning was originally scheduled to last for three years, 
with a total project cost, including assessment, of $7.5 million. By accelerating the remediation 
schedule to two years, fixed costs are reduced significantly. Currently, the project is scheduled 
to be completed in September 1995, with a total project cost of $6.4 million. This does not 
include the costs for disposing of LLW, as the Laboratory waste management groups are funded 
directly. The filter building characterization effort will cost approximately $250,000. 

LESSONS LEARNED 
The main lesson learned to date involves the discovery, during system disassembly, of 
perchlorates in the Building 3 process exhaust system. Use of perchloric acid had not been 
identified during the assessment phase, when many records were reviewed and former operators 
interviewed. Perchlorates are shock and temperature sensitive, although they may be handled 
safely when wet. Experts from Oak Ridge National Laboratory were called in to assist in solving 
the problem. Considerable time and money was saved by using their proven techniques instead 
of developing solutions internally (Phillips et al. 1994). Perchlorate sampling and analysis were 
performed in the field using a portable ion-specific electrode system. Dismantlement required 
steaming two 3- x 3- x 20-ft sections of ductwork that joined to form a central upsweep that ran 
through the building attic and onto the roof. The system was disconnected in the attic and 
lowered to the floor, and the large section of ductwork was cut into smaller sections and rinsed in 
tanks of water. 

Another important lesson learned is that the observational approach is very effective from both 
cost and schedule perspectives. By minimizing characterization activities, initial expenses and 
time to completion are reduced. Moreover, involving the people who will be doing the physical 
work in the work planning simplifies the techniques used and guarantees the feasibility of the 
chosen techniques. 
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