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Chapter 4:  Plutonium Processing at Los Alamos 
 

One of the important early roles of the Los Alamos laboratory was the processing of the newly created 

and largely unknown material plutonium (Hammel 1998).  The assignments taken on by Project Y 

scientists in the mid-1940s were to: 

• Perform the final purification of the plutonium received at Los Alamos, 

• Reduce the plutonium to its metallic state, 

• Determine the metal’s relevant physical and metallurgical properties, and 

• Develop the necessary weapon component fabrication technologies. 

Los Alamos was the first site in the world to receive quantities of plutonium large enough to manufacture 

weapon components.  Initial plutonium processing was performed in the Original Technical Area, which 

was located near Ashley Pond and later became known as Technical Area 1 (TA-1) (see Fig. 4-1). 
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Fig. 4-1.  Map of the Original Technical Area (later called TA-1) 
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Early Plutonium Processing at D-Building 

The initial handling and processing of plutonium that took place at the original technical areas involved 

the following main facilities: 

• D Building- housed plutonium chemistry, metallurgy, and processing   

• D-2 Building- housed contaminated laundry and glassware decontamination   

• D-5 Sigma Vault- storage facility for 239Pu and 235U 

• ML Building- Housed the Medical laboratory, site of human uptake and excretion 

studies by H-4 and H-5 groups and urine assay  

D Building (see Fig. 4-2) in LANL’s Original Technical Area was the first site in the world in which 

plutonium was handled in visible quantities, purified, converted to metal, and used to fabricate atomic 

weapon parts.  Because plutonium was a newly discovered element available only in milligram quantities, 

there was a great deal of pressure on scientists to perform the necessary metallurgical experiments as 

quickly as possible once gram-scale quantities of plutonium became available.  At the time, impurities 

were of great concern, because α-particles are emitted from plutonium at a rate that is over 1,000 times 

greater than that of uranium.  Upon colliding with light-element impurities, these α-particles release 

neutrons, greatly increasing the chance of a premature fission reaction occurring before much of the 

plutonium reaches a super-critical state.  A premature ignition, known as a “fizzle”, would greatly 

diminish the explosive power of the weapon.   

 

 

 

 

 

 

 

Fig. 4-2. D Building in the original Technical Area on December 4, 1946 (looking north).                 
  Photo courtesy Los Alamos Historical Society (from LAHM-P1990-40-1-3029). 
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D-Building was constructed as an answer to this impurity problem in December 1943.  To mitigate light-

element dust from settling onto experimental surfaces, D-Building was built with a state-of-the-art air 

conditioning and ventilation system that provided laboratory conditions that were as dust-free and clean 

as possible.  The building’s air intakes were filtered, but its exhaust vents were not.  Starting in late 1943, 

scientists and engineers in D Building used equipment and procedures that are considered extremely 

crude by modern-day standards to process the new and largely unknown element plutonium under 

demanding schedules and extreme wartime pressures.  Progress reports indicate that D Building and its 

roof became highly contaminated, and about 85 rooftop vents released contaminated air without 

monitoring and for the most part with no filtration.  A former Los Alamos plutonium worker wrote that 

“During the War years, partly because of ignorance and partly because of the stress of wartime 

conditions, operations with plutonium in D Building were conducted with greater laxity than has ever 

been tolerated since” and “D Building was known to be hotter than a firecracker” (Coffinberry 1961).  

There are no records or LANL estimates of airborne plutonium releases from D Building, which ceased 

main plutonium production functions when DP West site became operational in late 1945 but remained 

active until around 1953. 

Flow of Plutonium Operations within D Building 

Operations within D Building can be considered a chemical process with the key objective of converting 

plutonium nitrate into the highly purified metallic hemispheres used in the Trinity and Nagasaki devices.  

While many other supporting projects were conducted within D-Building, including uranium chemistry 

and metallurgy, design of tampers and polonium initiators, as well as the development of various 

refractory materials, this report focuses specifically on the numerous stages of plutonium processing.  

These stages are represented generally by the flow diagram shown in Fig. 4-3, which most accurately 

represents plutonium processing from about December 1944 until D-Building was decommissioned in 

September 1945.  These production-scale processes, in operation for only about 9 mo, were refined from 

many months of prior chemical and metallurgical research starting in December 1943 when construction 

of D-Building was completed.  It is most likely, however, that the vast majority of plutonium 

contamination was a direct result of these production-scale operations, as the first few milligrams of 

plutonium didn’t arrive on site until January 1944, and gram quantities until March 1944 (Hammel 1998).  

Moreover, by late April 1945, D-Building had produced only about 1 kg of plutonium (see Fig. 4-4), yet 

would receive about 26 kg of additional plutonium from Hanford Site in Washington (Site W) by the end 

of August 1945, as shown in  Fig. 4-5 (Site Y 1945).   Because of this trend, this report focuses mainly on 

the production-scale processes.
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Fig. 4-4.  Monthly amounts of plutonium produced from plutonium nitrate in D-Building.  This graph is 
not cumulative−  by 1 September 1945, purification operations were producing just over 9 kg of purified 
plutonium per month, roughly ten times what the rate had been on 1 April 1945 (Hammel 1998) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4-5.  Cumulative amounts of plutonium received from Hanford in 1945 (Site Y 1945) 
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The bulk of plutonium arrived at D Building in the form of relatively impure plutonium nitrate 

manufactured at the Hanford Site.  Fig. 4-6 shows one of the shipping “bombs” that were used to 

transport the material known as “49” or “product.”  A relatively small amount of the nitrate also arrived 

from the Clinton pile at Oak Ride, TN (Site X), though this material was used mainly for research 

purposes.  As shown in Fig. 4-3, these nitrates were first converted into plutonium (III) oxalate by wet 

chemical techniques.  This oxalate slurry was then sent to the dry chemistry, or dry conversion, processes 

in which the oxalate was first thermally converted into plutonium oxide (PuO2), and then fluorinated 

using a mixture of hydrogen fluoride (HF) and oxygen, forming plutonium tetrafluoride (PuF4).  This 

plutonium halide was then reduced in the presence of a more electropositive metal such as calcium, 

resulting in the formation of plutonium metal.  The metal was then remelted and fabricated into a variety 

of shapes for metallurgical experiments and coated to protect the surface from oxidation.  After each 

metallurgical experiment, the plutonium specimen was returned to the recovery group, converted back to 

plutonium nitrate, and sent to purification, where it was repurified, re-reduced, remelted, recast, and 

refabricated.  In this way, a very large amount of data was collected using the relatively small amounts of 

plutonium available at the time.  A more detailed description of plutonium processing in D Building that 

was prepared by the LAHDRA team is available elsewhere (Knutsen and Widner 2007). 

By 31 August 1944, J. Robert Oppenheimer stated in a letter that a total of only 51 g of plutonium had 

been received at Site Y.  Remarkably, he noted that this material had been used in “approximately 2500 

separate experiments,” and “the overall loss per experiment has been about one per cent” (Hammel 1998).    

An open hood that was used in D Building for production-scale purification is shown in Fig. 4-7.  The 

associated apparatus, most of which was made of glass, is depicted in Fig. 4-8 (Wahl 1946).  Irradiation 

of glassware caused it to become brittle, and the ether used in the processing was a recognized fire hazard.  

A furnace used for fluorination and oxidation reactions is shown in Fig. 4-9.  The manual transfer of dry 

powders from one step to the next in platinum “boats” was problematic and led to some dispersal of 

material in the building.  Stationary “bomb” reductions of plutonium tetrafluoride to plutonium metal 

were conducted in induction furnaces like the one shown in Fig. 4-10, and cylinders of plutonium metal 

were pressed into hemispheres using heated presses like the one shown in Fig. 4-11. 

Between each stage in the process, plutonium compounds were stored in vaults and monitored by the 

Quantity Control group to prevent critical masses of plutonium from accumulating.  Fig. 4-12 documents 

the processing of plutonium for four weapon cores in D Building during 1945– one for the Trinity test, 

the first combat bomb (used in Nagasaki), a second combat bomb (not needed in Japan), and the first 

“composite” core that used active material in addition to plutonium (Wahl 1947). 
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Fig. 4-6.  Plutonium was received from Hanford in 80 g and 160 g batches in "shipping bombs" (right)   
as a slurry of plutonium nitrate. Shipping bombs were transported in protective cases shown on the left.    

(Photo IM-9:1831 courtesy of LANL) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4-7.  Production-scale purification was conducted in hoods that could be flooded                                 
with carbon dioxide in the event of an ether fire.  (Photo IM-9: 1829 courtesy of LANL) 
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Fig. 4-8.  Production-scale (160 g) purification apparatus (from Wahl 1946).
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Fig. 4-10.  This induction furnace powered by a 20 kW high frequency converter inside a fume hood   
was used to fire large-scale bomb reductions (from Baker 1946).  (Photo IM-9:1824 courtesy of LANL) 

Fig. 4-9. A furnace that was used for fluorination and 
oxidation reactions (Photo IM-9: 1832 courtesy of LANL) 
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Fig. 4-12.  Graph that documents purification of plutonium for four weapon cores in D Building during 
1945 (from Wahl 1947) 

Fig. 4-11.  Evacuated hot presses like this were used to form 
hemispheres of plutonium  (Photo IM-9:5090 courtesy of LANL) 
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Release Estimates for D-Building Plutonium Processing 

Because of the lack of effluent measurements for operations in D Building during World War II, 

plutonium releases were estimated for each plutonium processing step using heuristics and experimental 

results compiled by the US Department of Energy in a document entitled “DOE Handbook – Airborne 

Release Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities” (USDOE 1994).  

Although the Handbook is primarily intended to characterize accidental airborne radionuclide releases, 

experimental results presented therein lend themselves well to the characterization of releases within D 

Building, as many plutonium processing operations were conducted in an open environment under similar 

conditions.  The Handbook is broken into a number of sections characterizing releases of plutonium 

compounds through a number of mechanisms.  To estimate plutonium releases from D Building, each 

processing step was divided into a number of conceptual release mechanisms based on process 

descriptions contained in original LASL documents.  For each conceptual release mechanism, an 

analogous experiment was identified in the Handbook, which provides estimates of airborne release 

fractions (ARF) and respirable fractions (RF).  These estimates were used to calculate the source term, 

which is the mass or activity of a radionuclide released during each conceptual release mechanism.  While 

details of this assessment are documented elsewhere (Knutsen 2007), methods and results are summarized 

below. 

Within the release estimation process adopted by USDOE (1994), the source term is a product of a 

number of parameters: 

 

Source Term = MAR × DR × ARF × RF × LPF 

 

The material at risk, MAR, is defined as the mass of plutonium present at each conceptual release.  For 

example, fluorination operations were carried out at a nominal scale of 160 g, which represents the MAR 

for this operation.  The Handbook defines the damage ratio, DR, as the “fraction of the MAR impacted by 

the accident-generated conditions” and notes that a degree of interdependence exists between the DR and 

MAR, as some analysts choose to exclude radionuclides from the MAR that would not be affected by a 

given event.  In this analysis, the MAR is defined to include only plutonium available for release in each 

process step, and DR is set to unity in all cases.  The airborne release fraction, ARF, is the fraction of 

plutonium aerosolized during each conceptual release mechanism.  This parameter is highly dependant on 

the release mechanism, and ranges in this analysis from 1.3×10-7 for air blowing slowly over a solution of 

plutonium nitrate to 2×10-3, representing a bounding estimate for liquid entrainment resulting from 

rapidly boiling solutions of plutonium nitrate.  The respirable fraction, RF, represents the fraction of 
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particles in a released aerosol small enough to be inhaled into the human respiratory system.  The RF also 

provides a method of estimating the fraction of aerosolized plutonium that could potentially reach the 

rooftop of D Building via its ventilation system.  The leak-path factor, LPF, is the fraction of aerosolized 

particles that could be transported through a containment mechanism.   

In this analysis, the LPF is used as a means to estimate plutonium released from apparatuses with 

methods for containment in place.  For example, production-scale purification and reduction processes 

were designed to mitigate aerosolized releases, and the LPFs for these processes were set to a small value 

based on professional judgment.  The authors recognize that a high degree of uncertainty is associated 

with each of these parameters.  Therefore, a Monte Carlo simulation was conducted to assess the 

sensitivity of each parameter to the overall D-Building source term.  While the Handbook notes that 

estimated parameter ranges “should not be used as a basis for an ARF statistical distribution” and 

“specifically rejects citation as a defensible basis for such attempts,” a Monte Carlo approach was used in 

this analysis as a means to assess parameter sensitivity and to provide some context to the range and 

uncertainty associated with release estimates. 

Shown in Table 4-1 are source terms estimated for various plutonium processing steps including 

purification, dry chemistry, and reduction, in addition to the recovery of plutonium from residues 

generated by each process.  Note that source terms presented in Table 4-1 are calculated from nominal 

values of ARF and RF for conceptual release mechanisms presented in the Handbook.  Thus, the total 

estimated source term of roughly 0.3 Ci is a nominal estimate, and a distribution of estimates shown in 

Fig. 4-13 reveals a fairly large uncertainty, with a 95%-ile estimate of over 1 Ci.  The details of release 

estimates from one of the main plutonium process, plutonium recovery, are discussed below to illustrate 

the process that was used. 

 
Releases from Plutonium Recovery 
 
Recovery operations (Recovery) involved some open-air processing steps, and it was one of the most 

contaminated groups in D Building (Duffy et al. 1945, Hemplemann et al. 1973).  Recovery was 

conducted without effective containment mechanisms because of the large variety of plutonium-

containing residues that Recovery received.  This large variety of residues also makes it exceedingly 

difficult in this analysis to characterize releases from all Recovery operations.  Instead, releases associated 

with more routine and well-documented recovery processes were focused on.  As shown in Table 4-2, the 

bulk of the plutonium-containing residues received for recovery were purification supernatants, 

metallurgical samples (plutonium metal, alloy, skulls, scrap), and materials from reduction/remelting of 

crucibles and slag (Garner et al. 1945).   
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Table 4-2.  Types of residues submitted for recovery, April-September 1945 (Garner et al. 1945) 

Type of Residue Pu mass (g) Fraction of Total Pu
Purification supernatants 3297 43%
Reduction liners, slag and remelt crucibles 684 9%
Metal, alloy, skulls, scrap 3334 44%
Pickling and plating residues 130 2%
Analytical and misc. residues 178 2%
Total: 7623 100%  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig. 4-13.  A distribution of release estimates based on a sum of distributions 
associated with individual release mechanisms 
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As shown in Table 4-1 and depicted graphically in Fig. 4-14, the recovery of plutonium from the “A” 

purification supernatants consisted of 18 conceptual releases.  Twelve of these releases consisted of 

“transfer” releases (Abbreviated “T”), which describe releases resulting from the entrainment of solutions 

into air while they are pumped from one process step to the next using a centrifugal pump or a steam jet 

(Duffy et al. 1945).  For lack of more representative experimental data, this release was modeled as a 

liquid spill from a height of 1 m.  ARF values for this release were based on experimental results (Sutter 

et al. 1981).  In these experiments, ARF values from 1×10-6 to 1.6×10-5 were measured.  For the purposes 

of this analysis, a log-normal distribution was selected with 1% and 99%-ile values set to represent the 

range of experimental values for ARF.  The recommended RF value of 0.8 was chosen to reflect 

experimental results.   

As shown in Fig. 4-14, there were three filtration steps (abbreviated “F”), with release mechanisms 

assumed to be similar to transfer releases.  Some of the most hazardous steps in Recovery involved 

adding solid sodium hydroxide to solutions of plutonium salts.  Because the dissolution of sodium 

hydroxide is highly exothermic, “considerable steam was released during the neutralization, resulting in a 

contamination hazard” (Duffy et al. 1945) [p. 17].  This release mechanism (labeled “Simmer” on Fig. 4-

14) was modeled using data from experiments (Mishima et al. 1968) in which the fraction of boiling and 

simmering solutions entrained in flowing air was measured.  Mishima et al. (1968) measured ARF values 

of 1.3×10-6 to 4.5×10-6.  For this analysis, a uniform distribution across this range was chosen.  An RF 

value of unity was selected based on experimental results published in 2003 that include measurements of  

size distributions of entrained liquid droplets above boiling solutions and found that over 99% of 

entrained droplets were smaller than 10 µm (Cosandey et al. 2003).   

A fourth release mechanism occurs when plutonium solutions were sparged with sulfur dioxide gas for 

15-20 minutes, labeled “Sparge” on Fig. 4-14.  This release mechanism was modeled using experimental 

results published in 1986 that summarize liquid entrainment across a range of superficial gas velocities 

(Borkowski et al. 1986).  The bulk of ARF measurements appear to be log-normally distributed and fall 

between 10-5 and 10-4.  To capture these results qualitatively, a log-normal distribution with the 1%-ile 

and 99%-ile values of 2×10-6 and   1×10-3, respectively, was selected for this analysis.  The conceptual 

release mechanisms for recovery of plutonium from residual supernatants from the “B” and “C” 

purification processes were similar, but contained only one “simmering” release and no releases from 

sparging, as the sulfur dioxide step was not needed for these residues. 
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As shown in Table 4-1 and Fig. 4-15, releases from the recovery of plutonium from reduction slag and 

crucibles are characterized by 13 release points, consisting of eight liquid transfer releases, two releases 

from simmering, two releases from filtration, and one release associated with the transfer of crushed 

crucibles and slag.  A final step in all recovery processes, peroxide precipitation was used to separate 

plutonium from a number of rare earth elements.  Release mechanisms in this processing step, shown in 

Fig. 4-16, are associated with five liquid transfer operations, one filtration, and two boilings.  There were 

two significant release mechanisms that occurred during the peroxide process.  The first occurred when a 

30% solution of hydrogen peroxide was added to a solution of plutonium nitrate.  Upon addition, the 

hydrogen peroxide would effervesce, an effect that scientists tried to mitigate by cooling the mixture to 

4°C.  It was documented in 1945 that “the spray from the ‘peroxiding’ operation as carried out in 

Building D was a major source of contamination” (Duffy et al. 1945)[p. 34].  An additional source of 

contamination presumably occurred in the final Recovery step, which involved boiling solutions of 

plutonium nitrate over a steam bath in 600 mL beakers, concentrating them into a “thick syrup” (Duffy et 

al. 1945)[p. 32]. 

Release Summary 
 
Heuristics and experimental results compiled by the USDOE that characterize the accidental release of 

plutonium compounds were used to estimate the source term associated with plutonium production 

operations within D Building from 1943-1945.  The scope of this was limited to releases occurring from 

the Purification, Dry Chemistry, Reduction and Recovery groups during documented plutonium 

production operations.  In agreement with anecdotal evidence in several LASL documents, this analysis 

suggests that the bulk of plutonium releases occurred from the Recovery group, a result of open-air 

processing with minimal protection.  Emissions resulting from the addition of hydrogen peroxide and 

from boiling of plutonium nitrate solutions were likely to have been particularly severe.  This work 

resulted in a preliminary source term estimate of about 0.4 Ci (median) from processes that were 

included.  This estimate is associated with a high degree of uncertainty, and true releases may have been 

in excess of 1 to 1.5 Ci.  The preliminary 95th percentile value is about 1.05 Ci.  The uncertainty is these 

estimates is mainly due to the relatively sparse and marginally relevant experimental data.  If further work 

on estimation of early airborne plutonium releases from Los Alamos operations is undertaken, a portion 

of the work should be aimed at obtaining additional experimental data to support this estimate and 

reducing its uncertainty. 
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Indoor Measurements of Airborne Radioactivity as a Source of Information about                 
Plutonium Releases from D Building during World War II   

 

One of the major operational areas from which plutonium releases were unmonitored was D-Building 

operations from 1943 until 1954.  D Building was the site of the process development, production of the 

plutonium components of the early nuclear weapons, analytical chemistry operations, and metallurgical 

research and development.  Although major plutonium component production activities were transferred 

to new processing facilities at DP West Site in late 1945, D Building continued to be an active and 

expanding facility until the Chemistry and Metallurgical Research (CMR) Building at TA-3 became 

operational around 1953.   

As D Building was the first facility to process plutonium in visible quantities and fabricate weapon 

components, many environmental safety and health practices considered routine today had not been 

developed.  Work that today would be carried out in glove boxes with multiple stages of HEPA filtration 

on the exhaust was instead conducted in open hoods or on laboratory benches.  Working conditions 

experienced after multi-gram quantities of plutonium began to arrive at Los Alamos in late 1944 rapidly 

deteriorated.  In May of 1945, Wright Langham made a trip to Chicago to describe what steps were being 

taken at Los Alamos to protect the workers, including the recently developed monitoring methods 

utilizing bioassay.  The push to develop and test the implosion device was considerable until the war was 

successfully concluded.   

Although LAHDRA team members were unable to locate any stack monitoring records for D Building for 

any portions of its operational period, workers at Los Alamos frequently took measurements of the 

airborne concentrations of plutonium in various rooms and locations around D Building.  From these 

concentrations, estimated room volumes, ventilation rates and some other assumptions, a lower bound 

estimate of plutonium releases can be made.  This estimate must be considered a lower bound for several 

reasons.  A large portion of releases apparently occurred from operational activities conducted in hoods, 

glove boxes, and other enclosures.  Releases of the contaminated air in laboratories would be expected to 

be small compared to the unmonitored releases from work performed in laboratory hoods and other 

primitive confinement devices that exhausted directly to the environment via roof-top vents.  Those 

releases are the subject of a separate analysis.  Also, there were no measurements made during the highly 

problematic startup period with larger quantities of plutonium, roughly from December 1944 to  August 

1945.  The measurements that were reported were made after the end of the war and after efforts were 

made to improve operational conditions within D Building.  Finally, the rooms that had plutonium 
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measurements reported had results for less than 14% of all months.  Many had only a few measurements 

during the entire period.        

The monthly reports listed average (and at times, maximum) values recorded over the month.  The 

reporting of data clearly separated rooms that housed enriched uranium activities from those that housed 

plutonium operations, and the room assignments do not appear to have been interchanged significantly 

over time.  This separation of uranium and plutonium operations must have been intended to simplify the 

control and measurement of contamination and was later continued at DP Site.   

Measurements were made in 116 unique areas within D Building.  Some were rooms with the same 

number but differing letters (such as D-116 and D-116A) and other areas were hallways, change rooms, 

attics, and conference rooms.  One might have had a total of 11,832 room-months of measurements (102 

months times 116 rooms); however, a total of only 1,616 monthly measurements were reported for the 

entire time period that started in August 1945.  

The release of plutonium over time for the room air exhausted was calculated by the LAHDRA team 

using the following assumptions: 

• 25% of room air volume is contaminated (heuristic estimate)  

• 30 air changes per h (based on interview with LANL staff) 

• Room Height = 10 ft for all rooms 

• Detector intrinsic efficiency of 80% 

• Filter Burial Factor of 1.602 (LANL has suggested a value of 2, not yet incorporated into this part 
of the study) 

• Counting Geometry Factor of 2  
 

The last three assumptions result in a total factor of 4.005 for the conversion of air sample counting 

results from counts per minute per liter (“c/m/l” or c/min/L) to disintegrations per minute per liter 

(“d/m/l” or d/min/L). 

The following equations were used to estimate the total release in a month for a given room: 

(d/min/L) =  (c/min/L) × 4.005 

(d/min/h) = (d/min/L) × (room volume) × 0.25 of room air contaminated × 30 air changes h-1 

(d/min released in a month) = (d/min/h) ×(d/month) × 24 h d-1 

(Ci released) = (d/min released) / (3.7×1010 d s-1 Ci-1 × 60 s min-1) 
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Room air concentration data were compiled from the CMR-12 monthly reports into a spreadsheet.  Room 

volumes were calculated based on LANL drawings of D Building.  For areas with no defined volume, 

such as hallways, the volume of the section of hallway immediately adjacent to a laboratory was used 

(with a further reduction associated with the assumption that only 25% of that volume is contaminated).  

At present, the limitation of the contamination to 25% of the room air and also to a small section of 

hallway is felt to be non-conservative and produces a lower bound for the calculated releases.   

To emphasize the degree of non-conservatism in this estimate, in 1948, LANL began to better understand 

the nature of releases from D Building and glove boxes.  In a study published in 1948, three rooms in D 

Building were subjected to air sampling for a little more than one year (Kennedy 1948).  These rooms 

were used for processes that are not considered in the earlier section of this Chapter entitled “Release 

Estimates for D-Building Plutonium Processing.”  They included Room 134, which was used in 1947 for 

preparation of plutonium alloys and samples.  The air in this room would have released 1.5 mCi of 

plutonium in 1947 with the room air model assumptions given above.  The releases to room air comprise 

a small fraction of the total plutonium released, since many of the operations were conducted in dryboxes.  

The plutonium released to room air largely came from transfers of material through the room to other 

boxes and from handling the material in the open.  Releases from the dryboxes during grinding and 

polishing to prepare metallurgical samples for analysis were unmeasured and were another significant 

source of releases. 

As mentioned above, the monthly reports yielded a total of 1,616 data points from 116 rooms over 102 

months.  This means that over 14% of the cells in the spreadsheet have values.  All the data in a given 

year was compiled into a distribution and tested.  The data for each year followed a log-normal 

distribution, with no year showing a smaller residual than 0.93.  These distributions could be used, if 

further evaluation of D-Building releases is undertaken, to stochastically estimate air concentrations for 

rooms each month for which no measurements were reported.   

The sum of estimated releases over all months with reported measurements is 0.0109 Ci of alpha emitting 

radioactivity.  Recall that this calculation is a partial representation of D-Building releases.  In order to 

account for the rooms each month that have no results reported, additional assumptions must be made.  

This memo considers two possible approaches:   

• One method would be to simply assume that the unmeasured rooms have the same average 

contamination as the average measured room.  Using this assumption, a value of 0.08 Ci is obtained.  

This method essentially increases the total estimated for sampled rooms by a factor of the total of 

11,832 room-months divided by 1,616 reported room-months.   
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• Many rooms have low concentrations reported.  An alternate approach is to assume that the average 

measured concentration in a given room is constant for that room.  Under this assumption, a total room 

air release of 6.12 Ci is obtained.  There are rooms with high concentrations and few measurements 

that result in the larger release estimate under this approach, which assigns higher values to 

unmeasured periods than the average of measurements across all rooms.   

This range of estimates (from 0.08 to 6.12 Ci) does not include the troublesome startup period of D- 

Building operations.  Although this startup period represented 8% of the 102 months for which limited 

monitoring data are available, improvements in confinement devices might easily have afforded a factor 

of 10 reduction in air concentrations in a given laboratory by the time monitoring began.  Thus, the early 

8-month period during which multi-gram quantities of plutonium was being processed might have been 

an important period for environmental releases that this preliminary assessment does not address.   

TA-21 (DP Site) Historical Plutonium Processing— DP West 

In January 1945, a serious fire that broke out in C Building within the Original Technical Area raised 

concerns about the possibility of a fire in D Building.  This, plus a dramatic increase in the amounts of 

plutonium handled in D Building and concerns about the need to house plutonium and polonium safely, 

led to planning of new facility to be called DP Site and later TA-21.  DP West took over the plutonium 

production functions of D Building.  Most DP Site facilities were constructed in 1944-1945, and the 

necessary process equipment was installed during this time as well.  Operations appeared to have started 

near the end of November 1945 (Meyer and Schulte 1944-1956). 

The primary functions of DP West were to: 1) produce metal and alloys of plutonium and other 

transuranic elements from nitrate solution feedstock; 2) fabricate these metals into precision shapes; 3) 

provide and install protective claddings; 4) measure the chemical and physical properties of these metals 

and alloys; and 5) recycle scrap or materials used in experiments (Valentine et al. 1982). 

Fig. 4-17 shows the early layout of DP West (Christenson and Maraman 1969).  Photos of DP West are 

shown as Fig. 4-18 and Fig. 4-19.  Buildings 2 and 3 housed wet chemistry processes, and Buildings 4 

and 5 housed dry chemistry processes.  Building 12 was the main filter building for exhausted air.    
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Fig. 4-17.  Early DP West Site Building Layout and Main Functions 

Fig. 4-18.  DP West site, looking north, date unknown.  Plutonium process buildings 2, 3, 4, and 5 are labeled, as are
the filter building (12) and associated ductwork, manifold, and stacks.  From photo IM-9:15926 courtesy of LANL. 
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Fig. 4-20 presents a flow diagram of process used in early DP West Site operations in processing of 

plutonium and production of atomic weapon components (Kennedy 1947). 

Following are summaries of the activities performed in each major building at DP West: 

• Building 2 (TA-21-2)–  housed gloveboxes for dissolution and recovery of plutonium and storage of 
241Am wastes.  The building housed a scrap incinerator, solvent extraction columns, and a liquid-

waste loading area.  On 30 December 1958, a criticality accident occurred in Building 2 South 

involving separated phases in a plutonium process tank.  The operator (Cecil Kelley) died 36 hours 

later. 

• Building 3 (TA-21-3)–  housed the oxalate precipitation operations.   

• Building 4 (TA-21-4)–  housed some development laboratories for plutonium research from 1945 to 

1948 at which point the laboratories were converted to production areas for enriched uranium 

hydride.  In 1960, the hydride equipment was removed so that a hot cell could be added for the 

examination of irradiated plutonium and enriched uranium fuel elements.  In 1965, two glovebox 

lines were added to support the 238Pu metal production.  The above programs were part of Rooms 401 

and 401E on the north end of the building (Valentine et al. 1982).  Rooms 403, 404, 405, 406, and 

407 also had gloveboxes that were used for 239Pu and 238Pu metal preparation during these early years. 

 

Fig. 4-19.  Primary buildings of DP West on 16 May 1947.  Photo courtesy of LANL (IM-9: 05426) 
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• Building 21 (TA-21-21) –  was a vault for storage of uranium and plutonium metal. 

• Building 33 (TA-21-33) –  housed research efforts into collecting additional plutonium from waste 

streams. 

• Building 150 (TA-21-150) –  was built in 1963 as a plutonium fuels development building (Repos. 

No.  2344).  This building was built next to Building 5.  Some of the programs the building supported 

included: 1) the development of 238Pu heat sources for space electric power applications; 2) 

investigations of various ceramic materials containing plutonium for use in the Liquid Metal Fast 

Breeder Reactor (LMFBR) program; and 3) the development of 238Pu fuels for isotopic powered heat 

sources for powering artificial organs (Valentine et al. 1982). 

In an incident in DP West Building 150 on 7 October 1970, a sealed capillary broke, resulting in the 

release of a reported 10 ug of 238Pu up a vent.  Resulting concentrations were estimated to be 2,800 

times the AEC maximum permissible concentration (MPC) for insoluble 238Pu.  Air samples were 

analyzed from the DP fence line, near private housing just west of the west end of the airport runway, 

and at the airport terminal air particulate sampler.  Maximum reported air concentrations were 

1.27×10-14 µCi mL-1 238Pu at housing near the airport runway and 0.29×10-14 µCi mL-1 239Pu at the DP 

Site fence (Kennedy 1970, Meyer 1970).  

• Building 210 (TA-21-210) –  housed additional research activities on the properties and uses of 

plutonium. 

DP West Air Handling and Stack Air Sampling 

Buildings 2, 3, 4, and 5 each had an intake air fan.  The air was filtered and then distributed by a system 

of ducts that entered the rooms of the buildings at the ceiling.  The exhaust air left the rooms by another 

system of ducts that lead into a large common duct located on the roof of each building.  All dryboxes and 

hoods for each building were vented into this common exhaust duct (LAB-CMR-12-60). 

These common ducts converged into a large manifold in Building 12, where the air was supposed to mix 

to a uniform concentration.  The air then passed through the precipitrons.  The precipitrons were 

electrostatic units that used electric fields to ionize and capture particles.  The air then passed through a 

single bank of American Air Filter Company type PL-24 filters (Christensen et al. 1975).  The air was 

finally discharged by exhaust fans out of four stacks that were approximately 57 feet tall.  In the early 

days of DP West, the exhaust air was sampled in the common exhaust ducts, the Building 12 manifold, 
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and in each stack.  Modified “Filter Queen” vacuum cleaners were used to sample the exhaust air at these 

locations (Maraman et al. 1975).   

The DP West Site exhaust treatment systems were improved over the decades of site operations 

(Maraman et al. 1975).  A single bank of HEPA filters was installed in the DP West Site’s combined 

process exhaust system in 1959.  The process exhaust system was separated from the plant exhaust 

system at that time.  As part of the work during 1959, a cleaning of the room exhaust plenum resulted in a 

spike in measured airborne releases.  The room exhaust plenum was again cleaned in 1973, leading to 

another spike in releases.  Two banks of HEPA filters were installed in the process exhaust system in 

1973, the same year in which a single bank of HEPA filters was installed in the room air exhaust system. 

More Recent Plutonium Processing 

In 1969, the decision was made to build a new facility, TA-55, the Plutonium Facility Site.  Processing of 

plutonium and research on plutonium metallurgy are done at this site, which is also known as “PF Site.”  

Operations at TA-55 include processing and recovery of 239Pu from scrap materials, recycle, metal 

production, metal fabrication, and research & development.  This was also the site of special isotope 

separation research.  The SIS-III was designed to provide special plutonium isotopes for LANL weapons 

research.  The site also has responsibility for manufacturing heat sources for weapons-related programs 

(Cochran et al. 1987). 

Plutonium has also been processed at TA-3, the new Core Area: [a.k.a. “South Mesa Site”].  The Lab’s 

main technical facilities moved here from TA-1 in 1953.  Areas at TA-3 that likely involved plutonium 

processing include: 

• TA-3-29 Chemical and Metallurgical Research (SM-29)  (has Wings 1-9).   
• TA-3-32  Cryogenics 
• TA-3-34 Cryogenics 
• TA-3-35 Press Building  
• TA-3-39 Technical Shops  
• TA-3-40 Physics  
• TA-3-65 Source Storage (SM-65) 
• TA-3-66 Sigma Complex 
• TA-3-102 Tech Shops (handles beryllium, uranium, lithium per Repos. No. 225) 
• TA-3-141 Rolling Mill 
• TA-3-184 Occupational Health 
• TA-3-216 Weapons Test Support 
• TA-3-700 Acid Neutralization and Pump Bldg (also known as SM-700). 
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As of 1969, the CMR Bldg, except for its Wing 9, was used for laboratory work on small quantities of 

uranium and plutonium.  Effluents were filtered through Aerosolve 95 filters.  Wing 9 contained hot cells 

handling irradiated uranium and sometimes plutonium.  Effluents may also have contained mixed fission 

products including iodine.  HEPA and charcoal filters were reportedly used for treatment.  Filters were 

counted for both alpha and beta radiation.   

Stack FE-19 of the CMR Building serves the glove box processes and rooms on the south side of Wing 3.  

As of March 1980, the exhaust treatment system had a demister, one stage of M-80 prefilters, and one 

stage of American Air Filter Continental 2000 filters (that is, bag filters with published 85% efficiency for 

0.3 µm DOP).  Prior to July 1976, the system included Aerosolve 95 filters. 

Since early 1974, FE-19 has been major source of plutonium at LASL (up to 99% of the total in 1980).  

Releases from FE-19 began to increase during Feb 1979, when two filters tore.  During filter change-out, 

flow reversal sent 143 µCi of Pu up FE-20 stack  (Stafford et al. 1979-1982).  February 1980 testing 

showed FE-19 filters were only 29.3% efficient.  The release from FE-19 from Jan 19 – Jan 26, 1979 was 

91 µCi, which was greater than the total release for this stack in 1978. 

Alpha activity in liquids flowing into the TA-50 waste treatment plant rose sharply in the years leading up 

to 1973 because of increased use of 238Pu at the SM 29 building in TA-3.  Concentrations at times reached 

0.001 µCi/cc [pages from microfiche: TR7831, Envelope 51, dated 5/9/73]. 
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