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HVAC 
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LLM 
LOSAC 
LSA 
MSE 

i 

Nd-YAG 
NDA 
NDT 
oralloy 
OY 
PA 
PCBs 
PCE 
PRMP 
PROVE 

Air Pollution Emission Notice 
automated machining cell 
Advanced Size Reduction Facility 
chlorofluorocarbons 
Decommissioning and Decontamination 
dicesium hexachloroplutonate 
Department of Energy 
Direct Oxide Reduction 
Fluidized Bed Unit 
dichlorofluoromethane 
1 -dichlorofluoro-2-chlorodifluoroethane 
trichlorotrifluoroethane 
General Accounting Office 
gas tungsten arc 
high efficiency particulate air 
high specific activity 
heat, ventilation and air conditioning 
Individual Hazardous Substance Site 
Instrumentation and Special Projects Group 
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low specific activity counters 
low specific activity 
molten salt extraction 
neodymium-yttrium garnet (laser) 
non-destructive assay 
non-destructive testing 
enriched uranium 
oralloy (leach process) 
protected area 
polychlorinated biphenyls 
perchloroethylene 
Plutonium Rccovcry Modification Project 
Plutoniuni Rccovcry Operational Vcrification Exercisc 
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'I QA . 
,I R a p  

RCA 
RCRA 
WETS 
WP 
RO 
SNM 
SST 
TCA 
TCE 
TIG 
TOP0 
TRM 
TRU 
TRU-mix 
tubal 1 oy . 

USAEC 
WSRIC 
ZPPR 

,! 

1,1,1 -TCA 

Quality Assurance 
research and development . 
Radiological Control Arca 
Resource Conservation Recovery Act 
Rocky Flats Environmental Technology Site 
Rocky Flats Plant 
reverse osmosis 
Special Nuclear Material 
Safe Secure Transports 
trichloroethane 
trichloroethylene 
tungsten inert gas (welding) 
tri-n-octylphosphine oxide 
transuranic material 
transuranic 
transuranic mixed 
depleted uranium 
United States Atomic Energy Commission 
Waste Stream Residue Identification and Characterization 
Zero Power Plutonium Reactor 
1,1,1 -trichloroethane 

*Chemical trade name rather than acronym. 
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HISTORICAL RELEASE REPORT BUILDING HISTORIES 

1.0 INTRODUCTION 

Historically, the mission of the Rocky Flats Plant (RFP) was the production of nuclear wcapons 
components, specifically production of plutonium triggers or pits. RFP also disassembled retired 
weapons to recover plutonium for reuse in weapons production. The plant's weapons production 
and disassembly mission was canceled in January, 1992, in conjunction with the cessation of 
work on the W-88 weapon. Since January, 1992, a new plant mission has been identified, 
namely environmental protection and plant shutdown. To better reflect this new mission, the 
plant name has been changed to Rocky Flats Environmental Technology Site (RFETS). One 
aspect of the activities conducted at the site to support the new mission is the decontamination 
and decommissioning (D&D) of the old process operations buildings. Building process histories 
are necessary to support these D&D activities since the materials used in the process operations 
constitute the materials that should be considered in D&D operations. 

RFP's primary product consisted of assembled pits (also called triggers), or the core of a nuclear 
weapon. Over the lifetime of the plant, overall operations and manufacturing processes have 
remained largely the same with periodic refinements. Pits produced at RFP were constructcd of 
interlayered nuclear and non-nuclear materials. The primary materials of pit construction were 
plutonium, enriched uranium, depleted uranium, stainless steel and beryllium. The general types 
of manufacturing activities conducted at RFP involving these materials were: 

casting operations that produced ingots or shapes in foundries to be used in the 
fabrication process; 

fabrication operations which involved rolling, forming, pressing, and machining 
cast parts to be used in weapons assembly; 

inspection and testing which involved a variety of quality assurance measurcs 
which took place repeatedly throughout the production process; and 

assembly operations which involved welding and joining various manufactured 
parts into weapons components and pits. 
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Disassembly of obsolete weapons returned to the site was conducted so that valuable plutonium 
and uranium could be recovered and reused. Other operations were conducted to recover 
plutonium and enriched uranium materials 'from processing scraps and residues. Other activities 
conducted in the buildings included waste handling, Special Nuclear Material (SNM) and waste 
storage, laboratory operations, tool manufacturing operations, Research and Development (R&D) 
operations, and utilities and maintenance operations. 

t 

. .  

W P  handled a wide variety of chemicals and materials, but most process chemicals and materials 
handled in any quantity were associated with manufacturing operations involving plutonium, 
uranium, stainless steel and beryllium in eleven core production buildings which are addressed 
in this document. These buildings are: Buildings 371, 444, 447, 460, 707, 771, 776/777, 881, 
883, and 991. Table 1-1 is a matrix which identifies the main buildings which handled these 
metals over the history of active production. It should be noted that in the case of assembly 
operations, some assembly operations were usually conducted in each fabrication building and 
then parts were sent for final assembly to either Building 991, Building 777 or 707. Following 
Table 1-1, a brief synopsis of the processing activities for the five major production metals is 
provided prior to the detailed process histories for. each building. 
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Table 1-1 
Locations and Operational Dates of 

Major Production-related Operations at RFP from 1953 through 1989 

Stainless 
. Steel 

Beryllium 

(not active on a 
production scale 

at RFP until 
1966) 

444 
( 1  958- 1989) 

776 
(1958-1969) 

883 
(1 957-1 964) 

88 1 
( 1 966- 1984) 

883 
( 1  962-mid- 

1980s) 

707 
(1  970- 1989) 

(not active on a 
production scale 

after 1964) 

1 
~~~ ~ 

(not conducted (not conducted 
for recovery) for recovery) 

991 (final) 
(1953-mid- 

1960s) 

991 (final) 
( I  953-mid- 

1960s) 

(not active at 
RFP until 1966) 

444 
( I  958- 1989) 

777 
( 1958- 1969) 

777 (final) 
( 1  958-mid- 

1960s) 

7777 (final) 
( 1966- 1969) 

777 (final) 
( 1958- I9G9) 

460 (final) 

707 (final) 
(1984-1994) 

( 1970- 1989) 

~ 

707 (final) 
( 1  970- 1989) 

(not conducted) (not conducted) (not conducted) 

37 I 
(pilot-scale) 

( 1  980s) 

77 1 
(oralloy leach) 

(1 964-1 989) 

Operation Depleted 
Uranium 

Plutonium Enriched 
Uranium 

Casting 
andor 

Fabrication 
( 1  953-1 966) I 771 

( I  953-1 957) 
444 

( I  953-1 989) 

883 
( 1957- 1989) 

4441447 

991 (final) 
(1953-mid- 

1960s) 

( I  953/56- 1989) Assembly 

777 (final) 
( 1  958-1 969) 

707 (final) 
(1 970-1 989) 

707 (final) 707 (final) 
( I  970- 1989) (1970-1989) 

( 1  958-1 989) ( I  958-1 989) 
Disassembly 

of 
Site-returns 

(not conducted 
for recovery) 

Metal 
Recovery 

77 1 1 881 
(1953-1989) ( 1  952-1 964) 

1 I 
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1.1 PLUTONIURll 
\ 
/ 

From 1953 until 1957, plutonium recovery, casting, fabrication and inspection were housed within 
Building 771. The only plutonium-related operation not conducted within Building 77 1 during 
this time period was final component assembly. Final assembly operations were conducted 
strictly within Building 991 until the late 1950s when pit assembly operations began in Building 
777. 

In 1957, construction of Building 776/777 was completed and a major industrial fire occurred 
within Building 771. These two events contributed to modification of the Building 771 
operations, and from 1957 until cessation of plant plutonium activities in 1989, Building 771 was 
primarily dedicated to plutonium recovery. Back-up plutonium casting and machining capabilities 
were maintained in Building 771, but these capabilities were not used in any significant 
production mode from 1957 to the present. Laboratories remained operative in Building 771 until 
the end of plutonium operations, with the emphasis of these laboratories being plutonium 
metallurgy. 

Due to the age of Building 771, and due to dcvelopnicnt of ncw plutonium recovery technologics, 
Building 771 operations were to be replaced in the early 19SOs with plutonium recovery 
operations within Building 37 1. However, significant plutonium recovery operations were ncver 
achieved in Building 371 due to design and process deficiencies. A number of programs were 
identified throughout the 1980s to address these design and process deficiencies, but these 
programs were either not completed or were not successful in achieving their ends. Due to the 
lack of any other significant plutonium recovery capability, Building 77 1 remained in operation 
throughout the 19SOs. 

i 

Building 776/777 was the main plutonium production building for the time period of 1957 until 
1969. For most of this period, Building 776/777 was essentially one building, with most of the 
casting and fabrication opcrations being conducted in one large room. Casting operations were 
conducted at the west end of the building, with fabrication operations (including rolling, forming. 
and machining) located enst of casting activities, and inspection and assembly operations located 
at the far east end of Building 776/777. In 1969, a major industrial fire occurred within Building 
776/777. A large portion of Building 776/777 was impacted by radioactive contamination that 
was rcleased to thc large production room when the glovcbox containment was breached. 
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Construction of Building 707 was also nearing complction in 1969. Similar to the cvents which 
occurred in Building 771 i n  1957, thc 1969 fire and construction of a new building with 
plutonium fabrication capabilities contributed to modification of the opcrations within Building 
776/777. From 1969 until cessation of plant plutonium activities in 1989, Building 776/777 
continued to support plutonium activities in a more limited manner, but an increasing amount of 
the floor spacc in these buildings was dedicated to waste-relatcd operations and drum storage. 

,j 

From 1970 until cessation of plant plutonium activities in 1989, Building 707 became the main 
plutonium production building. Building 707 housed plutonium casting, fabrication, inspcction 
and assembly operations. Building 707 was built as a series of entirely separate rooms, or 
modules, in order to help minimize damage in the event of a fire. 

1.2 ENRICHED URANIUM 

Enriched uranium operations began in 1953 in Building 88 1. From that time until approxirnatcly 
1964, enriched uranium casting, machining, recovery and inspection operations were housed 
within Building 88 1. The only enriched uranium-related operations not conducted within 
Building 881 during this period were rolling and forming and final asscnibly. 

Rolling and forming of enriched uranium parts took place in Building 883 from the latc 1950s 
until the shutdown of enriched uranium work at RFP in 1964. During this time, enriched 
uranium castings were made in Building 88 1, transferred to Building 883 for rolling and forming, 
and then transferred back to Building 881 for final machining. Inspection of enriched uranium 
parts took place in Buildings 881 and 883. These inspection operations were conducted after 
machining and shaping the parts. Final assembly operations took place in Building 991 , Building 
777 or Building 707, depending on the time frame. 

Enriched uranium recovery operations were conducted in Building S8 1 from I952 through 1963. 
Recovery operations involving sitc-returns were also conducted on a limited basis in Building 77 1 
from 1964 through 1989. 

In 1964, enriched uranium activities \tithin the DOE complex were consolidated, and cnriched 
uranium production operations at WP phased-out between 1964 and 1966. From that tinic 
forward, the cnriched uranium components required for pit assembly were shipped to RFP from 

I 
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anolhcr DOE facility for assembly. Aftcr enriched uranium was rcmovcd from Building SS l ,  tlic 
building was dedicated to other uscs. 

1.3 DEPLETED URANIUM 

Depleted uranium operations began in 1952 in Building 444. From that time until the end of 
production activities in Building 444, depleted uranium casting, machining, cleaning and 
inspcction were housed within Building 444. Depleted uranium-related operations that involved 
rolling and forming, final assembly, and some limited production-related and waste-management 
related activities also took place in various buildings on plant site. 

Rolling and forming of depleted uranium parts took place in Building 883 from the late 1950s 
until the shutdown of production work at RFP in 1989. During this period, depleted uranium 
castings were made in Building 444, transferred to Building 883 for rolling and forming, and then 
transferred back to Building 444 for final machining. Final assembly operations involving 
depleted uranium were conducted in Building 991, 777 or 707, depending on the time frame. 

Building 447 housed miscellancous furnaccs and limited machining equipment to support thc 
Building 444 depleted uranium operations, but the most important role of Building 447 was 
related to waste management. In particular, Building 447 housed a depleted uranium chip roaster, 
cementation activities for some wastes, and a shipping and receiving area. 

Depleted uranium recovery operations have not been conducted at the plant site. 

1.4 STAINLESS STEEL 

Enriched uranium operations wcre phased-out in the mid- 1960s at RFP. This left considerable 
floor space in Building 881 available for other operations. Due to this fact, as well as favorablc 
economics, the decision was made to begin stainless steel machining at WP in the mid- 1960s. 
The phase-in of stainless steel machining work began in Building 881 in 1966, with all stainless 
steel work consolidated on plant site by 1968. Stainless steel machining work had prcviously 
been conducted by an offsite vendor located in Albuqucrque. From 1968 until 1984, stainless 
stccl work was conductcd in Building 881. In  1984, stainlcss stecl machining was movcd to 
Building 460, a ncw facility specifically designed for stainless steel machining operations. 
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\ 
I 

Inspection and assembly, operations for stainless steel parts were conductcd in Buildings SS 1 and 
460, depending upon the time period. Final assembly of some coniponcnts containing stainlcss 
steel was also conducted in Building 707. 

Stainless steel casting or forging processes were not conducted on a production scale at the plant. 
Similarly, stainless steel recovery operations were not conductcd at the plant, but scrap and 
turnings were generally collected for resale to an offsite recycler. 

1.5 BERYLLIUM 

In 1958, production-scale beryllium operations began at RFP. These production operations 
initially involved only the machining and final inspection and assembly of beryllium parts which 
were supplied by an offsite vendor. However, by the mid-1 960s, RFP beryllium operations also 
included the casting and shaping of beryllium parts to the proper dimensions. By 1975, the 
beryllium was being supplied in the form of blanks from an offsite contractor, and foundry 
casting of beryllium on plant site had ceased. By 1980, the foundry had been cleaned of all 
beryllium, and the associated equipment was removed. Machining of beryllium parts continued 
in Building 444 until production shutdown in the late 1980s. 

Building 883 also conducted significant beryllium processing operations. These operations 
involved the rolling and forming of beryllium into shapes that were then sent to Building 444 for 
precision machining. The Building 883 beryllium operations took place from the early 1960s to 
the mid- 1980s. 

Inspection of beryllium parts took place in Buildings 444 and 883 after machining or shaping the 
parts. Assembly of beryllium parts into final assemblies took place in Building 777 from the late 
1950s until the early 1970s and in Building 707 until production curtailment. I n  addition to final 
assembly, some liniitcd interim assembly of beryllium parts with other components also took 
place in Building 707 from the start of 707 operations in the early 1970s until 1989. 

Beryllium recovery operations were not conducted on plant site, but some beryllium-related waste 
nianagemcnt activities were conducted in Building 447. 
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2.0 TECHNICAL APPROACH 

The technical approach used for developing building process histories involvcd reviewing csisting 
documents and conducting original research, which included interviews with past and present 
Rocky Flats Plant (RFP) employees. Several existing documents were initially reviewed to crcate 
a framework of operations for each building. These references included the following documents 
for each building: 

0 Waste Stream and Residue Identification and Charactcrization (WSRIC) Reports 
(EG&G, 1993); 

Air Pollution Emissions Notices (APENs) (EG&G, 1990); 

0 Project Tasks 3 & 4 Final Draft Report, Reconstruction of Historical Rocky Flats 
Operations & Identification of Release Points (ChemRisk, 1992); 

0 Draft Mission Transition Program Management Plan Appendices (EG&G, 1992); 
and 

0 The Final Historical Release Report (HRR) (DOE, 1992). 

Each of these documents contained operations descriptions from various perspectives. For 
example, WSRIC focused on waste stream generation, APENs focused on air emissions, 
ChemRisk focused on chemical inventories, the Mission Transition Plan focused on contamination 
existing in the building and activities necessary for mission transition, and the HRR focused on 
releases of contaminants to the environment. When these perspectives were conibincd, they 
provided a strong base of information on historical operations at RFP. 

In addition to these documents, original research was conducted to obtain documents unique to 
the historical operations of each building. These documents were obtained from the ChemRisk 
files, the HRR files and the Environmental Master File (EMF) managed by the WP Legal 
Documents group, the Front Range Community College Reading Room, and the Building 706 
classified library. In some cascs, early historical operations had been well documented in reports 
such as A History of the Rocly Flats Plutoniunz/Acfiriide Recovery Plan[, 1952 IO 1991 (Crisler, 
1992) and Facility History .for Birildiiig 771 at the Rochy Flats Plarit (Chcw and Associatcs, 
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1992). In  the case of Buildings 776/777 and 771, investigative reports on major fircs in tlic 
buildings also providcd detailed descriptions of early process operations. In othcr instances, 
however, rccords of early operations have largely been destroyed at the order of DOE or its 
predecessor agencies. For instance, records of Building 88 1 enriched uranium activities were 
destroyed when the building lost its enriched uranium production mission. In these cases, it was 
necessary to rely almost completely on interviews and recollections. 

1 .. 

Both recent and historical documents were supplemented by personal interviews with past and 
present RFP employees. Wright Water Engineers, Inc., personnel contacted these employecs 
both over the phone and in person to fiil in historical gaps in building histories. In addition, the 
interview notes from the historical investigation interviews conducted by ChemRisk in 199 1, or 
that were conducted in support of the HRR, were also used. After completing draft building 
descriptions, each building’s operational history was reviewed by either the current building 
operations manager andor personnel familiar with the historical operations of the building. 

When available information from various sources was collected and integrated into one document, 
a number of discrepancies were identified between information presented in the various source 
documents. The opcrations and issues pertincnt to thcsc discrcpancies were then further 
researched in order to determine the true facts. Many discrepancies wcre traced to information 
provided in interviews. In many cases, these discrepancies were resolved by obtaining written 
documentation from the time of the operation or event, and the discrepancy was attributed to 
imprecise memories of events and processes. 

It  is important to note that the level of detail of the reports used to construct the history of RFP 
varied considerably. For example. square footage devoted to particular processes was available 
for some, but not all, buildings. The authors of this document opted to include this information 
where available in the belief that i t  would assist managers and others involved in decontamination 
and decommissioning of the buildings at RFP. Where possible, a similar outline was followed 
for each building which identified the major processes conducted in each building including the 
following: casting, fabrication, assembly and disassembly, testing and inspcction, waste handling. 
special projects and support operations. Although not a11 buildings houscd all of thcse operations. 
the same general order of operations was followed to help the reader follow the complex 
processes conducted using different matcrials in each building. 

i 
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3.0 OPERATIONAL HISTORY OF BUILDING 371 

3.1 INTRODUCTION 

Building 371 was originally built to assume Building 771’s and Building 776’s plutonium 
recovery operations using advanced tcchnology for plutonium handling, recovery and safety. The 
projected operations for the building focused primarily on recovery of plutonium from both solid 
and liquid wastes. The final product from the process operations was intended to be recycled 
plutonium metal, which was to be reused in the primary manufacturing process. Pilot-scalc 
recovery operations began in 1981 and continued until the mid-1980s when serious design and 
construction deficiencies were identified, hindering full-scale operation of this facility. Although 
several projects to upgrade the system were proposed (Le., the Plutonium Recovery Modification 
Project [PRMP]), none were approved to be undertaken. The last significant recovery operations 
in the facility were terminated in 1986 (Crisler, 1992). Current operations in Building 371 focus 
mainly on waste and Special Nuclear Material (SNM) handling and storage and laboratory 
operations (EG&G, 1993a). 

3.2 HISTORICAL TIRlELIlVE 

1968 The decision was made to replace the Building 771/774 Plutonium Recovery 
Facility with the Building 37 11374 complex (ChemRisk, 1992; Weaver, 1994). 
Building 374 was intended to handle the waste generated from Building 371 and 
was constructed as an essential part of Building 371’s operations. Its operations 
coniplemented Building 774’s high-level waste treatment operations for Building 
77 1 (Hornbacher, 1994; Weaver, 1994). 

1970 Dow Chemical was authorized to start the construction plan for Building 371 
(Crisler, 1992). 

1973 Site preparation, groundbreaking and fencing for building construction bcgan 
(Buffer, 1993; Crisler, 1992). 

1976 Building construction was temporarily stopped due to problems with the contractor 
(Buffcr, 1993); the building was originally scheduled for start-up (CIiemRisk, 
1992). 
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1978 
> 

19SO 

19s1 

1982 

1983 

1985 

19SG 

1987 

1988 

Waste trcatmcnt opcrations bcgan in Building 374 (Weaver, 1994). 

Wastc trcatnient in Building 374 began handling radioactive wastes from Building 
37 1 (Buffer, 1993; Weaver, 1994). 

Construction was complcted on Building 37 1 (Weaver, 1994). Plutonium recovcry 
from site returns and the molten salt extraction (MSE) began on a limited basis. 
The first electrorefining run in the tilt-pour furnace began. DOE authorized "hot 
operation" (Crisler, 1992; Buffer, 1993). 

Pilot-scale operations began. These included primary aqueous recovery of 
plutonium in March, primary purifications in April and initial operation of the 
aqueous recovery system on August 4 (Crisler, 1992). 

Rocky Flats Plant (RFP) produced the first plutonium metal processed entirely 
through the building's aqueous recovery system (Buffer, 1993). The Plutonium 
Recovcry Modification Project (PRMP) was established as a result of plutonium 
iwcntory accountability problems during pilot-scale operations in the aqueous 
recovcry process. Its purpose was to identify processing deficiencies in  Building 
371 and to dcsign replacement processes (Crisler, 1992). Aqueous recovery 
opcrations closed in April and never restarted (Weaver, 1994). 

Rockwell submitted the Conceptual Design Report to DOE detailing modifications 
needed to bring Building 371 into full operation, and a General Accounting Office 
(GAO) study of the modification cost was begun (Buffer, 1993). 

Elcctrorcfining activitics ceased (Crisler, 1992). Approximately half of the 
processes that were originally operating in  the building had been shut down by this 
date (Weston, 19SG). The last major recovery operations terniinated (Crislcr, 
1992). 

Thc GAO Rcport on altcrnati\w to Building 371 was relcased (Buffer, 1993). 

Pyrochemical processing ceased (EG&G, 1 992a). 
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, 1989 
,) 

DCI-IP preparation \vas the major recovery-related process conducted in 
Building 371 (EGGiG, 1993a). It continued opcration until 1990 (EG&G, 1993b). 

1990 Funding for the PRMP project was denied by Congress (Buffcr, 1993). 

3.3 PHYSICAL BUILDING DESCRIPTION 

Building 371 is located in the northwestern portion of W P  within the Protected Arca (Figure 3- 
1). The building is a four-level, partially buried structure constructed of reinforced concrcte. I t  
contains approximately 186,000 square feet of floor space. Building features include a glovebox 
system and a large central storage area equipped with a stacker/retriever system (Weaver, 1994). 
Additional features in Building 37 1 include office areas, maintenance shops, locker rooms, outside 
loading docks and a cafeteria. The heating, ventilation and air conditioning (HVAC) systcm 
provides specified volume changes, and temperature and humidity control of the atmosphere 
within areas of the building. The HVAC system also maintains confinement of radioactive 
materials by means of pressure differential control and exhaust air filtration. The ventilation 
pressure is increasingly negative toward areas of higher radioactivity. In addition, gloveboxes, 
conveyors, vaults and their associated cxhaust loading and cooling systems are cncloscd by air 
locks, and the gloveboxes are inerted with nitrogen gas. Each glovebox has its own High 
Efficiency Particulate Air (HEPA) filter on the glovebox exhaust duct which filters the air prior 
to being routed through one of two ventilation systems. These systems pass the air through at 
least one packed-tower caustic scrubber into a 4-stage HEPA filter plenum prior to release to the 
atrnosphcre (EG&G, 1990). 

Other buildings in the Building 371 complex included Buildings 374, 373 and 381. In 1980, 
Building 374 became operational for the purpose of handling high level process \vaste gcneratcd 
in Building 371 and high l e \ ~ I  wastc from Building 771 (Mornbacher, 1993). Building 374 has 
successfully operatcd since that time (Weaver, 1994). Building 373 is a cooling tower and 
Building 381 is a fluorine storage area, which is no longer in use (EG&G, 1992a). 

3.4 DESCRIPTION OF OPERATIONS 

Building 371 operations can gcnerally be divided into three categories: pilot-scale recovery 
operations, SNM and waste storage and handling operations and plant-wide support operations 
which include a plutoniuni analytical laboratory and a standards laboratory. Although the original 
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purpose of the building \vas plutonium rccovery operations, most of these operations only 
operated on a pilot scale during portions of the 1980s. Areas of the building designed for thcsc 
recovery operations are now used for SNM and waste handling and storage operations (EG&G, 
1990; EG&G, 1990; EG&G, 1993). 

’; 

3.4.1 RECOVERY 

Pilot-scale recovery operations includcd plutonium metal rccovery, amcrieium rccovery, 
pyrochemical processing and nitric acid recovery. During 1989- 1990, Building 37 1 housed a 
support operation which involved dicesium hexachloroplutonate (DCHP) prcparation for use in 
the recovery proccss in Building 776. 

3.4.1.1 Plutonium Metal Recovery 

The plutonium metal recovery operations which were intended to operate in Building 371 only 
operated on a pilot-scale from 1981 to 1983. These processes never achieved full-scale 
operations because of plutonium inventory accountability problems associated with process hold- 
up identified in 1983 (Wcavcr, 1994). Plutonium recovery opcrations involved a scrics of steps 
which are vastly siniplificd as follows: (1) dissolution of plutonium in nitric acid; (2) anion 
exchange proccsscs to isolate the plutonium from other clcniental impurities in thc nitric acid 
solution; (3) evaporation of plutonium nitrate solution; (4) purification of plutonium through the 
peroxide precipitation process; (5) production of plutonium dioxide powder through the 
calcination process; (6) conversion of the plutonium dioxide to plutonium tctrafluoride through 
the hydrofluorination process; and (7) reduction of plutonium fluoride to pure plutonium buttons 
through the thermite reduction process. (For more detail on tliese processes see Section 8.0, 
which discusses Building 771)s full-scale plutonium rccovery opcrations.) 

Step 1,  site return and dissolution operations, occurrcd i n  Rooms 3202, 3203, 3204A, 3206 and 
3208. This system containcd a series of gloveboxes which performed disasscmbly, deforming. 
calcination, decontamination and dissolution operations prior to plutonium recovcry (EG&G. 
1992a). 

Steps 2 and 3, anion exchange and cvaporation, took placc in Rooms 3543, 3545, 3547, 3549, 

3553, 3555, 3557, 3559, 3563, 3565A, 3569A, 3561A, 3551 and Control Room 3541. 
Equipment included two tank vaults for oxides and residues. two canyons for anion eschangc and 
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evaporation. 3 conirol room and cight othcr rooms for \.alvc manifolds, glovcboxcs: air locks and 
down-draft tables. 1'Iic anion exchange stcp of the process was the main purification s ~ p  
(EG&G, 1992a). 

Steps 4 through 7 took place in Rooms 3521, 3525, 3529, 3531, 3511, 3515 and 3513. The 
metal production system contained the precipitation and calcination canyon, the fluorination 
canyon, and the reduction and button breakout canyon and control room (EG&G, 1992a). The 
hydrofluorination system generated caustic scrubber waste which was treatcd in Building 374 
(Crisler, 1992; Gisler, 1991). The hydrofluorinator used fluorine gas, which rapidly decomposed 
into hydrogen fluoride (Conner, 199 1 ). 

3.4.1.2 Americium Rccovcry 

Americium recovery operations never became operational (EG&G, 1990; Weavcr, 1994). 
However, the americium recovery system was set up in Rooms 3331, 3337, 3341, 3323, 3335, 
3321, 3329, 3325, 3333, 3342 and 3343A. This system consisted of a series of pumps, ion 
exchange columns, evaporators and tanks (EG&G, 1 992a). Americium recovery proccsscs were 
planned to include thiocyanatc ion exchange, potassium hydroxidc precipitation, cation exchange 
and extraction chromatography recowry processes (Crisler, 1992). Several vault-type roonis were 
convcrted to backlog residue storage roonis in 1986 (DOE, 1994) and arc currently used as SNM 
storage rooms (Wcavcr, 1993). 

~ 3.4.1.3 Pyrochcmical Proccssing 

Pyrocheniical processing began in 198 1 and ceased in 1988. The pyrocheniical area consisted 
of Rooms 3305, 3303 (tank \fault), 3301 and 33 15 (EG&G, 1992a). Pyrochemical processes 
consisted of a variety of operations \\.hich were used to recover and purify plutonium metal from 
plutonium oxide, scrap. turnings. site returns or other impure plutoniuni. Some of the operations 
which were planned for Buildi:ig 37 1 included reduction operations, direct oxide reduction 
operations, elcctrorcfining and MSE activities (EG&G, 1990). (These processes are described in 
inore detail in Section 9.4.2.6. \vhich describes full-scale recovery operations conducted i n  
Building 776.) The system contained a series of glo\*cboxcs and control rooms. The niajority of 
thc pyrochcmical processes functioncd very wcll and cscceded the design capacity with the 
exccption of clcctrorcfining. (U'eavcr, 1 994). 
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The electrorcfining process produced high purity clectrorcfined plutonium metal from impure 
metal for use in the War Reserve (WR) manufacturing/production arcas. In August 1981, four 
tilt-pour electrorefining furnaces began operation in Building 371. Equipment and operational 
problems showed low process yields averaging 64 percent as well as periodic contamination with 
tungsten and tantalum. In May 1987, the tilt-pour electrorefining process was shut down, and 
Building 771 assumed the electrorefining responsibility using stationary furnaces in June of 1988 
(Crisler, 1992). 

I 

3.4.1.4 Nitric Acid Recovery 

A nitric acid recovery process was established in Rooms 3573, 3571, and 3517. The system 
consisted of tanks, gloveboxes and evaporator and distillation columns that were used to purify 
the large quantity of nitric acid used in the metal recovery process (EG&G, 1992a). The system 
experienced significant equipment problems and was not very successful. One of the problems 
associated with the system was that it over-purified the acid above reagent grade. The pure nitric 
acid interfered with proper functioning of equipment in the building (Weaver, 1994). 

3.4.1.5 Dicesium I-Icxachloroplutonatc (DCI-IP) Prcparation 

DCI-IP preparation took place in Glovebox 37, Room 3305, for the purpose of converting 
plutonium oxide to the reagent salt DCHP. The DCMP was used as tlie oxidant in  t!ie 
pyrochemical MSE recovery process in Building 776 for extraction of americium from site-return 
metal (Crisler, 1992). DCHP production in Building 371 began in 1989 using non-specification 
grade plutonium oxide as the source of plutonium (Crisler, 1992) and ceased operation in 1990 
(EG&G, 1993b). 

The DCI-IP preparation process involvcd two major steps: (1) oxide dissolution and (2) 
precipitation and drying (EG&G, 1990). The oxide dissoli~tior7 step involved dissolving plutonium 
oxide in hydrochloric acid and calciuni fluoride. The resulting slurry was then filtered, separating 
the undissolved solids from the solution. The prrciliitation arid dryir7g step mixed tlie filtratc 
with cesium chloride in hydrochloric acid and sodium nitratc to precipitate DCHP, which was thc 
reagent used in Building 776 plutonium recovery operations. The DCI-IP was removed from the 
solution by filtration and dried in an oven, or muffle furnace, before transfer to Building 776 for 
use (EG&G, 1990; Crisler, 1992) or to Room 3305 in Building 371 for storage (EG&G, 1992a). 
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Thc proccss containcd a systcm for trcatmcnt of off-gases vented from the various rcaction 
vcsscls. Oxide dissolution filtration off-gas, DCI-IP filtration off-gas and muffle furnace off-gas 
werc all initially routcd into a trap flask. They were then passcd to a caustic flask whcre 
potassium hydroxide was addcd and the gascs were eventually dischargcd through a vacuum 
pump and treated in thc caustic treatmcnt process (EG&G, 1993a). The undissolved plutonium 
oxide solids from the oxide dissolution step were either recycled through dissolution or rcmovcd 
from the glovebox for storage (EG&G, 1993a). 

'I 

3.4.2 SNM AND WASTE STORAGE AND HANDLING 

Currently, the main function of Building 371 is waste and SNM storage and transfer and 
handling, including repacking operations. In addition, two incinerators are also located in 
Building 371, but they operated only briefly in trial runs and never became fully operational. 

3.4.2.1 Waste and SNM Storage and Transfer 

The majority of Building 371 is currently used for handling and storing SNM and wastes. The 

I building has a stackcr-rctricvcr systcm consisting of a ccntral storagc vault which houscs both 

radioactive and non-radioactive mctal and/or rcsiducs in closed containcrs awaiting proccssing, 
packaging or shipnicnt. The central storage vault is connected to a 4-stage I E P A  filtration 
system. In addition, in-proccss tanks are also used for storage (EG&G, 1990). Wastes stored in 
the building may be categorized as transuranic waste, transuranic-mixed waste, low-level waste 
and low-level mixed waste (EG&G, 1992). Table 3-1 identifies areas of Building 371 used for 
storage. 
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TABLE 3-1 
STORAGE AREAS IN BUILDING 371 

~ 

Location Area Operation' 

Ground Floor 

I 4,600 ft2 I Materials storage vault 

1 36,700 ft2 I Process/Storage areas 
~ ~ 

Basement Floor I 8,200 ft2 I Material Storage (Inert environment) 

I 8,200 ft2 I Process/Storage areas 

Sub-bascnient 8,200 ft? 

4,700 ft' Process/Storage area 

h4atcrial Stomgc (Incrt environnicnt) 

Total Process/Storage Areas 1 82,500 ft2 I 
'Areas designated process/storage no longer have active material processing capabilities and are currcntly used to 
store drums from across the plant site. 

The largest singlc storage arca in the building is tlie plutonium storagc vault wliicli is constructcd 
of concrete and steel and is inertcd with a nitrogen atniosplicrc. The plutonium is storcd in 
segregated, closed stainless steel containers. The majority of the otlicr r o o m  in tlie building arc 
also currently uscd for drum storage of SNM, TRU wastes and rcsiducs (Wcavcr, 1994; EG&G. 
1992). For example, Room 3420 is uscd as a backlog storage area for transuranic wastc 
contaminatcd with small quantitics of carbon tctrachloride, 1 , 1 , l  -tricliloroetlinnc and tolucnc 
(Rockwell, 19S9). Scvcral areas in the building identified as canyons, which wcre originally 
designcd to support SNM material proccssing. now act as storagc areas. h4any of tlicsc canyons 
are contarninatcd. This Glovcboxcs storc plutonium solutions in unvcnted plastic bottlcs. 

Historical Rcleusc Rcporl 



practice is of concern bccausc plastic bottles tcnd to deteriorate \vith time when in contact v i d i  

nitric or hydrochioric acid and radiation fields. I-lowever, thcsc bottles arc periodically iiispcctcd 
and vented. Other storage conccrns include the dccomposition of packaging material surrounding 
plutonium metal, plutoniuiil oxides and residue salts which contain high gamma counts. The 
packaging is subject to radiolytic deterioration, which generates hydrogen gas, as well as 
dcicrioration from elcvatcd temperatures (EG&G, 1992a). 

Other materials stored in the building include hydrochloric acid, ammonium nitrate, caustic 
solution and acidic plutonium nitrate solution. Two bermcd tanks on the north sidc of Building 
371 store nitric acid and potassium hydroxide for use in Building 371/374 (EG&G, 1992a). 

Also related to waste handling and storage operations are the repacking opcrations, locatcd in 
Gloveboxes 1,2,  and 3 in Rooms 3206 and 3602. Residues and wastes are re-packcd for off-site 
shipment to other DOE facilities or for on-site storage. Residues that are repacked include 
oxides, incinerator ash, molten salt, electrorefining salt, cell cleanout and anode hcels (EG&G, 
1993a). 

3.3.2.2 Incineration 

Two rotary kiln incinerators were located in Building 371, but were only used for test runs 
(Hudson, 1991). The purpose of one of the incinerators was to reduce the largc quantity of Low 
Specific Activity (LSA) combustible material, which was contaminated with only small amounts 
of actinides, into a product which could be further processed to recover actinides (Crislcr. 1992). 
These matcrials typically included office waste from buildings within the Protected Area. The 
other incinerator \vas designed to burn high specific activity (I-ISA) waste including plutonium- 
contaminated combustiblcs generated in plutonium-handliiig buildings (Weaver, 1 993). 
Decontamination and Decommissioning (D&D) of the existing equipment in  the incinerator area 
was completed i n  1988 as part of the Plutonium Recovery Operational Verification Escrcise 
(PROVE) (EG&G. 19921). This D&D took place only on the ground floor, not in  the bascnicnt 
and sub-basement areas (Weaver, 1994). 

3.4.3 SUPPORT OPERATIONS 

Support opcrations activc in Building 37 1 include laboratories, niaintenaiice activities and 
utilities. 
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3.4.3.1 Lahorat orics 

Building 371 houses plutonium analytical laboratories and a chemical standards laboratory which 
support operations tluoughout the plant site. 

The plutonium analytical laboratories located in Rooms 34 12 and 3 179 serve Buildings 37 1 and 
374, act as backup labs for the Building 771 analytical lab and provide analytical support to the 
entire plant site (EGBrG, 1992; ChemRisk, 1992). The majority of the work at this laboratory 
consists of total alpha and bcta counts along with radiochcmical analysis for specific isotopes in 
liquid and solid samples (EG&G, 1993b). The alpha and beta analyses serve as screens to 
identify highly radioactive samples which are unsuitable for detailed analysis in Building 88 1. 
X-ray emission, spectroscopy and ignitability tests are also performcd. Prior to analysis, the 
samples are dissolved in nitric, hydrofluoric and/or hydrochloric acids. If samples are expected 
to contain americium, they are mixed with tri-n-octylphosphine oxide (TOPO) extract (EG&G, 
1993a). Cyclohexane, chloroform and potassium chromate are also documcnted as being used 
in this lab (ChemRisk, 1992). 

4 

Thc chemical standards laboratory, locatcd in Room 3408, prcparcs both non-dcstructivc assay 
(NDA) and destructive assay standards for various user groups at the plant and inspects standards 
used in the field. h4ost laboratory operations take place in gloveboxes. NDA standards arc 
prepared from plutonium, americium and uranium osidcs and metals (including bcrylliuiii) for 
a wide range of NDA instrumentation (EG&G, 1993; h4ahaffey, 1993). Dcstructive assay 
standards are prepared from plutonium, americium, uranium, strontium, and yttrium solutions. 
Othcr chemicals used in the laboratory for various operations include nitric, hydrochloric and 
hydrofluoric acids, and potassium pyrosulfate (EG&G, I 993a). 

) 

3.4.3.2 Main t cn a n cc 

Building 37 1 houses several maintcnancc shops for servicc of process and building cquipnicnt in  
Building 371 and Building 374. These shops include machine, elcctricai. carpentcr, shcct mctal, 
pipe and paint shops (EGGIG, 1993a). 

The machine shop is located in Room 3 157 and repairs and produces nictal parts for basic proccss 
niaintcnance systems. Sonic of this 
niacliincry rcquircs the use of TrimSol in watcr as a coolant (EG&G, 19931). 

Process cquipnicnt includes lathes, mills and drills. 
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Tlic clcctrical shop is locatcd in  Room 3 159 and repairs and calibratcs clectrical components and 
equipmcnt. Rcpair work requircs tlie use of wire pulling lubricant, contact lubricant, contact 
cleancr and othcr elcctrical supplics. Small amounts of hydrochloric acid and plating solution 
are used in the cleaning and repair of conductivity cells. Lcad-acid and nickcl-cadmium battcrics 
may also be changed out in this room (EG&G, 1993a). 

The carpenter shop is located at the east end of Dock 5. It  assembles and repairs woodcn items. 
Chemicals used include carpcntcr's glue and Silicone 732 as a sealant (EGBrG, 1993a). 

The sheet metal and pipe shop is located in Room 3 148 and produccs shect metal products and 
repairs piping in Buildings 371 and 374. Chemicals uscd in this process include acetylene, 
oxygen and/or argon gas, commercial cleaners, pctrolcum solvents (mainly Isopar-L), cutting oil 
and tap oil (EG&G, 1993a). .. 

The paint shop is located in Room 3160 and paints building and process equipment from 
Buildings 371 and 374. The shop uses both latex and oil-based paints and uses watcr and mincral 
spirits, rcspectiwly, to thin these paints (EG&G, 1993a). 

3.4.3.3 Utili tics 

Special utility systems present i n  Building 371 include a process vacuum system, a process \'cnt 
scrubber, a utility scrubber system, caustic treatment and an emergency generator. 

The proccss vacuum system is locatcd in Rooms 23 17 and 23 19 and provides negative prcssurc 
at the vacuum hcadcr for various process uses. Equipment includes vacuum headers, liquid traps. 
vacuuni pumps, caustic pumps, licat exchangers and mist scparator tanks. Vacuum l-lcader A 

scrves arcas wlicre nitric acid or caustic are prcscnt. Vacuum Meadcr B scrvcs areas \vlicrc 
chloride is prcscnt. The hcadcrs tcrminate in liquid traps, which fced tlic liquid to tlie caustic 
treatment process (EG&G, 1993a). 

Tlic process vcnt scrubbcr is located in Rooms 1105 and 2319 and has not opcratcd sincc 
approximately 19S9. Wlicn opcrational, it rcnioved x i d  vapors and cntraincd liquids from thc 
process vcnt hcadcr strcanis conncctcd to tlie Building 37 1 tanks. Chcniicals uscd i n  this proccss 
included blowdown solution consisting of watcr and potassium hydroxidc with a pH of I0 
(EGbG, 1993a). 
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The utility scrubber system is located i n  Iiooil1s 1105, 1210, 2319 and 2217. It remo\'cs acid 
vapors and entraincd liquids from the feed air streams connccted to the proccss vacuum, process 
vent scrubber (prior to 1989) and the transuranic handling area exhaust air from ventilation 
systems. Chemicals uscd in this scrubber systcm include a scrubber solution comprised of water 
and sodium hydroxide solution at a p1-I of 10. Potassium hydroxidc is also added to the solution 
when the p1-I falls to a specified levcl (EG&G, 19933). 

I 

Caustic trcatment, located in Rooms 11 15 and 11 17, precipitatcs and filters plutonium from 
various feed solutions. Solutions to be filtered are received from the utility scrubbers, process 
vacuum separators, process vent scrubber and criticality drain tanks. Solutions are pumped from 
two tanks through an in-line mixer, heat exchangers, sock filter banks and into the two other 
tanks. Caustic (potassium hydroxide) solution is added upstream of the mixer as needed to raise 
the solution pH above 10. Plutonium, americium and other mctal ions precipitate and are trapped 
by the sock filters. Room 1125 is planned to become part of this system (EG&G, 1993a). A 

new caustic waste treatment system is being installed in Rooms 1103 and 115T to replace the 
original system (Weaver, 1994). 

i The cmcrgcncy dicscl generator is houscd in Room 3583 and provides an cmergcncy p o w r  
suppl> :o equipment aiid machincry in  Building 371. Waste generated by this gcncrator includcs 
used engine oil, uscd oil filtcrs, diesel fuel filters, air filters, Kiniwipcs, Oil Dri and cthylene 
glycol. Lead-acid storage batteries are used to start the generator (EGGrG, 1993a). 

3.5 CURRENT CONTAMINATION STATUS 

The current contamination status of Building 371 is such that close to 50 percent of the process 
arca requires respiratory protcction for access. Aftcr cessatior of aqucous processing opcrations. 
attempts were madc to quantify the plutonium remaining i n  thc process equipment, piping, tanks. 
canyons and floors. Approsimately 50 perccnt of the plutonium recowry process arca is expcctcd 
to be ;adioactivcly contaminated. Gamma scanning nicasuremcnts 1iave identified sonic 
plutonium holdup in thc p)'rochcmical furnaces. Areas used for storage of radioactive wastcs ma!' 
also be contaminatcd (EG&G, 195%). 
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4.0 OPERATIONAL HISTORY OF BUILDING 444 
1 

4.1 INTRODUCTION 

Building 444 was a multi-purpose manufacturing facility with an emphasis on manufacturing 
depleted uranium and beryllium components (DOE, 1992; EG&G, 1991). War Reserve and 
special order parts were cast, fabricated, assembled and inspected. Depleted uranium, depleted 
uranium alloys and beryllium were the main metals used in parts manufactured in the building 
although copper, stainless steel, aluminum, titanium, nickel, gold, silver and magnesium were also 
used in some parts or as coating or alloy materials (EG&G, 1991). 

Building 444 was one of the first buildings constructed on plant site and was built for the purpose 
of casting and fabricating depleted uranium components. Beginning in 1953, depleted uranium 
was both cast and machined in Building 444, which was also known as the "A Plant" (EG&G, 
1993). Changing needs led to additional processing of depleted uranium components. Building 
883 was built in 1957 to fill the need for additional fabrication (rolling and forming) operations 
that could not be supportcd by Building 444. The process then changed to casting the ingots in 
Building 444 and transferring them to Building 883 to be heated, rolled into sheets, cut into 
blanks and formed into the required shape. The shaped pieces were then shipped back to 
Building 444 for final machining (Barrick, 1991 ; ChemRisk, 1992; Campbell, 1986). These 
operations remained the same for approximately 35 years (ChemRisk, 1992; Campbell, 1986). 

Although research and development (R&D) scale beryllium operations took place in Building 443 
shortly after it became operational (Campbell, 1986; Hill, 1994), full-scale beryllium fabrication 
(machining) operations did not begin in the building until 1958 (Hill, 1994; EG&G, 1993). In  
1962, the beryllium  ought process" was developed and Building 444 began casting beryllium 
ingots, and sending the ingots to Buildings 881 and 883 for canning, rolling, cutting and shaping 
operations. The shaped parts were then rcturncd to Building 444 for final machining. These 
operations continued until 1975 when beryllium began bcing supplied in the form of blanks from 
an offsite contractor. eliminating the casting portion of the operation (EGbG, 1993). Machining 
of bcryllium in Building 444 continued until recent production curtailment. 
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3.2 HISTORTCAL TIRIELJNE 
. j 

1951 

1953 

1954 

1955 

1957 

1958 

early-1 960s 

1964 

1970 

1974 

1975 

Construction began on Building 444 as one of the first buildings on plant site 
along with Buildings 771 and 881 (Buffcr, 1993). 

Depleted uranium casting and machining bcgan in Building 444 (ChemRisk, 1992; 
DOE, 1992). 

On September 3, a distillation process began operation in Building 444 for 
disposal of waste machine coolant (Rains and Hawley, 1955). 

Radiography vaults were added to Building 444 (Buffer, 1993). 

Building 445 was added to store and cut graphite, steel and plastics used in the 
Building 444 graphite mold production processes (ChemRisk, 1992). 

Beryllium machining operations began in Building 444. The building exhaust 
systcm and High Efficicncy Particulate Air (I-IEPA) filtration systcm wcre installcd 
to accommodate beryllium operations (CliemRisk, 1992). 

Beryllium "wrought" process was used beginning in approximately 1962. (This 
process is described in Section 4.4.1.2.) 

The first upgrade to the exhaust system for the beryllium machining area was' 
installed in the basement. It included a large aerotech unit designed to serve all 
beryllium niachines (Reyland and Rogers, 1964). 

Se\reral fires iiwolving dcpletcd uranium occurred. As a rcsult, non-plutonium 
areas on plant wcre inspected for fire hamrd (Jianetti, ct a]., 1970). 

The beryllium exhaust systcm was upgradcd for the second time (EG&G, 1993). 

The beryllium ''\vrought'' process was discontinued and replaced by purchase of 
sintered blanks from outside suppliers (ChemRisk, 1992). 
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1981 

1985 

1986 

1987 

1989 

1990 

Production plating lab operations began (ChemRisk, 1992). 

Erbium nitrate began being used as a coating for graphite molds used in foundry 
operations. This material rcplaced calcium fluoride which had only allowed use 
of the mold for two or three runs (Buffer, 1993). 

The exhaust filter system for beryllium machining areas received a third upgrade 
(EG&G, 1993). 

Titanium stripping operations began (ChemRisk, 1992). 

The uranium foundry was shut down (ChemRisk, 1992). In an unrelated event, 
a plating bath tank overflowed, releasing chromic acid to a footing drain beneath 
the building (Buffer, 1993). 

On May 22, a fire in the coatings room of the production plating lab (Room 345) 
caused damages estimated at $250,000 and resulted in shut down of the production 
plating lab (ChemRisk, 1992). No known rclcascs to the cnvironment occurrcd 
(Buffer, 1993). 

1992-1994 The majority of the processes housed in Building 444 ccascd operation (EG&G. 
1994). 

4.3 PHYSICAL BUILDING DESCRIPTION 

Building 444 is locatcd in the southwestern portion of Rocky Flats Plant (RFP) outside of the 
Protccted Area (Figure 4- 1). The building is a reinforced concrctc structure containing a partial 
basement, a main floor and mezzanine in the eastern portion of the building and only a main 
floor in  the western portion of the building (EGGtG, 1991). The building houses a cafctcria in  
Room 125 and contains several locker roonis which include beryllium locker rooms, rest roonis 
and/or showers in Rooms 103C, 1 OGC, 108, 1 OSB, 1 12 and 1 15 (Ilill, 1993; Mahaffcy, 1993). 
Support buildings physically connected to Building 444 include Buildings 445, 450 and 455. 
Building 445 is used to cut and store graphite, steel and plastics (EGGtG, 1991). Building 450 
houscs the csliaust filter plenum and exhaust fans which handle a significant portion of air 
exhausted from Building 444. Building 455 houses the exterior exhaust filtcr plenum 
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senring the Production Plating Laboratory in Building 344 (ClwnRisk, 1992). With thc csceptio!-: 
of the beryllium machining area (Napple, 1994), thcrc are no air locks in Building 444 bccausc 
it was not generally considcrcd to handle plutonium or cnriched uranium (Johnson, 199 1 : 
Simmons, 1991). 

During the operational history of Building 444, the beryllium area undcrwent three vcntilation 
upgrades in 1964, 1974 and 1986 (EG&G, 1993). Whcn beryllium manufxturing began in 1958, 
the ventilation system consisted of Aero-Tech cyclonc separator units placed at each machine to 
filter the air at the point of operation. The Aero-Tcch units exhausted to the main building 
exhaust serving the uranium operations. This system was updated in 1964 by installing a central 
Aero-Tech unit in the basement of the building that was connected to the main building exhaust. 
The new system was arranged so that each machine's local ventilation extended through the floor 
to a drop box which collected the heavier debris. The air then passed through the central plenum 
to a cyclone separator and then through a single bank of HEPA filters prior to reaching the 
building's filter units (ChemRisk, 1992; DOE, 1984). 

I .  

In 1974, the centralized bcryllium aerotech system was replaced by an overhead duct systciii 
which Icd to an external chip cyclone and I-IEPA filtration unit. In 1986. the I-EPA filtcrs w r e  
upgraded to include two stagcs of MEPA filtration. The new system in Building 444 includcd 
IWO types of conveyance systems: ( 1 )  a "low vacuum" local exhaust system to carry thc finc 
particulates and (2) a "high vacuum'' local exhaust to carry the heavier particulatcs. Each 
subsystem had its own cyclone separator, which was then connected to its own HEPA filtration 
unit (ChemRisk, 1992). 

4.4 DESCRIPTION OF OPERATIONS 

The production operations i n  Building 444 were conducted to support War Rcscrve, spccial ordcr 
and manufacturing development work. Weapon componcnts were fabricated from various 
materials such as depleted uranium, bcryllium, stainless stcel, aluminum and various csotic 
materials (EG&G, 1993). Opcrations in Building 444 includcd casting, fabrication, asscmbl!.. 
inspection and testing, coating and plating, spccial projects and support opcrations. With thc 
cxception of the beryllium wrought proccss (dcscribcd i n  Section 4.4.1.2), the niajority of thcsc 
opcrations remaincd approxiniatcly thc same until rcccnt production curtailment. For this reason, 
historical and reccnt operations are discussed as a whole in the following sections. As of hkirch 
1994. the majority of Building 444 manufacturing operations have been curtailcd and a f i n d  
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decision Oii the future of building operations is still pending. Opcrations are expected to continue 
at a very rcduccd Icvcl until a decision is reached (EG&G, 1993). 

4.4.1 CASTING 

Casting operations conducted in Building 444 took place in the foundry in Rooms 201 and 205 
upstairs, and in Rooms 109 and 117A on the main floor (EG&G, 1991; EG&G, 1994; Hill, 
1994). 

4.4.1.1 I Uranium Casting 

The foundry cast ingots from virgin depleted uranium, scrap depleted uranium, depleted uranium 
alloys, silver, aluminum and copper (EG&G, 1991; EG&G, 1994). The metals were placed in 
crucibles, loaded into one of eight induction furnaces and melted in a vacuum atmosphere. 
Induction-casting used radio frequency energy to melt the metal, which was then poured into 
graphite molds to form ingots. Both molds and crucibles were brushed with a mold coating 
consisting of yttrium oxide and sodium mcthyl cellulose prior to use. Wastes associated with 
these processes included vacuum pump oil used in the house vacuum system, non-hazardous 
batteries, uranium oxide residue (skull) and u u t e  light metals such as aluminum and stccl 
(EG&G, 1994). The graphite molds were sent to mold cleaning where residual metal, powdered 
graphite and yttrium residue were removed (EG&G, 1991). The graphite dust was disposed of 
in the landfill (Hornbacher, 1994). 

4.4.1.2 Beryllium Casting (Wrought Proccss) 

Through R&D work at RFP and other DOE facilities, the "wrought" beryllium process was 
dcvelopcd in approximately 1962 (Hill, 1994; Link, 1994). This process was tied to developmcnt 
of the ability to cast beryllium forms. It involvcd casting beryllium ingots. sawing the ingots, 
canning them in stainless steel, rolling them into sheets and cutting the cans. The bcrylliuni 
insots were very brittle, and in ordcr to roll them, they had to be encased in stainless stccl and 
hcated to a tcmperaturc ranging from 900 to 1.00O"C (Link, 1994). After the stainlcss 
steel can was removed, the beryllium shect was then cut into sliapcs, prcssed and 
machined (Campbell, 1986). This process was split between Buildings 444, 88 1 
and 883. Building 444 cast the ingots, Building SSl canned the ingots in 
stainless steel, and Building 883 rolled thc cans, acid etched the beryllium 
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shects and prcssed the beryllium shccts into shapes. These shapes wcre then scnt 
back to Building 444 for machining (Hill, 1994; I-Jornbachcr, 1994). ..) 

In 1975, the beryllium production method changed again. At this time, the wrought process was 
abandoned for the molding of parts from sintcred (pressed powder) blanks received from outsidc 
suppliers; thcrefore, the bcryllium foundry operations ceascd (Mill, 1994). By 1980, the foundry 
had been cleaned up of beryllium; however, the furnaces used in the wrought process remained 
and were used for depleted uranium casting (ChemRisk, 1992; Link, 1994). Beryllium machining 
operations outside of the foundry continued until 1993 (EG&G, 1993). 

4.4.2 FABRICATION 

Fabrication operations conducted in Building 444 included depleted uranium machining and 
beryllium machining. 

4.4.2.1 Depleted Uranium Machining (active) 

Metal parts consisting of dcplctcd uranium, depleted uranium alloy and dcplctcd uranium with 
trace amounts of iron, silica, titanium, aluminum and stainless steel are cut in the deplctcd 
uranium machining process in Room 10 1. Machining operations include turning, facing, boring. 
milling, and sawing using lathes, saws, milling equipment and other conventional machine tools 
(EG&G, 1994; EG&G, 1991). Due to the pyrophoric nature of depleted uranium, significant 
quantities of machining coolant are used during machining to reduce fire risk. Originally, 
coolants used in depleted uranium machining included Cimcool, which was an oil in water 
emulsion, and Texaco CX, which was a petroleum based water soluble coolant (Rains and 
Hawley, 1955; Cichorz, 1970). In more rccent opcrations, the water-bascd coolant Trim Sol has 
been used during machining ( E G b G ,  1991). 

After machining, coolants are cleaned off of the machined parts. During the majority of the 
plant’s history, considerable quantities of the solvcnt perchloroethylene (PCE) were used to clean 
the parts (I-IiII, 1994; Barrick, 1991; Campbell, 19S6). Later, PCE was replaced with Frcon TF 
and 1,l.l -trichloroethane (1,l ,I-TCA) (Rockwell, 19SS). In more recent ycars, non-chlorinatcd 
solvents including Trim Rinse detergent, Oakite 162 cleaner and dcionizcd water havc been uscd 
to clean the machined parts (EGbG,  1991). After the part is clcancd, it is coated with other 
materials and asscmbled. 

Historical Rclease Rcpor t Birildirig 4-11 
rogc 4-6 

Building Histories 
Novonhcr 1994 



\ When uranium machining opcratioris bcgan in Building 444, the original plan for machine coolant 
was continuous filtering and usage of the machine coolants; however, once active production 
began, it was determined that these coolants evcntually soured and required disposal. Neither 
CimCool nor Texaco CX could be processed in the Wastc Disposal Plant. By February 1953, 
approximately 14,000 gallons of sour coolant contaminated with 300 parts per million uranium 
were stored in thc building awaiting disposal. In an effort to find a means of rcducing waste oil 
volume, research was conducted which identified evaporation as an effective means and a pilot- 
scale 55-gallon drum evaporator was established. The resulting condensate was released to the 
process waste treatment system in Building 774 (Hornbacher, 1994) and the still bottoms were 
"drummed and buried through normal disposal channels" (Rains & Hawley, 1955; Cichorz, 1970). 
In addition to burial, these still bottoms were also burned in outdoor burning pits and stored at 
the 903 Pad (Putzier, 1970). In the late 1970s or early 1980s, this system was replaced with a 
centrifuge system which removed particulates from the Trim Sol machine coolant and allowed 
reuse of the coolant (Idecker, 1994; EG&G, 1991). 

.I 

Disposal of waste depleted uranium chips also became a significant problem at RFP in the early 
1950s because of the safety hazards associated with transporting highly pyrophoric depleted 
uranium chips (Putzicr, 1970). Various disposal locations of wastcs from Building 444 during 
the mid-1950s to mid-1960s included burial in Trench T-1 and burial in the Mound area (Putzier, 
1970; Butler, 1962; Strangfeld, 1993; Young, 1991). In 1956, the chip roaster began operation 
in Building 447. Coolant-coated lathe turnings and chips of depleted uranium and other uranium 
alloys and composites were then collected in 55-gallon drums and sent to Building 447 to be 
oxidized and packaged for off-site disposal. The chip roastcr has remained in opcration to the 
present day with the exception of 1959-1961 (see Section 5.4.4 for more detail). In the late 
1980s, turnings and chips mixed with depleted uranium were sent to the chip cementation process 
to be cenicnted, packaged and shipped off-site for disposal (EG&G, 1991; Ideckcr, 1994). 

' 

In 1970, several uranium-relatcd fires occurrcd in the uranium machining area. A thorough 
investigation was Conducted and it was determined that the fires were initiated by finely divided 
metal powder. The presence of nitrite in intimate contact with thc burning mctal powder initiatcd 
a violcnt esothcrniic rcaction not characteristic of uranium metal fires. The nitritc originatcd 
from the coolant system which employed an aqueous mixture of tricthanolamine, fatty acid soap 
and sodium nitrite (a rust preventative common to coiiinicrcial water-base coolants) (Jiannctti, et 
a]., 1970). 
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4.4.2.2 I3cq I li u rn h'9 :I c h in i n g 

Beryllium machining began in 1958 (Hill. 1993: Swcnson. 1994). During 1958 to 1962. 
beryllium matcrial was received from off-site vcndors. Thcsc xiidor-supplied eomponcnts \vei'e 
heat-treated and then machined into rcquircd dinicnsions in the southeast corner of Building 444 
in Room 106. Beryllium machining operations later expanded into Rooms 109A and I07 (Hill. 
1994). From 1962 to 1975 beryllium shcets underwcnt the wrought process (as described in 
Section 4.4.1.1) on plant site and beryllium shapes were sent from Building 883 to Building 444 
for final machining. After 1975, sintered blanks supplied by off-site vcndors were macliincd in 
Building 444 until 1993 (Hill, 1994; EGgiG, 1993). 

Machining processes involved sawing, milling, drilling and lathe opcrations followed by polishing 
and abrading operations, if needed. Components containing beryllium were also returncd to the 
machining area for dismantling. Over the years, machining included work on beryllium castings, 
wrought pressings, sintered forms and bar stock. Beryllium was machined dry without coolants 
or lubricants; however, the lathes required lubricating oil, which sometimes accumulated on the 
machine and became mixed with beryllium chips (Rcyland and Rogers, 1964). Beryllium parts 
wcre cleaned in an ultrasonic cleaner and/or with small quantities of deionized water and Oikitc 
to remove the rcsidue that resulted froni machining (EG&G, 199 1 ; EGbG,  1994). 

The machining area was an enclosed shop u i t h  an indcpendcnt \.cntilation/exhaust system due 
to the health risk associated with machining beryllium (EGBrG, 1993). The machining process 
gcncrated beryllium chips and dust which were vacuumed from the immediate work area by two 
vacuum systems. These systems picked up beryllium chips as they were created and conveyed 
them i n  an air stream to a cyclone separator. After traveling through the cyclone separator to 
remove the chips, the air \!vas exhausted tlirough a filter plcnum to the atniosphcre (Yodcr. 1978). 

I n  1976, the upstairs berglliuni machining arca \vas scrubbcd with PCE (Cichorz, 1976). The 
frequcncy of this cleaning operation is not know~i. 

3.4.3 ASSEMBLY 

Parts received at the welding process froni other processes underwent onc or more wclding or 
brazing operations. h4atcrials welded includcd beryllium parts. dcplctcd uratniuiii and ollicr sourcc 
materials (ECi&Ci, 1994). Cleaning. welding. brazing, etching and coating activities associntcd 
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with part assembly wcre recently suspendcd, and minimal activity is expcctcd i n  the futurc 
(EGStG, 1993). These operations were located in Rooms 101, TlOlA, 104, 104A and 109A 
(EGStG, 1994). 

Assembly Clcaning. Assembly cleaning took place in both Buildings 444 and 447. Cleaning 
was performed by both building crews which moved parts back and forth through a doorway 
which divided the two buildings. Cleaning was performed prior to welding, brazing and coating 
of parts, which consisted of uranium, beryllium and stainless stecl (from Building 460). In rcccnt 
operations, Oakite, deionized water, isopropyl alcohol and ethyl alcohol were used to clean the 
parts. The parts were then sent to welding, brazing and coating of parts and finally to leak 
checking/proof testing or inspection. Cleaning activities were located in Rooms 109A and 104 
(EG&G, 1994). 

Assembly Welding and Brazing. Welding processes were composed of a number of operations 
conducted in Rooms 10 1, T10 1 A, 104, 1 04A and 109A. These processes included tungsten inert 
gas (TIG) welding, electron beam welding, TIG crimp welding, electron bombardment and 
vacuum furnace brazing, and titanium vapor dcposition coating. Parts received form othcr 
proccsscs underwent one or more welding or brazing operations as required by design agency 
specifications or internal instructions. The electron beam welder joined beryllium with other parts 
and was equipped with a filter to capture beryllium dust. The brazing operations were performed 
in Rooms 104 and 109A and used rings and wires of various filler metals and an appropriate flux 
to join like and unlike metals. Vacuum brazing was performed in a furnace chamber and electron 
bombardment brazing used a bell jar and vacuum pump arrangement. Alcohol, acetone, Noxon 
metal polish, sandpaper and wipes were used to prepare surfaces and filler materials. The brazing 
operations required helium and argon gas and freon (compound not specified), which was used 
in the electron bombardment cooling system (EG&G. 1993). 

Assembly Etching. Asscmbly etching was pcrformcd prior to assembly coating. Uranium parts 
were acid etched using an ultrasonic etching bath with a solution of nitric acid, hydrogcn 
peroxide and deionized water (EG&G, 1993). 

Asscmbly Coating. Assembly coating invol\~cd applying a silvcr coating to the uranium parts 
using a hot-hollow cathode chamber. Titaniuln coatings were applied using a vacuum coating 
chamber (EG&G, 1991). 
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4.4.4 TESTING AND INSPECTION (active) 

Testing and inspection activities conducted in Building 434 include assembly testing, non- 
des!nictivc testing (NDT) and product inspection. 

Asscmbly Testing. Assembly testing is performed in Rooms 104, 104B, and TI 01 A and consists 
of a variety of operations that determine product integrity and conformance to design 
specifications. Parts may be subjected to one or more tests or procedures, including leak and 
pressure tests, weight determination, crimping or swaging, and electromarking. Chemicals 
involved may include acetone, ethyl and isopropyl alcohols, molybdenum lubricants or etching 
(calcium nitrate) solution. Process gases include helium, arson and nitrogen. Other waste 
materials include waste vacuum oil, compressor oil and hydraulic fluid (EG&G, 1994; EG&G, 
1991). 

Non-destructive Testing (NDT). NDT includes the following types of operations: radiography, 
dye penetrant testing, weight and density testing, eddy current and beta back-scattering (EG&G, 
1994; EG&G, 1991). Tested parts from Building 444 may be composed of stainless steel, 
beryllium, vanadium, nionel, titanium or depleted uranium. Materials/chc~iiicaIs involved in thc 
testing include silver, developer/fixcr, penetrant oil and chromium (EG&G, 1994). 

Product Inspection. Product inspection takes place in module labs contained in Rooms lOlA 
through 10 1 F in the Radiological Control Area (RCA) and involves determining machined parts' 
dimensions and conformance to specifications. Tools from the tool grind process are inspected 
in Room 700D. Equipment includes dimensioning instruments, visual comparators and hand 
gauges. Most products are made of stainless steel, beryllium or depleted uranium, although other 
metals may be used. Parts which contain oil residue from machining are wiped clean with a 
Precision Wipe moistened with isopropyl alcohol. Very small quantities of light oil, waxes, 
detergents, casting and molding matcrial, and Dykem and Dykem remover are used (EG&G, 
1994). Mistorically, parts in the building were cleaned with trichloromethane and Freon 1 13 

rather than isopropyl alcohol (EGGIG, 1993). 

4.4.5 COATING AND PLATING 

Coating and plating operations were performed on non-nuclear parts such as stainless steel and 
copper. These opcrations are not part of the flow of the casting, fabrication and assembly of 
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dcplctcd uranium m d  beryllium parts produccd in Buildins 343: ho\Iwcr. these operations were 
not considercd to be special prqjccts or R&D opcrations. Thcsc opcrations were suspcndcd i n  
1993 (E.G&Cr, 1993). 

Coating. During the coating proccss in Room 137, non-nuclcar parts from Production Control 
i n  Building 460 wcrc coated with crbium oxide. Prior to coating, thc parts wcrc grit blastcd. 
ultrasonically cleaned in deionizcd water, rinsed in deionizcd water to remove the grit and placcd 
in a drying booth to remove excess moisture from thc part. The parts were then coated with 
erbium nitrate in a paint booth and placed in a drying ovcn. Dried parts were then heat trcated 
in one of five furnaces to decompose the erbium nitrate to erbium oxide. Repeated spray coating 
and heating cycles were conducted if required. Parts wcre inspected and any residual spray was 
removed using a silicon oxide grit blast (EGBtG, 1994; EG&G, 1991). 

Production Plating. Production plating activities were located in Room 21 2 (EG&G, 1993). 
War Reserve and special order parts fabricated from copper, see1 and stainless steel were etched 
and plated on a bench-scale level. Plating and/or etching parts made of these materials required 
different solutions which wcre stored in five tanks. Tanks containing plating solutions includcd 
a silvcr plating tank, a sulfuric acid etch bath tank, a nickel-plating tank, an alkalinc clcaner tank 
and an clcctrolcss nickel-plating tank. After parts were plated, they wcre rinscd in one of scveral 
rinse tanks. Thc rinsatc used for gold-plated parts containcd cyanide. Other rinse tanks containcd 
Oakite and Turco 42 1 5, an acid-plating solution rinse. Spcnt potassium/gold/cyanide plating 
solution was generated in this process (EGkG, 1994). Other chemicals used included ammonium 
hydroxide, hydrochloric acid, h4ac Stop 9554, which is 60% toluene and xylene, and nickel 
chloride (EGkG, 1991). 

4.4.6 SPECIAL PROJECTS 

4.4.6.1 Historical Spccinl Projects 

A number of spccial pro.iccts were historicL,,j conductci in Building 444 in  support of R&D. 
Only limited information is publicly available on thcsc projccts. The following list bricfl!. 
highlights some of the known spccial pro-iccts historically conducted in Building 444: 

. Around 1961 - 1963, lithium salts wcrc machined using a process similar to that 
used in uranium niachining (ChcmRisk, 1 992). 
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. In  1967-1 96s: Building 444 supported thc Zcro Powcr Plutonium Rcactor (ZITI?) 
pro-ject. ZPPR elcnicnts werc made by first alloying uranium and niolybdcnum 
i n  Building 444 and then sending thc coniponcnts to Building 771 to be alloycd 
with plutonium by casting. The alloy plates were then clad in stainlcss stccl 
envclopcs in Building 776/777 and sealcd \vith a wcldmcnt (ChcniRisk, 1992). 

0 During 1968- 1972, tetrabromoethylene was used for floatkink tests in conjunction 
with R&D beryllium work (Crislcr, 1991 ; Andrews, 1994). 

Cadmium was rolled and formed in R&D operations and generally treated like 
beryllium (Link, 1991). 

4.4.6.2 Recent Special Projects 

Recent special projects conducted in Building 444 were conducted in the R&D plating lab, and 
the metallurgy lab. 

R&D Plating Lab (inactiw). The I<&D plating lab was located i n  Room 245 and corisistcd of 
five lines including a cyanidc line, three acid lines and a bcnch-top linc m k ~ e  various chcmicals 
such as anodizing dyes wcrc made up. Room 245 nm stripped of thcse fivc lines including 
decontamination and disassembly of bench-top and tanks, supporting w i t  systems, drains and 
associated plumbing (EG&G, 1994). 

Line 1, the cyanide line, was destroyed by fire in 1990. I t  originally consisted of 
nine tanks built into a bcnch-top and one stand-alone tank. The tanks containcd 
chcmicals uscd for coppcr plating, gold plating and cadmium plating. Spillagc 
drained to tlic permitted storage tank via the floor drain (EG&G, 1994). 

0 Line 2 was an acid line consisting of 12 tanks built into a bench-top. A floor 
drain sharcd with lincs 3 and 4 ran the length to thc bench-top. Line 2 was thc 
primary line uscd for plating-nictals including chrome, nickcl, and copper. 
Various tanks held etch baths of hydrochloric acid, sulfuric acid and Oakitc 12 
with possible traces of trichlorocthane (TCA) or Turco (EG&G, 1994). 
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Support opcrations conducted in Building 434 in ludc foundry and assenibly support operations. 
tool manufacturing, scveral laboratories, a uranium storage area, and utilities and niaintenancc 
operations. 

4.4.7.1 Foundry and Assembly (Coatings) Support 

Operations conducted in support of foundry and asscnibly coating operations included graphite 
mold preparation, mold clcaning and titanium stripping operations. These operations wcre 
recently suspended (EG&G, 1994). 
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. Line 3 contained seven tanks. Thcse tanks contained Alodinc water bath: 

chromate conversion baths, anodizing baths, electropolish chcmicals, Oaki tc 

Superust stripper, a caustic solution and dye baths (EG&G, 1994). 

8 Line 4 was also an acid line and consisted of eight tanks built into a bench-top. 
A floor drain ran the length of the line. Tank contents included a hcatcd scaling 
bath, a dye bath, a plating bath containing 50 percent nitric acid, a silver stripping 
tank containing nitric acid, Oakite 160 used to etch parts and Turco 42 15 uscd to 
clean parts. Silver coated parts originated from the production coating process and 
may also have contained some uranium. Parts were rinsed between baths and 
rinse water drained via the sink drain or floor drain to permitted storage tanks (T-1 
or T-2) (EG&G, 1994). 

Line 5 was a bench-top line where various chemicals such as anodizing dyes wcre 
made-up. The line included a vapor degreaser and fume hood. The fume hood 
performed nickel stripping or plating of various metals. The vapor degreaser 
contained 1,l , I  -TCA and was used to clean parts coming into the lab. Plating 
solutions and acid wastes were also gcncrated by this proccss (EG&G, 1994). 

Metallurgy Laboratory (inactkc). A small metallurgy laboratory was originally locatcd in 
Building 444, possibly in Room 115 or 117 (Hill, 1994). No additional information is kno\s.n 
about this lab. 

4.4.7 SUPPORT OPERATIONS 



Graphite Mold Preparation (Carbon Shop). Graphitc mold preparation operations consisted 
of: (1) saw-cutting bulk graphite into appropriate sizes for machining; and (2) machining graphitc 
into molds used in foundries and pyrochemical operations throughout RFP (EG&G, 1991). These 
operations were carried out in Room 1 I6 of Building 444 and involved storage of graphite in 
Building 445 (Hill, 1994). The graphite molds prepared in Building 444 served the casting needs 
of the entire RFP (Lombardi, 1994). 

. j 

Mold Cleaning. Room 21 1 was used for the purpose of clean.ing the graphite molds used in the 
Building 444 foundry. Uranium andor  other metals and yttrium coating residue were manually 
cleaned from the molds with wire brushes and other hand tools (EG&G, 1994; EG&G, 1991). 
The robot crucible cleaner was also located in Room 21 1. The crucibles were cleaned on a 
turntable where the robot arm of the crucible cleaner cleaned the inside with a wire brush. 
Residual material in the mold after ingot removal included yttrium oxide, depleted uranium oxide, 

. graphite and trace quantities of iron, silica and other cast metals (EG&G, 1991). 

Titanium Stripping. Titanium stripping activities were located in Room 203 and involved 
cleaning stainless steel and ceramic fixtures used during titanium coating. During titanium 

, coating, stainless steel and ccraniic rings and fixtures used to hold War Rcserve parts would 
i 

incidentally become coated with titanium. The titanium coating was stripped off of thcse rings 
by immersion in an acid solution of ammonium bifluoride, fluosilicic acid, nitric acid and 
deionized water (EG&G, 1994). 

4.4.7.2 Tool Manufacturing (active) 

Building 444 houses a variety of processes used to manufacture tools for use throughout the plant. 
These processes include heat treatment, electric discharge machining, tool grinding, and tool and 
gauge machining. 

Heat Treatment. This primary purpose of the heat treatment process is to harden tool stcel. I n  
addition some production parts from Buildings 460 and 443 and tools form the tool and gauge 
shop are annealed, drawn, scasoned, provided with stress relief, brazed and subjected to grit 
blasting. Materials treated are limited to tool steel, high alloy and other carbon stccls-no 
radioactive materials are allowed i n  this area. Four hcat treating furnaces are used to heat the 

parts and tools to high temperatures and the parts are then placed in oil quenching baths to cool 
the parts. Parts are thcn scasoned by freezing thc parts in a freezer and then heating the part in 
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onc of the furnaccs (EG&G. 1993; EG&G,I 991). .4ftcr thc proccss is complctcd, thc tool and 
parts are cleancd using isopropyl alcohol (EGGrG, 199 1). i 

Electric Discharge Machining. The electric discharge machining proccss in Room 1 SO nialxs 
tools, fixtures and dies for plant opcrations. Proccss equipmcnt includcs three electric discliargc 
macliincs. Dielectric fluid in at least two of the macliincs is BP Dielectric 200 fluid, which is 
a kerosene-based oil (EG&G, 1991; EG&G, 1994). 

Tool Grinding. The tool grinding process is located in Rooms 1 13, 1 17 and 1 1  8 and involves 
machining raw materials into tools used in Buildings 444, 460 and 707. Process equipment 
includes grinders, mills and a lathe. Carbide steel, high speed steel and, occasionally, tungsten 
electrodes are machined into tools. Chemicals used include oil and water-based coolants, 
isopropyl alcohol, electronic discharge machine oil and olive oil (EG&G, 1994). 

Tool and Gauge Machining. The tool and gauge machining process is located in Rooms 10 1 E, 
148, 148A, 151 and 180. Process metals are machined into tools and gauges using a variety of 
equipment including grinders, mills, lathes and borcrs. Stainless steel, copper, lead and aluminum 
are machined into tools and gaugcs to be uscd in wrious production processcs. Machincd tools 
are cleaned with isoprop>.l alcohol and sent to heat trcatnient for proccssing or to tool and gaugc 
inspection. Watcr-based coolant is used on thc equipment to cool the parts being produced and 
to aid in cutting. Other inputs in the process include lubricants, WD-40, etching acids, drilling 
and tapping fluid, isopropyl alcohol, glues, vacuum grease, epoxies and acrylics (EG&G, 1994). 
This tool and gauge shop supplied tools and gauges for the entire RFP (Grooms, 1994). 

4.4.7.3 Laboratorics 

Scveral laboratory or laboratory-type activities arc currently activc in Building 444. Thcsc 
include the calibration laboratory, thc environmental tcchnology laboratory and the beryllium 
counting process. 

The calibration laboratory is locatcd i n  Room I8 1 and providcs climcnsional ii~spcction and 
calibration of tools. fixtures and gaugcs used throughout thc plant. Chcmicals uscd include basic 
cleaning supplies (EGGrG, 1994). 

Hislorical Rclcusc Rcporl 



3 The cnvironmentd technology laboratory is locatcd i!i Rooms 212.4 and 21 2 North and dilatcs 
1 

and cxtracts chcniicals in support of thc toxicity charactcristic leaching procedure (TCLP) 
analyscs conducted i n  Building 88 1. Chcniicals uscd includc nitric, acctic and hydrochloric acids 
(EG&G, 1994). 

The bcrylliuni counter proccss is locatcd in Room 14 and is part of beryllium contaminjtion 
control. Equipment used in this proccss includes crucibles, the beryllium counter and a 
ventilation hood. Samples of beryllium from Rooms 106, 107 and other areas in Building 444 
and throughout the plant site are collccted in the form of 'lsmcars'l on surfaces using Watman or 
paper filters. The samples are taken to Room 14 for determination of the beryllium content 
(EG&G, 1991; EG&G, 1994). 

4.4.7.4 Uranium Storage Area (active) 

Rooms 202 and 204 store depleted uranium ingots, feed material and packaged scrap uranium 
material from Buildings 444 and 883 (EG&G, 1991; EG&G, 1994). 

4.4.7.5 Salt Casting 

Thc salt casting proccss was locatcd i n  Room 203 until its recent suspension (EGGrG, 1994). The 
purposc of the proccss was to form salt cakcs for use in the plutonium rccovery process. Sodium 
chloride, potassium chloride, calcium chloride or a mixture of salts were cast into salt cakes for 
use in the plutonium rccovcry processes including direct oxide reduction and electrorefining 
(EG&G, 1994). Thc salt was placed in crucibles, heated in a furnace and then poured into a 
tnold. The salt cakcs wcre then removed from the ~nold, placed i n  cans and storcd until ncedcd 
for use in Buildings 771 and 776/777 (EG&G, 1991; EG&G. 1991). 

4.4.7.6 Utilitics and Rlaintcnancc 

Utilitics (acthv).  Building 444 contains iitilitics including heating, ventilation and air 
conditioning (HVAC), air coniprcssors and a stcam hcating system. A proccss cooling watcr 
systcni is uscd to provide cooling for various pieccs of equipmcnt including lathcs, milling 
niachincs and drills. Chcniicals involved in thc cooling system include a rust inhibitor, Nalco 
2536, which consists of borate, silicate, nitrate and nitrate, and I-ITi-I or calcium hypochlorite. 
Chlorinc blcxh and/or Nalco 2826 niay also bc uscd (EG&G. 1994). 
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The proccss ~ v x ? e  collection and filtratio!i sj’stcrn is located i n  the bascmcnt and collccls and 
filtcrs liquid waste from various proccsses in the building including the utilities’ ground watcr 
sumps tanl;s, the Kinny vacuum pumps, machincs in Rooms 101, 125 and 148A, proccss area 
sinks and tlie building janitor‘s closets. Wastes potcntially includc uranium-238, oil, Trim Sol, 
Oakite and h4ariko dctergcnt (EGbG,  1994). As of 1986, four frcc-standing tanks wcrc prcscnt 
in Room 9A in thc bascmcnt of the building. T\vo 400-gallon tanks wcre used to collcct acid 
wastes and two 450-gallon tanks were used to collcct cyanide waste. The acid waste tanks 
received both acid rinsc water and caustic (Oakite) rinse water. Two 3,500-gallon tanks wcre 
located in Room 1 of the basement and were used to collect process waste from other opcrations 
in the building. None of the waste from metal operations or the coating lab wcre routed to these 
tanks (Weston, 1986). 

I 

Maintenance (active). Maintenance activities include lubrication and pipe, paint, sheet metal, 
carpentry, machine, and electrical shops. Chemicals involved in lubrication activities include 
lubricants and used oil. Materials used in the pipe shop include PVC cleaner and cement, 
denatured alcohol, acetone, molybdenum disulfide (Moly dee), Locktite 27, watcr soluble dyes, 
oil absorbents, oil, rcfrigcrants (frcons), antifrccze and wclding gascs (argon, oxygcn, acctylcne). 
Materials used in thc paint shop includc various paints (oil base, epoxy, latcx spray), solvcnts, 
thinner and strippcrs. Materials uscd in the shcct metal shop includc nickcl-cadmium and alkalinc 
battcrics, metal stock, fiberglass stock, lcad shccting, tape, solder/flux, argon gas, adhcsivcs 
including carboline and 3A4, Lvelding rods, ncoprcne rubber stock, silicon rubber calk, isopropanol 
and cutting oil. Materials used in the carpcntry shop include chloroform, adhesives and caulking 
materials, glaze and surface cleancrs. hllaterials uscd in tlie machine shop include various mctals 
and plastics; lubricants including grease, WD-40, transmission fluid, light oil, hydraulic oil; 
Dykem remover; solvents including Norpar, alcohol. acetonc, and Mariko; and tapping coinpound. 
h4aterials uscd in thc electrical shop include Wakefield Thcrnial compound, lead-acid battcrics. 
sealcd lead-acid battcrics, gcl-ccl batteries, nickcl-cadmium battcrics, lithium battcrics, alkalinc 
battcrics. high-voltage oil, contact cleaner, tuner bath, circuit coolcr, solder, various light bulbs 
and lamps, cable lubricant, copper ivire and alcohol (EGSrG, 1994). 

4.5 CIJRRENT CONTARIINATION STATUS 

The current contamination status of Building 444 113s not bccn thoroughly assesscd at this timc. 
Becausc thc building is known to havc llandled bcrj.lliun1, deplctcd uranium and various sol\ots,  
some contamination is likely to bc prcscnt. 
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5.0 OPERATIONAL HISTORY OF BUILDING 437 1 
5.1 INTRODUCTION 

Operations in Building 447 bcgan in 1956 for the purpose of supporting Building 443 
manufacturing operations. Building 447 housed both assembly-rclatcd proccsses and wastc- 
related processes. War reserve and special order parts were assembled, inspected, packaged and 
shipped from this building. Metals parts manufactured or processed in Building 447 consisted 
of depleted uranium, uranium alloys, beryllium, niobium, vanadium, stainless steel, alumiiium, 
copper and brass (enriched uranium and plutonium were not handled in this building). Parts and 
assemblies were received from Buildings 444, 460, 865, and 883 for. processing. Dcpleted 
uranium and beryllium chips and turnings from machine operations in those buildings were sent 
to Building 447 for waste processing. The depleted uranium metal turnings were cleaned, 
oxidized in the chip roaster, packaged and shipped off-site for disposal or recovery. Beryllium 
chips and turnings or metal contaminated with beryllium were cemented, packaged and shipped 
off-site for disposal (DOE, 1992; EG&G, 1990). Following the 1989 production curtailment, the 
majority of Building 447’s manufacturing and lvaste operations were curtailed, and a final 
dccision on the futurc of the building is still pcnding. Only the chip roastcr and building support 
operations currcntly remain active i n  this building (EG&G, 1993). 

5.2 HISTORICAL TIRIELINE 

1955 Construction of Building 447 bcgan as part of Part IV plant cspansion for thc 

purpose of adding manufacturing space to Building 433. Building 447’s primary 
purpose was to anneal depleted uranium parts i n  hcat trcatnicnt furnaces (Buffer, 
1993; E G b G ,  1993). 

1956 

1962 

Construction \vas complctcd for Building 447 (Buffcr, 1993). The original chip 
roastcr bcgan opcrations (Rockwell, 1988). 

Building 448 \vas addcd on to Building 447 to housc Production Control for thc 
444 Complex (EG&G, 1993) 
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1960s (late) Full scale usc of the vacuum arc furnacc bcgan in the late 1960s. This furnace 
allowcd efficient alloying of depleted uranium with materials such as zirconium 
and niobium (EG&G, 1993). 

1983 A new filter system was constructed for Building 447 (ChemRisk, 1992). 

1986-87 A new chip roaster was planned and constructed but never became operational due 
to flooding and other problems (Rockwell, 1988). 

1993-94 Assembly activities including cleaning, leak testing, heat treatment and welding 
ceased; waste-related activities including composite chip cementation and drum 
cleaning also ceased (EG&G, 1994). 

5.3 PHYSICAL BUILDING DESCRIPTION 

Building 447 is located in the south-western area of Rocky Flats Plant (RFP) and is physically 
connectcd to the southwest corner of Building 444 (Figure 5- 1). Building 447 consists of a one- 
story stccl structurc with a niczzaninc and partial bascnicnt on thc wcst sidc. Although sonic of 
the opcrations of this building take placc undcr a vacuum system, the building does not contain 
glovcboxcs and air locks bccause it does not handle cnriched uranium and plutonium. h4ost of 
the building’s exhaust air is discharged into a filtcr plenum with the exception of the port on the 
electron beam welder chamber. During cleanup operations following beryllium welding, this 
chambcr vents to the beryllium exhaust plenum in Building 444. In addition to typical utilities, 
the building is equipped with a process wastewater drain and helium gas (EG&G, 1990). 

Buildings associated with Building 447 include Building 45 1, which houses the exhaust filter 
plenum and cshaust fans scr\*icing Buildings 447 and 448. Building 448 is uscd for storage, 
receiving and shipping of parts and matcrials associated with Building 447 opcrations (EG&G, 
1990). 

5.4 DESCRTPTION OF OPERATIONS 

Although the original purposc of Building 447 was to provide additional manufacturing space for 
Building 444, one of its major functions bccame waste treatment as a result of disposal and 
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transportation problcms associated with highly pyrophoric uranium chips (Langcll. 196 I ; I'u1zicr. 
1970). ( I )  asscnibly 
opcrations; (2) inspection; (3) Ivaste handling opcrations; and (4) building support operations 
including maintenance and utilitics. Of these, only the chip roastcr and maintenancc opcrations 
remain active as of June, 1994. Thc remainder of the activities described in this section have 
either rcccntly ceased opcrations or arc effectively inactive because o\wall plant operations arc 
conducted at a very reduced Icvel. 

Operations for Building 447 are described in three catcgorics below: 1 

5.4.1 ASSEMBLY 

War Reserve and special order parts produced in Buildings 444 and 447 were cleaned and 
assemblcd if nceded in Building 447 prior to shipping. Prior to production curtailment, the niajor 
assembly-related operations in Building 447 included: (1) electron beam welding; (2) 
electrochemical milling; (3) heat treatment; (4) vacuum arc mclt furnace operations; and (5) parts 
and assembly cleaning (EG&G, 1994; EG&G, 1990). These activities have dccrcascd 
significantly or bccn complctcly suspended due to the reduction in manufacturing (E&G, 1993). 

Elcc t ron 1lc:im \Veld ing. El cc tron bcam \vcId in2 involvcd wclding vanadiuni, bcry I 1  i uni, 
aluminum, deplctcd uraniuin, stainless stccl and \\'ar Rcscrvc production and special ordcr 
asscniblics in Room 406 (EGGIG. 1993; Mahaffc\*, 1993). These operations were conductcd 
inside a vacuuni chambcr \vliich conncctcd to the Building 45 1 cxliaust filtcr plcnuni. Aftcr 
beryllium welding, the chamber was vented to the beryllium exhaust plenum in Building 443 
(ChcmRisk, 1992). Chemicals used in \rarious aspccts of this operation include Noson mctd 
polish for finishing part surfaccs and Oakite and ctli!.l alcohol for cleaning thc wclding chamhcr 
and surfaccs (EGGIG, 1990). 

Electrochcmical hlilling Operations. The clectrochcniical milling macliinc was uscd for a 
varicty of production and spccial ordcr jobs. mainly on parts fabricatcd from stainlcss stccl. 
Howcvcr, sonic work involvcd milling tungsten, brass. copper, aluminum, bcrylliuni and dcplcted 
uranium (EG&G, 1990). Thcsc opcrations wcre pcrfnr,ncd in an cncloscd chamber in Room 407 
usinp- aqucous clcctro-chcmical processing (ChcniRisk, 1992; hldiaffcy. 1 993). Chcniicrils 
invoivcd includc a solution of sodium iiitratc or occasionally solutions of sodiuni chloridc or 
sodiuni carbonate. By-products of thc machining process Lverc liydrogcn gas and nictal 
hydroxidcs (EG&G, 1990). 

Mist or icol Rclcwsc Rc'p ort 



I3c:it TI-catmcnt Operations. Tlircc hcat trcating vacuum furnaccs providcd trcatnicnt for 
uranium, bcryllium and vanadium parts u.hich rcquircd vacuuni hcat trcatmcnt to rclicvc intcriial 
stresses and "\vork hardcning" induced by machining proccsscs. The only chemical uscd in thc 
process was ethyl alcohol to clcan tlic vacuum door seals (EG&G, 1990). Tllcsc opcrations Ivcrc 
located in Room 403 (Mahaffcy, 1993). A still \vas also prcscnt for a pcriod of timc i n  thc 
southeast corncr of thc rooni, but the exact purpose of thc still is unknown (Hill, 1994). Heat 

treatment operations were recently suspended (EG&G, 1994). 

I 

Vacuum Arc Melt Furnaces. Two vacuum arc melt furnaces existcd in Building 447 
(Sunniwick, 1994). The original furnace was moved to Room 420 in the late 1960s aftcr 
Metallurgical and Development Operations ceased in Building 33 1 (Hill, 1994). This furnacc was 
used to melt material for casting consumable clcctrodes in 6-inch and 8-inch diamctcr copper 
molds. The metals melted include depleted uranium and depleted uranium-niobium alloy 
(EG&G, 1990). Mctal mclting operations were pcrforrned inside a vacuum chamber which 
vented to the Building 447 exhaust system, which in turn vented to the Building 451 exhaust 
plenum (ChemRisk, 1992). This system operated until operations ccased in 1989. In 1985, a ncw 
vacuum arc niclt furnace with increased capacity  as installcd. Although tcst runs using stccl 
as a tcst niatcrial wcrc conductcd, thc furnace ni.\.cr cainc on linc duc to changcs i n  tlic 
production schcdulc (Sunniwick, 1993). 

Parts and  Assembly Cleaning Operations. Parts and asscmbly clcaning opcrations ivcrc 
conducted on War Reserve and special order parts produced in manufacturing Buildings 444.447 
and 460 prior to asscmbly. aftcr asscmbly, or prior to shipping (EG&G, 1990). Clcaning 
opcrations occurrcd several times during the asscmbly proccss (Shields, 1 994). 

Originally, clcaning operations took placc i n  Rooms 406 and 409 and involvcd aqueous detergent 
clcaning of hcrylliuni mctal and binary alloy and tubc washing (Dow. 1974). A nc~v  aqucous 
clcaning systcni \+'as installcd i n  Room 406A i n  the mid- 1980s. This systcm conductcd thc fin;1l 

clcxiing process on all War Rcscrvc production parts fnbricatcd i n  Building 344. This clcaniiis 
systcni involved ultrasonic clcanins in Orikite NST dctcrgcnt followed by cascading rinscs of 
deionizcd watcr (Rockwcll. 19SS). I n  rcccnt ycars. tlic parts may also liave bccn clcancd \\.itIi 

an ultrasonic Frcon I 13 vapor dcgrcasing bath (EGGG, 1990). Thcsc opcrations have dccrcascd 
significantly duc  to manufxturing rcductions. Frcon 1 13 is no longcr uscd i n  this building 
(EGGrG, 1993). 



During asscmbly, bcryllium parts wcrc tabbcd with an cposy acihcsive. Acctonc was iiscd for 
spot clcaning bcryllium parts during thc adhesive tabbing opcration in  Room 406 (Dow. 19743. j 

5.4.2 INSPECTION 

Inspcction opcrations occurrcd as an integral part of asscmbly opcrations. Illspection opcrations 
includcd non-destructive testing and material analysis. In addition, some parts inspection 
operations were located in Room 407 of Building 447 at one time (Hill, 1994). 

Non-Destructive Testing Operations. , These operations consisted of tcnsile testing, ultrasonic 
testing and acoustic emissions testing and were conducted in Room 420 (EG&G, 1990; Mahaffcy, 
1993). Parts tested were fabricated from stainless steel, bcryllium and dcplcted uranium and 
produced in Buildings 444 and 460. Tensile testing was used to determine component material 
stress and strain data. Ultrasonic testing was used to check the quality of brazed joints. An 
ultrasonic pulse was used to detect voids and other defects in thc brazed portion of the part of 
assembly. Acoustic emissions testing involved subjecting parts or assemblies to an acoustic force 
to determine thc integrity of brazed joints. Petroleum jelly was used in acoustic tcsting and 

I rcniovcd using Frcon 1 13 solvcnt (EGGrG, 1990). Thcse opcrations have dccrcascd significantly 
due to manufacturing rcductions. Frcon 1 13 is no longcr used in this building (EG&G, 1993). 

Rlatcrial Analysis. Material analysis prcssure tcsts consistcd of pcrfonning lcak tcsts 011 War 
Reserve stainless steel, beryllium and depleted uranium asseinblies received from Buildings 434 
and 447. These items were clcancd using ethyl alcohol. Aftcr clcaning, the part or asscmbly \\'as 

placed in a vacuum chamber and tcstcd with helium at the rcquircd prcssure (EGGrG, 1990). This 
proccss was recently suspcndcd (EGGrG, 1993). 

5.3.3 SPECIAL PROJECTS 

Miscellancous bcryllium opcrations were conductcd in Room 403 of Building 437 at onc timc 
(Mahaffcy, 1993; Hill, 1993). Thcse opcrations included a grit blast machine as \vel1 ;is a Inpping 
macliinc. Thcse opcrations wcre cvcntually mowd to thc Protcctcd Arca (PA) (Hill ,  1993). 



5.4.4 IVASTE HANDLING 
I 

Waste treatmcnt and handling operations in Building 437 include oxidation of dcplctcd uranium 
chips from Buildings 434, 883 and 865 in tlie "chip roastcr," compositc wastc chip ccmcntrition. 
drum cleaning, and low-level waste packaging and handling (EG&G, 1993; EG&G, 1990). Of 
tlicse three opcrations, only the chip roastcr remains active as of Junc 1994. 

5.4.4.1 "Chip Roaster" 

The chip roaster, sometimes referred to as the chip incinerator or the ore roaster, was uscd to 
oxidize depleted uranium chips so that these wastes could be safely transported for off-sitc 
disposal. The chip roastcr began operation in 1956 and operated consistcntly with thc ctccption 
of 1959 through 1961 (Rockwell, 1988). During those years, the chip roaster was relocated from 
Room 409 to Room 502 on the mezzanine in Building 447. A new air filtration system was also 
added at this time; however, the air filtration system did not function properly. This resultcd in 
an eight month halt in using the roaster until the problem could be corrected (Bassler, 1960; 
Rockwcll, 1988). During this time period, floor swecpings of niatcrial \ w e  stored in drums 
outside of Building 447 until chip roasting opcrations rcsumcd (L3asslcr, 1960). I n  April 1961. 
it was rccommcndcd that twcnty-sc\m 55-g:allon drums and sixtccn 30-g:allon drums of discarded 
dcplctcd uranium storcd in tlic n u t  yard of Building 437 bc disposcd of by on-sitc burial. Thc 
niatcrial i n  the drums consisted of 5,372 kilograms of tuballoy in tlic form of saw chips and floor 
sweepings, plus foreign matter and coolant (Bassler, 1961). These drums of depletcd uranium 
chips may have bcen disposcd of in trcnches on plant-site although the exact fatc of tlic d r u m  
is unknown (Illslcy, 1983; Putzicr, 1970). 

During the 1 980s, it \#'as dctcrmincd that the chip rollsting l i 'as considered to bc incidental 
thcrnial trcatmcnt of Rcsourcc Conscrvation Reco1w-y Act (RCPd) \vaste bccausc tlic chips being 
roastcd had low I c i ~ l s  of RCRA-rcgiilatcd soli'cnts i n  thc cooling oils coating tlicm; thcrcfore. 
the chip roastcr requircd a R C M  pcrniit (Rockwcll, 1988). I n  1986-87, a ncw chip roastcr was 
planned which would co!iiply with RCRA regulations for hazardous wastc incincrators. Although 
co!.struction of tlic chip roastcr b c p i ,  it never bccanic opcrational duc to flooding of tlic 
Building 447 bascmcnt in  1987 in  addition to othcr problcms. During this pcriod, ;I stcam 
clcaning proccss \vas dcvclopcd \vliicli rcmovcd tlic RCRA-rcgulatcd wastc sohui ts  Frcon 7.1: and 
I ,  I , l  -trichlorocthanc from tlie cliips prior to oxidation. At that timc, it was dccidcd to closc tlic 



original unit with regard to treatment of hazardous waste and reopen this unit as a non-RCRA- 
regulated unit (Rockwell, 1988). 

Currently, the chip roaster operation involves Rooms 31, 32 and 502 and processes depleted 
uranium chips from machining processes in Buildings 444, 865 and 883 (EG&G, 1994). As of 
June 1994, the chip roastcr operations were limited and focuscd on cleanup of machining arcas 
and some backlog of depleted uranium chips. Since the elimination of chlorinated solvent usage, 
the chips are now coated in coolants such as Das Cool-521 or Trim Sol (EG&G, 1994; EG&G, 
1990). The chips are steam cleaned and allowed to drain while still in the drum. The drainage 
is released to the process drain and subsequently placed in 55 gallon drums. The chips are then 
placed in the chip roaster where they are converted to oxide. Chip roaster exhaust is vented to 
the building plenum after passing through a heat exchanger. Whcn oxidation is complete, the 
uranium oxide is collected in a 30-gallon drum, properly packaged and sent to low-level waste 
storage (EG&G, 1990). 

5.4.4.2 Composite Waste Chip Cementation 

! This proccss prcparcd metal chips or turnings from various niachinc opcrations in Building 444 
and other manufacturing buildings for low-level hazardous waste disposal. Thesc chips and 
turnings consisted of dcpleted uranium, stainless stcel and aluminum coatcd with small amounts 
of TrimSol machine coolant, machine cutting oil and Freon 113. Ccmcntation opcrations took 
place in Room 502 and involved mixing turnings with Portland cement, sand and water (EG&G, 
1990; Mahaffey, 1993). A layer of pure cement was placed in an unlined 55- gallon drum 
followed by a layer of cemented turnings (EG&G, 1990). These drums were then stored in 
Room 501 (EG&G, 1994). This operation was suspended in 1993 (EG&G, 1993). 

5.4.3.3 Drum Cleaning Operations and Handling and Packaging Lon4cvcl \Vaste 

The arca ininicdiatcly near the shipping dock for Building 447 was used for drum storage, 
cleaning and transfer operations. This arca included both Room 3 1 and the shipping dock (Hill, 
1994). Any potcntial external contamination on shipping drums was rcmovcd by steam cleaning 
before the drums were allowed to leavc the building. The solution used in the steam clcaning 
was a mixture of water and Mariko, a non-hazardous conimcrcial clcaning detergcnt. Handling 
and pack:,;ing operations involved placing previously scaled low-level radioactive \vasle drums 
into shipping containers (EG&G, 1990). This proccss \vas suspendcd in 1994 (EGbG, 1994). 
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5.3.5 SUPPORT OPERATIONS 

Process support s)fstcnis include a heating, vcnting 2nd air conditioning (I-IVAC) systcni, process 
\rastc collection and filtration system and a process cooling water systcm W & G ,  1993; EGGG. 
1990). Because the I-IVAC systcni is a typical industrial I-WAC systcni, i t  is not discussed br.101~. 

Process Waste Collcction and Filtration. Liquid waste from the groundwater sump, the 
janitors’ closet sinks, the building process sink, the uranium chip rinse drain, the deionized water 
drain, the elevator pit line and various processes in Building 447 is collected and filtered in thc 
basement of Building 447. Waste is discharged to the sanitary sewer, to the Building 774 waste 
collection system, or to Building 444, depending on the waste’s origin and contents (EG&G, 
1990; Hornbacher, 1994). The liquid waste is mostly water but it may also contain small amount 
of uranium-238 or some Mariko and oil from the drum cleaning process in Room 501. During 
active production, liquid waste collected by the process waste system included trace contaminants 
of beryllium, deplcted uranium, Trim Sol machine coolant, Mariko detergent and Oakite cleaner 
(EG&G, 1990). Although Freon 1 13 is not currently used in this process, i t  was actively used 
in the past and may be present in older wastes (EGGrG, 1990). 

I’roccss Cooling \Vatcr Systcm. During active production. the process cooling \\fatcr s>.stcm 
pro\*idcd cooling watcr to various pieces of equipment including lathes. milling niachincs. and 
drills. Chemicals involved include chlorine blcach, calcium hypochlorite, Nalco 2826 (to kill 
bacteria and algae) and Nalco 2536, which is a rust inhibitor consisting of borate, silicate, nitrate 
and nitrate (EGkG, 1994; EGGrG, 1990). Nalco 2826 is still used i n  the W A C  system. 

Rlaintcnnncc. Building 447 maintenance operations involve routine building and equipment 
niaintenrincc and repair. Sonic of these acti\vities include clcaning, welding. painting and grinding 
(EG&G, 1993). 

5.5 CIJRRENT CONTAR41N.4TION STATUS 

Thc current contznination status of Building 347 has not been thoroughly asscsscd at this timc 
bccausc production has only rcccntly diminished in this building. Areas of tlic building I;no\\.n 
to 11 a vc procc ssc d bcr y 1 1 i uni wli i c 11 ni a y pot c 11 ti 3 1 1 y contain be ry 1 I i u m con t ani i n a t i on in c 1 u d c 

Rooms 403, 304, 406, 406B. 307, 420, 501 and 502 (MaIi:iffey, 1993). 
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6.0 OPERATIONAL HISTORY OF BUILDING 460 ,I 
6.1 INTRODUCTION 

Building 460 was placed into service in 1984 for the production of non-nuclcar wcapons 
components. Building 460 assumed the stainless steel operations which were conducted in 
Building 88 1 from 1966 to 1984 and some non-nuclear metal working operations from Building 
444 (ChemRisk, 1991). The major activities performed in this building include fabrication, 
assembly, and testing of stainless steel components such as reservoirs, tubes and non-fissile pit 
components. These components are associated with the tritium "reservoir-to-pit" delivery systcm 
which boosted the yield of the explosion produced by the weapon (ChemRisk, 1991). In 
addition to stainless steel, parts may also be manufactured from aluminum, vanadium, copper, 
gold, silver, magnesium, titanium, Teflon and other plastics (EG&G, 1991). 

6.2 HISTORICAL TIMELINE 

I 

1984 Building 460 was constructed for the production of non-nuclear War Reserve and 
spccial ordcr parts and asscmblics. Thc building was designed to consolidate all 
non-nuclcar manufacturing at Rocky Flats Plant (WP) into one facility (Buffer, 
1993). The stainless steel operations in the building were transferred from 
Building 88 1 (CheniRisk, 1992) 

1985 The first tool-made samples were produced in May and the building was described 
as the most modern non-nuclear manufacturing building in the DOE weapons 
complex. On September 30, the building became fully operational (Buffer, 1993). 
The Automated Machining Cell (AMC) was completed to increase efficiency and 
safety of parts production (Buffer, 1993). 

early 1990s The use of chlorinated solvents i n  Building 460 was eliminated as part of a 

plant-wide effort to reduce chlorinated solvent usage (ChemRisk, 1992). 

1994 Building 460 is currently used as a stainless steel manufacturing facility (EGGrG, 
1993b). 
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6.3 PHYSICAL BUILDING DESCRIPTION 

Building 460 is a modcrn non-nuclear manufacturing facility located in the southwest portion of 
the plant site (Figure 6-1). The building contains a total arca of 230,000 square fcct split 
between the first floor and a mczzanine. The first floor is used primarily for manufacturing and 
contains 150,000 square fcct. A second floor mczzanine houses offices and a cafcteria and 
contains approximately 80,000 square feet. The building is constructed of single-gabled, muiti- 
span rigid-framed steel with concrcte floors. Utilities include steam, raw and potable water, 
electricity, and instrument and process plant air. Building 462 is a cooling tower which provides 
cooling process water for both supply and return. Building 460 does not have a negative air 
pressure system since it is a non-nuclear building. Liquid wastes are collected in sump tanks, 
filtered and sampled prior to transfer to Building 374 for waste processing (EG&G, 1993a). 

6.4 DESCRIPTION OF OPERATIONS 

Building 460 is one of the few buildings on-site whose historical operations coincide with its 
current operations. Since operations began in April 1985, stainless steel has been the primary 
matcrial handled. The building is not known to have processed special nuclcar matcrial, dcplctcd 
uranium or beryllium. No major modifications have been made to the building structure sincc 
it was commissioned and all systems are currently operational (EG&G, 1993a). The only major 
difference in historical and current operations is the elimination of chlorinated solvent usage in 
Building 460 in the early 1990s (ChemRisk, 1992). Building 460's mission is expected to 
continue at a reduced level until operations are transferred to Allied Signal in Kansas City, 
Missouri, by the end of fiscal year 1995 (EG&G, 1993b). Building 460 is currently in operation 
as a stainless steel manufacturing facility and houses various fabrication, assembly, inspection, 
special projccts :nd support operations. 

~ 

6.4.1 FABRICATION 

Fabrication of stainless steel and other non-nuclcar metal parts includes nvxhanical machining, 
electrochemical machining and grinding, clectric discharge machining and crush grinding. 

Mec1ianic:il Machining. Mechanical machining of stainless steel parts takes place in Room 133 
and con'sists of production machining and hardware machining. Production machining includes 
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the production of War Rcsenrc parts from stainless stccl, \madiuni. coppcr, tantalum aiid 

aluminum. Operations involve turning, facing; boring, drilling, milling, sawing and other nictal 
altering activities (EG&G, 1991). Hardware machining involves finishing stock mctal parts with 
lathes, milling machincs, a drill press, horizontal and vertical saws, ccntcrless and bcnch grindcrs. 
and bclt sanders. Stock nictal parts consist of stainlcss stccl, coppcr, aluminum and vanadium 
and arc purchased from off-sitc vendors and sent to this shop for machining. h4achined pxts  arc 

then sent to cleaning operations (EG&G, 1994). 

TrimSol or Das Cool-52 1 , which are water-based machine coolants, and Transultcx A, a 
petroleum-based machine cutting oil and machine coolant, are used for machining opcrations. 
DoAll Steel Ink aerosol and Dykem Steel Blue DX-100 are uscd for marking parts. Dykem 
Remover and Thinner are used to remove marking compounds. Moly-Dee Tapping Fluid, a 
heavy petroleum oil, is used for some machining operations. Parts are cleaned using ethyl 
alcohol, isopropyl alcohol and De-Soh-It, a commercial cleaner (EG&G, 1991). In early 
manufacturing operations, freon (compound unspecified) and trichloroethylene (TCE) were used 
as solvents to clean parts (Ideker, 1994). 

EIec t roc h cm ical RI ach in i n g and G rind i 11 g. El cc trochcmi cal m aclii n i ng cqui pmcn t i nc 1 udcs 
scven elcctrochcmical machines, an clectrocheniical grinder, and twel\.c elcctrolytc solution 
holding/preparation tanks. Elcctrochemical machining operations arc located in Room 14 1 and 
are used for a variety of production and special order jobs. h4ost of the work is pcrformcd on 
parts fabricated from stainless steel. Some work involves milling tungsten, brass, copper and 
aluminum. Electrochemical energy is used to rapidly oxidize the metal. The process includes 
an electrolyte feed system, a clarifier/flocculator and a filtcr press to remove metal oxide sludge. 
The electrolyte solution, consisting of sodium nitrate and watcr, is contained in Tank T-7. A 

sodium hydroxide solution is held in Tank T-8 and is uscd to maintain the neutral PI-1 of the 

electrolytc. Tank T- I 1 holds Aqua-Flor flocculent that is addcd to the electrolyte solution to 
enhance solid formation. Thc sludge solution from the clarificr/flocculator is hcld in thrcc tanks 
prior to passing though thc filter press. The filter press rcmoves most of the remaining 
electrolyte from the sludge. This electrolyte is contained in Tank T-I 2. Dewatered sludge with 
tracc amounts of chromium from stainlcss steel is scnt off-site for disposal. The clectrolyte is 
reused, the niachincd parts arc waslicd with watcr, and thc wastcwatcr is dischargcd to the 
buildinr Drocess wastcwatcr collcction svstcni (EG&G. 199 1 ). 



An e1ectrochem:tcal grinder and a grit blastcr zre uscd in elcctroclicmical grinding opcrations 
located in Room 141 A. The grinding wheel serves as a conducting electrode and removcs most 
of the nietal by an elcctrochcmical reaction. The clcctrochcniical grinder has a 50-ga11on tank 
that holds the sodium nitrate electrolyte. The grit blaster is uscd for part surface cleaning and 
uses aluminum oxide grit as the abrasive (EGckG, 1991; EGbG,  1994). After grinding, the 
stainless steel parts are rinscd in a sink in Room 141A (EGckG, 1994). 

Electric Discharge Machining. Electric discharge machining of stainless steel, aluminum, 
copper, and tool-steel parts takes place in Room 141. An electric arc is established between the 
part and the electrode using either BP Dielectric 200, which is a non-conductive oil comprised 
of isoparaffinic hydrocarbons, or deionized water as the dielectric fluid (EG&G, 1994; EG&G, 
1991). The shape of the electrode configures the part using the spark from the electrode to 
remove metal from the part and reproduce an accurately positioned hole (Weston, 1986). There 
are five different types of electronic discharge machines which incorporate electrodes of copper, 
brass, graphite or copper-tungsten (EG&G, 1994; EG&G, 1991). After machining, the part is 
cleaned with freon (compound not specified) and kimwipes (Weston, 1986). 

Crush Grinding. The crush grinder process grinds and shapes stainless stccl parts in Room 142. 
Process equipment includes two crush grinders. a filtering system for each crush grinder and a 
static collector for each crush grindcr. Cooling oil is uscd during the crush grinding process and 
the part is cleaned with isopropyl alcohol before transfer to another process (EG&G, 1994). The 
cooling oil consists of cither Sunquench 102 1 or Mistlube 24, which are non-volatile paraffinic 
distillates (EG&G, 1991). 

6.4.2 ASSEMBLY 

Assembly operations involve a combination of machining. joining, grit blasting and cleaning 

operations. 

Assembly Machining. This process involves finishing stainless steel subassemblies in the high 
bay arca of Room 134 (EGbG, 1994). Only stainless steel is machined in this arca. Scvcral 
lathes, a niilling machine and a drill press are used for assembly machining operations (EGGrG, 
1991). The sanie coolants and oils used for niechanical machining during fabrication arc also 
used for assembly machining. 
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Joining. Joining or welding of parts takes place in Rooms 122A and Cy 132, 132B, 132C and 
135. Welding fixtures are composed of copper-beryllium, aluminum, copper and brass. Each 
welding unit has its own glycol-based cooling system and filter. Gas tungsten welding uses 
copper thoriate-tungsten electrodes, Noxon metal polish and a roughing pump. Ninety-nine 
percent argon is used as an inert atmosphere. Brazing operations use gold, silver and copper as 
brazing materials. The high voltage transformers used with electron beam welders are coolcd and 
insulated by Exxon Univolt 60 transformer oil. The electron beam welder is cleaned with Noxon 
metal polish, isopropyl alcohol and Spec wipes (EG&G, 1994). 

I 

Grit Blasting. Room 135B contains grit blasting facilities and is used for surface finishing and 
parts cleaning. Aluminum oxide (1 90 grit) is used in grit blasting; however, this process is not 
currently is use (EG&G, 1994). 

Cleaning. A.variety of cleaning processes are employed which can be categorized as acid, 
aqueous, final and copper cleaning. 

Acid cleaning is used for outer and internal surfaces of the parts. The acid cleaning automated 
line (A-linc) in Room 156 cleans the outer surfaces of stainless stcel and vanadium parts and 
assemblies from various production areas. The A-Line consists of an Oakite wash, sciwal 
deionized water rinses, a nitric acid rinse, a Turco Nitric Nitradd wash and a drying process using 
nitrogen gas. The acid cleaning (internal line) process in Room 15GC cleans the internal portion 
of War Reserve parts and assemblies made of stainless steel, aluminum and copper using 
chemicals similar to the A-line (EG&G, 1991; EG&G, 1994). 

The aqueous cleaning process in Room 157 consists of a series of wash and rinse tanks, sprays 
and exhaust hoods used for cleaning War Reserve parts and assemblies. The parts and asseniblics 
are fabricated from stainless steel, aluminum and copper. They are clcancd with Oakitc and 
deionized water (EG&G, 1991). Prior to 1993, Cee Bee silicone reniovcr, which contains 20% 
methylene chloride and 10% toluene, and 1 , 1 , 1 -trichloroethane were used during assembly 
cleaning processes (EG&G, 1993b; EG&G, 1993). 

The final cleaning process is located in Room 156B and providcs the final internal and cxtcri1.J 
cleaning of part assemblies. Five rinse solutions are used which consist of Oakitc, dcionizcd 
water or isopropyl alcohol rinse (EGGcG, 1994). 



Coppfr cleaning in Room 158A consists of an acid wash Lvith Globrite and several stages of 
rinse. Waste Globrite from coppcr clcaning, as well as acid-contaminated waste watcr from 
sprays and rinscs, arc discharged to Sump Pit 4 in Room 156C. Thc coppcr cleaning proccss is 
operated less than six times a year because the copper part the l ine was primarily dcsigncd to 

clean has been canceled (EGbG,  1994). 

1 

6.4.3 INSPECTION 

Quality control testing of machined parts is required before the parts can be used for othcr 
processes. Parts are passed through production cell tests, assembly testing. non-destructive testing 
and product inspection. 

Production Cell Tests. Eight test cells located in Rooms 115A through 115H are used to 
conduct quality control testing of parts. A production test cell consists of a chamber, two liquid 
nitrogen cold traps, two diffusion pumps, two roughing pumps and two holding pumps. Helium 
and argon are used to pressurize the part during leak- and pressure-testing. Flaws in the part are 
detected if helium or argon leaks through the part into the tcst cell. Isopropyl alcohol is used for 
cleaning. DDO-I9 diffusion pump oil is used in the pumps and Apiczon vacuum grcasc is uscd 
to lubricate O-ring scals (EG&G, 199 1 ; EG&G, 1993). 

Asscnibly Testing. Leak and pressurc tests take place in Rooms 121, 122B and 123 for the 

purpose of testing assembled parts. In Room 121, parts from various processes are tested either 
with leak detectors or a "D" tester. The three leak detectors each have two vacuum pumps and 
one diffusion pump. Liquid nitrogen is used in the cold trap of each lcak detector, and helium 
is used to check for leaks. Maintenance uses acetone for clcaning the cold traps. The "D" tcstcr 
is used to check firing characteristics of actuator-drivcn valves containing class "C" cxplosi\.cs. 
h4ol)kote is uscd for torquing opcrations. Product testing is locatcd i n  Room 122B and uses ;in 

cnvironnicntal chamber to tcst parts at extrcnie tcmpcrature conditions under pressure. Liquid 
nitrogen is used for refrigeration and the chamber is pressurized with coniprcsscd helium. Room 
123 is reserved for miscellaneous flow and backfill tcsts. A drying oven was being uscd to 
remove air from cpoxy, but it is no longcr in operation (EG&G, 1994). DDO-19 diffusion pump 
oil is used in these opcrations (EGbG, 1991). 
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Eon-destructive Testing. These activities talic p l x c  i n  Rooms 15 1 A through 15 1 S 2nd include 
ultrasonic testing, holographic prcssure tcsting, radiographic tcsting and dyc pcnctrant tcsting 
(EG&G, 1994). 

1 

Ultrasonic tcsting is used to detect voids and othcr defects in tlic welded joints of parts and 
subassemblies. This proccdure uses water and an ultrasonic pulse (EG&G, 1994). 

Holographic pressure testing is used to test parts and subassemblies for distortion under prcssure 
in a test cell. Compressed argon is applied to the tested item. A holographic plate records the 
expansion or contraction of the tested item using an Argon Class IV laser. The exposed plate is 
processed using Kodak fixer and developer. Polaroid photography is used to provide an 
additional record of the processed holographic plates (EG&G, 1994). 

Radiographic testing uses X-rays to detect internal flaws in parts and subassemblies such as 
cracks, lack of fusion and inclusions. Processing equipment includes X-ray generators, generator 
cooling systems, special lead-lined exposure cells, solution batching and film processing. Lead 
is uscd for film identification Icttering, X-ray intensificr screens and X-ray backscattcr shiclding. 
Isopropyl alcohol is used for clcaning parts aftcr tcsting (EG&G, 1991). Chcmicals associptcd 
with radiography include tlie silvcr halide cinulsion on tlie film and processing solutions. Prior 
to chlorinated solvcnt elimination, the cleaner/removcr SKC-NF/ZC-'IB, which contains 95 
perccnt 1 , 1 , 1 -trichlorocthane, was used in tlie radiography proccss (EG&G, 1993b). Bio-pcrg is 
added to the processor's rinse water to kill bacteria. Process solutions generated include spent 
X-ray starter and developer, emulsifier and penetrant developer and rinse water. These fluids arc 
gravity-drained and puniped into Sump Pit 2 (EG&G, 1994). 

Dye pcnctrnnt testing detccts surface cracks, laps and other defccts in War Rcscrve parts and 
subasscniblics. The part or subassembly is dippcd i n  a dye pcnctrant oil thcn immcrsed in an 
emulsion bath. The bath rcmovcs tlic dye pcnetraiit oil from the surface of tlic part. Thc part 
is thcn dippcd in a dc\vcloper solution which draws tlic oil that pcnetratcd into cracks or voids 
to thc surfacc. Whcn the part is cxposed to ultraviolct light, the surfacc defects arc thcn rc\*ealcd 
(EG&G, 1991). 

Product Inspcction. Product inspection in Room 163 providcs Quality Assurance (QA) support 
for the building. Parts nianufacturcd in tlie building or purcliascd off-site are clcaned with 
isopropyl alcohol, and prior to chlorinatcd solvcnt elimination, 1,1,1 -trichloroethane (EGbG.  
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1992; EG&G, 1994). Thc parts arc then scnt to non-dimensional inspection which uses s \ ~ c e p  
gauges, optical comparators, bore scopcs and bench inspcction. Bench plates are clcaiicd wirh 
isopropyl alcohol. Some parts arc coatcd with Nyc \vatcli oil, inspcctcd and cleancd again n i t h  
isopropyl alcohol (or 1 1 1-triclilorocthane prior to 1992). In spccial cascs, rcplica castings Zrc 

made of thc part and dimensional measurcments are madc. RTV 21 siliconc compound is uscd 
as a casting mcdia using Nuocure 28 as a catalyst (EG&G, 1991). 

6.4.4 SPECIAL PROJECTS 

Special projects conducted in Building 460 include research and development (R&D) on 
prototype fixtures and parts and materials development activities. 

R&D. R&D takes place in Rooms 11 8A and 118B. The R&D shop in Room 11 8A performs 
prototype checkout of fixtures and parts. Equipment includes an ultrasonic cleaner and a Drcmel 
motor tool. Metal parts consisting of aluminum, stainless steel, copper and brass are leak-tested 
using compressed air or helium and argon gases. Denatured alcohol or an Oakite-based ultrasonic 
cleaner is used to clcan parts before, during or aftcr testing. The R&D Shop in Room 11 8B is 
responsible for soft tooling parts, primarily those composed of aluminum. Proccss cquipment 
includes a Well Index Milling Machine, a surface grinder and a I-Inrdingc lathe. The I-Jardingc 
lathe uses Waylubc, Regal and Slide Way oil as lubricating agents, and tlic milling macliinc uses 
hydraulic oil and transmission fluid. Djvkcm bluer is bruslicd on nictal parts to leave a film for 
making a scribe to cut metal. Das Cool-521 coolant is used on both machines (EG&G, 1994). 

Rlatcrials Dcvclopment Laboratory. This laboratory conducts quality assurance testing of 
various rinses uscd in parts cleaning. Metal parts received froni Building 460 production areas 
are analytically clcaned with carbon tetrachloridc, isopropyl alcohol and Ivater. Samples of thc 

rinse solutions are sent to Building 881 for testing (EG&G, 1991). 

6.4.5 SUPPORT OPERATIOI\’S 

Various support opcrations housed in Building 460 include machining and gauging, production 
control, product definition, dcionizcd watcr production, test ccll coIiipression, laboratories, 
main teiiancc and utilities. 
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? -  Mnchining and Gauging. I licsc op:iatioRs proclr~cc soft tooling p a r ~ .  U L I ~ I I ~ ~  nia;!c froi;? 

aluminum. Non-production prototypc parts arc also made from ;iIuniinuni, coppcr, slaii?lcss srcci. 

brass, Tcflori and othcr plastics. I’roccss cquiprncnt consists of a milling imcliinc. a st:rfricc 
grindcr and a latlic. h4ariko detcrgcnt, isopropyl alcohol and Dc-Solv-It are uscd to I-CIIIO\‘C oils 
and othcr rcsiduc from parts. Dykem Blue DX-I 00 and Dj-kcm Rcmovcr 2.nd Thinncr 138 arc 

uscd for labcliing parts. Cutting oil is uscd for tapping opcrations (EG&G. 1991). 

Production Control - Elcctroctching and Lascr Marking. The Electroctch proccss iiscs an 

electronic stenciling method to serialize steel War Reserve parts in Room 161 or 134. Thc 
electroetching solution consists of calcium nitrate (EG&G, 1994). Other parts may bc marked 
using a lnser beam (EG&G, 1991). 

Product Definition. Product definition activities are conducted in Rooms 225 and 231 and 
include developing, reproducing, updating and storing drawings for War Rcscrve i tcms 
manufactured at W P .  Processing equipment includes cameras, a plotter and a blueline printing 
machine. Developer and fixer solutions are used for developing and processing film, microfilm, 
photographs and vicwgraphs. A toncr and plottcr papcr are uscd i n  thc plottcr. Anhydrous 
nnimonia is usccl as a dcvcloping agcnt for thc ozalid printing papcr proccsscd in tlic bluclinc 
printing macliinc (EGGrG, 1991 ; EG&G, 1993). 

Dcionizcd \Vntcr Production. Thc dcionizcd watcr production Facility in Building 460 pro\*idcs 
purified deionized watcr for production cleaning opcrations. Potable water is trcatcd by thc 
following processcs: ( 1 )  filtration; (2) rcvcrsc osmosis (RO); (3) anion cschangc; and (4) 
ultra\*iolct sterilization. Feed uater for the RO unit  is chcmically trcatcd \$.it11 sodiuni 
nictabisulfate and Flocon 100 antiscalant. The RO fccd watcr is punipcd through a multimcdia 
filter. a carbon filtcr and an ultra-prcfiltcr bcforc passing through ion cscli:ingc columns, ;I \\a\-cii 

clorh f i n d  filtcr and into a dcionixd u.atcr storage tank. The dcionizcd \rater is stcrilizcd \ v i ~ h  

ultra\*iolct light hcforc i t  is uscd i n  asscmbly clcnning (EG&G, 1991). 

Test Ccll Comprcssion. Thc tcst cell compression arca providcs high prcssurc helium y s  (3.000 
to 60.000 pounds pcr squarc inch p g c  [psig]) for \wious prcssurc tcsl applications. I-lcliiim is 
cli.li\ucd to a first-strigc coniprcssor from outside storage tanks and thcn cicli\aml to cithcr :I 

30,000 or 60,000 psig comprcssor. This activity takcs placc in Rooni 1 1  5.1 @GAG,  19?1: 

EG&G, 1991 j. 
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Laboratories. I n  addition to ttic h4atcrials Dcvclopmcnt Laboratory, Building 460 houscs 2 

Calibration Laboratory and a h4ctallurgical Laboratory. The Calibration Laboratory is locatcd 
in Rooms 120D and 120E and is responsible for dimensional, physical, electronic and clcctro- 
optical calibrations. Proccss equipment includcs a Brooks Volume Provcr, h4oore Univcrsal 
hgcasuring Machines, optical comparators, lincar micrometcrs, surface plates and various 
measurcmcnt standards. Clicmicals involvcd include ethyl alcohol and other basic cleaning 
supplies (EGgtG, 1994). 

The Metallurgical Laboratory is located in Room 135 and provides quality assurance for welding 
operations in Building 460. Process equipment includes metal cutters, grinders, etchers and 
polishers, and photography equipment. Chemicals used include kerosene, cooling oils, diamond 
paste polishing solution and oxalic acid. Polaroid film coating pads and packs, Isocut fluid and 
TrimSol are also used (EG&G, 1994). 

Maintcnance. Maintenance operations include tool control and upkeep, an electric shop, a 
machine shop, a paint shop, a pipe shop, a carpenter shop, a sheet metal shop, tcst cell 
maintcnance, a lubricating oil storage area and a coolant recyclc area (EG&G, 1991). These 
niaintcnancc opcrations scrvicc Buildings 339, 330, 334, 335, 447, 439, S65 and 883 (Nichols. 
1993). All waste gcncratcd in thesc proccsscs is rcturned to Building 460 (EGGrG, 1994). , 

Tool Control cleans and maintains tools and gauges stored in thc tool crib. Rust prevcntativcs 
are uscd as needed (EG&G, 199 1). 

The clectric shop services electronic equipnicnt rclatcd to Buildings 439, 440 and 360. Lcad acid 
battcries arc maintained and changed. Contact clcancr, tuncr bath and circuit coolcr compounds 
are uscd for cquipmcnt maintcnance (EG&G, 1991). 

The machine shop scrviccs and rcpairs production and utilities machinery and cquipmcnt related 
to thc building. The shop includcs two Iathcs, two milling niacliincs, a pedestal grindcr, a surfacc 
grinder, a drill press and a vapor degreaser/parts cleaner. TrimSol coolant is used for machiniiig 
oper3:ions. Norpnr 12, a petroleum based solvent, is uscd for cleaning parts and equipmciit 
during scr\icing. Isopropyl alcohol and acetone are uscd for gcncral machine shop clcaning 
o7crations. Various lubricating oils and 
grcascs are uscd to scrvice building cquipment (EG&G, 1991). 

Lcad oxide is uscd for rcfinishing metal surfaccs. 



The paint shop operations provide painting services for thc entire building. Spray painting 
except from aerosol cans, is not permitted inside the building. Various types of paint, paint 
thinner, paint stripper and tint are storcd. Paint types include oil-based epoxy and watcr-bascd 
latex paints (EG&G, 1991). 

.) 

The pipe shop installs and services all piping systems associated with the building. Shop 
equipment consists of an electric pipe threader, a band saw, two welding stations that include 
argon tungsten inert gas welders, oxyacetylene welding and cutting equipment, and supporting 
hand tools. Metal surfaces are cleaned with isopropyl alcohol and acetone prior to welding. Pipe 
shop power equipment uses Mobil Vactra 2 lubricating equipment, hydraulic oil and TrimSol 
machine coolant. Racon 12 refrigerant is used to service refrigeration equipment (EG&G, 1991). 

The camenter shop provides carpentry services for the building and other RFP areas. The only 
chemical of interest used in this shop is chloroform, which is used to fuse plexiglass (EG&G, 
1991). 

The sheet metal shop provides sheet metal fabrication, installation, replacement and routine 

\ maiiitcnance services for tlic cntirc building. Isopropyl alcohol is used to clean metal surfaces 
(EG&G, 1991). 

Test cell maintenance opcrations are no longer in operation as of March 1994 (EG&G, 1994). 
These operations provided special maintenance services such as cleaning, piping and electrical 
maintenance for test cell equipment including the following: (1) test chambers; (2) high pressure 
gas compressors, lines and controls; (3) vacuum pumps; (4) diffusion pumps; and (5) other test 
cell components. Chemicals used include isopropyl alcohol for clcaning, contact cleancr, tuner 
bath and circuit cooler (EG&G, 1991). 

Lubricating oil storage in Room 140A is used exclusively for storagc of oils, greases, cutting oils. 
solvents, hydraulic fluids and similar materials for Buildings 460, 439 and 440. These materials 
are stored in 55-gallon drums (EG&G, 1991; EG&G, 1994). 

The coolant rccycle area is used to purify used TrimSol, a water-based machine coolant. This 
coolant is used in many machining operations such as lathes, milling machines, drill presses and 
grinders. During machining, the coolant bccomcs contaminated with other oils, water and fiiic 
metal particlcs. A ccntrifugc is used to rcmovc these contaminants, permitting the TrimSol to 
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be recycled and reuscd. The centrifuge uses Wcstfalia scpxator oil, a low viscosity premium oil. 
for high-speed applications (EG&G, 1991). 

Utilities. Utilities in Building 460 include thc follo\ving systcms: (1) I-IVAC; (2) process cooling 
water; (3) process wastewatcr collection and filtration; (4) cornpressed air; (5) potable water; (6) 
sanitary drain; (7) hot water; (S) steam supply; (9) steam condcnsatc rcturn; and (10) electrical 
powcr (EG&G, 1991). Only the process cooling watcr and proccss wastewater collection and 

filtration systems are discussed below. 

The process cooling water system consists of both an open loop and a closed-loop system 
interconnected by a heat exchanger. Nalco 2536 is addcd to the watcr to prevcnt rust build-up, 
and Nalco 2826 is added to the cooling watcr for algac control. Sodium hypochloritc and 
Vitrafor are used interchangeably as fungicides and biocidcs (EG&G, 1991). 

The process wastcwater collection and filtration system is housed in Room 140 and filters solids 
from liquid waste before transfer to Building 374 for treatment. Process equipment includes 
sumps and holding tanks and a roll table filtration unit  (EG&G, 1994). Proccss wastes arc 
collected i n  one of four sump tanks as dcscribcd heIo\v: 

Sump Tank 1, located in Room 141 B, collccts mainly aqueous \vastcs from the 
e 1::c t rochcmi cal machining process. TI1 i s r i me  water contains sodi urn nitrate, nitric 
acid or sodium hydroxide. Waste water from the air compressor is also collected 
in Sump Tank 1 (EGlkG, 1993). 

. Sump Tank 2, located in Room 15 1, contains rinse watcr wastcs from the Non- 
dcstructi\*c Tcstins Proccss. The rinsc water contains clcveloper, fiscr, emulsi ficrs 
and dye pcnctrants (EG&G, 1993). 

Sump Tank 3. located in  R O ~ J I I  156. collccts rinse watcr from the "A-line" 
cleaning prl~ccsscs occurring in  othcr parts of thc building. The water contains 
sonic nitric acid and Nitracld (EGfiG, 1994). 

Sump Tank 3 ,  located in Room 156C. collccts wastes from the copper clcaning 
and passi\'ator systcm. This ivastc is mainly rinse water with somc nitric acid, 
Nitradd and Globritc (phosphoric acid and glacial acctic acid) (EGRG,  1993). 



I 
Rooms 1 18 and 135a contain sUIi1p punips \vhich pump wastc from thc Iiictallography lab a d  
the matcrials dcvclopmcnt lab dircctly to Tank 3. This wastc consists of water and osalic acid 
from nictallurg clcaning (EGc!G, 1993). 

The contcnts of thc sump tanks arc pumped into a collcction tank in Room 140. Liquids from 
the collcction tank are passed through a roll filtcr tablc unit and rolls of filtcr papcr arc uscd to 
remove any remaining solids from the liquids prior to transfer to Sunip Tank 5. Sunip Tank 5 
filtered water is pumped to eithcr Process Waste Tank 1 or 2, dcpcnding on which tank has 
available space. All processcs in Room 140 are conductcd in a spill pit to hcilitatc clcanup 
(EG&G, 1994). The process wastewater potentially contains toxic and hazardous chcniicals 
including acids and various metals (chrome, nickel, etc.) (EG&G, 1991). 

6.5 CURRENT CONTAMINATION STATUS 

The current contamination status of Building 460 is not currcntly known. Radionuclidc 
contamination within the building is not cspected since the building is considered to be a non- 
nuclear facility. 
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7.0 OPER4TEONAL IIISTQRY OF IlUILDIXC: 707 

7.1 1NTROI)IJCTION 

Construction of Building 707 began in 1967 to support production of the Part V wcapons design 
that could not bc fully accommodatcd by csisting cnpabilitics in Building 776/777. I-Iowcvcr, 
as a result of the 1969 fire in Building 776/777, Building 707 acquired additional plutonium 
foundry, casting and machining functions that were niovcd from Building 776/777 (ClicmRisk. 
1992; EG&G, 1992). Further, an addition to Building 707 (rcfcrred to as Building 707A or thc 
Building 707 Annex) was constructed to accommodate all of the Building 776/777 operations that 
needed to be moved to Building 707 (EG&G, 1990). 

Plutonium manufacturing operations began on May 25, 1970 (Buffer, 1993). Between 1970 and 
1989, Building 707 provided metallurgical support for plutonium and was involvcd in final 
product asscmbly. Plutonium metal was first cast into ingots in the foundry. The ingots werc 
then rolled and formed prior to being machined, cleaned and asscmblcd in various areas within 
the building. Upon complction of Building 707, the majority of plutonium pit assembly 
opcrations I \\‘crc m o \ d  from Building 777 (ClicniRisk, 1992; Dingman, 1993). Opcrations 
i :ivo I v i n g rad io ac t i vc ai1 d fi ss i 1 c m a tcr i a1 (c s ccp t s t o r;i gc fac i 1 i t  i cs and 1 i i i i  i t cd 1 abo r;i t ory 
activitics) were discontinucd in Novcmbcr 1989 (EGbG,  1992). As of 1992, ccrtain noIi- 

production opcrations had rcsunicd in Building 707, but no future weapons production is 
anticipated (EG&G, 1993; EG&G, 1992). 

7.2 1-1 ISTORICAL TIRlELINE 

1967 Construction of Building 707 began (EG&G, 1992). 

1970 The first plutonium opcrations i n  Building 707 began on May 25 (Buffcr, 1995). 

Operations focused on casting and fabrication of plutonium coinponcnts and final 
asscinbly of tlic plutonium pit. 

1971 Tlic Building 707 Anncs (somctimcs rcfcrrcd to ;is Building 707A) \v;is 

constructed to accoinniodatc ol?crations niovcd from Building 777 as a result of 
thc 1969 fire (EGJLG, 1990). 



I 
1971 The X-Y retriever uscd for handling and storing plutonium began opcration i n  tlic 

spring (Buffcr, 1993). 

1989 Opcrations (production and asscmbly) involving radioactive matcrials ccascd in 

Novcmber (EG&G, 1992). 

1992 Operations including thcrmal stabilization of residuc matcrials, removal of oxidcs 
and packaging for storage bcgan. 

7.3 PHYSICAL BUILDING DESCRIPTION 

The building is locatcd in the north-ccntral scction of Rocky Flats Plant (RFP), within tlic 
Protected Area (PA) and just south of Building 776/777 (Figure 7-1). Building 707 is a.two- 
story building with a single-story scction on the east side. The two-story portion is 74,240 squarc 
feet per floor while the single-story section is 18,560 square fcct. Thcre is a small bascmcnt 
under Module C with an area of 1,000 square feet. The 707 Annex is a two-story freestanding 
structure with 13,100 square feci pcr floor (EGbG, 1992). 

Thc main floor of thc building is comp~rtiiicnt;ili"cd into cight inodulcs (hlodulcs A through 1-1) 

\vliicli contain one or more of the primary production opcrations. llicrc arc t \ \ u  additional 
modulcs rcfcrrcd to as h4odulcs J and I( ivitliin thc 707 Annex. During its )!cars of opcr' Ll 1' 1011, no 

significant changes were madc to the building design (Slaybaugh, 1991). 

Air filtration. ventilation and dchumidification arc pro\.idcd to thc modules and glo\vcboscs b!. 
utilitics equipment locatcd on tlie sccond floor of Buildings 707 and 70s. Tlicre arc two incrt 

atmosphcrc systems for spccial cnclosurcs within Building 707. I'hcsc s! stems ..iaintain a di-!.. 
incrt atmosphcrc of nitrogen and less than 5 pcrccnt os!.gcn. S!.stcm 1 provides thc ntmosphcrc 
within tlie glovcboscs in h4odulcs A, B. and C v,diilc systcm 2 pro\*idcs the samc fiinction Ibr 
cquipmcnt in  h4odulcs J and K and thc storage area in  h4odule K. Each systcm includes four- 
stagc I-IEPA filtcr cxliaust plcnum with a standby filtcr intcrconncctcd to thc two (EG&G. 1990). 

Tlic air prcssurc in thc building bccomcs progrcssivclp more ncgativc from officc arcas to 
production arcas and to glovcboses. This providcs contamination control by dirccting air no \ \  
tlirougli dcsignatcd emission control dcviccs. Tlic h i ld ing  is cquipjicd \\.it11 airlocks which 



scparatc plutonium production and handling arcas (thc niodulcs) from officc and gcncrnl suj3j>or! 

areas. Air cxhausted to the outside is first drawn into nine plenums by 1 S parallcl-niountcd fans 
(EGSrG, 1990). The Building 707 cxhaust stacks arc cquippcd with 4-stagc HEPA filter plcnunis 
(Slagbaugh, 1991 ; Koffer, 1994). 

I 

7.4 DESCRTPTlON OF OPT?RATIONS 

Operations in Building 707 can be dividcd into two categories: (1) plutonium fabrication 
operations which occurred between 1970 and 1989, and (2) recent operations since production 
curtailment in 1989. 

7.4.1 PLUTONIUM FABRICATION OPERATIONS (1 970-1989) 

Construction of Building 707 began in 1967 with plutonium operations actually comincncing on 
May 25, 1970 (Buffer, 1993). The building was originally intended to support production of thc 
Part V plutonium weapon design but took over many of the Part IV operations from Building 
776/777 after the 1969 fire. Whcn opcrations wcre moved from Building 777, they wcrc not 
changed significantly. Dctailcd dcscriptions of ihc casting, fabrication and asscmbly proccss 
opcrations arc described in the following scctions. 

, 

7.4.1.1 CASTING OPERATIOIVS 

I n  gcncral, casting opcrations focuscd on production of fccd ingots and production ingots. Fccd 
irqots were produccd by blcnding plutoniuni from various sourccs including scrap, briclitcttcs. 
buttons from the Building 771 rccovcry opcrations, and/or rcjcctcd parts. A portion of thc fccd 
ingot \\vas thcn tcstcd for purity in Building 559 and its composition catalogucd. Final p l l i u m -  

stabilizcd \ 4 ' x  Rcscr\rc ingots \?!ere thcn produccd by blcnding fccd ingots of k n o \ ~ n  purit). and 

composition (Dingman, 1994). h4ost of tlic casting occurrcd i n  Rooms 135 in  h4odulc K and 
Roolii 130 in  Modulc J, although sonie also took placc in Room 100 of h4odulc A. Diffcrcnccs 
;.I thc processes cniploycd in cacli niodulc arc describcd bclow. 

7.4.1.1. I Modulc K Casting 

I n  tlic h4odulc K casting proccss, mctal was wcighed, placcd into tantaluni cruciblcs and mcltcd 
i n  thc casting furnaccs. h h l t c n  mctal \\*as 1murcd into crbium oxide coated stainlcss stccl molds 



r 

to form ingots. Although four furnaces were present in Modulc K (Lombardi, 1994), only two 

furnaces were used during routine operations for casting (EG&G, 1990). Rejected ingots from 
casting in Modules A, J and K wcre cut with a shear press within a glovcbox and returned to thc 
X-Y Retriever for storage (EG&G, 1990). 

-1 

During routine operations, carbon tetrachloride was used at an approximate rate of one gallon pcr 
month for cleaning inside the gloveboxes. During inventories, an estimated 40 gallons of carbon 
tetrachloride were used to clean the gloveboxes and shuttle area to the X-Y Retriever. There 
were generally six inventories per year (EG&G, 1990). 

Another significant use of chemicals occurred during testing of the tantalum crucibles for cracks 
and leaks. In this operation, any suspect crucible was filled with freon (compound unspecified) 
and the crucible was inspected for leakage. This method of testing was discontinued in the mid- 
1980s due to problems encountered with de-halogenation of the freon (Lombardi, 1994). 

7.4.1.1.2 Module J Casting Operations 

I The casting Operation in Module J differed from that in Modules A and K in that the starling 
matcrials included plutoniuni buttons, plutonium scrap such as machine turnings, briquettes and 
scrap from the rolling and forming Operations, as wcll as plutonium fccd ingots. Most of thc 
gloveboxes in Module J contained casting furnaces, a1 though only four were generally uscd 
during routine operations (EG&G, 1990). 

Pluwnium was placed inside tantalum crucibles and heated inside the furnace vessel. Thc 
bottompour furnaces used reusable tantalum rods to release the molten metal into stainless stccl 
molds. The tilt-pour furnaccs uscd reusable tantalum funnels to divcrt the molten mctd into 
graphite molds. The molds were uscd until their coatings were worn off and thcn wcre discardcd. 
Carbon tctrachloride was uscd to clcan the glovcboscs (EG&G, 1990). 

Other gloveboxes were used for sampling ingots, cleaning graphite and steel niolds and for 
plutoniuni oxidation. Carbon tctrachloride usage for h4odule J operations was estimatcd to be thc 
same as for the previously described Module K operations (EG&G, 1990). 
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7.4.1 .I  .3 Rlodulc A Ccsting Opcrntions 

Limited casting of plutonium into fecd or production ingots took placc in thc furnaccs Iocatcd 
in Room 100 (EGGrG, 1990; EGGrG, 1994; Dingman. 1993). Graphite molds, dclivercd from t!ic 
Building 444 carbon shop, were prepared in a fume hood \vith a spray application coating of a 
watcr-bascd calcium fluoride solution (Lombardi, 1994). Thc ingots wcre placcd in tantalum 
crucibles and meltcd in one of four electric induction furnaccs. The metal was poured through 
a funncl into the graphite molds which were thcn allowcd to cool. Crucibles and funnels wcre 
scrapcd clean and reused until worn. Graphite molds were rccoatcd with calcium fluoride and 
reused (EG&G, 1990). 

During routine operations, approximately one gallon per month of carbon tetrachloride was uscd 
to clean the interior glovebox walls. However, during each of six annual inventories, 
approximatcly 40 gallons of carbon tetrachloride were uscd to thoroughly clcan the furnaces. Use 
of freon for leak testing of tantalum crucibles also occurred until the mid-1980s (Lombardi, 
1 994). 

. 

7.3.1.2 FAI3RICATIOIV OI'EIL4TlOIVS 

Aftcr casting, thc moldcd parts undcrwcnt a scrics of fabrication steps to produce thc rcquircd 
final shapc. Tha.sc included rolling, forming, thcrmal trcatmcnt, and final machining. 

7.4.1.2.1 Rolling, Forming and Thcrmnl Trcntmcnt 

Rolling, forming and tlicrnial trcatmcnt of plutonium production ingots occurred in h4odulc B. 
Prod,ction ingots ivcrc rollcd unt i l  a specified thickncss n.as obtained. Oil was uscd i n  rolling. 
and rags and carbon tctrachloridc Lvcrc uscd to clcan tlic rollcrs. Thc rollcd ingots \\we mo\.cd 
to aiiothcr g l o \ ~ b o s  uhcrc sliapcs wcre cut out of thc siicct i n  a blanking prcss. Scraps left from 
cutting wcrc cut into smsllcr picccs in the sanic glo\*chox, placcd in a containcr and scnt to thc 
briquctting proccss in Module C. The cut blanks n w c  sent to ad-jaccnt glowbases for thcrmnl 
t rcatmcn t (anncal i ng and homogcn izi n g) . Fol 1 owi n 2 t hcnn al t rcn t ni cn t . t hc bl arils \vcrc form ccl 
into hcmishclls i n  a Iq'droforni prcss. Oil \vas uscd as a lubricant to fiicilitatc forming (EGL'G. 
! 990; Dingman, 1993). 



Aftcr forming, the parts were anncnlcd. clcancd and measured on a dcnsity balancc. Clcaning 
took place using carbon tctrachloridc in a small bath tank (Lombardi, 1993). Carbon tetrachloridc 
was used at a rate of approsiniatcly tlircc gallons pcr day (EG&G, 1990). l’hc dcnsity balrincc 
consistcd of a 55-gallon drum fillcd \vith Freon 113, which was uscd due to its density and 
thermal characteristics (Lombardi, 1993). A pcrccntage of the parts w r c  selectcd for furtlicr 
quality assurance evaluation (EG&G, 1990). 

I 

7.4.1.2.2 Fin a1 Mach i n i n g 0 p cra t ion s 

Module C pcrformed final machining operations on the bulk of plutonium parts used for weapons 
production. The various gloveboxes within Module C contained lathes, mills, a drillbox and a 
high-prccision drill prcss. Machining operations uscd cutting oil (the long straight chain 
hydrocarbon, Texaco 634 (Lombardi, 1994)) as a coolant which was pumped into a tank adjaccnt 
to each machine. The oil was thcn pumped through a filter, uscd to cool the cutting proccss 
equipment, and recycled to the tank. Spent oil was pumped from the tank, through two filters, 
and to the C-pit. hAachining generated plutonium fines and chips were collected in cans at cach 
machine (EG&G, 1990). 

I 

’ 

. 

Aftcr niachining, parts n r r c  wciglicd i n  a dcnsi t j -  balancc. l’hc dcnsity balance nicasurcd tlic 

density of a part by rcfcrencc to the dcnsity of Frcon 1 13. I’arts \\’crc suspcndcd \vliiIc a 15- 

gallon tank filled with Frcon 1 13 was liftcd until tlic parts were subincrgcd. The parts \vcrc tlicn 

allowed to drip and dry by evaporation ( E G b G ,  1990). The Frcon 1 13 tank was changed out 
c iwy  two months or n’hcn thc Frcon 1 13 bccame visibly dirty. Approsimatcly 1.5 gallons pcr 
day of make-up Freon 1 13 wcre addcd to tlic tank to compensate for evaporative losses (EG&G. 
1990). 

Aftcr thc part \vas mnchined, carboil tetracliloridc \v:is spray applicd to rciiiow gross quantities 
of macliinc oil from the part, the drill chuck and ~Iovcs .  Additional dcgrcasing of tlic part \vas 
pcrformed \villi a spray of fresh solvcnt prior to placing tlic part on the carrier for transfcr (I-Iohbs 
2nd Swan. 1983). Carbon tctrachloridc \\‘as also uscd to clcm the glovcboses during inventories. 
The oil sumps wcre cmpticd and t1:c glo\~chos intcriors waslicd to rcmovc rcmnining oil and 
rcsidual chips (I-Iobbs and Swan. 19s;). 

The solvcnt clcaning opcrations drained into an oil sump and thus bccamc intcrininglcd with tlic 
uscd coolant oil. ‘This intcniiinglcd \\.astc stream \vas pumpcd from the tank. through t\vo filtcrs 



for removal of plutonium fines, and thcn to the C Pit for disposal (Lornbardi, 1994). Tlic uscd 
oil filters were changed during inventories. An estimatcd 3,400 gallons pcr year of carbon 
tetrachloride were used in the machining operations (EG&G, 1990). The plutonium fincs were 
periodically collected and scnt to the oxidation process. Largcr turnings from the machining 
operations were cleaned and sent to briquetting (Dingman, 1994). 

7.4.1.3 ASSEMBLY 

Machined parts went through a series of cleaning and assembly steps to produce the final 
plutonium pit. The steps varied depending on the design of the pit (Le., whether it was a Part 
IV or Part V design) but were usually iterative. Some of the parts received from other buildings 
on plant site required cleaning prior to being incorporated into the pit assembly. As exaniplcs, 
beryllium parts from Building 444 were coated and therefore did not require cleaning. Vanadium 
parts, however, were uncoated and had to be cleaned in Building 707 (Dingman, 1994). 

0 

Pre-Assembly Cleaning Operations. In Module D, plutonium parts were inspected and marked 
with a serial number prior to cleaning in an ultrasonic clcaner. Trichlorocthylcne (TCE) was uscd 
fQr clcaning up until about 1972, at which tinic WP switchcd to triclilorocthanc ('TCA) 

(Dingman, 1991; I-Iornbachcr, 1994). Parts were also clcancd in Module E using a vapor- 
Jcgrcaser-ultrasonic cleaner combination and a single ultrasonic cleaner (EG&G, 1990; I-Iobbs, 
1970). After clcaning, the parts wcre wrapped in aluminum foil (EG&G, 1990). 

In  both the ultrasonic and vapor wash tanks, the TCA was changed based on weekly sample 
results that indicated the solvent contained too much plutonium or watcr. Ful-Flo filters purificd 
the spent TCA discharged from the wash basins before being pipcd to a sump tank (V- 100) in 
the C-Pit. Whcn this tank was full, the contents wcrc pumpcd to a tank in Building 777 and then 
pipcd to Building 774 for waste trcatmcnt (EG&G, 1990). 

Subasscmbly of Plutonium Parts. Plutoniuni parts wcre welded with elcctron bcam wcldcrs 
in glovcboses houscd in Module E. The area to bc welded was first trcatcd with Scotch-brite 
and cleancd with TCA. The wclders uscd niachinc oil, which was changcd pcriodically and 
discarded. The parts were thcn chccked for lcaks in a proccdure using liquid nitrogcn. Thc parts 
undcrwent the sainc three steps again (ix., washing. welding and lcak detcction). Parts wcrc also 
repeatcdly wire brushed to rcniove oxidcs (EG&G, 1990; Dingman, 1993). 
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\ Outershcll AsscmbFy. Rooms 125 and 125A in h4odulc F wcrc uscd for the asscmbly 
"Superdry" process in which an outer mctal casing was weldcd onto the plutonium subasscmblp 
using a pigma or electron beam welder. Aluminum foil wrappcd plutoniuni parts wcrc 

unwrappcd and clcaned using wipes and TCA or somctinics ethyl alcohol (Crislcr and Dingman. 
1991 ; EG&G, 1990). The parts were assembled, wcldcd and scnt for acccptancc tcsting. TCA 
and ethyl alcohol were used at rates of approximatcly one gallon pcr month and one-half gallon 
per month, respectively (EG&G, 1990). Some parts were sent on to Room 126 in Modulc I: to 
have the interior evacuated on a vacuum pump-down table. This evacuation process occurred 
repeatedly after various steps (Dingman, 1994). 

Electron Bombardment Brazing. Brazing was a process in which two metals were joined using 
a nonferrous alloy that melted at a lowcr temperature than the metals bcing joincd. An elcctrical 
filament, connected to a high-voltage power source, was used to melt the alloy. Plutonium parts 
encased in other metals were brazed in a glass bell jar in Room 130 of Module G. Prior to 
brazing, parts were cleaned with acetone. Estimates of acetone use rates were one-half gallon 
three gallons per year (EG&G, 1990; Crisler and Dingman, 1993; Dingman, 1994). 

I During brxing, \vastc matcrial was dcpositcd.on tllc \valls of thc bell jar and ;I mctal clcancr w a s  

uscd with an abrasive pad to clcan thc jar. Bcll jars wcrc clcancd a final tinic using I(im\vipcs 
and xctone or TCA. Thcse materials wcre niiscd with floor-dry for disposal (EG&G. 1990). 

High Pressure Assembly. Module H included a high pressure assembly process where parts 
comprised of various nietals including bcryllium. plutonium and uranium wcre bondcd togcthcr 
as part of thc Part V weapon dcsign (Dingman, 1994). The componcnt was then clcancd i n  
Module 1-1 with TCA and chcesccloth (EGGtG, 1990; h/lahaffcy, 1993). 

7.3.1.3 DIS.4SSERIBLY 

Rejected aluminum. stainlcss stccl and bcrylliuni parts wcre disasscmblcd in  h4odulc Ci using 
machining operations (EGRrG. 1990; Dingman, 1993). I'hc proccss uscd two lathcs insidc "13- 

boscs" (similar to lab hoods) and a milling niachinc. Light oil \vas uscd for cquipnicnt 
lubrication. Small amounts of Frcon 1 13 and distillcd watcr ivcrc uscd for cooliiig and 
lubrication during machining of the bcrylliuni parts. Approsiniatcly onc gallon of Frcon I 13 \vas 

uscd pcr pcar (EG.CG, 1990). 
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\ 7.4.1.5 INSPECTION AND TESTING 
,I 

Parts wcrc tested and inspected after each opcration. 
checking the integrity of welding complemented the welding and cleaning steps: 

The following subproccss related to 

Radiography - hlodule E. Radiography involved the x-ray examination of plutonium parts to 
identify structural flaws. Parts were transferred to a glovebox in Room 167 of Module E and 
then transferred to Room 169, where they were x-rayed. Room 173 was the darkroom for x-ray 
image development for this process. When plutonium operations ceased, the used fixer was being 
sent to Building 774 for silver recovery. The used developer was washed down the process drain, 
pumped to Room 173, and then pumped to Building 374 for treatment. Radiography also used 
several other rooms for storage of drums and radiographic film (EG&G, 1990). Approximately 
20 gallons of the fixer solution were used per week. TCA was also used in this process at a rate 
of 2 gallons per year (EG&G, 1990). 

Eddy Current Testing - Module E. Eddy current testing on plutonium parts was conducted in 
Module E to check the depth of weld penetration. Approximately 2 gallons of TCA werc used 
per year to clean the gloveboxes during inventories ( E G b G ,  1990). 

Weld Scanners and Fluorescent Penetrant Operations. These operations, housed in Module 
E, used an ultrasonic scanner, a weld scanner and a fluorescent penetration station for qualifying 
welds, although the weld scanner was not typically used. The penetrant station was located under 
a hood and was used to detect minute cracks or voids in parts. Following application of the dye 
to a part, i t  was allowed to sit for ten minutes before being cleaned with TCA. TCA was used 
at a rate of approximately 40 gallons per year (EG&G, 1990). 

Leak Testing. Leak tcsting was conducted on stainless steel and bcryllium parts in Room 126 
of h4odule F ( E G b G ,  1990; Mahaffey, 1993; Dingman, 1994). Each part was placed on onc of 
ten pump-down tables and a vacuum was exerted on the part to chcck for leaks and to remove 
any moisture. Elcctro-ctch was used to mark any pits or imperfections in the part. Elcctro-etch 
was thc only chemical used in this process (EGbG,  1990). 

Ultrasonic Scanning, Weld Scanning, and Fluorescent Dye Pcnctration. Ultrasonic scanning, 
weld scanning and fluorescent dye penetration also took place in Module G as quality control 
measurcs for dctcction of flaws in plutonium parts. An ultraSonic scanner was used to takc 
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rcac!inss on ti part immcrsxi i n  dcionizcd n*ntcr. Spmt \v:itcr w;is pumpcd to proccss waste. 

Fluorcsccnt dye \vas applied to tlic part and thc part was tlicn clcancd with TCA and vic\vcd 
uriclcr a black light. An cstiniatcd two gallons per inonth of acetonc and TCA wcrc used. 
Dcvclopcr was also used in this proccss (EG&G: 1990). 

I 

Prcssurc tcsting. Prcssurc tcsting occurrcd in Room 13 113 of h4odulc G to tcst thc intcgrity of 

the intcrior of various asscniblics (Dingman, 1994). The parts wcre tested using high purity 
hclium as an incrt prcssurjzation gas. Following tcsting, thc gas was rccyclcd and thc parts WCJC 

scnt to material analysis or back to asscmbly. Thc gas coniprcssors uscd oil as a lubricant. Thc 
oil was storcd in tanks ncar thc cornprcssors. Potassium liydrosidc was also uscd in thc 
coniprcssors and was collcctcd in an adjaccnt caustic storage cabinct. TCA was used infrcqucntly 
at a ratc of  lcss than onc-half gallon per ycar (EG&G, 1990). 

Dcstructivc Testing. Dcstructivc tcsting of parts occurrcd in Modulc A. Parts and nictal wcrc 
urcighcd in a glovcbos while coring on a variety of metal parts, including plutoniuni and 
beryllium, was pcrformcd in anothcr. AI1 lathing and milling functions, both of which uscd 
Freon 1 I3 and oil, \wrc pcrformcd inside glo\*cboscs. I t  \vas cstiniatcd that lcss than onc gallon 
of F r L m  1 13 \\:is used pcr \vcck (EGctG, 1090; h4;iIiaffcy. 1993; Dingman, 1003) 

A band S:IW and coring iiiachinc i\’crc opcratcd on a noii-routine h:isk npprosim:itcly oncc c \ w y  

oiic or t\vo months. Tlicsr: macliincs u t r c  operated dry, so some p:irticulaks \wrc gcncratcd. 

All othcr material proccssing i n  hllodulc A \vas done using oil or Freon 113, so no particulate 
cniissions occurrcd (EGc!G. 1990). 

Inspection. Inspcction acti\*itics took placc in hllodulcs C a i d  D of Building 707. Operations 
i n  hcse  niodulcs in\ml\*cd dimcnsioniil lion-dcstructiiee tcsting of parts nnd xseiiiblics. \;arious 
iiictnl gauges. micarta rings. and optical- 2nd cnmputcr-~issistcd instrLimcnts \wre uscd to inspect 
:d iiic:isurc part dimcnsions. L ~ c  to the sensitivity of instrLiiiicntatioIi. the parts \\‘crc 
pcriodica1Iy clcnnetf with carhon tctrncliloridc. During 1980, 15 g:illons of c:irbon tctrncliloridc 
\vert usccl i n  inspection operations i n  hllodulc D and 23 litcrs wcrc iiscd in  hllodulc C (EG‘tG. 
1090). 



7.4.1.6 RECOVERY 
) 

Plutonium recovery operations \\’ere liniitcd to recycling of rclativcly pure materials through 
oxidation of metal fines and briquctting metal scraps. 

Plutonium Oxidation. In a glovcbox in h4odule K, carbon tctracliloride was uscd to rcmove oil 
from metal fines generated from various machining operations. These fines thcn underwent 
plutonium oxidation to convert pyrophoric plutonium residues to non-pyrophoric plutonium oxide 
(PuOJ in a glovebox in Module J. The operation was carried out in a stainless steel container 
atop an electric hot plate which was located inside a glovebox. The oxide material was thcn 
sorted and stored in cans and eventually sent on to the Building 771 recovery operations (EG&G, 
1990; Dingman; 1994). 

The oxidation process took place in the presence of carbon tetrachloride which was used heavily 
as a degreaser. In 1983, a reaction between carbon tetrachloride and burning plutonium fines 
caused an explosion within the oxidation glovebox (Hobbs and Swan, 1983) 

Briquctting of Scraps - Rlodulc C .  Briquctting involvcd clcaning and prcssing metal turnings 
from the hllodule C niachining process and metal scrap from Modulc B scrap cutters. Thc scrap 
plutonium metal from hllodule B and plutonium niachinc turnings from h4odule C wcrc placcd 
in pcrforatcd mctal baskets. Tlic baskcts wcrc dippcd into a scrics of fisc carbon tetrachloride 
baths. Each bath was a steel tank which contained approximately four gallons of solvent. After 
cleaning. the scraps and turnings wcre air-dricd and then presscd into pucks with a hydraulic 
press (EG&G, 1990). 

, -  I he sol\mt baths \wrc cliangcd-out after approsimatcly 30 baskct dips. All fivc baths wcrc 
changcd :it onc time. l’lic uscd carbon tctrachloridc was passcd through two Ful-Flo filtcrs for 
rcnioval of plutonium fines. Ful-flo filters are spun polypropylene cartridge filters uscd to filter 

solids from the cleaning solutions. Filtcrcd carbon tctrricliloridc was thcn pipcd dircctly to pcncil 
tanks i n  the C-pit prior to being scnt to Building 773 for trcatmcnt and off-site disposal as a solid 
(EGALG, 1990). 



7.4.1.7 SOLVENT AND WASTE HM'DLl[NG 1 
Building 707 handled large quantities of Freon 113, TCA, and machining oil. Each of thcsc 

compounds was stored prior to use in large tanks locatcd on tlie sccond floor of thc building. 
Process waste was collected in tanks located in the basement. These spstcms are described bclo\v. 

Feed Tanks. A 500-gallon Freon 113 tank (V-32) and three TCA feed tanks (V-36AY B and C) 
located in Room 200 provided solvents to Buildings 707 and 777. A carbon tetrachloride fccd 
tank for these buildings was located and remains north and outside of Building 707 (EG&G, 
1990). At one point in time, a 200-gallon carbon tetrachloride day tank was housed inside the 

building (Crocker, 1991). The total amount of Freon 113 used in Building 707 ranged from 800 
to 990 gallons per year. Each TCA feed tank had a capacity of 200 gallons. The total purchasc 
of TCA for Buildings 707 and 777 in 1989 was 2,450 gallons. Equal use of each tank was 
assumed, so approximately 817 gallons per year was the total throughput for each tank (EG&G, 
1990). 

Waste Tanks and the C-pit. Waste tanks containing these spent solvcnts were locatcd in thc 

i C-pit, which is a partial bascmcnt under Module C. Thc pit containcd t\vo storagc tanks for 
I 

commingled carbon tctracliloride, oil and Freon 113. I t  also contaiiicd 1 G pcncil tanks for cai-bot1 

tetrachloride, a glovebox for a Ful-Flo filtration system and a largc storagc tank for TC.4. Waste 
carbon tetrachloride from machining proccsses was piinipcd through Ful-Flo filters, locatcd \ \* i th  
each machining process, to the 16 pencil tanks in the C-pit. It was then pumped through tlic 
filtration system to a holding tank where it was sampled for nuclear materials. Following 
sampling, the waste was transferred to Building 774 for waste trcatnient. hdachining oil, uscd 
as a coolant during machining processes, Freon 113 from density balanccs and spindle oil from 
calibration of sight gaugcs were also collected in thc carbon tctrachloridc systcm (EG&G, 1090). 

Waste TCA from ultrasonic cleaners i n  tlie building \vas collectcd in a sump tank (V-100). \4%cii 

this tank was full, the TCA was pumped to a tank in Building 777 and tlicn pipcd to Building 
774 for waste treatnient (EG&G, 1990). 

The TCA waste tank throughput for 1989 \vas equivalent to tlic amount of TCA empticd or 

flushed from the fivc degreaser spstcnis in h4odulcs D, E and G a minimum of six tiiiics, or 723 
gallons per year (EGbG, 1990). 
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7.4.1.8 STOMGE 

Various locations in Building 707 were uscd to store nuclear and non-nuclcar matcrials. 
Materials stored included raw matcrials needed for casting, fecd ingots, products cast within the 
building, and finished components awaiting assembly or transfer to Building 991 for cvcntual off- 
site shipment. 

X-Y Retriever. The Module K X-Y retriever, which began operation in 1971 (Buffer, 1993), 
was used to store and retrieve plutonium metal for distribution to other processes in Building 707. 
Operators retrieved an appropriate quantity of plutonium from the retriever then conveyed it to 
the X-Y shuttle area where it was cut and weighed. The metal was then conveyed to Modules 
A, J or K for casting, or Module B for rolling and forming. 

Module J Vaults. Rooms 141 and 142 in Module J were called the J vault and were used for 
storage of oxides, plutonium buttons received from Savannah River, and to some extent, from 
Building 771 molten salt extraction (MSE) operations (Dingman, 1994). 

Production Control Opcration. The main function of the Production Control group \vas 
schcduling and tracking all acti\itics associated with the assembly of wcapons components 
produced at RFP. Nuclear and non-nuclear materials were receivcd, inventoried and placcd into 
storage in Building 707. Shipping and receiving was locatcd in Room 1 S4 (Mahaffey, 1993), and 
Rooms 183 and 184 in the corridor outside the modules were also used for packaging and storage 
(Dingman, 1994). 

Production Control was responsible for maintaining invcntoryhccountability records for all 
materials received and shipped from Building 707. Part of this task involvcd etching scrial 
numbers on parts using a grit blastcr (EGGtG, 1990). Follo\ving grit blasting, the parts IVCI'C 

cleaned with TCA. One dip tank \vas uscd prior to final inspcction. The tank \vas kcpt co\wcd 
when not in use to prevent evaporation of TCA. The tank held approximately four gallons of 
TCA. Approximately one-half to one gallo;; of TCA per week of tank usc was addcd to the tank 
to make ap  for losses. The tank was drained during the Christmas shutdown and the six :innii:il 

inventory periods (EG&G, 1990). The TCA in the tank was changcd frequcntly to ensure 
cffcicnt clcaning. I t  was changcd when it bccamc visibly dirty or \vhcn sampling indicated th:it 

frcsh TCA was needed. Used TCA \vas pumped through Ful-Flo filters to the collection tanl;s 

located in thc C-pit (EGGtG, 1990). 
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7.4.1.9 SUPPORT OPERATIONS 
j 

Support activities activc during the production pcriod included a calibration laboratory, 
calorimctry opcrations, and utilitics and maintenancc. 

Calibration Laboratory - Modules D and G .  The Calibration Laboratory, located in Rooms 
133 and 133A of Module G, calibrated gauges from various locations in Building 707. In 
addition, three gloveboxes in Module D were used for storage and dimensional measurements of 
gauges. Lint-free rags were used with ethyl alcohol to clean the gauges before precision 
measurements wcre made. These cloths were dried and disposed with-dry combustible waste. 
All gauges were returned to the users 'after calibration (EG&G, 1990). 

Calorimetric Assay - Module G. Calorimetric assays were historically performed and continue 
to be performed in Room 130B of Module G (EG&G, 1994). Calorimetry is the process by 
which radioactivity is measured and isotopic contents of a package are determined. Plutonium 
metal fines and chips from other processes in Building 707 were assayed for radioactivity using 
calorimctry techniques and gamma spectroscopic analysis. The plutonium was kcpt in stainless 
stccl cans which wcre placcd in air or watcr baths to regulate tcniperaturc. Thc hcat produccd 
by the air/watcr can systcm was mcasured and rclatcd dircctly to the alpha activity i n  thc can. 
The cans wcre thcn placed under a high purity germanium dctcctor for nicasurcmcnt of the 
relative amounts of plutonium, americium, uranium and ncptunium in the can. Aftcr 
measurement, the cans wcre returned to Module J for storage. Water used for clcaning and liquid 
nitrogcn in thc laboratory evaporated to the room air (EGgtG, 1990). 

I 

UtiI;.ies and hlaintcnance. Six Freon 12 tanks, located on the sccond floor of Building 707, 
wcre uscd for thc heating, \-entilation and air conditioning ( W A C )  system (EGGiG, 1990). Tllc 
h4aintcnance group pcrformcd a variety of support functions in  both proccss and non-process 
arcas of Building 707. Battcries, lightbulbs, insulation and lubricating oils, as wcll as broken or 
cracked lcadcd glass and plcsiglass from gloveboxcs, wcre changcd out and rcplaccd by this 
group on an as-nccded basis. The clcaning of comprcssors was pcrfornied with isopropyl alcohol 
(Crislcr and Dingman, 1993). 
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1 7.4.2 RECENT OPERATIONS (1 989-PRESENT) 
- j  

After plutonium opcrations were shut down in November of 1989, Building 707 was classified 
as a Production Contingency Facility, meaning it was to be maintained in a condition to allow 
restart of production operations if national security requirements mandated such action (EG&G. 
1992). In 1992, however, the plant mission was changed and all future weapons production was 

cancelled. 

The current and anticipated future activities in Building 707 are to provide brushing of oxidcs 
from stored items and thermal stabilization of radioactive residue materials. The source of the 
residue is from previous production activities or oxides from current brushing. Other activities 
involve maintaining building safcty envelopes. The detailed status. of the various.operations and 
Modules is discussed below. 

7.4.2.1 WASTE HANDLING 

Building 707 is involved i n  stabilizing residues containing plutonium and the decontamination 
of glovcboscs formcrly uscd for plutonium opcrations. Thcse operations are discussed bdow. 

7.4.2.1.1 Tlicrnial Stabilization 

With the change in plant mission, the casting furnaces in Modules A, J, and K in Building 707 
are no longer used to cast plutonium ingots, although the equipment for these functions still 
remain. Current operations in these areas include unpackaging, weighing, brushing and inspccting 
of various parts or materials, maintenance of various equipment within the process area, thcrmal 
stabilization, can-sealing and activities to maintain the "safety cnvclope" of process arcas ( E G b G .  
1993). 

Miscellaneous pyrophoric plutonium residues such as metal scrapings and fines and materials 
contaminated with plutonium such as insulation, combustibles, turnings, tools and glass arc 
conveycd to Building 707 from other buildings and from within Building 707. If ncccssary, 
oxide is removed from tlic material with a brush. The oxide itself is stored in stainless stccl cans. 
Pre-sampling of the material to be stabilized is conducted in approvcd glo~~cboxes i n  h4odulcs A, 

J or K before the thermal stabilization process can be performed. Samples are transferred to 
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Building 559 for analysis and tlicrnial stabilization' docs not bcgin until anal!*tical rcsults :ire 

available. 

Containers of niatcrinl to bc tlicnnrilly stabilizcd arc trrinsfcrrcd into cithcr thc Glovcbos .I-25 
osidation \~csscl or Glovcbos .I-60 oxidation furnacc. Tlic matcrial in the containcr is \vciglicd 
and stabilized in small batchcs. Tlicsc materials arc placcd i n  a stainless stccl pan, stccl crucihlc 
or graphite crucible and hcatcd to convcrt plutonium metal to plutonium oxide. The residue 
remaining in thc pan after burning is carefully scrccncd to remove plutonium oxide from thc non- 
plutonium material. The stabilizcd plutonium oxidc is placed in a stainless stcel storagc container 
until the container is filled. Towels are used for glowbox clcaning. Gloves, cans, plastic, tapc. 
glass and tools are used for handling materials (EG&G, 1994). 

Samples are obtained from each container of stabilized plutonium oxide and stored in an 
approved glovebox for evcntual analysis in Building 559. The sampled containcrs of stabilized 
plutonium are bagged out of the gloveboxes and moved to Building 771 for calorinictry 
operations (EG&G, 1994). Glovebox 5-65 is used to seal cans of oxide (A-65 is a backup). Can 
scaling pro\*idcs an airtight shipping containcr for niatcrial dcstincd for long-term storagc in 
Building 371 or a i  off-site location (EG&G, 1994). 

Wlicn graphite molds arc no longcr usable for stabilization, thcy arc placcd in a 55-gaIlon 
graphite drum. Othcr linc-gcncratcd plastics, rnctal, conibustiblcs, glowbox I-IEPA filters, glass 
and furnace insulation arc placcd in the appropriate 55-gallon drum. Linc-generated Icadcd 
c clovebos glows and floor stripping wastc arc drumnied and thcn dcpositcd i n  a 90-day 
accumulation nrca. Non-linc-gcneratcd combustibles, plastics and light rnctal are placcd in the 
appropriatc 55-gallon drum. Glo\~cbos and furnace cshausts arc ven:cd to thc building filtcr 
plcnum systcm (EG&G. 1993). 

7.3.2.1.2 I) cco n t ;i m in a t i on :1 n d D cco m mission in g 

h4odulcs B through 1-1 arc for thc most part idlc. Mowc\fcr, activitics occur within thc niocluIcs 
rclatcd to tlic maintcnmcc of safcty s>'stcms and thc implcmcntatio~i of Dccontamination ant1 
Dccom ni  i ss i o i i  i n  g (D& D) p rograni s. Sa fc t y sjfs t c m s act i vi t i cs i nc 1 u de tli c pcr fo rm ancc of w r  i o 11 s 
survc i 11 anc c, rad i 01 og i cal survc y s, niai n tai n ing g1 O V C ~ O S  i n t cgr i t y and glow bos sy st ciiis 
dccontaiiiination. D&D activitics arc thc removal or disposal of cxccss clicniicals, rcpackriging 
of \vastc clruins or crntcs, mnnngciiicnt of building waste, gcncrnl housckccping within thc 



modules. Other DAD activitics will hc dctcriniiicd c!s DctD objectives arc dcfincd. I f  
i 

repackaging of a drum or crate is required as a result of a pacliaging dcficicncy, it is rcpackagcd 
in the C-ccll in  h4odulc B. 

7.4.2.2 STORAGE 

Nuclear and non-nuclcar componcnts and matcrials for use in Buildings 707, 776 and 777 
continue to be rcceived, storcd, and invcntoricd in Room 184 by thc Nuclear h4atcrial Handling 
and Packaging Group. Incoming parts and matcrials arc storcd or transfcrrcd to the thermal 
stabilization areas. Radioactive scaled source standards are transferred to Nondcstructivc Assay 
(NDA). Module K still houscs the X-Y Retriever whcre plutonium nictal is storcd and distributcd 
to other processes in the building. The X-Y Shuttle Area in Modulc K is gcncrally used for 
unpackaging of materials that do not require a glovcbox environment. 

1 

Materials handled within Building 707 are sent to Nuclear Matcrial Handling and Packaging for 
storage or preparation and packaging for shipment on-site or off-site. Packing materials such as 
drums, fixtures, insulation, cushioning and rcplaccnicnt hard\rarc arc ordcrcd as nccdcd from thc 
Building 991 producl uxdioiisc. J'rcpar-ation  ma^' rcqiiire clcming of tlic product with Alcoiios 

or h4ariko clcancr or \vatcr and Kimwipes to rcducc the level of rcmo\.ablc surfxc contamination 
(alpha) to less than 20 disintcgrations per minutc. Packing matcrials arc csamincd for intcgrity 
and discarded if dcfectii*c. Reusable containers and packing nialcrials arc nionitorcd for surfacc 
contamination, cleaned to less than 20 disintegrations per minute, if necessary, and storcd or 
shipped to Building 991. Packagcs are typically sealed with a coppcr cup scal or othcr tampcr- 
indicating dcvicc (EGBG, 1993). 

Dry combustibles, Kimwipcs \\*it11 hllariko or Alconox rcsiducs and plastic b q s  and vinyl tapc 
are collcctcd i n  the appropriatc 55-gallon drums i n  Room 183. Light mctal wastcs, such as ~ised 
coppcr cup scds, aluminum foil and dcfcctive hard\vare are accumul:itcd and takcii to a 

designated drum in the h4odule K foundry (EGGrG, 1993). 

7.4.2.3 SUPPORT OPERATIONS 

Support opcrations includc laboratorics for calorinictric assays. iiiass spcctronictry of gascs nntl 

calibration of cquipmcnt. I n  addition, thc building rctains utilities and niaintcnancc functions. 



Callrimetric Assay - Module G .  Calorimetric and gamma spcctroscopic analyscs continuc to 
be performed in Module G to non-dcstructively determine the abundance of sclcct radionuclides 
in an assortmcnt of matrices. Thc compounds of intcrcst arc plutonium, amcriciuni, uranium and 
ncptunium in matrices which include nictal, fines, chips, oxides, duct samplcs, colloids and 
liquids from a variety of processcs (EG&G, 1994). 

j 

Asseyed materials, including plutonium metal, fines, chips and plutonium oxide are returned to 
the originator in entirety. The metal cases are placed in a 55-gallon drum for light mctal. Lead 
bricks and cadmium sheets uscd to shield the samples and detectors from interferences are not 
normally discarded (EG&G, 1994). 

Calibration Laboratory - Module G. The Calibration Laboratory calibratcs measuremcnt and 
test equipment from various non-glovebox operations in the Protectcd Area. Types of 
measurement and test equipment used by the Calibration Laboratory include electrical, electronic, 
mechanical and physical precision standards. Measurement and test equipment may require in- 
place calibration at the user's site if the system is not mobile. When the calibration is complctcd, 
docurncntation of thc calibration is gcncratcd, ccrtification labcls arc affxcd to thc cquipnicnt and 
thc cquipmcnt is rcturncd to the user (EG&G, 1994). 

The cquipnicnt is clcancd bcfore being brought to thc Calibration Laboratory. Thc Calibration 
Laboratory cleans its own cquipmcnt using approvcd wipes. Sonic standards use alkalinc, nickcl- 
cadmium or mcrcury batteries for a source of power (EG&G, 1994). 

Mass Spectrometry - Module F. The niass spectrometry laboratory analyzes gascs for various 
programs at WP. The proccss is located in Rooin 127, A4odulc F. Proccss cquipnicnt includes 
vacuum generators and mass spcctromctcrs. The primary purpose of thc laboratory is to pcrforiii 
analyscs i n  support of thc Waste Isolation Pilot Plant Program, Stockpile Laboratory Tcst, NCIV 
A4atcrials Lahoratory Tcst, Phase 7 retircnicnts and shclf-study programs. Gas analyscs arc 
pcrfornicd upon rcqucst in  support of Rcscarch and Dcvclopmcnt actilrities and for other groups. 
Gas samples are rcceivcd in stainless stccl canistcrs and bottles. Thc samplc is analyzed and the 
sample containcr is rcturncd if rcusablc. Unusable containcrs arc discardcd as non-line mctal 
waste. Vacuum pump oil is pcriodically rcplaccd in the vacuum gcncrators. Wipcs arc used to 
clcan up any cxccss oil on the cquipmcnt (EGkG, 1994). 
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Utilities and Rlaintcnnncc. litilitics pcrsonnel maintain and operate the licating, air supply. air 
filtcring, air conditioning, w t c r  supply and po\vcr systems associatcd with Building 707. These 
systems include process wntcr. an air supply plcnuni and an exhaust air plcnum. 

h4aintcnancc pcrsonncl are rcsponsiblc for maintaining electrical systems, lighting systcnis, 
c dovcboxes. vacuum pumps, diffusion pumps, insulation and equipment fabrication, repairs and 
service. Maintenancc operates two electrical shops. Process cquipmcnt includes a lightbulb 
crusher, two drills, two grindcrs, a band saw and a pipe threadcr. 

Miscellaneous electrical work and electrical support work is conducted in Room 186 in Modulc 
G. The room contains a drill and a grinder. Electrical work requires the use of spray cleaners, 
scalcrs, joining compound, soldering flux, methanol and, occasionally, Kimwipes to clcan 
clectrical dcvices. Another elcctrical shop is located on the sccond floor of Building 707 in 
Room 223. It contains a drill, a grinder, a band saw and a pipe threader. Dry-Rite oil is used 
with this machinery (EG&G, 1994). 

h4aintcnancc pcrsonncf rcplacc spcnt Icad-acid battcrics uscd for thc emcrgcncy lighting systcni 
\vitli new Gcl-Ccl battcrics. Gcl-Ccl ~ n d  nicrcury battcrics uscd i n  thc unintcrruptcd pourr  
supply sjstcm and dry ccl and nickcl-cadmium battcrics uscd in sonic small cquipmcnt arc also 
rcpl:iccd as nccdcd. Burned-out fluorcsccnt lightbulbs are collcctcd and crushed in a small dcvicc 
mountcd on thc top of a 55-gallon drum. Polychlorinated biphcnyls (I'CB) ballasts arc rcplaccd 
in light fixtures with non-PCB ballasts. 

Solid waste is collcctcd in drums and Iinndlcd as nonhazardous or hazardous appropriatc. For 
csamplc, PCB ballasts arc placcd in a dcsignatcd Tosic Substanccs Control Act (TSCA) 55-gdion 
drum. llscd Gel-Ccl and Icad acid battcrics arc radiologically survcycd and collcctcd for r c c j ~ l c .  
Dry cell battcrics arc placcd in 55-gallon drums in tlic Radioactive Materials h4anagcmcnt Arca. 
Nickcl/cadmium and nicrcury battcrics are radiologically survcycd and collcctcd i n  a 00-day 
accumulation arca on Building 77S's south dock ( E G b G ,  1994). 

7.5 CURRENT CONTARSINATION STATUS 

Building 707 is modcratcly to highly contaminntcd Ivitli plutoniuni rind somc cnriclicd uranium. 
Thcrc is also sonic bcrj.llium contamination in  tlic building. Ashcstos cxists on tlic second floor 



in Duilding 707 at ‘7 10cati0ils i n  tlircc r o o m  as insulation on StCaiiI lincs. chilled watcr lincs 

and domcstic hot water pipcs (EG&G, 1992). 

As of 1992, S2 drums or boscs of radioactivc wastc ivcrc storcd in  Building 707. I-orty-t\vo wcrc 
low-lc\d waste and forty \vcrc TRU-wastc. This numbcr is cspcctcd to \*ary as additional \vnstc 

is gcncratcd by niaintenancc activitics (EG&G, 1992). Forty-thrcc drums of radioactivc rcsiduc 
was storcd in Building 707 as of 1992. This niatcrial was schcdulcd to be proccsscd in Building 
771 to rccovcr thc plutonium contcnt (EGGrG, 1992). 

Radiologically, much of thc rcmovablc contamination in Building 707 has bccn rcmoved. Sonic 
contamination rcmains undcr the vacuum pumps of the casting furnaccs in Modulcs A, J and K 
due to contaminated oil. Tlic insidc of all of the glovcboxcs in Building 707 arc radioactively 
contaminated. All fixcd or non-rcmovable contamination has bccn covcrcd or painted ovcr. 
Radiation cmanates from the SNM storage areas, the waste drums and crates, thc rcsidue drums, 
the eshaust ducts and sevcral of the gloveboxes (EG&G, 1992). 

Thc two largc C-Pit tanks and 16 pcncil tanks oncc uscd for storagc of comniinglcd waste c a r h i  
tctrachloridc and niachinc oil and \\‘ask ’I’CA arc opcrationall!* clnpty and thc lincs i n  and out  

of thc C-Pit proccss arc lockcd and tagged out ( E G k G ,  1993). 
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8.0 OPER.4TIONAL HISTORY OF BUILDING 771 
j 

8.1 INTRODUCTION 

Building 771 was one of tlic first four ma-jor buildings to be constructed and placed in operation 
at the Rocky Flats Plant (WP). For the first few ycars of WP opcration, Building 771 was the 
primary facility for plutonium operations. These operations included production of plutonium 
parts and rccovcry of plutonium from rccycled matcrials and residues. The final product of this 
recovery opcration was high-purity plutonium mctal for use in casting and manufacturing 
operations (Crisler, 1992). 

By the 1nid-l95Os, it  was clear that the spacc within Building 771 was inadcquate to support all 
plutonium opcrations needed at WP. This decision was partly promptcd by the nced to support 
a ncw weapons design which rcquircd niore plutonium than the original wcapons. Further, thc 
plutonium shapes in this new wcapon required more machining to achieve the necessary 
spccifications. In  addition, increased plutonium recovery operations were expected, partly due 
to the new wcapons design. This expansion \vas knoivn as thc Part IV expansion, and includcd 
two iiiaior production buildings to support plu~onium casting and Fabrication opcrations. I'hcsc 

buildings arc now knoivn ;IS Buildings 776 and 777. 

Plutonium part production in  Buildings 776/777 began in  1957 wlicn tlicsc buildings bccaiiic 
operative although much of the production and fabrication equipment for plutonium rcniained in 
Building 771. I n  this manner "backup" plutoniuni production capabilities existed at RFP 
(Strangfcld, 1993). From 1957 onnw-d tlic mission of Building 771 focused primarily 011 

plutonium rccowry. 

Tlic opcrritions occurring v,.itliin Building 771 prior to thc 19S9 shut-do\vn included: ( I )  tlic 

chcmical and physical opcrations for recowring and rcfining plutonium mctal; (2) plutoniiriii 
chemistry and mctallurgicnl rcscarch opcrations; and (3) radiochcinical analj.tical laboratory 
opcrations (EG&G, 199 1 ) .  'The storage of plutonium within the building has also bccn an 
csscnti:il fcaturc of thc building's ncti\*itics since opcrations hcgan. 

This facility was placed in  a curtailcd ~ n o d c  of operation in Novcnibcr 1989 due to opcrational 
safety concerns. This curtailcd mode of opcration includes niaintcnancc of the safcty cnvclopc 



r 

but no proccssing opcrations. Sincc January 1992, Building 771 has bccn in prcparation for 
decontamination and decommissioning activities (Chew and Associatcs, 1992). j 

8.2 HISTORICAL TIRIELTNE 

1951 

1952 

1953 

1957 

1958 

I959 

1963164 

Construction bcgan on Building 771 in November (Buffer, 1993). 

Building 771 was occupied (Buffer, 1993). 

The first operations began in Building 771 in July (Epp, et al., 1957a) 

On September 1 1 , a major industrial fire involving plutonium occurred within 
Building 771 (ChemRisk, 1992). 

A plutonium recovery incinerator began operation within Building 77 1 (Buffer, 
1993). 

The solvent extraction process for plutonium rccovcry \vas rcplaccd with thc anion 
exchange proccss for plutonium rccovcry (Crisler, 1992). 

During this time pcriod, the building was cxpandcd to increase production. This 
expansion included the construction of new offices on the eastern portion of the 
northern wall of the building to accommodate a confcrcnce room. a ncw cafctcria. 
expansion of process opcrations into Room 114, and convcrsion of the original 
laundry arca in  Room 124 into additional lockcr room space (Chew and 
Associates. 1992). The addition containing thc ncw officcs. confcrencc room and 

ncw cafctcria is kno\vn as Building 771A (EGfiG, 1991). 

Most of the expanded proccss operations in Rooiii 1 14 had prcviously occurrcd in 
Room 149 of Building 771, altliough at a rcduccd scalc. The ncw lincs in Room 
1 14 consisted of an americium rccovcry line, dissolution lines, filtrate rccovcry 
opcrations, batching operations. calcination opcrations, and fluorinati::n opcrations 
(Wcavcr, 1993b). 



\ 1967 An office expansion was added to thc wcstcrn portion of t17c noi-thcrn wall of the 

building (Chew and Associates, 1992). This addition is kno\vn as Building 771 B 
(EG&G, 1991). 

Construction of a concrete block addition to the west side of the building for 
consolidation of all the maintenance, pipe, shcet metal and painting activities \vas 
completed (Chew and Associates, 1992). 

j 

I. 

1970 

1971 Construction of a drum-handling facility joining Building 771 to Building 774 was 
compkted (Chew and Associates, 1992). This drum-handling facility is known 
as Building 771C or the Building 771 Annex (EG&G, 1991). 

1974 The plenum system was upgraded (Crisler, 1992). 

1979 Building 77 1 was shut down (Crisler, 1992) bccause Building 37 1 operations were 
expected to fulfill the plutonium recovery need of the RFP. Safety and cleanup 
operations for Building 771 bcgan (Crislcr, 1992). 

1980 Opcrations restarted ivithin Building 771 (Crislcr, 1992) duc to Building 37 1 
material accountability problems. 

1984 A plenum upgradeheplacement occurred (Crisler, 1992). 

1986 Hydrofluorination upgrades bcgan (Crisler, 1992), but thcse upgradcs wcrc ncvcr 
fi 11 ish cd . 

1989 Plutonium operations i n  Building 771 shut down in No\mibcr as part of an 
ovcrall plutonium operations shut do\vn ordcrcd by DOE. 

8.3 P I3 Y SI C A L BUILD IN G DES CRI I'TI ON 

Building 771 is currcntly a onc and two story structural-frame building of rcinforccd concrctc 
construction and covcrs an arc3 of approximatcly 300 fcct by 260 fcct. Thc sccond floor arca 
dimcnsions arc approximatcly 280 feet by 200 feet. The sccond floor arca llouscs thc vcntilntion 
cquipment, chemical make-up opcrations, and misccllancous storage fncilitics (Crislcr. 1992). 

His~orical Rclcrisc Rcpoi'l 



Thc original Building 771 was a two-story, reinforced concrete structurc partially buried in a 
hillside in the north-central part of the plant site (Figure 8-1). Except for the exposed north wall, 
the sides of the building are only slightly above the finished gradc of thc hill (EG&G, 1991). 

-d -1 

Buildings 771A, 771B and 771C are major additions that were made to the original Building 771. 
Currently, Building 771A, located on the eastern portion of the north side of Building 771, 
contains a cafeteria and offices. Building 771B includes additional offices and is also located on 
the north side of Building 771. Production operations have never been conducted in Buildings 
77 1 A and 77 1 B. Building 77 1 C, commonly referred to as the Building 77 1 Annex, is on the east 
side of Building 771 and currently contains the shipping, receiving and drum radiological 
counting area. Other additions have been made to Building 771, but these additions have not 
been given building numbers. These additions include a loading dock and the maintenance shop 
(EG&G, 1991). For the purposes of this document, the term "Building 771" is considered to 
include references to Buildings 771A, 771B, 771C and other additions to the building. 

Plutonium is handled in most of the Building 771 operations. These operations are conducted 
w;!liin gloveboxes for primary containment of the radioactivc materials. The design of the 
ventilation systcin furthcr provides for air flow from areas where plutoniun~ is not handled ("cold 
areas") to areas where plutonium is handled ("hot areas"). This is accomplishcd, in  part, by 
supplying air to the cold areas and exhausting air from the hot areas (Crislcr, 1991). Room air 
is drawn into gloveboxes through high efficiency particulate air (HEPA) filters (EG&G, 1991). 
Air exits the gloveboxes through the following: (1) a HEPA filter; (2) a booster exhaust plenum 
provided with a minimum of four stages of HEPA filtration; and (3) the main exhaust plenum 
which is provided with two additional stages of HEPA filtration (Crisler, 1992). 

1 

Building 771 does not have a scparate process air vent systcm that spccifically liandlcs fumcs 
from tlie chemical process area. I-lowever, individual fume scrubbcrs are typically uscd wlierc 
acids or other noxious fumes require neutralization. h4ost of the operations involving hcatcd 
acids are provided with a condenser unit near the operations in addition to offgas treatment with 
a fume scrubber. The condenser unit typically consisted of a heat exchanger chillcd by a 
countercurrent flow of watcr. The water is chilled, providing for condcnsation of a ma.jority of 
the acid entrained i n  tlie exhaust stream (EGGIG, 1991). 

Historical Release Rcporr Biiif cfirig [list orics 
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A large fume scrubbcr is uscd to draw acid fumes from dissoljw pots, cwporators. cnlcincrs. x i d  

vacuum systcms. This large fume scrubber consistcd of two packcd media scrubbing towcrs i n  
series. in \vIiich thc acid-laden air is contacted by rcfrigcratcd potassium hydroxide passing 
counter to the air flow. Potassium hydroxide is collcctcd in sumps at the bottom of thc tou'crs 

and rccirculatcd through chillers and back to thc top of thc towcrs (EGRG,  1991). 

1 

8.4 DESCRIPTION OF OPERATIONS 

The description of operations for Building 771 is dividcd into three scctions: ( I )  historical 
operations (1 952- 1957), (2) rccovcry operations (1 952 - 1989), and ( 3 )  support operations. 
Historical opcrations include the original mission of Building 771 as the solc plutonium 
processing facility at the RFP. Plutonium and amcriciuni recovery operations from the opcning 
of the building to the 1989 production curtailment are discussed in detail in Section 8.4.2 of this 
rcport. Thcse opcrations are discussed in dctail bccause they wcrc the major operations within 
Building 771 during most of its active production period. The discussion in the support 
operations section focuscs on scvcral laboratorics which operatcd in the building. Additional 
information rcgarding niany of thc unit opcrations dcscribcd in thc folloiving scctions can bc 
found in tlic "I'lutoniuni I'roccssing h4atcrials Data Book" (Thonipson, 1972). 

8.4.1 IIISTORICAL OPERATIONS (1953 - 1957) 

Building 771 was originally constructed as a totally self-containcd plutonium fabrication and 
rcproccssing facility. For the pcriod of h4ay 1953 until 1957, nrhcn Building 776/777 cntcrcd 
opcration. Building 77 1 was the plutonium handling facility for the RFP. During this tinic 
pcriod thc building houscd the following plutonium part production-related activitics: casting. 
fabrication (machining), coating. inspcction, and tcsting, rccovcry opcrations, s torqc  of 
plutonium mctal, various Iaboratorics, and other support opcrations (Chcw and Associates. 1092: 
Strangfcld. 1993). Thc plutonium-relatcd opcrations i n  Building 771 wcrc arra\.cd along thc 

southcrn hallway of the first floor of Building 771 . Plutonium manufacturing opcrations \\'crc 
locatcd on tlic south sidc of tlic south hallway while plutonium rccovcry opcrations wcrc locatcd 
on tlic north sidc of thc south Ii~ill~vay. Only liniitcd information is a\lailahlc on tlic original 
casting, fabrication, and othcr support activitics that took placc in Building 77 1 .  I hat information 
is prcsciitcd bclow. 

-. 



Cxti!ig opcrations were conducted i n  tlic foundry in Room I S2 (Chc\\r ::nd 
Associatcs, 1992). 

Plutonium niacliining facilities werc locatcd in tlic eastcrn portion of Room 182 
(Chcw and Associatcs, 1992; Strangfcld, 1993). 

0 Plutonium reprocessing operations wcre located in the east and wcst chcmical 
glovebox lincs locatcd in Rooms 146 and 148, respectively. A proccss control 
room was located in Room 147, and a recovery proccss area in Room 149. Room 
149 accommodatcd residue recovery using dissolution and a solvcnt extraction 
process (Chew and Associates, 1992). Details of the recovery process are 
discussed in detail in Section 8.4.2. These opcrations rcmained largely the samc 
during active operations in Building 771. 

Radiography was located in Room 184. 

Plutonium nictal was'storcd i n  Rooms I87 and 188 (Clicw and Associatcs, 1992). 

C hem i s t r y and M c t a1 I urg y De \re I o pm c n t L abo ril t o r i cs wcre 1 oca t cd i n r oo ins 111 at 

arc currcntly dcsignatcd 172, 173, 175. 176, 178, 179, and IS0 (Clicw and 
Associates, 1992). 

Analytical Support Laboratories were located in the building in r o o m  that arc 
now dcsigktcd I5 I ,  152, 153, and 157, as well as R o o m  153 through 156, and 
Rooms 158 through 169 (Chcw and Associatcs, 1992). 

e Laundry fxilitics i i w c  locatcd in thc norlIi\\.cst corner of thc building i n  an area 
that is now part of Room I23 (tlic locker room). Thc laundry was locatcd in 
roughly the northcast corncr of the currcnt lockcr room (Clicw and Associatcs, 
1992). 

h4nintcnancc shops arc kno\vn to have csistcd during this tiinc, but their c\cact 

location is not currently kno~vn (Chcw and Associatcs, 1972). 



. Locker rooms Ircrc locatcd in the gencral location of thc currcnt lockcr rooms for 
thc building, but the original lockcr rooms werc smallcr and occupicd only tlic 
northwcstcrn onc-third of thc currcnt arca (Clicw and Associatcd, 1992) 

Offices, a cafctcria?, a tool room. and a stock room wcrc locatcd i n  arcas currcntly occupied by 
Rooms 101, 102, 106, 1 14, 120. 122, 127, 133, 135, and 141 through 144 (Chcw and Associatcs, 
1992). 

Many of the plutonium opcrations wcrc niovcd to Buildings 776/777 in 1957. On SCptCJlibCr 1 I 
and 12, 1957, a fire occurrcd that causcd considcrable damage to Building 771 and considcrable 
radiological contamination of areas insidc and outside of thc building. Although this was a 
serious fire. no injurics wcrc rcportcd (Epp, et al, 1957a), and thc firc dcbris \vas clcancd up by 
1958 (Barrick, 1989). bccause of the damage caused to Building 771, and duc to the inipcnding 
coniplction of Buildings 776/777, some of thc plutonium production opcrations startcd in  
Buildings 776/777 immediately following the Building 771 firc (Epp, et al, 1957a). 

8.4.2 RECOVERY ( I  953-1 989) 

Plutonium and amcricium rccovcry opcrations \wrc conductcd i n  Building 77 1 , l'lic folloi\.ing 
discussion primarily addrcsscs plutoniuiii rcco\'cry opcrations bccausc thc m:i.jorit)' of the building 
\\-as dedicatcd to this operation aftcr 1957. 

8.3.2.1 Pluton iu III I ~ c c o \ ~ c n ~  0 pcr:i ti ons 

Thc ovcrall process and chemistry of plutonium rccovcry at RFP rciiiaiiicd Iargcly unchangccl 
sincc plutonium rccovcry opcrations began i n  Building 771 (Crislcr. 1992). l - I o \ ~ ~ c r ,  ;I nuiiilwr 
of thc indi\4diial unit operations wcrc significantly ch:ingcd. Also. h c  floor spacc and equipiiiciit 
dcvotcd to pliitoniuiii rcco\.cry i n  Building 771 was consiclcrably incrcascd. 

Plutoniuni rccovcry operations in  Building 771 wcrc originally conctuctccl in  a batch I'ishion 
\vliicIi consistcd of simplc manu:illy opcratcd cquipnicnt. IZt t l u t  timc, lxitch opcrations \\wc 
sufficicnt bccausc littlc scrap \v;is gcncratcd by thc limited plutonium casting and niachining 
opcrations. Similarly. sitc rcturns of retired or out-of-spccificat ion nuclc;ir \vc:ipons or nucIc:ir 

\.:capons componcnts wcrc niinimal. Continuously operating and automatic control systclns \\'crc 



later introduced to incrcasc tlic rccovery capacity of tlic facility and to dccrcasc rndi:ition 
exposure of operating personncl. j 

Thc following discussion begins with the residue preparation process \vhich preparcs fccd fhr tlic 

dissolution opcrations and flows through dissolution and Icaching, ion cschangc and con\usion 
to mctal. Othcr rccovery rclatcd operations including plutonium oxidation and incineration arc 
then discussed. 

8.4.2.1.1 Rcsiduc Preparation 

Plutonium residues that underwent dissolution typically consisted of internally generated 
plutonium including scrap nictal, plutonium residues associatcd with proccss-gcneratcd materials, 
and skull oxide from foundry operations (Crisler, 1992). Plutonium scrap metal was typically 
oxidized prior to dissolution operations (See Section 8.4.2.15). Sonic processing of plutonium- 
bearing liquids that originated at other DOE facilities was also performed in the 1950s. A brief 
discussion of these plutonium-bearing liquid feeds is provided below. 

Thc first plutoniuiii- bcnring sol u t  ions wcrc rccci\*cd from thc 1-I:ui ford Plant i 11 Ric1il:uid. 
Washington in 1953 (Crislcr. 1992). Shipmcnts of liquid plutonium solutions from I-lanford \i'crc 
discontinucd in 1959 (Crislcr, 1992). Aftcr this time, otlicr DOE facilities shippcd solid 
plutonium materials, typically plutonium oxide, to RFP. 

Until 1962, onc of thc fceds for dissolution opcrations was plutonium nictal from foundry 
opcrations. This nictal. w11ich was called casting skull, had varying amounts of surface oxidation. 
Its rcaction with thc nitric acid \vas erratic, varying from slovv to violcnt. I n  1962, tlic opcration 
n'as modificd to climinatc this unprcdictablc behavior. Starting at this timc tlic mctal \ix 

coniplctcly osidizcd prior to dissolution. This change also climinatcd pi-oblcms rclatcd with thc 
storage of pyrophoric mctal sincc thc mctal was osidizcd as quickly as possiblc (Crislcr. 1092). 

Crushing and Grinding. Sand, slag, and cruciblc rcsidues gcncratcd from the plutonium 
rcduction proccss at RFP \wrc rcproccsscd f'or plutonium rccovcry. l'licsc matcrials ~\'ci-c 

primarily composcd of calcium fluoride and calciuni, along u*itli traccs of magncsiuni osiclc. 
plutonium tc t ra fl u o r i d c, p 1 u t  o i i  i i i  m d i o s  i d c, and wr). i n g rim o u n t s of p I u t  o i i  i u m i n  c t a1 bcad s. 'TI- c 

matcrials wcrc brolicn into small picccs i n  a jaw cruslicr and thcn ground to a fine po\vdcr in  a 

Iiammcr mill. A disc-tj*pc p indcr  was also somctimcs uscd for s i x  rcduction opcratioiis. 



I 

Following thcse opcrations, the sand, slag and cruciblc was in a form suitablc for feed to the 

dissolution process. 

Glovebox HEPA Filter Processing. Prior to dischargc to thc Building 771 plcnum systcm, 
glovebox exhausts passcd through HEPA filters installcd at thc glovcbox. During activc 
production when I-IEPA filtcrs were changed out, the plutonium particulates on the uscd filtcr 
were knocked off by tapping the filter on the floor i.f the glovebox. The plutonium was thcn 
recovered and reprocessed. The used filter was disasscmbled to separate the wooden franic from 
the filter medium. The wood was discarded and the filter medium was held for furthcr 
processing (EG&G, 199 1 ). 

8.4.2.1.2 Residue Dissolution and Leaching 

Dissolution. Prior to 1965, dissolution was a batch-type opcration pcrformed in Room 149 in 
beakers or" 2- to 4-liter capacity, which were heated by electric immersion heaters. The mixture 
of nitric acid and plutonium residues was agitated by the boiling action caused by the heater, an 
air sparge, mcchanical agitation or a combination of these methods (Crislcr, 1992). Typical 

. 

, rcsiduc fccds to dissolution consisted of sand, slag and crucible, graphitc. plutonium fluoridc, and 

feed hccls. 

In  addition to bcing very labor intensive, thc beaker mcthod had 0 t h  significant problems. Thc 
fumes from the many dissolution beakers corroded the electric heater connections and prcscntcd 
problcnis for thc glovcbox air-handing and filtration systems. The efficicncy of dissolution \\'as 
poor, primarily bccause of incomplcte suspension of the solids i n  thc acid solution. This type of 
dissolution was later uscd only for special niatcrials or for sj*stenis with a low throughput 
(Crisler, 1992). 

To improve dissolution. thc batch pots wcre rcplaccd in 1965 with a system of continuous 
cascade dissolvcrs (1  965-1 971). Additional space was also devoted to dissolution at about this 
time with the expansion of dissolution opcrations into Roon~ 1 14 as u~cll as Room 149. Thc 
continuous cascndc dissolver systcm consistcd of air-spargcd dissolicr ~~cssc l s  i n  scrics, 
oixrflowing by gravity from onc to thc other. Thc fccd mcchanisni \vas a laboratory-siz.cd 
vibratory fccdcr. Scrious problcms cxistcd with this cascadc systcm. Thc suspcnsion of solids 
was incomplctc. A buildup of solids, termcd "heel," \vould slowly f i l l  thc \~csscIs, rcndcring thcm 
inopcrablc. 111 ordcr to achicve cvcn niinimal solid suspcnsion, high air flow ratcs wcrc rccluircd. 

Hisforicnl Rclcasc Rcjiorf 



This causcd the glovcbox vcntilation systcm to bc o\wwhclmcd. I n  addition. thc \.ibra:or-j* 
fecdcrs were subjectcd to transient equipment vibrations and fcd erratically. This rcquircd that 
they be continuously monitorcd. Thcse deficicncies Icd to thc dcsign of thc air-lift wit' scrcw 
feeder dissolvcrs \vhicli wcrc in use from 1971 to tlic cnd of proccss operations in 1989 (Crislcr. 
1992). 

j 

The first set of air-lift dissolvers was installed in 1971 and continucd in use until 1989. High- 
level feeds consisted of various types of plutonium oxide and oxide hccls. Incincrator ash and 
: :h heel feeds were processed through the late 1970s, but because of off-gas silicon dioxidc 
plugging problems, process-scale ash dissolution operations wcre discontinued and ash stockpiled 
since that time (Crisler, 1992). However, pilot-scale work was conductcd in the 1980s to try to 

find a solution to the off-gas silica dioxide plugging problem (Weaver, 1994a). 

In recent operations, both plutonium oxide and plutonium-bearing rcsiducs were proccsscd in  
dissolution lines containing a series of air-lift screw feedcr dissolver vessels. Plutonium-bcaring 
residues normally processed included impure oxide, impure fluoride, impure green cake, oxide 
hccl, sand, slag, and crucible (EC.&G, 1991). These niatcrids wcrc fcd into thc first d i s so l \~ r  
at  a controlled rntc by a special scre\v fccdcr. Nitric acid, alumiiium nitratc. calcium fluoride and 
ivatcr wcrc also fcd into the first dissol\rcr at a controlled rate. 7'lic solution i n  thc c:iscxIc 
dissolvcrs \\-as hcatcd to approsimatcly 100" C by intcrnal stcani coils. 'fhc 

slurry ovcrflowcd (cascadcd) from thc first to the last dissolvcr in thc sct. 

From thc la;t dissolver, the slurry overflowed to a filter, which separated the 
undissolvcd solids from the solution (EG&G, 19q 1 ) .  Agitation \\'ithin the 

dissolvcrs was accomplishcd by intcrnal air lifts \vhich hclpcd to keep thc 
solids in suspcnsion (Crislcr, 1992). 

Laboratory Rcsiduc Proccssirig. Laboratory rcsiduc solutions \wrc transferred to plutonium 
rcco\'cry in 4-litcr bottlcs. 'fhcsc solutions contained plutonium from samplcs scnt to analj.tical 
Iaboratorics mixcd with chcmicals uscd i n  tlic anal\.scs. Tliesc solutions containcd complcsing 
agcnts that advcrscly affccted wastc trcatmcnt proccsscs and chloride ions ti .at could lw 
dctriiiicntal to process cquipnicnt. 'fhcsc rcsiducs \vcrc introduccd directly into thc rcco\'c'r>' 

proccss by controllcd blcnding of thc laboratory rcsiduc \\it11 thc fccd to thc cation csclimigc 
proccss. I n  thc ion cscliangc proccss, chloridc ions \\:crc scpnratcd from thc solutions and thc 

. i o I ~ t i o ~ i ~  go through nornial plutonium rccovcry opcrations ( IX&G? 199 I ). 



Oralloy Leaching. This operation was transferred to Building 77 1 in approsiniatcly 19G4 from 
Building 88 1 and took place in Room 174 area (Weaver, 1993). Oralloy niatcrials consistcd of 
enriched uranium. Oralloy rcsiducs were proccsscd by selectively leaching picccs of scrap metal 
in a spray dissolver to allow oralloy nictal to be recycled dircctly to thc Oak Ridge, Tcnncsscc 
DOE facilities without being subjected to chcmical rccovcry. A mixture of sulfuric acid and 
nitric acid was uscd as the leaching solution to remove contamination present in thc oralloy 
residues. Dissolved uranium and plutonium from the leaching process were ul timatcly 
precipitated from the solution and further processed in the special recovery area, Room 146 
(EG&G, 1991). The uranium and plutonium present in the leaching solution were prccipitatcd 
by sparging gaseous ammonia through the solution. The ammonia raised the pH of the solution, 
causing oxides of uranium and plutonium to precipitate. 

i 

Part V Leach Process. Part V Leach operations took place in Room 114. Special material 
residues, callcd Part V rcsidues, wcre processed separately from the other plutonium rcsiducs. 
This process consistcd of selectively leaching large pieces of scrap metal in a spray dissolver to 
remove impurities from the plutonium metal so that it could be recycled directly to MSE without 
going through chemical recovery (EG&G, 1991). A misturc of sulfuric and nitric acid was uscd 
as the leaching solution. 7'hc solution from thc Icaching operation \ u s  scnt to ion cschangc 
(EG&G, 1991). 

8.4.2.1.3 Ion Esch:ingc 

The ion exchangc process purified and concentrated plutonium-bcaring solutions to make thcm 
acceptable as fccd for the conversion to metal process. The solutions resulted from (1) rcsiduc 
dissolution and leaching proccsscs, (2) solution recycle from conversion to metal proccsscs, and 
(3) solutions transfcrrcd from laboratorics (EG&G. 1991). 

Ion cschangc cquipment consistcd of two scpnratc glovcboxcs and scts of tanks. l'hcse trim 

systcms wcrc idcntificd ns tlic recycle recovery systems. Solutions \ x r c  adjustcd as batclics to 
a sct acid norniality using nilric acid. Fcrrous sulfamate and aluminum nitrate ~vcrc adclcd to 

ad-iust the valcncc of plutonium and to coniplcr any fluoride prcscnt from the dissolution 
operation. The adjusted solution \vas pumped through scts of tlircc columns in scrics containing 
nitrntc-form resin. The plutonium \vas rctaincd on thc rcsin and the plutonium-dcplctcd solution 
(ion column cfflucnt) was collcctcd 4-v shipment to Liquid Waste Treatmcnt Operations in 
anothci building. Thc colunins wcrc washed and clutcd with nitric acid. Thc cluatc j j~ l s  



\ 
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trmsfcrrcd to tlie feed preparation process for con\wsion to nictal. Ion columns \vcrc 

reconditioned for tlie next loading using a nitric acid wash. I t  was ncccssary to rccyclc sciiiic 

solution from the initial part of the elution and rcconditioning steps. A separate set of cation 
esclinngc columns was uscd to rcniovc chloride from laboratory rcsidc solutions. Thc chloride 
waste solution was transferred to Liquid Waste Trcatmcnt Operations (EGGrG, 199 1). 

This process replaced the historical solvent extraction process locatcd in Room 149 which utilized 
tributyl phosphate (TBP) in a batch process (Crisler, 1992; Chew and Associates, 1992). This 
original batch solvent extraction process had been replaccd by a small, continuous niixcr-settler 
system in 1954, and the entire solvent extraction process was replaced in 1959 by the ion 
exchange system (Crisler, 1992). 

8.4.2.1.4 Convcrsion to Metal 

The operations associated with converting liquid feed solutions to plutonium metd included feed 
evaporation, batching, peroxide precipitation, calcination, hydrofluorination, reduction and button 
breakout. These processes are described below. 

, -  Feed E\*:ipor:ition. I his process \ ~ : I S  uscd to conccntratc plutonium solutions originating from 
prcvious opcrations. Conccntration of these solutions was necessary i n  ordcr to have an 
acceptable plutoniuin conccntration in the fecd. Solutions sclcctcd to bc conccntratcd \\'ere 
analyzed for plutonium concentration, normality, and iron concentration. From these data, the 
optimum degrcc of evaporation was determined. The solution was conccntratcd i n  a stcaiii- 
hcatcd, natural-con\'ection e\'aporator. The concentrated solution, called %ottonis," \vas 
trnnsfcrrcd as a batch to tanks prior to usc in tlic batching operation (EG&:G, 1991). 

Fccd evaporation \vas acldcd to plutonium rccovcry opcrations in 1964. Prior to 1964, high-lc\.cl 
pl ~1 toil i um so 111 ti oils from d i ssol 11 ti 011 wcrc mi sed \ \ v i  t li 1 ow-I cvcl so 1 LI t i on s from ani on exc l ian~c  
or dilutcd with nitric acid to obtain the clcsircd precipitation feed conccntration (Crislcr, 1992: 
Weavcr, 1994b). 

In 1964, a fccd c\qmmtion uni t  bcgm opcrations in  Room 1 14 utilizing a singlc stcam chcst. 

tlicrmosiplion-t~pc evaporator in  a semi-batch mode of operation. This s\'stcm rcmaincd in  
operation un t i l  August 1988. \\hen a ncw doublc-chcst tlicrmosiphon cvaporator \\'as installed 
along with a I ~ C W  controller unit .  Prior to thc instnllation of the nc\v cvaporator. tlic only cli:unfes 



to the single-chest unit were upgrading of methods to calculate the amount of liquid to be boiled 
.P 1 down (Crisler, 1992). 

Batching. This process remained rclatively unchanged after the batching line was moved from 
Room 149 to Room 114 in 1964 (Crisler, 1992; Weaver, 1994b). Relatively pure plutonium 
nitrate solutions received from oxide dissolution, ion exchange and feed evaporation were blended 
and adjusted to the proper pH and plutonium concentration before transfer to the peroxide 
precipitation process. Feed for this process was prepared in batches by blending the available 
solutions in the proper ratios in two tanks (EG&G, 1991). Sulfuric acid was also added to aid 
crystal growth in peroxide precipitation. Batches were mixed by circulation with a pump or by 
air sparging. The batch was sampled and analyzed for normality, impurities, and plutonium 
concentration. If the batched feed was within the prescribed concentration limits, it was 
transferred to the feed holding tank. If it was not, adjustments were calculated and solutions were 
added as needed (EG&G, 1991). 

Peroxide Precipitation. The peroxide precipitation process converted the plutonium in solution 
to a solid form. The original precipitator for use in peroxide precipitation was madc of a plastic 
or lucite niatcrial and had a volunic of 5 to 8 liters, and was locatcd in Room 149. Thc \~csscI 

contained both an agitator and a slinger plate uscd to distribute peroxide e\renly into the vcsscl. 
Cooling coils along the \lessel walls maintained a temperature of approximately 4°C during 
precipitation. A total of four precipitations were completed each day (Crisler, 1992). 

For precipitation, hydrogen peroxide was added at a varying rate over the course of 
approximately one hour. The slurry was then allowed to digest. After digestion, the precipitate 
was pulled by vacuum through a dip tub in the precipitator vessel to a filter "G" boat. The filter 
boat was made of platinum-lined monel with a sintered-platinum frittcr filtcr. Thc filtcrcd 
precipitate was washed with water, thcn allowcd to air dry. The precipitate \vas thcn transfcr-rcd 
to a "G" furnace station where it was dried overnight. The dricd precipitate cake was fluorinatcd 
tlie next day with anhydrous hydrogen fluoride gas. Pcroxidc remaining in thc filtratc was 
destroyed with <odium hydroxide. During this period, the precipitate cake often dccomposcd 
while in the drying cycle (Crislcr, 1992). 

Starting in 1954, the precipitate cake was washcd with denatured alcohol, eliminating plutonium 
peroxide decomposition. A major problem at this tirnc was tlie reaction of liydrogcn fluoridc and 
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alcohol within tlic "G" furnacc. An incidcnt occurrcd in which thc furnace pressurized and blcw 
oxide out into the room. Thc use of alcohol was then terminated (Crislcr, 1992). 

On Junc 14, 1957, an cxplosion during tlie peroxide digestion cyclc blew out the front pancl of 

the glovcbox. The primary cause of tlie incident was thc catalytic dccomposition of liydrogcn 
pcroxide. Shortly aftcr, 35 weight pcrccnt hydrogen peroxidc rcplaccd the 50 wcight pcrccnt 
hydrogen peroxide that had been used earlier. This method was used until the development of 
the continuous plutonium peroxide prccipitation process in the 1960s (Crisler, 1992). 

The entire continuous prccipitation method was moved to Room 114 in 1964. The basic design 
remained similar to the methods used in Room 149. Major differences included the addition of 

* a third digester. At about this same time, a calcination stcp, as opposcd to the drying stcp 
identified above, was initiated (Crisler, 1992). 

' In recent operations, the feed solution and hydrogen peroxide were fed into a refrigeratcd, stirred 
reactor called a digester. The plutonium 
peroxide slurry cascaded through the digcsters and into thc rotary drum filtcr basin. A vacuum 
applied to 1hc filtcr c:iuscd thc plutoniuni pcrosidc to collcct 011 tlic rotating filter dr~iiii suif:':lcc. 
Tlic plutonium pcrosidc cakc \vhich collcctcd on tlic rotary drum filtcr, was automatically sliccd 
off tlic filter whccl, collcctcd in containcrs and transferred to tlic calcincr (EG&G, 1991). 

Precipitation occurred and crystal growth began. 

Filtrate was collected in a set of two receivers. The filtrate was fed to a steam-heated evaporator 
for conversion of thc rcsidual hydrogen pcroxidc into water and for concentration of thc solution. 
This evaporation unit \vas rcfcrrcd to as the pcrosidc kill evaporator. Thc cvaporator distillate 
was hcld for shipmcnt to Liquid Wastc Trcatnicnt Opcrations. Conccntratcd cvaporator bottoms 
\\'ere transfcrrcd to tanks for sampling and anal!fsis prior to transfcr to anion cscliangc ( M ' L Y I I . ~ ~ .  

1994b). 

Calcination. Tlic calcination proccss convertcd plutonium pcroside to plutonium osidc and 
drove out rcsidual w t c r  and nitric acid, Icaving a dry, poivdcrcd product. This process took 

placc i n  an clcctrically licatcd rotary-ttihc furnacc. Tlic plutonium pcrosiclc cnkc iws fcd into thc 

hcatcd tubc by a fccd auger drawing from a fccd hoppcr. As matcricil passcd through thc tiibc'. 
i t  \+'as dricd by a countcr-currcnt flow of air that swcpt thc acid fuiiics and soiiic light particles 

into a solids scrubbcr (EGLQG. 1991). 



b 

.J 
The solids scrubbcr used circulating nitric acid as the scrubbing solution. The calciner tube 
atmosphere was at a negative pressure compared to the glovebox. The solids scrubber solution 
dissolved most of the trapped solids. The solution was filtered and transferred to anion exchange. 
The dried plutonium oxide was collected, screened, weighed into batches, and transferrcd to 
hydrofluorination. The off-gas from the nitric acid scrubbing operation was passed through six 
HEPA filters in series (EG&G, 1991). 

Hydrofluorination. Hydrofluorination was first conducted in Room 146 and 149 of 771. 
Originally, a batch of precipitated plutonium peroxide was filtered, calcined and hydrofluorinated 
using the same platinum-lined boat. Continuous peroxide precipitation and calcination were 
added in 1958, but the G-furnaces and platinum-lined boats continued to be used for 
hy Jrofluorination until a continuous hydrofluorinator was installed in 1964. A new continuous 
rotary hydrofluorinator, glovebox and support equipment were installed in 1980- 198 1 (Crisler, 
1992). 

In recent operations, plutonium oxide was converted to plutonium tetrafluoride in a continuous 
rotary-tube hydrofluorinator with a screwfeeder supply for the plutonium oxide feed. Plutonium 

tube. Thc tube had three scparate temperature zones for efficient production of plutonium 
tetrafluoride and for the removal of impurities such as sulfur from the fecd. The plutonium 
tctrafluoride product was collected, wcighcd, and transferred in batches to the rcduction proccss 
(EG&G, 1991). 

I tetrafluoride was fornicd by countcr-currcnt contact with hydrogcn fluoridc gas inside the rotating 

Rcduction and Button Breakout. This proccss consisted of placing plutonium tetrafluoride in 
a magnesium oxide crucible, which was surrounded with magnesium oxide sand. A 30 pcrccnt 
exccss of the stoicliiomctric equivalcnt of calcium \vas added to the crucible. Initiators wcrc also 
p l x c  i in the crucible which was inerted with argon, sealcd, and licatcd in a rcduction vcsscl. 
This process was conducted in an inert, nitrogcn-filled glovcbos for fire protection. Thc initiator, 
wliic' was made of potassium iodate, niagncsium metal, and sodium pcroside. startcd an 

esothcrmic reaction at approximately 1 50" C. Tcmperaturcs in tlic crucible rosc to approximatclp 
2,000" C. During the rcaction, the niagncsium oxide sand acted as a litat sink, protecting tlic 

glovcbox from tenipcrature and prcssure spikes ( E G b G ,  199 1). In this reaction, pure plutonium 
metal buttons wcre formed. 

-\ 

Uistoricd Rclcase Rcport Birildirig 7 7 1  
rogc S - l j  



Aftcr cooling. the cruciblc \vas opcjicd and tlic plutonium butto:l rcmovcd. Thc slag lcfi i i i   tic 

crucible and the crucible \yere rccyclcd through brushing/grinding and transfcrrcd to thc 
dissolution process for plutonium rccowrp as sand, slag and crucible material (EG&G, 199 1 ). 

The sand, slag. and cruciblc material includcd calcium fluoride and calcium, along liitli traccs 
of magnesium oxidc, plutonium tctrafluoridc, plu1onium dioxide, and varying amounts of 
plutonium nictal beads. 

I 

The reduction opcrations rcmaincd largely unchanged since metal reduction opcrations bcgan at 
RFP, with the exception of the introduction of initiators in 1972/1973 and increasing plutonium 
charges being introduced to the reduction vessel (Crisler, 1992). 

8.4.2.1.5 Plutonium Oxidation 

Plutonium oxidation converted pure plutonium mctal, which was pyrophoric, to a more stable 
plutonium oxide. The plutonium oxide was then used as a feed to the dissolution operation. Tlic 
source of plutonium for oxidation was solid pieces, such as buttons from recovery, flashing from 
button breakout, and drill shn\-ings from button sampling. Oxidation of the mctal was conductcd 
in  tantalum nictal pans on clcctrically licatcd hot platcs i n  a glo\lcbos tlcdicatcd to this purpose 

(EG&G. 199 1). 

8.4.2.1 .G Incineration 

Large quantitics of conibustiblc rcsiducs contaminated with small amounts of actinides. primarily 
plutonium and americium, gcncratcd when RFP produccd nuclcar wcnpons componcnts. 
One mctliod to allow for rcco\wy of plutonium from thcse niatcrials was to rcducc the amount 
of combustihlc b ~ l k  by inciiicration. Actinide contnniinants rcniaincd in thc :ish, resulting i n  an 
ash having a plutonium concentration ranging from 5 to 10 w i g h t  pcrccnt. This ash iix tlicii 

scnt to dissolution for subsequent rccoi’cry of thc plutonium (Crislcr, 1992). Thc incinerator u ~ i s  

constructcd i n  Room 149 (Clic\v and Associatcs, 1992) and bccame operational in 1957 or 195s 

(Chew and Associates, 1992; Buffcr, 1993). 

Combustibles to hc uscd as fccd to the incineration proccss wcrc stored in 55-gallon drums. l’lic 

contents of onc d:.u~ii was cmpticd into the incincrator-sortiiig portion of tlic g l o \ ~ b o s .  Contcnts 
of the drum wcrc scarchcd for glass, nictal and any other itciiis \\hicli \\*auld riot burn or \\ro~tltl 
cnusc a hazard in tlic comtwstion chamber (Crislcr, 1992). 



The incincrator was comprised of thrce chambcrs: a fircbos (with approximatc dimensions of 
2 feet by 2 feet by 3 fcct) where combustibles were initially introduccd to the systcni and burncd, 
a main burner chamber \diere ashcs which fcll through the fircbos gratc continued to burn. and 
an aftcrburncr scction (Crislcr, 1992). The offgases from tlic incincrator wcrc trcatcd t l i ro~ iy l i  

an estcnsivc off-gas scrubbing and filtration systcm to minimize rclcascs to thc cnvironmcnt. 

8.4.2.2 Americium Recoifcry 

Plutonium-24 1, constituting less than one weight pcrccnt of thc RFP plutonium stream, undcrgocs 
dccay to americium-241. Equipment for rcmoval and conccntration of amcricium from plutonium 
solutions was installed in Room 149 in 1957 (ChemRisk, 1992; Chew and Associates, 1992). 

Feed for the americium recovery process prior to 1967 originated from the plutonium rccovcry 
precipitation filtrate stream, which was stored in a sct of tanks external to tlic glovcboxes. The 
filtrate from plutonium recovery operations was concentrated by evaporation, the bulk of the 
plutonium removed by anion exchange, and the americium recovered and purified by a 
thiocyanate ion-exchange proccss (Crislcr, 1992). Pcncil tanks for storagc of americium solutions 
wcrc also located in Room 149, isitli : I J ~  ;iiiicriciuni nitratc solution tank locatcd outside tlic 
building to tlic north (Chc\v and Associatcs. 1992). 

I n  1967, a nioltcn salt cstraction (h4SE) proccss \vas dcvclopcd to cstract amcricium dircctly 
from agcd plutonium mctal. This h4SE proccss took placc in Building 776. Duc to thc nciv 
MSE proccss, the amcriciuni conccntration in the plutonium-pcroside filtratc dccrcascd. h4SE 
residues wcre thc only source of reco\.crablc amcricium aftcr 1968. After dissolution, actinides 
i n  tlic h4SE residues wcrc scparatcd from the chloride salt matrix with a potassium liydrosidc 
prccipitation stcp. This prccipitation stcp \\'as Iatcr rcplaccd by a cation cschangc proccss 
(Crislcr. 1992). 

The americium purified at RFP \vas sold by DOE for iisc in conimercinl applications such ;IS ;I 
medical diagnostic traccr and for smol;c detector ionization sourccs. I-lo\vc~cr. tlic dc~iiand for 
americium droppcd off i n  the Iatc 1970s. making purification and salc of tlic matcrial 

Lincconomical (ChcmRisk. 1992). Amcriciuni uras dcclarcd a u m t c  by DOE in  1986 ;ind no 
cmphasis was placed on thc rccovcry of riiiiericium aftcr this date (Crislcr, 1992). 



! 8.4.3 SUPPORT OPERATIONS 
J 

Thc nia.ior support opcrations conductcd in Building 77 1 included sc\wal laboratorics and 
shipping and counting opcrations which are dcscribcd bclow. 

8.4.3.1 C h e m i ca 1 Tcc h n o I o gy 

Plutonium chemistry tcchnology in Building 77 1 supportcd and dcvclopcd iniprovcd mcthods for 
recovcring, scparating, and purifying actinides from acidic strcanis (EG&G, 199 1). 

Chemical research and devclopmcnt for actinide elenicnt separation and purification was 
conducted on laboratory-scale, pilot-scale, and production-scalc cquipment. Projccts wcre 
conducted for the purpose of testing and gathering basic information. In addition to providing 
services for production at RFP, work was done in job lots for othcr DOE facilitics, dcsign 
agencies, and governmental departments (EG&G, 1991). 

One of thc primary opcrations studied by this laboratory \vas dissolution. Thus, nitric acid LISC 

by this laboratory \\':is high. b u t  usc of othcr compounds \\x on ;in cstrciiicly Iimitcd lxtsis. 

8.4.3.2 Plutonium Mctallurg' Itcscarch 

The plutonium metallurgy group of Building 77 1 assisted in thc development of proccsscs that 
rcq u i rcd m c tal I u rg i c a 1 production of ni at cri a1 s and re 1 at cd manufacturing t cc h ni q lies. I' 1 u t  o n i 11 ni 

nietallurgy opcrations consisted of casting, licat-trcating, rolling, forniing, forging, sizing. and 
swag i 11 g . Supporting o pc ra t i o ns i nc 1 u d cd ni c t a 11 og raph y , X-ray d i ffrac t i on. tc 11s i 1 e t cs t i n g. d cn s i t y 

mcasuremcnts, and pon.dcr nictallurgy (EGGrG, 1991). 

$,'I plutonium nictallurgy opcrations n'crc coiiductcd i n  glo\.cboscs. In rcccnt ycars, thc priiiix!* 
cm phasi s was on pl u t oni um c:is t i ng opera t i o 11s. Castings wcrc i n  adc i n ccraiii i c- I i ncd m c t a 1 mo 1 ds 
or ccraniic-lined graphitc molds (EGctG, 1991). 

8.3.3.3 P I u t on iu  111 0 p era t io n s Sup p o I' t La Ly ra to 1-y 

Liquid and solid saniplcs wcre rccci\-ed by or prcparcd in  thc Building 77 1 analj*ticril laboratory. 
S ani pl cs were anal y zcd for pl 11 t on i i i  m . :imeri c i uni . urnn  i uni . IIC p t uni urn. and other r:id i nac t i IT 



isotopes (EG&G, 1991). Sinall liquid samples and sludges wcre prepared for analysis i n  "B" 
boxes that could be opened to the room. Sample analysis involved the use of hydrochloric acid, 
nitrous oxide and hexane in some cases (EG&G, 1991). 

- 1 

8.4.3.4 Shipping and Counting 

Shipping, receiving, and measurement of the amount of radioactivity (counting) of containerized 
materials entering or exiting Building 771 were performed in Building 771C. Building 771C was 

separated from the remainder of Building 771 by an airlock. Typical operations in Building 771C 
included temporary storage of materials in containers and counting of individual containers for 
activity prior to transfer into or out of Building 771. Containers remained closed while in 
temporary storage, and counting was a non-destructive, non-intrusive activity (EG&G, 199 1 ). 

8.5 CURRENT CONTAMINATION STATUS 

Building 771 is considered hazardous due to the existence of quantities of Special Nuclear 
Material (SNM) in storage and due to plutonium contamination present in the building (EG&G, 

i 1992a). 

Sources of radiation exposure in Building 771 are plutonium and uranium solutions in tanks and 
bottles; plutonium metal, oxides, and fluoridcs in vaults; and otlicr residucs stored i n  drums. 
Exposure levcls in the vaults are up to 15 millirem per hour. The average exposure level for 
chemical operators during curtailmcnt has been 150 - 160 millirem per year (EG&G, 19921). 

Some Building 771 process areas are contaminated with plutonium, ranging from lcss than 200 
disintcgrations pcr minute per I 00 square ccntimeters, to in csccss of 1,000,000 disintcgralions 
per minute pcr 100 squarc centimctcrs. The latter is the limit of thc dctection instrunicnts uscd 
by the Radiation Protection Technologists (RPTs) (EG&G, 1992a). 

Room 141, an old pump room, is the most liewily contaminated area. TIic pumps, which were 
not houscd in glovcboscs, wcrc uscd to transfcr plutonium nitrate soliitions. Thc solution Icakcd 
and thc acidic solution contaniinatcd, corrodcd, and diffuscd into the concrctc floor (EG&G, 
1992a). 

I-lisloricol Rclerirc Repnrf Brrildiiig 77i 
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Many contamination incidents I i m ~  occurred in the proccss arcas during tlic 40 ycars of 
processing and storage of plutonium solutions and solids. Dccontamination of tlic working areas 
was accomplished to the extent possiblc at the time of thc incidents. Contamination which could 
not be removed was painted over. Thus, there can be contamination within tlic layers of paint 
(EG&G, 1992a). 

Hazardous wastes present within Building 77 1 include mixed low-lcvel radioactive and hazardous 
waste, mixed transuranic and hazardous wastc, as well as straight hazardous waste. Thcrc arc 
also approximately 72 tanks containing hazardous or mixed radioactive and hazardous waste 
(EG&G, 1992a). 

Building 771 also has apprcciable amounts of asbestos insulation, but this material has bcen 
identified and wrapped in plastic to await decontamination and decommissioning efforts (EG&G, 
1992a). 

Because the 1989 curtailment status was initially expected to last for a short pcriod of time, 
plutonium bearing residues and process operations wcrc stabilized only for short term storagc and 
long tcrm actions wcrc not takcn. During the 1989 to 1992 curtailnicnt pcriod, multiplc 
assessnicnts of tlic building cquipmcnt and infrastructurc resulted in a decision that the plutonium 
recovery operations would not rcsume within this building. At this time, the specific schcdulcs 
and details conccrning the typc and niagnitudc of futurc opcrations within Building 771 arc not 
well defined (EG&G, 1992). 

Birilrlitig 771 
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9.0 OPERATIONAL HISTORY OF BUILDING 776/777 

9.1 INTRODUCTION 

Building 776/777 bcgan opcrations in 1957 and has undcrgonc scvcral major production changcs 
sincc that time. Thcsc can bc di\.idcd into thrce time pcriods: pre-1969 fire, post-1969 firc to thc 
1989 production curtailment, and current opcrations. 

Until the 1957 fire in Building 771, the plutonium foundry, fabrication and asscmbly opcrations 
at RFP were houscd in Building 771. Beginning in 1958 and continuing through 1969, Building 
776 was the main manufacturing facility for plutonium weapons components and houscd a 
plutonium foundry and fabrication operations. Building 777's main function was assembly of 
parts. 

Aftcr a major fire in Building 776/777 in 1969, the majority of thc foundry and fabrication 
opcrations wcrc transfcrred to Building 707. After several months of clcan-up following thc firc, 
limitcd production opcrations \vcrc rcsumcd in Building 776/777 (EG&G, 1990); howc\+cr, thc 
main focus of tlic building turned toivards n ~ t c  and rtsiduc handling, disasscmhlp of sitc rcturns 
and spccial projccts. Proccsscs conductcd in Building 776 includcd s i x  rcduction, ad\mccd s i x  
rcduction, pj*rochcmistry, coatings operations and tcst runs \vith a fluidizcd bcd unit (EG&G. 
1 990). Building 777 opcrations includcd machining, product asscmbly and disassembly functions, 
testing and inspection, special weapons projccts and support operations such as laboratorics 
(EG&G, 1990). 

Currcnt opcrations in Building 776/777 ha\.e bccn \.astly rcduccd coniparcd to opcrations prior 
to thc 1989 production curtailment. Currcnt opcrations in Building 77G includc waste handling 
and maintcnancc acti\.itics. Building 777's currcnt acti\.itics includc a Tritium Sur\.eillancc 
Laboratory and containcr repacking opcrations. I n  addition, nuclcar matcrial and \vastc a r t  
currently bcing storcd in thc building (EGGrG, 1993: EG&G, 1992). 

9.2 I-TISTORICAL TIRIELISE 

1957 Construction of Building 776/777 was coniplctcd (Buffcr, 1093). Tlic pirposc of 
Building 776 was plutonium coniponcnts manufacturing. and the purposc of 



1957-1969 

1958 

1961 
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1965 

1966 

1966 

Building 777 was assembly and inspection of the pit for the Part IV weapon 
design, which used plutonium and other metal components (ChemRisk, 1992). 

Building 776 was the major uscr of carbon tctrachloridc, and Building 777 \vas the 
major user of trichloroethylcnc (TCE) at Rocky Flats Plant (RFP) (ChcmRisk, 
1992). 

The first significant machining of plutonium began. This process used Shell Vitrea 
cutting oil followed by a washing with carbon tetrachloride (ChemRisk, 1992). 

The concrete block wall between Buildings 776 and 777 was rcmoved to 
accommodate additional equipment (USAEC, 1969). 

Building 777 switched from using isopropyl alcohol in cleaning activities to using 
TCE (Dingrnan, 1991). Perchloroethylene (PCE) was also replaced with TCE at 
this time (Hornbacher, 1994b). 

The "Canipbcll incidcnt" occurrcd involving an csplosion bctwccn plutonium and 
carbon tctrachloridc in  Building 776 during a briquctting opcration. This incident 
rcsultcd i n  rcsearch and dcvclopnient (R&D) projccts that csamined the interaction 
of plutoniuiii with a \*aricty of solvcnts (ChcniRisk, 1992). 

The "glovcbox drain line fire" occurrcd during niaintcnance on a plugged oil 
coolant drain linc in Building 776/777. The fire was attributed to spontancous 
conibustion of plutonium chips. The firc sprcad contamination inside of the 

building (Buffer, 1993). 

The cantccn, lockcr room and laundry \wrc rclocatcd to another building in order 
to provide morc operating space i n  Building 776 (USAEC, 1969). 

Glovcbos 133-24, locatcd i n  tlic North Foundry Line in Building 776, \vas 
modified to incrcase storagc capacity and to rcducc handling damagc to heat 
sensors (USAEC, 1969). 
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Thc Part V expansion program began. I'rojcct goals included rcarrangcmcnt and 
expansion of production foundries and installation of additional equipnicnt for 
fabrication and connecting conveyor lines (USAEC, 1969). 

Actions to reduce pcnetrating radiation cxposure Icvels to employces \wrc 
undertaken. These involved installing additional shielding to glovebox systcms in 
Building 776/777. Materials installed included lead, leaded glass, and Benelex and 
Plexiglas of various thichcsses on the gloveboxes and conveyor lines (USAEC, 
1969). 

A major fire occurred in Building 776/777 on May 11, 1969. This fire released 
as much as 21 0 pCi of plutonium to the atmosphcre with significant property loss. 
The fire resulted in new safety procedures, including sprinklcrs, more fire walls 
and operational modifications such as performance of some plutonium work in 
inert atmospheres (Buffer, 1993; USDOE, 1980). 

Waste opcrations bcgan in Building 776, originally initiatcd for thc purpose of 
disposing of thc 1969 fire contaminatcd matcrial (EG&G. 1992). 

Pyroclicmistry opcrations uscd for plutonium recovcry bcgan in Building 776 and 
continued until 1989 (EG&G, 1992). 

Clean-up activitics for thc 1969 fire were coniplcted on October 1 S 
(Buffer, 1993). 

Plutonium fabrication operations i n  Building 776 wcrc transfirred to Building 707. 
Building 776 was con\.crkd to a wastc storage and size rcduction facility 
(ChcniRisk, I 992). TCE was replaccd with trichlorocthanc (TCA) (I-Jornbnclicr, 
1993b). 

Tritium gcttcring of site rcturn parts bcgan in Building 777 (Dingman, 1991 ). 

Thc fluidizcd bcd unit (FBU) mndc its first 1 OS-hour burn of "non-linc," low-lc\*cl 
transuranic (TRU) n'astes (Buffer, 1993). 



1983 .I 

1986 

1988 

Construction of the Advanced Size Reduction Facility (ASRF) in Building 776 
began (Buffer, 1993). 

The ASRF became operational (Buffer, 1993). 

The "Hot Laundry" facility began operation in Building 777. Its purpose was to 
launder radionuclide-contaminated clothing separately from non-contaminated plant 

. laundry for the purposes of decontamination (Buffer, 1993). 

1989 Plutonium production operations ceased in November (EG&G, 1990). 

1994 The Supercompactor and Repackaging Facility (SAW) became operational on 
May 9. Its goal was to reduce up to 80 percent of the volume of TRU waste 
stored and shipped from RFP (EG&G, 1994). 

3.3 PHYSICAL BUILDING DESCRJPTJON 

I 
Tlic Building 776/777 coniplcx is locatcd i n  the north-ccntral portion of tlic plant sitc (Figurc 9- 
1). Buildings 776 and 777 share a conimon wall, utilitics and niaintcnancc. Tlic building has 
a structural stceJ frame, tlie majority of which has been covcred with licat sliiclding materials. 
All floors in thc building arc cast-in-place rcinforccd concrete slabs. The main floor has an arca 
of 135,000 square feet. Metal facilities occupy 62,000 square feet and waste handling occupies 
63,000 square feet. The second floor contains 88,000 square feet and is almost exclusively 
occupied by utilities. There are two sub-bascment areas: a four-bay arca of approxiniatcly 1,600 
square feet and an elevator pit area which is adjacent to the tunnel connecting Buildings 776 and 
771. 

Building 776/777 contains an cstcnsive glo\tbox nctwork that historically supportcd various 
plutonium production opcrations. Prior to the 1969 fire. the majority of tlic building spacc \vas 
i n  one large opcn room. Since that timc, tlie building has been conipartmcntalizcd into sc\~craI 
arcas scparated by physical barricrs to confine any radioactive material rclcascs. Tlie western 
PO. .ion of the building \vas cquippcd with storage vaults for plutonium buttons. Thcsc vaults arc 
still in use. The northwest corncr of the building storcd plutonium i n  cans (Boss, 1993). A 
vcntilation systcni of ncgative pressure is uscd to kccp arcas of l a s t  contamination from 
bcconiing contaniinatcd by areas of liiglicr contamination. Tlie building is cquippcd with a scrics 
of I-Iigli Efficicncy Particulatc Air (HEPA) filters to control air cmissions to tlic environincnt 
(EG&G, 1992). 

l3 ziildir 1s 7 76/7 7 7 
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A laundry facility in Building 777 was used to wash \vorl<cr protcctivc clothing and respirators 
with measurable radioactivity levels of 250 to 20,000 counts pcr minute (EG&G, 1990). Laundry 
facilities are no longer operational in this building (EG&G, 1993b). 

Utilities are shared between Buildings 776 and 777. These include supply and control of potable 
water, eye wash and emergency body showers, cooling watcr, sanitary scwage, building hcating 
and air conditioning, glovebox and vacuum air supply, emergency elcctrical powcr and 
compressed air (EG&G, 1990). In addition, the building had an air drying system that contained 
Kathene as the drying agent. The Kathene solution was treated with a chromium anti-microbial 
additive. This air drying system ceascd operations in the early 1990s (Bouwer, 1994). The 
building also has a liquid nitrogen tank system that is used as a secondary source of high purity 
nitrogen for the glovebox inert atmosphere system. The process drains in the buildings arc no 
longer usable and are filled with concrete. Instead, the liquid waste is collected in sumps and is 
transferred to tanks and disposed of through liquid waste processing in Building 374 (EG&G, 
1992; Bouwer, 1994). 

9.4 DESCRIPTION OF OPERATIONS 

Tlic opcrational history of Building 776/777 is organized according to thrce distinct time pcriods: 
froni 1957 to the 1969 fire, post- 1969 fire to 1989 opcrations curtailnxnt and current opcrations 
since 1989. 

9.4.1 OPERATIONS FROM 1957 TO THE 1969 FIRE 

I n  1957, a change in thc weapon concept occurred which resulted i n  an increase in plutonium 
rclative to uranium content. In addition, diffcrcnt shapes of plutonium nit11 closcr dimcnsional 
tolcranccs ivcrc also required. Thus, niorc rolling, forming and machining of plutonium was 
rcquircd than i n  the earlier ycars of production. As a rcsult of thcse changes and an incrcascd 
ivorkload, the Building 776/777 complex was constructcd for plutonium casting, fabrication, 
asscmbly and quality assurance tcs‘ting. Building 776’s main purpose \vas the casting and 
fabrication of plutonium parts, and Building 777’s main purposc was asscmbly of parts and sonic 
disasscnibly of sitc-return parts (CllcmRisk, 1991,; USAEC, 1969; Hornbacher, 1994b). Four 
principal gloi~cbos systcms existed in Building 776/777 during 1957 to 1969. Thcse includcd tlic 
North Foundry Line. the South Foundry Line, thc Ccntcr Line, and thc North-South-East 
h4achining Line. All production opcrations wcrc carricd out i n  glovcboscs which wcrc 
intcrconncctcd by a scrics of convcyors. The coni’cyor systcm was an ovcrhcad chain link 
conveyor on which materials wcre Inovcd between gloicboxes. In  addition, convcyors scrvcd 



tlic North and South Briquetiing Presses and provided a i v n v  to return scrap or machining chips 
to the casting furnaccs (USAEC, 1969). j 

9.4.1.1 CASTING 

The original foundry was locatcd in tlic southwcst corncr of Building 776 in tlic approximatc arm 
of the currcnt Room 134. Tlie foundry containcd 16 furnaccs which wcre crowdcd into the rooiii 
(Lonibardi and Campbell, 1994). Foundry operations cast plutonium either as ingots suitable for 
rolling and further wrought processing or into shapcs amcnable to direct machining operations. 
Foundry operations also included collecting, reprocessing and remelting of machine turnings and 
solid scrap. Additional rcsponsibilitics includcd prcparation and transfer of saniplcs to tlic 
analytical laboratory, operation of a molten salt extraction (MSE) facility and filtration of waste 
machining oil and turning dcgrcasing solvent (USAEC, 1969). 

Foundry equipment consisted of two nearly idcntical glovcbox lines which handled plutoniuni: 
the North and.South Foundry Lines. Eight furnaces wcre locatcd on each line. Six of those on 
the North Linc wcre uscd for alloyed War Reserve ingot production, onc was uscd to makc fccd 
ingots from alloycd turnings, and one was uscd to burn skull-lid matcrial from tlic tantalum-warc 
used in  tlic casting fiirnaccs. Two of tlic fiirnaccs of tlic South Linc produccd :illoycd fecd ingots 
from buttons, two produccd classificd feed ingots, and t\vo wcrc uscd for allo!.cd classificd feed 
ingots or to cast tlic plutoniuni from units that wcrc returned from thc stockpile. Onc fiirnacc 
w;fs used exclusively for casting special alloy parts and onc was assigned to RRD work (US.4EC. 
1 ?t;9). 

. 
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Tlie foundry received many matcrials as fccd sourccs. Thcsc includcd fresh rcactor fccd in the 
form of buttons from Savannah Rivcr and I-Ianford, buttons of rcproccsscd RFP rcsidue matcrials 
from Building 771, scraps, turnings, stockpilc rcturn parts and rcsiducs (USAEC, 1969). Button 
proccssing took placc in the South Linc and invol\*cd casting all buttons into fccd ingots and 
blencling thcni to producc B'x RCSCI.\*C, special job ordcr or preproduction ingots. A largc part  
of thc lo\v-amcricium fresh fced mntcrial went into tlic alloyed preproduction ingots \vhich \ x r c  
stored in  Building 991 in  prcparation for Part V production rcquircnicnts (US:lEC, 1969.). 

9.4.1.2 FABRICATI ON 

Fabrication operations involi*cd citlicr direct machining of ingots or cast sllnpcs produced in thc 
foundry or conducting a lvrouglit process which furtlicr prepared the ingot for machining 
operations (USAEC, 1969). Thc wrought proccss involvcd rolling ingots into shccts and cutting 
them into circlc blanks to bc passcd through the Ccntcr Linc for pressing. Tllc prcsscd bI:iiil;s 



wcrc then anncalcd in furnaccs prior to machining. hlricliining opcrations involvcd taking cast 
or wrought parts and performing a scqucnce of opcrations including dcbrininiing or rcnioving 
sprucs, contouring, drilling and niilling. Machining opcrations took placc on tlic North-South- 
East Linc ( USAEC, 1969). 

,.) 

In 1958, oil was added to tlic plutonium machining proccss to enablc niorc rapid machining with 
less cliancc of spontaneous combustion. In  vcry carly opcrations, Shcll Vitrca cutting oil was 
used followcd by a washing with PCE. Shortly thcrcafier, PCE was rcplaccd with carbon 
tetrachloride because PCE causcd degradation of the gloves in the glovcboxes and creatcd a 
gummy residue which interfcrcd with inventory control (Strangfcld, 1994; USAEC, 1969). Latcr, 
the Shcll Vitrea oil was rcplaccd with Tcxaco Rcgal oil bccause i t  was lcss costly (Strangfcld, 
1994). Building 776 houscd a ccntralizcd oil collection system. Thc oil was filtcrcd and uscd 
filters wcre scnt to Building 771 for plutonium rccovcry. Disposal of tlic wastc oil aftcr 
approximately 1966 was accomplished through a solidification proccss in Building 774. 
Howevcr, prior to tlie operation of the Building 774 solidification proccss, disposal of tlic 
plutonium-contaniinatcd waste oil was a significant problcm. Thc gcncration of this wastc, and 
tlie lack of an acccptablc trcatnient systcni, rcsultcd in  thc outdoor storage of thcse waste oils at 
"le "903 Pad" (Putzicr, 1970). 

9.3.1.3 ASSEMBLY AND TESTING 

Asscnibly opcrations wcrc Iocatcd in Building 777 and involvcd asscmbljng various pit 
coniponcnts. The units primarily contained nuclcar materials such as plutonium and uraniuni, 
however, non-nuclear matcrials such as steel, bcryllium, copper, nioncl and silver were also 
asscniblcd. Prior to asscmbly, all cornponcnts wcre thoroughly cleaned with ctliyl alcohol or 
accionc and inspcctcd (Strangfcld, 1993). Asscnibly activitics includcd drilling, welding, brazing, 
turning and polishing (USAEC, 1969; ClicmRisk, 1992). Aftcr asscmbly, complctcd units \\'crc 
packcd and shippcd off-sitc or to Building 991 for final proccssing. storagc and shipping 
(USAEC, 1969). 

Prior to tlic introduction of ultrasonic clcaning units in  approxiniatcly 1960- 1961, tlic plutonium 
parts wcrc clcaiicd by dipping thcni i n  tanks of TCE (Crislcr and Dingman, 1993). CIcancd p:irts 
wcrc tlicn movcd to tlic supcrdry room i n  thc down-draft nsscmbly arca wlicrc tlic parts 
\veldcd togcthcr. Wcldcd asscmblcs \ \we  tlicn bnkcd. fillcd and scnlcd. Icak-tcstcd, \vciglicd and 
tcstcd by noli-dcstructive tcsting. All asscmblics wcrc tlicn rncliogrnplicd, dimcnsioiially 
inspcctcd, samplcd and finally pnckagcd. Similar opcrations tool; placc for non-niicIc;ir 
asseniblics (USAEC, 1969). 
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The assembly process for plutonium parts after approximately 1960-1 961 involved washing tlie 
parts in an ultrasonic cleaning unit using Alk-Tri-grade TCE followcd by a visual inspcction for 
physical damage. l h c  cleaned parts were thcn wrappcd in aluminum foil and niovcd to tlic 
assembly glovcbos storagc area. Plutonium parts wcre rewashed using the ultrasonic \.apor- 
degreaser systcm, again using TCE (USAEC, 1969). 

Special assembly operations includcd thc Zero Power Plutonium Rcactor (ZPPR) projcct. This 
project involved assembly and welding of stainless stccl to plutonium-molybdcnurn-uranium alloy 
plates (ChemRisk, 1992). Other special asscmbly operations included asscmbly of spccial ordcr 
pits and parts which were tested at the Ncvada Test Site (Hornbacher, 1994b). 

9.4.1.4 DISASSEMBLY 

f 

Disassembly operations were also conducted in the Building 777 assembly arca. The first sitc- 
return work performed in Building 777 took placc in 1958 (Dingman, 1994). Incrcascd site- 

. return disassembly activities began in thc late 19GOs as old weapon designs were retired apd 
. disassembled to recover valuable materials (Hornbacher, 1994b; USAEC, 1969). Aftcr 

disassembly, parts were inspcctcd for unusual conditions and segrcgatcd according to material 
type. Plutonium niatcrials were rcturncd to tlic Building 776 foundry whcrc tiicy w r c  cast into 
feed ingots. Depending on assay spccifications, tlic ingot was thcn scnt to tlic h4SE facility for 
americium removal. Otlicrwisc, tlie ingot was scnt to Building 771 for chemical purification and 
rcturncd to tlic foundry as a fresh button. Enriched uranium parts were shipped to Building 881 
for recovery, and depleted uraniuni and inert coniponcnts were packaged for disposal at off-site 
disposal sites (USAEC, 1969). 

. 

9.4.1.5 RECOVERY 

Scvcral rccovcry opcrations \vcrc conductcd in conjunction with fabrication opcrations i n  Builcl ing 
776. These focuscd on processing plutonium scrap, turnings and rcsidiics. 

Alloyed scrap from rc-jccted parts, Ccntcr Linc scrap, othcr classified scrap. and alloyed turnings 
wcre dcgrcascd \villi carbon tctrachloridc, briqucttcd and recast dircctlp into ingots (USAEC. 
1969; Lombardi and Campbell, 1994). The briquctting operations wcrc conducted 011 tlic North 
and South Briquctting Prcsscs \diicli u’crc located towards the center of Building 776/777. l’licsc 
briquctting presses wcre Iocatcd in  glo\icboscs which ran east-west. Briquctting prcsscs took 
machine turnings and scrap plutonium which had bccn dcgreascd \villi carbon tctrachloridc and 
pressed the :iictal into a hockey-puck type shnpc. The presses locatcd in the glovcboxcs \ \ ~ r c  



hydrostatic prcsscs (Boss, 1994). I n  addition, Building 776 containcd an isostatic prcss Iocatcd 
outside of the glovebox line which utilizcd oil for prcssing (Lonibardi and Campbcll, 1993). ) 

Various opcrations in Building 776 produccd rcsidue niatcrial that \vas rcproccsscd and rccovcrcd 
(USAEC, 1969). In some cascs, dirty matcrials were oxidizcd in furnaccs or hot-platcs to convcrt 
plutonium to an oxide form wliicli could bc rccovcrcd by dissolution in Building 771 (M'ca\u, 

1994). 

9.4.2 OPERATIONS FROM THE 1969 FIRE TO 1989 PRODUCTION 
CURTAILMENT 

On May 1 1, 1969, a major fire in Building 776/777 resultcd in rclocation of some of the foundry, 
fabrication and asscmbly operations into Building 707 (I-Iornbacher, 1994a). Clcanup of arcas 
following the fire resulted in the disposal of some equipment including the hydroform press, thc 
briquctting presses, the rolling mill, casting furnaces and gloveboxcs associated with this 
equipment (Dingman, 1994). As a result of the fire, additional walls werc constructcd within 
Building 776/777 for better fire safety (Hornbacher, 1994a). Aftcr the fire, the major production 
operations in thc building wcrc rcduccd to machining opcrations on t11c South Linc i n  Building 
776, and disassciiibly of site rcturns and asscnihly opcrations in Building 777. Spccial ordcr and 
R&D work bccamc morc coliinion than thc prc-fire War Rcscrvc production (Dingman, 1094). 
I n  Building 776, thc empty spaccs rcsulting froni the firc wcrc mostly fillcd with wastc-rclatcd 
opcrations which focuscd on \r;istc reduction (I-Iornbachcr, 1994a). Othcr opcrations conductcd 
in the complex includcd plutonium rccovcry opcrations i n  Building 776 and support opcrations 
such as storage and laboratory \vork in both buildings. Thcse opcrations continued until 
production curtailmcnt in 1989 (EGSrG, 1993b). 

. 

9.4.2.1 CASTIKG 

Aftcr rhc 1969 firc. Building 776 casting opcrations ccascd. its casting furnnccs wcrc rcniovcd. 
and its casting opcrations wcre assuiiicd by Building 707 (Dingnian, 1993; Bou\vcr, 1993). l'hc 
spaccs withiii the foundry area mcrc largely replaccd by wastc-related opcrations 

9.3.2.2 FABRIC.4TION 

Parts cast in thc Building 707 foundr!. wcrc macliincd in Rooms 13 1 a i d  134A in Building 777. 
Equipmcrit uscd was containcd in  clcvcn g lo \~boscs  and includcd a dry lathc, eight oil-coolcd 
lathes, a fivc-axcs mill and a jig borer. Prior to machining, parts wcrc clcancd \vitli c:irbon 
tctrachloridc and Frcon 1 13. Aftcr machining. thc parts \wrc scnt for furthcr proccssing and thc 



rcniaining scrap mct:ii \\'x rc!urncd 10 tlic briquctting proccss locatcd in tiic Sou:.li I'oundr>. Line 
(EGRG, 1990). This process is no longcr i n  operation (EG&G, 1993b). 

I n  addition, sliorrl!. zi'tcr thc firc: ttic South Machining Line in Buildiiig 776 rcsunicd opcrations 
which focused on spccial ordcr \:wk and onc War I < c s c r \ ~  prograin (lIin_crnan. 1 994). 

9.4.2.3 ASS LRI I3 L1' 

Aftcr thc fire, thc main sourcc of parts to bc asscmblcd in Building 777 changcd from Building 
776 to Building 707 (Dingman, 1993). Rooms 430, 432, 4323, 433, and 430 were down draft 
rooms uscd for assembly and clcaning activities. Tlicsc "superdry rooms" wcrc \*ir tudly 
moisture-free and cncloscd in an airlock chambcr. The rooms wcrc conncctcd to a glovcbos and 
rcccivcd parts ~vl i ic l~ had passcd through clcctron beam welding and non-dcstructivc tcsting. I n  
Glo\.cbox 465 in Room 430, inspectcd parts from Building 777 wcrc clcancd in  a IO-gallon TCA 
bath to rcmovc oil, grimc and dirt. Ncxt, thc ultrasonic vapor dcgrcascr, wliich was also locatcd 
in Room 430, uscd a 90-ga11on TCA bath split into two compartmcnts to further clcan tlic parts. 
Aftcr rinsing, thc part \vas placcd on a down draft tablc and thc TCA was c\,aporatcd and the 
parts \ \wc asscmblcd and clcaiicd \vith lint-free wipes and TCA or ethyl alcohol. l'hc parts wcrc 
then scnt to the supcrdry clcctron hcniii \\ddiiig imit i n  Building 707 (EGcQG. 1990). 14'1icii tlic 
'I'CA bntlis uscd for cleaning I-Iccanic dirt!f. they if'crc pipcd directl!. to tlic Building 777 \ \ x t c  
'TCA collection s!*stcm (ECictC;, 1990). l'lic TC.4 uscd in thcsc baths replaced the TCE clcaiiing 
s ~ ~ s i c m  \\.hicIi \\.:IS iiscd prior to I ?72. This cha i i~c  n'as made in rcspoiisc 10 tJx 1972 CJc3n Air 
Act in ordcr to rcducc li>drocarbon emissions (I-lornbachcr, 199413). 

An additional ultrasonic cleriiiing s!.stcm was located i n  Room 330 and opcratcd similarl!. to the 
system in Room 4>0. csccpt i t  clcaiicd metal filters from hllodulc 1-i i n  Biiilding 707 (EG&:G. 
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1990). 
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in this operation (EG&G, 1990). In addition to the site rcturn disassembly operations, samplcs 
from the weapons stockpile were also disassembled as part of quality assurancc/quality control 
(QNQC) operations (Mornbacher, 1994b). 

Because tritium was generated from the disassembly of somc typcs of contaminated parts, a 
tritium gettering system was installed. This system rcmoved tritium from gas sampling and 
glovebox exhaust by converting it to tritiated water xid desiccating the air strcam. The tritium 
gettering process has not been used since approximatcly 1988 (EG&G, 1990). 

9.4.2.5 INSPECTION AND TESTING 

Pre-assembly testing of the plutonium parts and inspection of assembled components were 
conducted in Building 777 until production curtailment (EG&G, 1993b). These activities included 
non-destructive testing, inspection and density balance operations. Component integrity testing 
was also conducted on non-production parts. 

Non-destructive Testing (NDT). NDT includcd radiography and wcighing. Radiography uscd 
X-rays to examine plutonium parts for structural flaws. Freon 12 was used in one type of X-ray 
device, and sulfur hexafluoride was uscd in anther type of X-ray device. The X-ray dcvclopnic~it 
process uscd fixer solution which was sent to Building 774 for silver rccovcry after USC. 

Developer was also uscd and washed down the process drain after use. Small quantities of TCA 
were uscd for gencral cleaning purposes. Weighing activities involved cleaning parts with ' K A  
and then weighing them in a glovebox on a gram balance (EG&G, 1990). NDT is no longer 
conducted in this building (EG&G, 1993b). 

Inspection. Inspection activities took place in Rooms 130 and 430 and involved dimensional 
non-destructive testing of parts and assemblics. Part surfaces wcrc cleaned with carbon 
tctrachloride and Frcon I 1  3 on abrasive pads. Oil \vas sonictinics applicd to the part surfncc for 
testing and then was rcmovcd using Freon 113 (EG&G, 1990). 

Density B;ilance 0pcr;itions. The density of plutonium mctal parts was dctcrmincd by 
immersing the part into a 15-g; i~lOIl  Frcon 1 13 bath and nicasuring the density relative to Frcon 
1 13. These activitics \\'ere conducted in a nitrogen incrtcd g lo \d~ox .  Provided that the part \\'as 
determincd to have the proper density, it was sent on for further proccssing (EG&G, 1990). 

Component Integrity Testing (Nuclear Asscmbly Tcchnology). Rooms 445, 453, 454. 459, 
459A and 460 were uscd to conduct component integrity testing. This process involved strcss, 
vibration, strain, tcnsilc strength and gravity forcc analyses. Glovcboscs 493.495. 499, 500. 501 

i./i.s/oricol Rclcasc Rcporf 



and 502 werc locatcd in tlic process arm.  J’roccss cquipnicnt consistcd of prcssure c1i:iiiibi.x 
tensi le t cs t er s , wc 1 d c rs, an ciiv i ron mcn t a1 cham be r, a grav i t y - i 11 cl uc i ng niachi nc and vi brat i o 11 xi1 d 
shaker machines (EG&G, 1993). Small amounts of aqltcous dctcrgcnt sprays \vcrc ~isccl for 
gcncral clcaning (EGGG, 1990). 

I 9.4.2.6 REC 0 V E 1x1’ 

The main rccovcry opcrations in the building wcrc briquctting and pyrochcniistry opcrations 
located in Room 154 in Building 776. Thc major pyrochcmical proccsscs for rccovcry of sitc 
return materials and scraps wcrc moltcn salt extraction (MSE) and elcctrorefining. Prior to 
undergoing MSE or  clcctrorcfining, thc plutoniuni coniponcnts from rctircd wcapons \vcrc 
reduced in size using a pneumatic sizcr (EG&G, 1990; EG&G, 1993). Othcr recovcry opcrations 
were used to rccovcr plutonium rcsidues and osidcs. These included direct oxide rcduction 
(DOR) and the salt scrub proccss. All of these operations ccascd by 1989 (Bouwer, 1994). 

Briquctting. Post-firc briquctting operations insolvcd tlie pressing of plutonium nictal machine 
turnings into pucks using a hydraulic prcss. Tlic turnings wcre first convcycd to Room 13 1 in 
Building 777 ~ I i e r c  tlicy wcrc clcancd in pcrforatcd nictal baskets which wcrc dippcd into a 
series of four idcnticnl carbon tetrxliloridc b:itlis. I I I C  scraps wcrc thcn air-dricd arid prcsss‘d 
into pucks which \ \ w e  convc)wl to the foundrj. in Building 707. Tlic carhon tctrruhloriclc baths 
werc cliangcd frcqucntly. Wristc bath solutions potentially contained Freon 1 13 and machining 
oils (EG&G, 1990). l’hcsc \vcrc c\*cntually disposcd of in  liquid wriste proccssing i n  13uilding 
774 (Bouwcr, 1993). These operations ceased with production curtnilmcnt, but the p~occss 
equipment rcniains i n  the building (EG&G, 1993b; Bouwer, 1994). 

~ 
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RISE. Tlic purpose of tlie h4SE process n.as to rcmo\.c anicriciuni contrimin:ition from sitc rc1urn 
plutonium Iiictal parts. Six furnaces dcdicntcd to h4SE wcrc installed in tlic Lwildins i n  1972 
(h4cKaig et 31.. 19s;). Tlic proccss in\.olvcd placing tlic plutonium mctal in  an argon-iiicr-rcd 
cruciblc with an osid:int salt and a sol\wit salt in an clectrically licatcd fitrnncc. Bcginnin; in 
approximately 1986/1987. dicesium Iicsaclilornplutonatc (DCl-IP) \\’as uscd as tlic oxidant salt mt l  

calcium cliloridc \vas uscd as tlic sol\.cnt salt. l‘hc proccss produccd a piirificd plutoniuiii 
“button” and a contaminatcd cliloridc salt. Aincriciuni chloride and plutonium chloride licrc 
rciiiovcd frow tlic contaminatcd chloride salts in  tlic salt scrub process (ECbG. 1990; E C i k  G. 
1993). The plutonium button wis saiiiplcd for purity. and if it was pure cnougli, i t  w:is s c n ~  I O  

Building 707; otherwise, it was sent through clcctrorcfining as an additional purification stcp 
(Dingman, 1994). 



Elcctrorcfining. In thc carly 136O's, r?n i n  situ clectrorcfi:ii!ig proccss w s  ticvclopcd in ~i.I!ic!i 
non-specification plutonium mctal was electroreiincd 10 I>roducc purificd plutonium (1 I I ) .  
production-scalc clcctrorcfining facility consisting of six furnaccs \\?as cstablishcd in Builciing 776 
in 1966 (McKaig ct al., 1983; Crislcr, 1992). I n  late 1970. elcctrorcfining \$'as discontinucd 
because 70 to 75 pcrccnt plutonium yiclds from thc proccss wcrc dccnicd iinacccptablc compmxl 
to the aqucous proccss i n  Building 771 \vhich could producc 90 to 95 pcrccnt j-iclcls. I-Io;ve\u-. 
electrorefining rcsearch continucd and rcsultcd in tlic dcvclopmcnt of the tilt-pour furnacc \vhich 
was placed in Building 371. In May 1987, the tilt-pour clcctrorcfining furnacc was shut down 
in Building 371, and the dccision was made to implcnicnt an clcctrorcfining production ~ v i t l i  
stationary furnaces in Building 776. Electrorefining activitics resumcd in Building 776 i n  1988 
(Crisler, 1992). The clectrorcfining proccss at that timc involvcd purifying non-spccification 
plutonium metal by placing the nictal in a niagncsium oxidc crucible with magncsium chloridc. 
sodium chloride and potassium cliloridc. The crucible was placcd in an clcctric furnacc and a 
cathode and anodektirrcr were addcd to create a reaction which rcsultcd in salts, anodc heel and 
plutonium mctal (EGGLG, 1990). Tlic anodc alloy subproccss combincd thc anodc hccl from 
electrorefining with aluminum to produce an alloy that was suitable for rccovery at the Savannah 
River site. Anode alloy used the same furnaccs as MSE (EGGLG, 1993). 

S;ilt Scrub Proccss. 'rhis proccss concentrated xtinidc mctals into ;I mctnl nlloy f i m i  rcsicluc 
salts such as thosc produced in the h4SE process. 'I'hc resulting nictal a l lo~ '  \vas suitablc for 
rccovcry at ilic Sa\*annah Ri\m sitc. Thc salt scrub \vas pcrformcd in thc sanic furnaccs as h1SE 
in  Glo\.cboscs 496 and 5 ;  -?. The salt scrub proccss \vas first conductcd i n  Building 776 in  1976 
using a magncsium/zinc cstractant in a tilt-pour furnacc (Crislcr, 1992). Later, t\vo other salt 
scrub processcs wcrc uscd. In the first proccss, aluminum and niagncsium \\'crc used as thc 
alloying agcnt and tlic rcductant, rcspcctivcly. I n  thc sccond proccss, galliiim was uscd :IS the 
alloying agcnt and calcium \vas uscd as thc rcductant (I,GL!G, 1990; EG&G. 1993). 

Ijil-cct Oxide Ilcduction. DOR icscarcli at 1U-P bcg:~n i n  1907 with pilot-scale operations 
conductcd from 1981 through 10s-3. I n  1983, thc process hcgan lxing uscd on ;I production-sc:ile 
basis i n  Building 776 (Crislcr. 1992). DOR produccd plutonium mclal from plutonium osidc 
\vitIiout ac1:iwus pioccssing. I t  climinated thc potentially high radiation csposurc slcp of. 
hydrofluorination that  occurrcd in Building 771. I t  in\.ol\.cd batch proccssing plutonium ositlc 
fccd .hrougli a high tciiipcrntiirc calcincr to remo\.c moisturc and drivc off \.olntilcs. l'hc cliai.pc 
consistcd of plutonium osiclc. calcium nictal and c x t  c;ilciuiii chloridc salt (EGctG. 190-3: CI islcr. 
1992). Thc rcsultinp plutonium hutlon \rns saniplccl for purity. I f  i t  was p r c ,  i t  \vas scnt to 
Building 707, if not,  i t  \ i x  sent to clcctrorcfining for xlditional refining (Dingman. 1994). 'I'hc 
rcsidud calcium s:ilts \vcrc saniplcd for plutonium and storccl for possihlc aqucous rcco\wy 
(Crislcr. 1992). 



9.4.2.7 WASTE HANDLING 

Waste handling operations includcd collection of wastc solvents such as carbon tctrachloride and 
TCA and reduction of wastes. 

Carbon Tctrachloridc Systcm. This systcni was locatcd in Glovcbox 207-642 in Rooms I3 1 
and 134A of Building 776. Its purpose was to collcct, filter and distribute wastc carbon 
tetrachloride for eventual treatment. Carbon tetrachloride was used to clean machine turnings in 
the briquetting process and in several machining operations in Building 777. In addition, fluids 
such as Freon TF from the density balance, coolant oil, vacuum pump oil and sight gauge oil 
were put into this system. Waste carbon tetrachloride was collectcd in a series of,fivc pencil 
(small diameter) tanks. When the tanks were full, the carbon tetrachloride was pumped through 
the Ful-flo filtration systcm to a large storage tank. The liquid was then pumped through anothcr 
filtration unit and sampled to ensure that the sample was below the radioactive discard limit and 
then transferred to Building 774 for waste treatment (EG&G, 1990; EGBiG, 1993). 

TCA Collection and Filter System. The TCA collection and filtration system was located in 
Room 430 and collected TCA from various storage systems in Buildings 707, 776 and 777 and 
stored it in Tank T-1 . Tank T-1 was samplcd rcgularly for plutonium, anicriciuni and uranium. 
If it was below tlic transfcr limit, it \vas pumped to Tank T-2. Otherwise, it was circulatcd 
through a filter systcni and sent back to Tank T-I. The wastcs wcrc then pumpcd to thc Building 
774 waste trcatment system (EGBiG, 1990). Tanks and associated piping are schcdulcd for 
Resource Conscrvation Recovery Act (RCRA) closure and the tanks arc opcrationally empty at 
this time (EGBiG, 1993). 

Balcr. The low-levcl waste baler was located in Room 144 of Building 776 and was uscd to 
reduce the volume of low-levcl combustiblc waste. The balcr was a hydraulic, single chambcr, 
downstroke prcss with a coniprcssivc forcc of 50 tons, cquippcd with a 1ij.draulic balc cjcct 
systcm. Combustible waste forms were unpacked from drums, fcd into the balcr and coniprcsscd 
into a cardboard box lincd with plastic and layered with Oil Dri to absorb any free liquid. Thc 
box was thcn strapped shut and transfcrrcd to a iswxlcn cratc for lo\v-lcvcl w‘nste disposal. Thc 
proccss rcduccd thc volume of \vastc by a ratio of 5: 1 , increasing thc capacity for on-site uastc 

storage. 

Although the balcr is not currciitly in  USC, there is a possibility that it may bc uscd at sonic timc 
in thc futurc for lo\v-lc\rcl and low-level mixcd conlbustible wastc, providcd that the appropriatc 
RCRA permit is obtained (EGbG, 1990: Aguilar, 1994). If uscd for low-levcl miscd 



combustiblc i i-astc. tlic balcd ivastc would bc classified as Iimirdous due to solvcnt conta~iii~1:::i!~ii 
and/or tlic prcscnce of Icad-lincd gloves prcscnt in  low-lc~~cl miscd wastc (EG&G, 1990j. 

J 

Advanced Size Itcduction Facility (ASIW). l h i s  fixility in Building 776 was used to 
disasscrnble or cut plutonium-contaniiiiatcd gloveboscs and misccllancous largc cquipmcnt doivn 
to a size that ivas casily packagcd in approvcd wastc containcrs. Thc ASW proccss consistcd 
of five subprocesses cncloscd in onc glovcbox in Room 134. Thcsc included an air-lockcd 
manual disassembly area, a remote disassembly area, a cutting arca, a steam cleaning area and 
a packaging arca (EG&G, 1993). The ASRF produccd TRU, TRU-mixed, low-levcl and low- 
level mixcd wastes (EG&G, 1990). This facility has not been operational since production 
curtailnicnt but may opcratc again in the future (Bouwcr, 1994). Other size reduction opcrations 
conducted in Building 776 during this time are still opcrating and are described in Scction 
9.4.3.1. 

Fluidized Bcd Unit (FBU). Building 776 housed both a pilot-scale FBU in Room 135 and a full- 
scale, two-story, 3,000 square-foot FBU in Room 118 (Bouwer, 1994; Aguilar, 1994; EGGrG, 
1993). The FBU systcm design involved a series of shrcdding and sorting processcs prior to 
scrcw-fccding shrcddcd w s t c  into a primary rcxtor. Tlic fluidized bcd mntcrial in thc rc:ictor 
con si s t cd of 11 cat cd sod i iini carho nn t c' gran 11 1 cs 2nd an os  i d ;i t i on c ;i t a1 1's t corn pr i scd of alum i 11 i im 

osidc and cliromiiim osidc. 'I'hcsc niatcrials ivcrc Iliiidizcd by a flo\v of coniprcsscd a i r  :incl 
nitrogcn gas. !\I1 
cmissions from the unit passcd tlirough an aftcrburncr. a c y c l o ~ ~ c  scparator and a bank of 1-113'.4 
prefilters and filtcrs (EG&G, 1990; EG&G, 1992). 

. 

I n  addition to solid wastc. liquid Ii'astc could also bc fcd into tlic unit .  

Dc\~elopnicnt of the FBU bcgan in  1975 and involvcd a bcnch-scalc uni t  folloivcd by installation 
of a pilot-scalc unit  which undcr\icnt tcsting through approsimatcly 198 I (Aguilar, 1093). On 
h4a~r 19, 19Sl , a trial burn of onc gallon of polyclilorinatcd biphcn!'ls (I'CBs) niiscd \\*it11 four 
c eallons of kcroscnc wns conductcd in tlic pilot-scale unit and considcrcd to hc a siicccss (13ii~~I'cr. 
1993; Aguilar, 1993). I n  1978. tlic full-scalc FBU, or dcmonstrrition uni t .  camc on liiic for 
tcsting. EPA-nppro\wl tcst burns \vert conductcd in  this unit  from 1979- 1 ? S S  on both liqiiid and 
solid waste forms. Tlic trial-bxis opcrations burncd non-linc conibustiblcs, officc t r a h .  
crankcasc oil and comprcssor oils (EGkG.  1993) hlatcrial from thc tcst burns rcmains i n  thc 
fccd tanks to thosc units (EGLCG. 1992). Although thc full-scalc uni t  was dcsigncd and built for  
tlicrmal trcatmcnt of low Icwl radioacli\.c and liazartlous niiscd solid and  liqiiid \v;istc. thc iinit 

ncvcr gaincd operational slntiis duc to difficultics \\*it11 thc RCILZ pcrmitting proccss (Ayuilar. 
1993; EGkG.1993). Thc F13U has not bccn tcstcd o r  othcr\visc opcratcd sincc 1988 (ECi'tCi. 
1993). 



\ 9.4.2.8 SPECIAL PROJECTS 
./ 

Aftcr the 1969 firc, Building 776/777 production-rclatcd activitics gcncrally shifted from full- 
scale War Rcscrvc production activitics to spccial ordcr work and I U D  activitics. Available 
information on spccial pro-jccts in  thc complcx includcs: coatings opcrations in Building 776, 
coatings operations in Building 777, "spccial \vcapons projects" in  Building 777 and joining 
operations in Building 777. Thcsc opcrations arc dcscribcd bclow. 

Coatings in Building 776. The coatings facility in Building 776 was an R&D opcration which 
began operation in the 1970s (EG&G, 1990; Crisler and Dingman, 1993). Functions included 
the evaluation and dcvclopmcnt of chcmical coatings for a varicty of ccramic and metal substrates 
(EG&G, 1990). The coating matcrials included rare earth oxides and nitrates, espccially crbium 
nitrate (Dingman, 1994). Other niatcrials used for coating included chroniatcs, nianganesc and 
stainless steel. Nearly all elements in the periodic table were candidates for coating materials. 
The substrates to which thc coatings wcre applied were roughencd or abradcd using glass bcads 
or aluminum oxidc grit. They may also have bccn etched with any or all of the common rnincral 
acids. Typical substrates includcd magnesium oxide, aluminum and numerous othcr me1 als. A 
curing furnace was uscd in  the csperimcntal proccss. Erbium nitrate was uscd to coat molds 
\\.!iicli wcre placcd in  the elcctric furnacc (EG&G. 1990). 

.( 

Coatings in Building 777. This coatings facility n'as a rcscarch facility for thc dcvclopmcnt of 
substrates to bc coated \vitIi plutonium (EG&G, 1990; Crislcr, 1991). This proccss occurrcd in  
gloveboscs with nitrogcn-inertcd atmospheres in Rooms 437 and 463. Substratcs wcre first 
etched ivith sulfaniic acid and clcancd with wirc brushcs. The substratcs wcre then grit-blastcd 
and clcancd lvitli a combination of vapor dcgrcascr and ultrasonic clcancr. \vhich contained TCA, 
to rcnio\*c oils. The TCA in the dcgrcaser \vas changcd out \\.hen i t  txxamc visibly dirty or 
contaminatcd \+'itIi wastc and during bimonthly in\.cntorics. Frcoii 1 13 and cthyl alcohol \ \we 
also u:cd for clcaning thc substrates (EGAG, 1990). 

Spccial \Vc:ipons Projects. This opcration invol\*cd R&D in Building 777 for fabricating 
c I assi fi cd parts and fitting spccial t y jxir t s m d  mi t c r i 81. Sur vci 11 mcc parts \wrc al so d i s;issciii bl cd 
for analj.tical tcsting. Clcnning of parts involved ultrasonic clcaning with 'ITA and some 
clcaning with ctliyl alcohol. Some Iiiachining. \\ hich uscd cutting oils, ~ \ m  pcrformcd in  a 
glovcbos (EG&G, 1993b). 

.Joining. The joining proccss \\'as locatcd in R o o m  41 S, 430 and 475 of Building 777 and 
involved a varicty of R&D-scalc welding and cutting opcrations on non-plutonium metal parts. 
The proccss rccc i vcd a1 u m  i nuni, ti tan i uni , dcpl c t cd urani urn, \ran :id i iini and s t a i i i l  css s t ccl p:ir t s 



! 
from machining opcrations in thc 400-, 700-, and 800-scrics buildings. During thc most rcccnt 
operations, the process uscd two laser welders and one electron beam wcldcr (EG&G, 199;b). 
Prior to tlicsse operations, an additional electron bealii welder and a pressurized inert gas metal 
arc (Pignia) wcldcr were also used (EG&G, 1900; EGGrG, 1993). 'fhc two lascr wcldcrs incluc1t.d 
a Neodymium-Yttrium Aluminum Garnet (Nd-YAG) laser and a carbon dioxide laser. Thc Nd- 
YAG laser uscd argon, helium, oxygen and nitrogen gases for cutting and welding non-nuclcar 
metal parts. The carbon dioxide laser u t ldcd  non-production parts using compressed gascs. 'fhc 
electron beam welding involvcd fusion welding in a vacuum chamber in a glovcbox; these units 
were used only a fcw timcs per year (EG&G, 1990). Most of the welding proccsscs uscd 
acetone, ethyl alcohol and isopropyl alcohol for cleaning purposes. Welding processes are no 
longer active in Building 777 (Bouwcr, 1994). 

9.4.2.3 SUPPORT OPERATIONS 

Support operations included a Calibration Laboratory and a Plutonium Metallography Laboratory. 
The Calibration Laboratory calibrated gauges from around the plant site but is no longcr 
operational (EG&G, 1990; EGGrG, 1993). The Plutonium Metallography Laboratory was used 
to prepare and csaniine metal specimcns. Spccimcns wcre cut, cmbcddcd in plastic, ground and 
polished. Spccimcns could also bc ctchcd or clcctropolishcd. E\Auntions wcrc pcrfw11cd by 
optical microscopy and hardncss testing. Diamond polishing pnstc, which \vas thinncd \!lit11 

kcroscne, was uscd during the proccss and \vas thcn rcniovcd with wipcs. Ethyl alcohol \ j x  uscd 
to clcan samplcs prior to analysis. Thc cutting agcnt 1,l.l-TCA was uscd for grinding \\.it11 

carbide grit. The electrolytc solution uscd i n  the electronic etching process \vas ncutralizcd with 
sodium hydroxide prior to disposal or further plutonium recovery proccssing in Building 77 1 
(EGGrG, 1990). The plutonium mctallograpliy laboratorics arc no longcr in  operation (EG&G. 
I 993 b). 

9.4.3 CURRENT I3LJILI)lNG OI'ERATIOXS l ~ ~ S C I ~ I I ' T l O N  (1989-1991) 

Currcntly. thc Building 776/777 facilit)? is uscd for \vnstc handling and sc \~ rn l  support opcrafions. 
Waste handling opcrations including size rcduction. supcrcompaction and low spccific acti \*ity 
countcrs (LOSAC) in Building 776. Support activitics including general mnintcnnnce in  Building 
776, and a Tritium Survcillnnce laboratory and contnincr rcpncking in Building 777. 



9.4.3. I \+'ASTE MANDEHKG 

Current waste handling opcrations conductcd in Building 776 focus on volumc rcduction and 
proper control of activity I c \ ~ l s  in \\astc drums. I'licsc activities includc sizc 1-eduction. 
supercompaction and druni activity counting. 

Size Reduction Vault. Thc size reduction vault in  Rooni 146 is uscd to rcpackagc drums and 
crates containing mostly mctal, Icad, filtcrs, Raschig rings and cornbustiblcs. Tlicse matcrials 
potentially contain radioactivc contamination from scvcral proccsscs within thc Protcctcd Arca 
(PA). The low-level, non-hazardous wastes are sent to Building 664 for storage and evcntual 
shipment off-site. TRU, TRU-mixed and 1c.w-lcvcl mixed wastcs arc stored on-site awaiting an 
approved off-site disposal (EG&G, 1990; EG&G, 1993). Gas samples from wastes arc also 
'collected in this air-locked vault (Bouwer, 1994). 

Supcrcompactor and Rcpackaging Facility (SAW). Thc SAW, locatcd in Rooni 134, sorts 
and compacts transuranic, low-level and mixcd wastes. I t  began full-scale opcration on May 9, 
1994 (EG&G, 1994). The wastcs processed may originate in any WP building which gcncratcs 
radioactive and miscd \\'ask (EG&G, 1993). Tlic purposc of thc opcration is to rcducc tlic 
volumc of umtc as much as 75 pcrccnt to bcttcr use storagc spncc :it RFI' prior to \vastc 
shipnicnt for pcrniancnt disposal (EGLQG, 1993). 

Low Spccific Acti\*ity Coantcr (LOSAC). Assay mnchincs arc locatcd i n  Room 134 : t i id  arc 
used to count activity levcls of drums of low lcvcl waste and light weight drums. In Room 159> 
a HEPA LOSAC counts the activity Icvcl of I E P A  filtcrs. (Bouwcr, 1993). 

9.3.3.2 SUP PORT OPERATIONS 

Various support opcrations currcntly conductcd in thc complcs includc thc Tritiuiii Sur\~cill:iiicc 
Laboratory and container rcpncking acti\*itics in Building 777 and maintcnancc acti\.itics 1iousi.d 
in Building 776. 

Tritium Su n.ciII:in cc La bo r:i t o 1s. The Tri t i urn S wrci I I ancc L,aborntory i 11 B u i 1 ding 7 7 7 is iiscd 
for analysis of solid. liquid and gas snmplcs f i m i  throughout thc plant sitc for tritium contciit. 
This laborator), uscs Rooms 429, 33 1 and 33 1 A .  Tlic laboratory also analyzcs gas snmplcs \\.liicli 
do not rcqiiire t ri t i iim cont cn t clctcrminat ion. Tlic proccss invol\rcs samplc dissolut ion ~ fi 1 t I-;I t i on 
and radioncti\ity counting. I'roccss cquipmcnt includcs a mass spcctroiiictcr and ;i liquid 
scintillation countcr. Clicmicals uscd in tlicsc proccsscs may incluck nitric acid, sodimi 



hydro s i d c ~ pot ass i 11 i i i  pc rman ganatc and 0 p t i - 1: I 11 or sc i 11 t i  1 I at i on c oc 1; t ai 1 . Fo I Io \vi n g :in a I j ’s i s. 
Micro-Ccl E is addcd to cliniinate all frce liquids i n  samples (EG&G, 1993). 

I 

Container Rcp:icliing. f n this proccss, shipping containcrs from Building 99 1 arc rcpacl;ctl to 
niect current packaging rcquircnicnts of thc DOT (EG&G, 1993). ‘I‘his proccss is located i n  
Rooms 462 and 465 of Building 777. 

Maintcnancc. Maintenance activitics locatcd in Building 776 includc prcvcntive maintcnmcc, 
paint, carpcnter, machine, sheet mctal, pipc and gcncral arca niaintcnance shops (Wcston, 1986; 
EGBrG, 1993). Preventive maintenance is based in Room 154 and includcs primarily changing 
oil in pumps and other cquipmcnt and rcplacing battcrics (EG&G, 1993). 

9.5 CURRENT CONTARlINATION STATUS 

Building 776/777 is currcntly considered to be a high hazard facility duc to thc largc amounts of 
plutonium and uraniuni mctal and plutonium osidcs and rcsiducs storcd in thc building. 
Radiation hazards include tlic Spccial Nuclcar h4atcrial (SNM) storage vaults, small spccific arcas 
in soinc glo\fcboscs and associatcd duct-work and FBU ash storage arcas (EG&G, 1992). 

A s  of 1902. thc building containcd 3 1 IZC‘JLA tanks (incliiding raschig ring. pcncil and annular). 
55 rooin storage sites, 1 FBU, S glo\.choscs, 8 vaults. I balcr, 1 ivaslicr, 1 open top collection 
pan and 3 fcnccd arcas (EG&G, 1992). ‘I‘lic huilding also liouscd a c1icmic:il matcrial in\*cntor>- 
of approsimatcly 1,500 individual chcmical containcrs. This inventory was typical of a11 

industrial m c t d  proccssing facility and includcd solvcnts (halogcnatcd and non-lialogcnatcd). 
corrosivcs, oils and lubricants. and laboratory rcagcnts and standards. h4ost of tlic materials \vcrc 
prcscnt in  quantitics of I O  gallons or Icss. Tlic invciitory iiicliidcd 257 containcrs bctivccn 10 arid 
55 gallons, \\.it11 most of thosc matcrials used to support utility and maintcnancc opcrations in thc 
building (EG&G, 1092). I n  addition. f i \ ~  pcncil t;inl;s tha t  historicall!. stcwcd a misturc 01’ 

mrichiniiig oil contaiiiinatcd \\.it11 plutonium. carbon tctrachlnridc and frcon (compound 
unspccificd) iscrc rcccntly draincd (Boi~wcr, 1993). Thc rcniaindcr of thc 2.659 drums of storcd 
mat cr i a 1 i n c 1 ud cd t ran surm i c. 1 o\\ -1 c \z l  111 i sccl. t imsuran i c m is cd and 1 ow- 1 cvcl \\m t cs i 11 

addition to lo\v-miscd and non-miscd rcsiducs and nnn-fully charxtcrizcd \ \ x t c  (EG&G. 1002). 

Cont:iiiiination hazards in thc huildiny includc both Ioosc and fisctl cont:iiiiination. much o f \ \  i:icli 
resulted from thc 1969 plutonium firc. Dcspitc cstcnsivc clccoiitniiiinatioii efforts. approsiiiiatcl!. 
75 pcrccnt of tlic building and cqiiipiiicnt surfriccs 1i:nVc fiscd contaminatioii i n  localized ;ire:is. 
Lc\& of contamination may cscccd 10” disintcgrations per minutc pcr 100 squarc cciitimctc-rs 
in 1oc:ilizcd arcas. Tlic fiscd contnmination h:is in most cases l w x  coiitrollcd hy paint or O I I I L V  



fixativcs. Contamination of the original roof of thc building has bccn containcd by thc addition 
of a false roof over thc facility (EG&G, 1992; EG&G, 1992b). 

Soil contamination undcrncath thc building is cspccted from at Icast tlircc sourccs. Water was 
used to control and extinguish the i969 fire and is bclicved to havc sccpcd through cracks and 
scams in the concrcte slab floor. Secoi ... ly, at lcast tlircc picccs of contaniinatcd equipnicnt wcrc 
placed in a below-grade heavy machincry pit in the bascmcnt of the building and cncapsulatcd 
in concrete as an acceptable method of disposal during thc decontamination of the building 
following the fire. The largest pour of concrete consistcd of approximately 280 cubic yards of 
concrete and burial depths in the machinery pit may be as much as 35 feet. Finally, seasonal 
fluctuations in groundwatcr result in seepage of groundwater into at least onc contaniinatcd nictal 
press pit and one sub-basemcnt (EG&G, 1992; EG&G, 1992b; DOE, 1994). 

Finally, the building is known to have asbestos insulation in numerous locations as well as in thc 
Transite siding that constitutcs thc outer skin of the facility. The extcnt and condition of thc 
asbestos has not been fully charactcrized (EG&G, 1992; USAEC, 1969). 
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10.0 OPERATIONAL HISTORY OF BUILIIINC: 881 
\ 

10.1 INTRODUCTION 

During the early 1950s, tlic Utiitcd States adoptcd a niiclcar n u p o n s  cicfcnsc duality policy v hicl: 
callcd for at Icast two installritions to lin\~c the capability to produce any of thc nuclcar 
components for thc national stockpile. ‘I’hc: Rocky Flats Plant (IW’) Builcling 88 1 \vas sclcctcd, 
along with thc Oak Ridgc Y-12 plant, to fabricate weapon parts from cnrichcd uranium (also 
known as Oralloy) (Crislcr, 1992; ChcniRisk, 1992). Building 88 1, originally callcd the “Ij 
Plant,” was tlic fourth building at the Rocky Flats Plant (RFP) to conic on linc. Opcrations 
producing uranium components bcgan in thc summcr of 1952 (Kclchncr ct al., 1994). A 

chemical facility in Building 88 1 which complcrnented the manufacturing opcrations, recyclcd 
mctal from fabrication and foundry rcsiducs (Hcbcrlcin, 1994; Kelchner ct al., 1994: Crislcr, 
199 1). The specific proccss opcrations involved in the fabrication of uranium componcnts 
included heating and casting of parts, parts shaping and forming, machining, asscmbly and 
uranium recovery (ChemRisk, 1992). 

Enriched uranium fabricntion opcrntions \vue  nio\.cd to Oak Ridgc bctwccn 1964- 1966 \vlicn the 
Unitcd States Atomic E n c r y  Commission (USiZEC) adopted a single mission policy and madc 
tlic production of plutonium componcnts thc focus of operations at RFP (Kclchncr ct al., 1994; 

Crisler, 1992). At this time and until 1984, Building 88 1 houscd the manufacturing proccss for 
precision stainlcss stcel parts which w r e  uscd i n  thc plutonium-bascd wcapon (ChcmRisk, 1992; 
I-Icbcrt, 1991 ; Jackson, 199 1 ; Kclchncr, 199 1). I n  1984, the stainlcss stccl operations were movccl 
to Building 460 (ChcmRisk, 1992). Aftcr stainlcss stcel manufacturing \vas moivcd out of 
Building 881, the building cspandcd its rolc as a multipurpose facility lor  rcscrirch and 
devclopmcnt (RaD),  analj-tical, support, and adniinistrati\.c and computer functions (EG2L.G. 
1991; EGkG, 1994). 

10.2 HISTOIIICAL TIkIELINE 

1951 Construction of Building SS 1 bcgan in December (Buffcr, 1993). 

1952 In April, thc first operations bcgan on rcgulnr production matcrials (Buffer, 1993). 
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\ 
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1955 

1958 

1964 

1965 

1966 

1966 

I 1967 

1967 

I n  thc summer of 1953, fabrication of weapon pcirts from enrichcd uranium bcgan. 
Thc spccific opcrations includcd casting, rolling. forming and clcaning ol'uriiiiiuin 
parts (Kelchncr et a]., 1994; Putzier, 1952). The original building contriincd n 

foundry, analytical Inboratory, machinc shop. stcam plant and Iriundry. Swcr:ii 

months aftcr production bcgan, uranium rccovcry opcrations came on-line 
(Kclchncr ct al., 1994). 

In Scptember, construction bcgan on an L-shapcd annex to the northeast corner of 
Building 881 which was designed primarily as a machining facility to support thc 
new wcapon dcsign which was part of the Part IV expansion (Buffer, 1993; 
ChcrnRisk, 1992; Hunter, 1990). 

Operation of a solvent still to rccycle spcnt solvents and oils bcgan and continucd 
until 1962 (Kelchner, 1991). 

Uranium operations bcgan to shut down. (Kelchner et al., 1994) 

An rinnounccmcnt \\'as mndc i n  January that a11 cnrichcd uranium work woiild bc. 
trsnsfcrrcd to Oak Ridge (Buffer, 1993). 

Most uranium production and recovery opcrations had ccascd except for some 
continued recovery of site returns from Oak Ridgc (ChemRisk, 1992; Kelchner et 

al., 1994). 

Stainless stcel fabrication operations began (Morrison, 199 1 ; ChcniRisk, 1992; 
Kelchncr et al., 1994). 

Beryllium scaling opcrstions bcgan. Beryllium ingots rcccived fi.oi11 Building 414 
wcrc placcd into stainless stcel canistcrs which wcrc scnt on to be rolled in 
Building 883 (Hill, 1994). 

On December 1, J-linc stainless steel activitics were acquircd whcn Dow officially 
took over thosc operations at thc Albuqucrquc plant a ycar aficr it had been 
announccd that work would bc done undcr contract with DO\\' (Buffer, 1993). 
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1968 By July, all stainlcss steel operations had bccn transfcrrcd frcm Albuqucrquc to 
Building 88 1 (Ideker, 1994). 1 

Late 1960s Preliminary dccoiitamination of the outside ventilation grills and insidc ventilation 
ducts was conducted (Aldricli, 1991). 

Mid- 1970s Uranium rccovcry opcrations on parts rcceivcd from Oak Ridgc wcrc discontinucd 
(Ideker, 19944. 

1983 to 1985 Stainless stccl operatims moved to Building 460 (DOE, 1992, ChemRisk, 1992; 
I-Iuntcr, 1990; Hcbert, 199 1 ; Ideker, 199 1). 

Mid- 1980s Building 88 1 's primary functions bccame research and dcvclopment, administrative 
and computer support, and laboratory support. 

1987 Thc analytical lab in Building 881 expanded to support plantwide waste 
cliaractcrization activitics (Hunter, 1994). 

I 10.3 PI4YSICAL DUILDINC: DESCRIPTION 

Building 88 1 is a three-story reinforced concrete structure, built mostly below ground (EG&G, 
1992). I t  is located in thc southcrn portion of RFP, outsidc thc protected arca and just south of 
Building 883 (Figure 10-1). Thc northwest corner of the sccond floor of Building 881 is 
connectcd by a tunncl to the southwcst bascnicnt corncr of Building 883. The tunncl was 
originally uscd to convey enriched uranium parts and othcr materials between the two buildings 
(EG&G, 1992). An addition referred to as the Building 881 Annex was built onto the north side 
of the building in 1957. 

Many of thc rooms in Building 881 have bccn partitioned since the building was first opcratcd. 
The total floor area of 245,160 square feet is broken down as follows: 

First Floor - 86,300 square feet; 
First Floor Mezzanine - 6,000 square feet; 
Second Floor - 121,460 square feet; 
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0 Sccond Floor Mczzaninc - 13,530 squarc feet: and 
Briscmcnt - 17,870 square fuet (EC;&G, 1992). 

During the pcriod of urmium and stainlcss stccl production, most of rhc production rclritcd 
operations occurred on the sc:ond floor. The floors in  most of thc proccss arcas were surfiiccd 
\\:it11 stainless stccl shccting with u ~ l d c d  scams to contain spills and facilitatc clcaning 
(ClieniRisk, 1992; I-Icbcrlcin, 1994; Kclchner cl al.. 1994). Support functions such as 
laboratorics, utilities and maintcnance were located on the first floor and basement. 

Building 88 1 has several support buildings which support its operations. These arc Buildins 887, 
Building 890, Building 8811: and Building SSIG. Building 887 houses 4 process wastc stccl 
tanks, 2 process waste pumps, and 2 filter tanks. The building also scrves as a RCRA storagc 
arca. Building 890 was originally tlic proccss cooling towcr but is now used as a utility work 
and storage area. Building 881F is a steel structure located on the roof of Building 881 and 
houses the ventilation system. It was constructed in the mid-1980s to replace the old filter 
plenum. Building 88 1 G is a cemcnt block structure constructcd in 1989 to provide emergency 
generator powcr to Building 88 1 (EG&G, 1992). 

! To mi ni m i zc t lic rcl case o f radi oac t i vi t y , 31 I uran i uni manu fac t ur i ng and I abo rrit ory o pc ra t i oils 

were vented through a main plcnunl equipped with high efficiency prirticulatc air (I-IEPA) 
filtration (ChcmRisk, 1992; Kelchner, 1991). A new exhaust air filter plcnuni with two stagcs 
of HEPA filters was constructcd on the roof of the building in thc mid 1980s, replricing the 
original plenum systcni which was decontaminated and rcmoved (EG&G, 1991). 

10.4 DESCRIPTION OF OPERATIONS 

Building 88 1 opcrations can bc dividcd into thrcc catcgorics represcnting thrce distinct primary 
functions for thc building. Thcsc arc ( 1 )  enriched uranium manufacturing and recovery which 
occurrcd bctwccn 1953 and 1966; (2) stainless stccl opcrations which took place bctwecn 1966 
and 1984; and lastly (3) recent activitics that have taken place in thc building since manufacturing 
opcrations werc phased out. Rcccnt activities include provision of plant-wide administrativc, 
computcr and analytical support and conduct of a variety of R&D projccts. 
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10.4.1 ENRICHED URANIU&I MANUFACTURING AND RECOVERY (1953-1966) 
1 

,. 

In December, I95 1: construction bcgan on the four original buildings which coiiiprised WP, 
including I3uilding SS 1 (13ulTcr. 1993). Starting in the sumnicr of 1953, Building S8 1 houscd the 
plant's only enriched uranium (also called "Oralloy") components manufacturing and rccovery 
opcrations (ChcmRisk, 1993; I-Icbcrlcin, 1994; Kelchncr et al., 1994; Crislcr, 1991). Along nith 
the primary casting. niachining and clicmical recovery operations, the first floor and bascmcnt 
of the original Building 881 contained a laundry, an analytical laboratory to support 
manufacturing, and utility and maintenance functions (Hunter, 1990; Kelchner et al., 1994; 
ChemRisk, 1992). 

The primary operations were divided into three areas: (1) fabrication support which included thc 
foundry (for casting of shapes and ingots), machining and inspcction; (2) mctal product support 
which included recovery of relatively pure materials; and (3) salvage support which handled 

I recovery of solutions and solid residues with a relatively low uranium content (Kelchner et al., 

I 1994). 

I n  1964, cnrichcd uranium opcrations bcgan phasing out of Building SS 1 whcn DOE adopted a 
single mission policy and dccidcd to consolidatc cnrichcd uranium activitics at Oak Ridgc 
(ChemRisk, 1992; Jackson, 1991; Hoffman, 1991; Hebcrt, 1991; Kclchncr et al., 1994). In 
January of 1965, a plantwide announcement was made that all enriched uranium work would be 
transferred to Oak Ridge (Buffer, 1993). By 1966, most of the operations had ceased, the salvage 
and recovery processes being the last to shut down (Kelchner et al., 1994). 

The detailed processes involved in thc manufacturing and recovery operations as well as some 
of the ancillary activities are discussed in the following subsections. 

10.4.1.1 CASTING 

For the first few mor  :is of production, Oak Ridge sent uranium castings that went directly to the 
machining operations to be shaped. Thc first raw material used in production came from Oak 
Ridge in the form of hockey puck-sizcd ''buttons" of pure metal (ChemRisk, 1993,; Kelchncr et 
al., 1994). Smallcr quantities of other forms of uranium such as uranyl nitratc and alloy scraps 
wcrc also provided (ChcmRisk, 1992). RFP-produced uranium buttons wcrc soon added to the 
fced material once rccovcry operations were fully established in Building S81.. 
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Casting operations began with two furnaces locatcd in Room 242. but as production incrcascd, 
four additional furnuccs \\rere addcd i n  Room 249 (Kclclincr et al., 1094; EGLSLG, 1992). 
Crucibles used in tlic casting proccss wcrc made from magnesium oxidc until about 1958 or 1959 
d ie t i  the building s\vi tclicd to using grapliicc: crucibles supplied by the Building 4-14 ciirbon shop. 
These graphite cruciblcs could bc rcuscd approximately 25 times prior to disposal. To start thc 

casting proccss, uranium nictal ]vas pi;1ccJ in a crucible and thcn licatcd in onc of tlic six bottoni- 
pouring induction furnaccs. Moltcn uranium was then pourcd into graphite molds to producc tlic 
desired shape (Kelchner et a]., 1994). 

To support production of the original weapon concept, uranium was cast into spherical shapcs 
that wcre scnt dircctly to machining (Putzicr, 1982; Iiclclincr ct a]., 1994). When the wcapon 
concept changed to using hollow components in 1957 (also rcferrcd to as tlie Phase IV 
operations), tlie pieces were cast into slabs or ingots which could then be fabricated (rolled, 
formed and machined) into the precise shapes required. Many of these additional machining 
operations, including rolling, forming and computer controlled turning, took place in two newly 
constructed areas, Building 883 or thc 881 annex (ChemRisk. 1992; Kclclincr ct a]., 1994; Huntcr 
1990). No chemicals wcrc known to be used in tlic foundry operations (DOE, 1994; Kclclincr 
et a]., 1994). 

,I 

10.4.1.2 FABRICATION 

Fabrication opcrations Lvere housed in Rooms 245 through 247 and were pcrfornicd in tlie open 
rathcr than in enclosed gloveboscs like tlie plutonium operations (Kclclincr et al., 1994; Morrison, 
199 I ) .  Betwcen 1952 and 1957, milling machines and lathes wcrc used to shape the first weapon 
design. In 1957, tapc-controlled turning machines were added to provide additional precision 
work for the hollow conlponent dcsign. Machining was conductcd with Shcll Vitrea oil as a 
coolant that was circulatcd by a centralized system opcrated in Room 304 (Morrison, 1991; 
Kclchncr, et al., 1994). Some wastc oil was burncd and some \vas drummcd and scnt to tlic 
mound area and Iatcr moved to thc 903 Pad drum storagc area (ClicmRisk, 1993). 

After machining, the parts \vcrc clcancd by dipping them into tanks containing PCE and allowing 
them to drip dry. Each machinc had a dedicated dip tank that was changed out whcn impurities 
warrantcd (Kelchncr ct a]., 1994). 
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10.4.1.3 INSPECTION AND TESTING 

After cleaning, thc parts \vcrc sent to inspection and tcsting locatcd in the northcast corn::r of the 
building. Nondcstructivc tcsting usins rritliogrriphy ivas pcrformcd in Rooin 255 and \vas 
eventually espandcd to parts of Room 276 (Kclchncr et al., 1994). 

-.I 7 

10.4.1 .J ENRICHED URANIUILI RECOVERY 

The uranium recovery operations in Building 851 began approsimately two to thrce months after 
primary fabrication operations began (Kelchner et al., 1993). They were modellcd after thc 
processes devcloped at Los Alamos and Oak Ridgc during World War I1 and were similar to thc 
1950s plutonium recovery process that employed solvent extraction (Crisler, 1992; ChemRisk, 
1992; Kelchner et al., 1994). Several diffcrcnt recovery operations were employed depending 
on the type of starting material; however, in most instanccs recovery processes involved 
operations to solubilize uranium from the various rcsidues and to convert the uranium from a 
liquid to a solid oxide, and thcn to a metal (Crisler, 1992). 

Uraniuni recovery involvcd "fast" and "slow" processes. Thc slow proccss handled rclativcly 
impure materials \vith lo\v conccntrations of enriched urrinium by placing thcm through nitric acid 
leaching, followed by solvent cstraction. Fast recycle used conversion and reduction steps to 
produce a pure uranium button. The fast recycle process also handled materials that were 
relatively purc, including uranyl nitrate. Recovery of these materials involved some of the same 
steps as the slow side, escept thc solvent extraction step was skipped (Kclchncr, 1991; Kclchncr 
et al., 1994). The specific processes involved in recovery arc discusscd i n  detail below. 

j 

10.4.1.4.1 Fast Side R c c o \ ~ r y  of Relativcly Pure Materials 

Materials such as chips from machining opcrations and black skull osidc that accuniulatcd i n  thc 
foundry crucibles contained ;I high percentage of cnriclicd uranium that could be proccsscd 
relatively simply back into a pure uranium button. Some of the important processing steps arc 
described in the following test. 

Oxidation and Dissolution. Chips rind skull oxide were burned to form an uranium oxide 
(U,O,) and thcn transferred to Room 257 for dissolution i n  small batches of conccntratcd nitric 
acid (Kclchncr et al., 1994). Room 257 (which at the time also included what is currently 
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designated as Room 272) hoiiscd three rmvs of coiitrollcd hoods known as "B-boxcs," The B- 
boxes opcratcd with high air velocities at tlic opening to ciisurc that vapors wcrc containcci wiliiin 
tlie hood (Mcbcrlcin. 1994). 

Precipitation and C;ilcin:ition. l l i c  1ir;iiiyl nitratc solutions resulting from nitric acid dissoluti~n 
wcrc filtcrcd into a 4-litcr beaker. A 50 percent solution of hydrogen pcrosidc and nialonic and 

citric acid wcrc added to form a uranium pcroxidc precipitate (UO,. 2 l-120). The precipitate \.vas 

referred to as "yellow cake" because of its characteristic color. Thc yellow cake was then filtered 
and the liquid filtrate was returned to dissolution. The filter cake was placed into a boat-shaped 
container and heated in a muffle furnace to produce orange uraniuni oxide (UO,). The 
dissolution, precipitation and calcination proccsscs which w r c  originally pcrf'ornicd as batch 
operations were changed to continuous opcrations as thesc were developed in tlie late 1950s and 
early 1960s (Crislcr, 1992; Kelchner et al., 1994). 

Conversion and Reduction. The orange oxide from the calcination step was transferred to the 
stainless stccl-floored Room 266 for conversion to uranium tetrafluoride, or grccn salt. The 
orangc oxide was placed into Moncl (Coppcr-Nickel alloy) boats and hcatcd for two hours i n  a 
tubc furnace to convert tlic UO, to UO,. Anliydrous lij-drogcn fluoride \ v x  thcn added under 
constant temperature conditions \vliich convcrtcd tlic oxide to thc grccn s: It (Crislcr, 1992; 
Kelchner et ai., 1994; I-kberlein, 1994). 

Final Rcduction. The green salt was transferred to Room 264 for the final reduction to uranium 
metal which was performed i i i  a sealed mctal bomb reactor. The uranium tetrafluoridc was 
homogenized in a blender and placed into a niagncsium oxide ccraniic liner in the rcactor jv i th  
elemental iodine and calcium. The reactor lid was sealI2.d and tlie reactor was purged with argon 
gas and then heated. While molten, the metal separated from tlie calcium ,?:id fluoridc/calcium 
iodidc slag and collcctcd as a button at the bottom of the reactor i<Lrislcr, 15)2; Kelchner et ai., 
1994; I-Icberlein, 1994). Building 88 1 opcrations began with production of buttons approsim.dcl>. 
3 kilograms in size, but process improvements were ablc to produce buttons up  to 15 kilograms 
in size in later years (Kelchncr et al., 1994). 

Off-gas from the rcduction went through a potassium hydroxide scrubber and then through the 
building's main sodiuni hydroside scrubber that handled off-gas from all of thc chcmical 
opcrations (Kclchncr et ai., 1994). Like the preceding recovcry stcps. the conversion and 
reduction processes which wcrc originally performed as batch opcrations were changed to 
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continuous operations as these were devclopcd in the late 1950s and cx ly  1960s (Crisler, 1992: 
Kclchner ct al., 1994). \ 

10.41.4.2 Slow Sidc liccovcry of Iriipurc Rcsiducs 

Impure materials such as slag, sand and cruciblcs from the foundry operations, and residues from 
the incinerator (SCC Scction 10.4.2.5) wcre handlcd through a scrics of operations designated as 
slow side recovcry or salvage operations. 

Dissolution. Thc impure matcrials to bc recovered wcre crushed into pca-sizcd fced in a rod mill 
locatcd in thc southwcst corner of Room 235. Tlic crushcd fced was placed into onc of sis 300- 
gallon or three 30-gallon steam-jacketed dissolving tanks. Concentratcd nitric acid was metered 
into thc tanks which were heated to promote dissolution. The resulting solution was thcn filtercd 
through a plate and frame press with the filter mud being recycled to dissolution and the liquid 
going on to solvent extraction (Kelchner et al., 1994). One kilogram of residue material 
produced approximately 7.5 liters of solution (Crisler, 1992). 

So h.cn t Est r:ic t ion . The lo w-co wen t ra  t i on so 111 t io ns from d i ssol 11 t ion fi 1 t ra t i on operations \rc'rc 
conccntratcd through usc of tlvo large solvcnt extraction columns opcratcd in sequence. The 
columns wcrc thrce stories tall and originated in the pit locatcd in thc Building 881 basement. 
The uranium containing nitrate solution was adjusted to a specific gravity of 1.38 through 
addition of nitrate salts and fed into the top of the column. Dibutylcarbitol (a high molecular 
wcight ether with a spccific gravity of 0.9) was pulsed into thc bottom. The uranium was thcn 
extracted into the carbitol phase. The aqucous phase from which thc uranium was estracted, 
referred to as primary raffinatc, was left with less than 1 parts pcr million uranium (Crisler, 1992; 
Kelchncr et a]., 1994). Originally this waste was solidified in concrcte, but as production and 
volume increased it was sent to the Solar Evaporation Ponds (Kelchner et al., 1994). 

The primary column extraction producccl a solution with a uranium concentration of about 5 to 
10 grams/litcr. This solution was sent to one of 12 Eastman Kodak (EK) evaporators to be 
concentrated to 20-30 gramslliter (Crislcr, 1992; Kelchncr et al., 1994). Thc uranium solution 
was then pumped into the bottom of the secondary carbitol extraction column where high purity 
solutions containing 90 grams/litcr uranium were produced (Crisler, 1992; Kelchncr ct al., 1994). 
This solution was thcn sent to bc precipitated irith hydrogen peroxide and furtlicr proccsscd. as 
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discussed in Sections 10.4.2.2 and 10.4.2.3. The dibutyl carbitol was recycled within the colunins 
with only a small loss to the aqucous phase (Kclchner et al., 1994). ._ 1 
10.4.1.4.3 1ncincr;ition of Coinbustiblc Ilesiclucs 

Six 3-foot dinmctcr incincrators opcratcd in Room 233 for the disposal and recovery of 
cambustible waste prodilced during operation. Material handled in the incincrators inclucicd 
kiniwipes and cheesecloth used to wipe up drips and minor spills, wood, cardboard and some air 
filters. Material to bc burncd was placed inside a stainless steel wire mesh basket which fit into 
the cavity, leaving a two-inch air space between it and the wall. The fine white ash rcsidual was 
then sent to the slow side recovery process (Kelchncr et al., 1994). The off gas went to a slightly 
basic water scrubber followed by a spray caustic towcr scrubber. The cxhaust was then sent 
through the main building plenum (Kelchner, 1991; Kelchncr et a!., 1994). 

10.4.1.4.4 Recovery of Site Returns 

Starting some time after 1960 (I-Icberlcin, 1994), Building 85 1 housed chcniical rccovcry 
opcrations for rcturncd or rejected cnrichcd uranium \vcapon parts. I n  what \vas rcferrcd to as 
thc oralloy leaching or OY Icach proccss, uranium parts to be rccyclcd Lvcrc first subjjcctcd to a 
Iiot nitric acid spray to remove residual surface plutonium contamination. Some amount of 
uranium was also removed by this acid leaching (Hunter, 1990; Boss, 199 1 ; ChemRisk, 1992). 
Acid solutions generated Lverc collected and evaporated. The concentrate was then precipitated 
with ammonia gas, calcined to a dry oxide and analyzed for plutonium. Oxides were sent to 
Building 77 1 for recovery of plutonium. Aftcr Icaching, the decontaminated uranium parts were 
broken up in a press in preparation for furthcr salvage (Putzier, 1992). The uranium leaching 
proccss was originally located in Room 226 (EG&G, 1992; Putzicr, 1992) and then moved to 
Room 257 (Kclchncr ct al., 1994). OY leaching was moved from Building 881 to Building 777 
somctimc between 1973 to 1975 (Idcker, 1994). Recovery proccsscs may have continued using 
nitric acid to leach beryllium from aluminum hemishells (I-IiII, 1993). 

i 

10.4.1 A.5 Briquet ting 

Starting in about 1956, sonie of the rclativcly pure uranium scraps from machining were cleaned 
with TCE and PCE, pressed into briquettes and reintroduced into the casting fitrnace without 
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further processing. Thc briquetting press was locatcd in Room 242 (Morrison, 199 1 ; Kclclincr 
1 et a]., 1994). 

10.4.1.4.6 Rccovciy of Uranium Fincs from tlic Oil Cool;lnt Systcm 

D u r i ng the sc m i -an nual i n \:e n t o r i cs, coo 1 ant was d rai ncd from t hc m ac h i n i n g o pc ra t i o n sy SIC in. 

Thc lincs wcre pumped full of nitric acid to dissolvc kilogram amounts of uranium fincs that 

accumulated. This solution was then scnt to recovcry in thc solvcnt cstraction columns. The 
coolant lines were reconditioned by pumping PCE through the lines. Coolant system filtcrs wcre 
also periodically sent to slow side recovery of for rccovcry of uranium fincs by burning the filtcrs 
in thc incincrators and proccssing tlic ash (Kelchncr ct a!., 1994). 

10.4.1.5 SPECIAL PROJECTS (1953-1966) 

Building 88 1 was invo!ved in numerous special projects ranging from ongoing R&D to one-time 
operations. It is important to notc that the opcrations discusscd bclow may not represcnt all 
activities but only tliosc for which information was documcntcd and availablc. 

. .  
I 

Tracer Componcnts. Somc radionuclidc traccrs consisting of neptunium, curium, and ccriii*n 
were used in Building SS1 (ClicniRisk, 1992). Also, sonic of thc first ncptunium proccssing 
occurred in Building 881 (Conner, 1991). The tracers were blended with standard component 
materials so that the uniformity of the weapon components could bc evaluated based on the 
distribution of the traccrs (ChcmRisk, 1992). Thorium-containing components wcrc manufactured 
as a short duration project that occurrcd in the late 1950s to carly 1960s. Most of the thorium 
was returned to Savannah Rivcr or Oak Ridge for recovery (Morrison, 1991). 

. 

Evcry effort was made to kcep the tracer material separate from the regular production material 
in Building SS 1. Spccial opcrations \vcrc cstablished to rccovcr thcsc constituents or thcy were 
scnt off-sitc (to othcr DOE facilities) for rccoi'ery (Martella, 199 1 ; I-Ioffinan, 1991 ; Morrison, 
1991). Room 152 was often used for dissolution and preliminary rccovery of small quantity or 
specialized waste streams (Kelchner et al., 1994). 

Another material which \vas handlcd in Building SSl  in tlic mid- 1960s was curium-234. Curium- 
244 is an alpha cmittcr \\it11 a high specific acti\.ity, relatively short half life and a rclatively high 
ratc of spontaneous fission. Thrce grams of this material wcre converted from osidc into curium 
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metal in a glovebos operation (Putzicr, 1982). More dctails on this operation arc containxi i!i 
report PJP-S 1 1 "Glovc Box I-Iandling of Gram-Quantities of Curium-2-3 a t  Rocl;y Flais." i 

-1 

Uraniurn-233 Proccssiiig. In the mid- I %Os, approsimatcly 20 kilograms of. uranium-233 \\crc 

handlcd in Building SS 1 for t\vo distinct projects (I'utzicr. 19S2; Kclchncr ct 31.. 1394; klorrison. 
199 1). Uranium-233 is a fissionablc mattrial that contains somc fraction of uranium-232, a short 

half-lifc isotopc \\:it11 cncrgetic gamma-radiating daughtcr products, including thori:ini-22S. 'Tlic 

material uscd in Building 881 was received from Oak Ridge and contained approximatcly 40 
parts per million of uranium-232. Naturally occurring thorium was uscd as a carrier to carry 
down unwanted thorium-228 in what was called a thorium strikc. Thc matcrial was rcduccd to 
a metal beforc fabrication work was pcrfornied (Putzicr, 1952). 'Thc thorium strikc i v x  

performed in Building 771 after which the matcrial was transferred to Building 881 for further 
processing. The material was cast in the G casting furnace in Building 881 and machincd in a 
lathe that was isolated from the rest of the oil cooling system (Kelchner et al., 1994). The 
operations involving uranium-233 were carefully controlled to reduce the probability of radiation 
exposure to workers (Putzier, 1982). 

Lithium F:tbric;ttion. Sonic spccial ordcr ivork involved l i th iuni  niutnl \\it11 a total of about I O  
to 15 kilograms bcing handlcd (I-loffinan, 1991). Thc l i thium was usually prcsscd and niacliincd 
in Building 777 but was handled in Building 8Sl  in approsimatcly 1966 (Kelchncr ct al., 1994). 
The matcrial was malleable like lead and did not need to be cast in the foundry (Hoffman, 1991). 

Recovery of Fuel Rods. A spccial recovcry project involved dissolving rcjectcd beryllium-coated 
uranium fucl rods. Several thousand rods u w e  handlcd (Morrison, 199 1). 

Distillation. Solvent stills designed to recycle spent solvents, oils and mixtures of the t\vo were 

also operated in Building 881 from about 1958 to 1962 (Kelchncr, 1991). The "heels" of the 
stills were scrubbcd with nitric acid to rcclaim tlic uranium and then wcre discarded. 0111;~ about 
10 pcrccnt of the distillcd solvent was acccptcd for reuse. In addition, a nicrcury rccovcry still 
was operatcd in Building 88 1 for non-plutonium contaminatcd mcrcury which was generated from 
vacuum pumps (Strangfeld, 1993; I-Iorbacher, 1994). 

Cadmium Plating of Uranium Parts. Room 253 housed an opcration to coat enriched uranium 
artillery picces with cadmium. Thc pieces were then rnachincd in Room 253 (Kelchner et al.. 
1994). 
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10.4.1.6 SUPPORT OPERATIONS 
- -. 

1 
. .I 

The main support opcr.itions rclatcd to uranium opcrations involvcd Iaboratorics that wcre located 
on tlie Iirst floor, primxily in Rooms 137 and 101. Room 101 \V;IS a wet clicmistry lab arid 
Room 137 was used for emission spcctroscopy (Kclclicr et a]., 1994). 

10.4.2 STAINLESS STEEL OPEIUTIONS (1966-1984) 

On January 16, 1967, i t  was announced that RFP would assume an expanded role in the atomic 
weapons program that would stem in part from the liquidation of stainless steel contracts with 
American Car and Foundry in Albuqucrquc (Buf!kr, 1993). A year later, on Dcccnibcr 1,  1967, 
the J-line stainless steel activities were acquired by DOW and by July of 1968 all stainless steel 
work had been transferred to Building 881 (Ideker, 1994). Between 1968 and 1985 Building 881 
was involved in stainless stcel parts fabrication and testing. The stainless steel operations were 
transferred to Building 460 between 1983 to 1985, where they remain today (DOE, 1992, 
CliemRisk, 1992; Hunter, 1990; Hebert, 199 1 ; Ideker, 199 1). The operations were movcd along 
with sonic of the Building 444 operations to Building 460 which is oftcn rcfcrred to as 
consolidatcd manufacturing (ClicniRisk. 1992). 

10.4.2.1 STAINLESS STEEL F,-IBRICATION 

A significant portion of the stainless steel work \vas fabrication of tritium reservoirs that were 
external to tlie plutonium pit. These containers hold a certain amount of tritium gas which was 
introduccd into the pit just prior to detonation to boost the yield of the csplosion. Other stainiess 
steel work included fabrication of the tubes and fasteners associated with tlie tritium reservoir-to- 
pit delivery system (ChemRisk, 1992). 

Building 88 1 was not changcd much to accommodate the stainlcss stccl operations (Idekcr, 1993). 
Stainless stccl was purcliascd as bar stock from an off-site source (Morrison, 1991). Parts were 
machined in Rooms 244, 245, and 296 using a water soluble oil. After machining, parts were 
cleaned in freon (compound unspecified), nitric acid, Nitradd abd TCE using two vapor 
degreasers and an ultrasonic cleaning unit. Approximately 50 gallons of TCE per month were 
used in tlie operations (Ideker, 1991; Idcker, 1994; Goad, 1974). According to a 1974 report, 
steps were being takcn at that time to eliminate TCE usc by converting to an Oakite aqueous 
detergent (Goad, 1974). 
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In October 1967, opcrations began scaling beryllium ingots into stainless steel containcrs. Thc 
ingots tvc'rc cast in Building 444, scnt to Building SS1 f'or scaling and then scnt to 13uilding SS3 
for rolling and forming (I-IilI, 1994). 

1 _, 

10.4.2.2 INSPECTION, TESTING AND ASSEMBLY 

Aftcr machining and clcaning opcrations, thc stainlcss stccl parts tvcre thcn inspccted, x-rayed, 
and welded as part of asscmbly (Ideker, 1994). Various assembly operations consistcd of 
clinching pressure fittings, tube bending, wire winding, solid film applications, fixture asscmbly, 
vacuum bakeout, resin molding and adhesive assembly (Goad, 1974). 

Final cleaning of parts took place using solvents such as caustic and acidic solutions followcd by 
an aqueous rinse. A mechanical automated wash line was located in Room 238. Parts to be 
washed were placed in special racks on the wash line and sequentially dipped and rinscd in tanks 
of hot acid, caustic or cleaning solutions, and then rinsed. The parts were carried in the racks by 
a chain driven mechanism. Tube and chamber passivation and cleaning was performed using a 
special aqueous acid Nitradd system in a vcntilated hood (Goad, 1974). 

10.4.2.3 SPECIAL PROJECTS (1966-1984) 1 

Building 881 was also involved in spccial projects including R&D. To the extent information 
was available on these projccts, they are discussed below. 

Inertial Fusion. Building 88 1 was involved in "inertial fusion" activitics to machine specialty 
microparts for weapons and energy generation research. There werc four operational components 
to the inertial fusion project as follows: ( 1 )  machining of small parts for subsequent gold plating, 
(2) gold plating, (3) assembly of microscopic parts, and (4) some large machining operations 
(ChcmRisk, 1992; EG&G, 1991). This opcration took placc in Rooms 283 and 143 (EG&G, 
1992) and was discontinucd in Dccember 1993 (EGGIG, 1994). Small quantitics of cncapsulatcd 
tritium were contained in the components machincd as part of this project (EG&G, 1992). 
Chemicals such as lubricating oil, Freon 12, Freon 113, ethyl alcohol, epoxy gluzs and cutting 
fluids were used in the process (EG&G, 1991). 
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Tantalum Special Order \Vorii. The brew furnacc in Building 881 \\:as thc only furnace at RF? 
that could gciicraLc tiic rcquircd high tcmpcrrtturcs for brnzing and iicrit hmtiiig tlic ~ i i i~ i l i im  
special ordcr coniponcnts that werc produced in Building SG5 (EG&G, 1992). 

\ 
! 

Speci:ii Weapons Project Group. Thc Special Wcapons Projects Group dcvclopcd cnginccriiig 
p ro t ot y pcs and fii I 1 - scal c mod c 1 s fo r m i 1 i t  ar y t rai n i ng . Th rcc -d i ni c n si o nri 1 cut arva y i i i  od c I s 1i.c rc 
produccd to display the internal workings or dctcrminc dimensions of various dcviscs 
manufactured at RFP. A dcdicatcd machine shop fabricated the niatcrials and used materials such 
as lubricants, cutting oils, and epoxy (ChemRisk, 1992; EG&G, 1991). This process was dcletcd 
in January, 1994 (EG&G, 1994). 

Corrosion Testing. A corrosion testing laboratory began operation sometime prior to 1978 and 
is still operating (Hilbig, 1994). It  is, therefore, discussed under recent opcrations. 

10.4.3 RECENT OPERATIONS (1984-PRESENT) 

Once stainless stccl manufacturing was moved out of Building SS I ,  thc building bccaiiic a 
mu It i pu rposc fr ic i 1 i ty for Rc! D, coni pu t cr support . ana I y t i cal support ;ind adm i n i st rat i vc functions 
(EGGG, 1991; EGcQG, 1994). Building SS1 is now designated :is a filc support facility that 
provides infrastructure for WP (EGBcG, 1992). Building SS 1 currently houses thc plant’s Ccntral 
Computer Facility, the General Chemistry Laboratory and administrative functions. 

10.4.3.1 NON-NUCLEAR METAL FABRICATION 

Non-nuclear joining, located in Room 3 17, consists of brazing togcther nonradioactive metals 
such as stainless stccl, vanadium, beryllium, and copper. The nictal parts are cleaned prior to 
brazing with a variety of solvents (typically acetone or alcohols) or acids. After ncutralization, 
aqucous wastes arc washed down the process drain whilc nonhazardous solid wastcs ar . scnt to 
the WP landfill (EGBcG, 1994). 

10.4.3.2 SPECIAL PROJECTS 

R&D projccts include corrosion tcsting, polpnicr solidification dcvclopnicnt, and wastcwatcr 
treatability studies. Details on thesc operations follow. 
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Corrosion Tcsting (activc). Tlic matcrials and surfacc technology group operatcs a corrosion 
testing laboratory in Rooms 265, ZG7 and 2S2. Tlx groiip conducts chcniical and nicclianicril 
tests of raw and finislicd parts for compatibility with clicmicrils. It is :in R&D proccss that  

conducts non-routine tests on ;t variety of matcririls and, thcrcl'orc. produccs higlily variablc aiicl 

intcniiittent wastc strcams. A vxricty of solvents, acids, brinc. oil and othcr clicmicals can bc 

uscd. Aqueous \\.astcs arc \v:ishcd do~vn tlic proccss drain \\.it11 solid \v;istc's arc drumnicd and 
disposed of as lirizardous or non-hazardous ivastc dcpcnding on contcnt (EGSrG, 1094; EG&:G, 
199 1). 

Instrumcntation and Spcci:d Projects (active). The Instrumentation and Spccial Projects Group 
(ISP) is onc of thirtccn groups i n  tlic Technology Dcpartnicnt. The primary functions of tlic ISP, 
which is housed in Rooms 233 and 245, include evaluation and implementation of physical and 
rcal-timc chcmical analysis instrumcntation, dcvclopnicnt of othcr automated cquipmcnt, and 
process simulation and control system dcvelopment. Thc ISP uses various instrumentation and 
a physical and chemical laboratory. Chcmicals typically used include common lab reagents, 
trichloroethanc, calcium fluoride, and carbon tctrachloridc. After neutralization, aqueous wastcs 
are washed down the proccss drain (EG&G, 1994). 

Polymer So1idific;ition Dcvclopnicrit (active). Rooni 296 houscs tlic rcscarcli effort on 
processes to cncapsulate surrogatc waste forms in tlicrnioplastic tlicrmosctting polymcrs. 
Hazardous samples from this project are drummed and sent to satcllite collection areas (EG&G, 
1994). 

Wastcwatcr Treatability Studics (activc). Wastcwatcr trcatability tcsts arc pcrformed by tlic 
Waste Chemistry Group (CliemRisk, 1992) in Rooms 264 and 299 to test the ability of proccsscs 
to precipitate low-lcvel transuranic compounds. Acids and bases are uscd to adjust pI-1, and 
various oxidizing and reducing agents and prccipitants are used in the treatment. Non-hazardous 
waste is placcd in lo\v-level wastc drunis and proccss water is discharge to tlic proccss drain 
(EG&G, 1994). 

10.4.3.3 STORAGE 

Rooms 297 and 144 arc used to storc low-lcvcl radioactivc wastc drunis (EG&G, 1992). Room 
165 is also a druni storagc arc3 \\.it11 a capacity of five 55-gallon drums. In  tlic past it was uscd 
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for storagc of maintenance waste that containcd hazardous and possi blc low-level radioactive 
7) wastes (DOE, 195s). 

1 O.J.3.4 GLiSERAL PLANT OR BUILDING SUPPORT 

Thc Gcncral Clicmistry Laboratory in Building 8s 1 conducts nnalyscs to dcterniinc clicmical 
composition of, or prcscncc of, impurities or hazardous substanccs in proccss wastcs, surI,?cc 
waters or products from vcndors. Records managcnicnt and storagc maintains rccords and slircds 
unwanted documents. Other facilities include fabrication shops, maintenance and utilitics (DOE, 
1992; EG&G, 1994). 

Health Physics Instrumentation (active). Locatcd in Room 1145, this unit maintains all hand 
probe and hand/foot probes throughout WP. Uscd mylar film and tape is placed in a low-level 
waste drum and nonhazardous waste is sent to the RFP landfill (EG&G, 1994). 

Micrographics. Room 1 15 is used for documcnt niaintcnance, including microfilming of 
documcnts. Thc only clicmicals uscd arc fixcr, devclopcr, and clcaning solutions (EGScG, 1994). I 

Rccords hl;iintcnnncc. Ovcr 2.5 million documcnts arc storcd in  two scpnratc vaults in Buildii: 
88 1. Thesc documcnts consist of radiographic film that is potcntially radioactivcly contaminatcd 
and contains a substantial amount of silver in thc emulsion. There are 300 60-pound boxes of 
film in Vault Room 246 and 1,500 similar boxes in Vault Room 17 (EG&G, 1992). 

Maintcnancc and Utilitics. Tlic utilities group in Building 88 1 providcs building utilities for 
the all of 800 Arca buildings including power supply and cmergency power generation, chilled 
and domestic water supply, and plenum scrubbers for the buildings. Maintenance providcs 
routine maintenance scrviccs throughout the building and gcnerally for the other 800 Area 
buildings. A wide vgriety of routine clicmicals arc uscd, and wastcs are gcncrated such as freon 
(compound unspccificd), lubricating oil, paint, paint thinner, acctylcne, 1 , 1 , l  -trichlorocthnnc, 
ballasts containing PCBs, and fluoresccnt lightbulbs. Waste strcams generatcd within Radiation 
Control Areas arc considered low-level waste and arc securcd in controlled storagc arcas (EG&G, 
1994). 

~ 

Ccncral Chemistry Lab. The majority of the proccss functions in Building SSl support the 

1 General Chemistry Laboratory. Laboratory analytical operations conducted in Building 88 1 
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include atomic absorption spectroscopy. indyctivcly coupled plasma and direct currcnt plasma 
r:iiission spectroscopy, various cheiiiicd anal>ws, x-ray spcctroscopy, furnacc combustion 
analyses, semivolatilc chemical analyses, ion chromatography, gas chroniatograpli~/niass 
spectromctry, radiochcmistry, various organic clicmical anai!.scs, ion chromatograpliy, anion and 
cation analyses, \vatcr analyses, and waste stream characterization analyses (EGcPG, 1 99 1 ; 

ChcniRisk, 1992). Table 10- 1 summririzcs the aiial>4cal proccsscs cmplo>~cd. tlic chcmicnls usctl, 

tlie wastes gencratcd and tlic mctliod(s) of disposal. 

10.5 CURRENT CONTAMINATION STATUS 

Between thc tiiiic that tlic uranium activities were phased out and tlic building \vas convcrtcd to 
other uses, the outside ventilation grills and inside ventilation ducts of tlie anncx were 
decontaminated as far as personncl could rcach without actually cntcring thc ducts (I-Iuntcr, 1990). 
During the early 1980s, gloveboxes that had been uscd for uranium processing were still being 
removed from the building (Aldrich, I99 I). 

On January 1 1, 1990, during routine inspection of the filter plcnums in tlie 88 1 Annex duct Ivork, 
elcvatcd concentrations of uranium and plutonium were found on the downstream sidc of filtcrs 
i n  tlic north half of the plcnuni. I t  was ascertained that tlic contamination rcaclicd the 
downstrcam sidc as a result of disturbance of rcsidual duct work contamination \vhicli occurred 
during a scheduled filter change in December, 1989 (Hunter, 1990). Some senior eniployees on 
plant site indicate that plutoniuni may have been machined in the Building 881 A r m s  to the 
original building as part of an experimental program. I-Iowcver, no specific data or historical 
rccord can bc found to substantiate tlic usc of plutonium in this way (Hunter, 1990). A niow 
likely sourcc MY~S from tlie OY leaching process for site returns that occurred prior to 1968 
(Kelchner et a]., 1994). As discussed, the operations in Building 881 involved leaching of 
uranium parts that contained some plutonium residues (Boss, 199 1 ; Huntcr, 1990). Another 
source stated that Building S8 1 was involvcd in proccssing plutoniuni-coIitaniin~~tcd bcr>*lliiim 
(EGStG, 1992). Others thought it may have bccn tlic result of analytical work Lvith samples that 

may have had plutonium on them (Kelchncr, 1991). 

Most of tlic removable contamination in the open areas of Building 881 has already bcen 
rcmovcd or paintcd over. The building has nunicrous covercd/closcd areas with sonie degrcc of 
past contamination (i.e., plutonium or uranium) in ducts, under floors, behind walls, in pipes, ctc. 

Levels of contamination arc not presently known and have not been surveyed to determine 
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associated counts. Undocumented estimates are that as much 'is 5 kilograms of enriched uranium 
may be scattered throughout tlic building's duct \vork. Surixys and analyses must be cloiic to 
dcterminc levcls and typcs (alpha, beta, gamma, ctc.) of contamination. Completion of a 
thorough survcy of tlic building is estimated to takc thrcc months. I t  has also bocn cstimatcd that 
reinoval of all snicarable contamination within Building SS 1 \vi11 rcquirc six pcoplc for two ycars. 
This radioactive clcan-up is indepcndcnt of the duct rcmcdiation work (EGctG, 1992). 

.- 

'1 . .* 

Along with the duct and plcnuni contamination, the following additional areas of concern have 
been idcntified in the 1992 Mission Transilion Progrcim Ahnqentcnt Pltrn (EG&G, 1992): 

1. Roof lcakagc - possible lcaching of Contamination. 

2. Fire sprinkler system contains unknown types and amounts of radioactive 
contamination and needs to be removed. 

3. Room 10 - cooling watcr tank is posted "Internal Contamination," and the floor 
bcncath tank has lip to 500 counts per minute fiscd contamination (non-smcarablc) 
by L ~ d l i ~ ~ i i  12- 1 A. 

I 

4. Room 15 - the house vacuum pump liquid drain trap, thc old process wastc lincs 
from the wet laboratories that were located upstairs, and the exhaust ducts are 
postcd "Internal Contamination." The floor beneath the vacuum pump drain \rap 
which is scaled with plastic and tape, has 25,000 counts per minute fi:;cd 
contamination. The floor in front of the door to Room 15A has up to 500 counts 
per minute fixcd contamination that has bcen paintcd. Finally, trenchcs that 
contain lead bricks covcrcd with deck platc were uscd to house radioactive 
sourccs. The contamination in these trenches cannot be surveyed. 

5. Rooni 15A - the air chase to tlic old plcnuni is contaminatcd and posted "Caution - 
Contact Radiation Protection Before Entering." 

6. Room 21 - the house vacuum pumps are internally contaminated. Sonic are 
postcd and sonic are not. Up to 1,000 counts pcr minute fixed contamination on 
thc floor surrounding thc pumps and 250 counts per minute fixed contamination 
is prcsent on process waste drain in floor. 
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7. 

8.  

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Room 122A - 500 counts per minute fixed contamination exists in front of the 
door to the high voltage cnclosurc. 

Room 144 - thc south cnd of thc former plcnum has various lcvcls of fiscd 
contamination. 

Room 165 - two counting dcvices from thc gcneral Iaboratorics are prescnt, cach 
containing a radium-226 source. 

Room 114A - contains caustic scrubbcr, elevated levels of removable and fixcd 
contamination. I t  is postcd as "Contminaticn Area" and is locked. 

Room 115 - formerly used to house ion columns that were three-storics tall. The 
columns have been known to break in the past, resulting in area contamination. 
The room has been decontaminated and there is no removable contamination 
present. However, residual fixed contamination exists at levels of up to 2,500 
counts per minute on the floors and up to 4,000 counts pcr minute on thc grill of 
thc upright cthaust duct. 

Room 243 - up to 500 counts per minute fixed contamination on floor by thc 
hydrofluoric acid scrubber. 

Room 266 - formerly uranium leach area, floor below tile is contaminated. 

Room 265A - fixed contamination on walls and duct work is sealed with paint, 
levels unknown. 

Room 245 - deck plate covering floor was allegedly put in place to cover elevatcd 
levels of contamination from enriched uranium. 

Rooms 242, 309 - formerly housed foundry casting furnaces. Unknown levels of 
fixed contamination may be present in the cavities created by furnace removal. 
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17. Room 1 10 - the floor of this room covers clevatcd lcvels of contnniination cnuscd 
by leaking pIocess wastc lincs from thc old laundry that was locatcd in I3iiilding 
881. 

18. Room 114L - floor by tlic hydrofluoric acid scrubbcr has 250 counts pcr minutc 
fiscd contamination. 

19. Room 149 (elevator, main hallway) - rails entering the elevator and the elevator 
pit have various levels of fixed contarnination. The conduits lcading to electrical 
junction boxes and areas behind electrical panels have various levcls of fixcd and 
rcmovablc contamination. I t  is suspcctcd that the floor beneath thc tile in thc 
main hallway (279) has various levels of fixed and possibly removablc 
contamination (EG&G, 1992). 
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TABLE 10-1 
SUhlnlARY OF ANALYTICAL LABORATORY PROCESSES CONDUCTED IN BUILDING S81 

Process Name and Description 

Atomic Absorption - metal analysis via flame, 
furnace, and cold vapor atomic absorption instruments 

X-ray Spectroscopy - analysis of-metals, powders, . . . . .  

salts, paint chips, and soils via energy dispersive and 
wavelength dispersive spectroscopy 

Emission Spectroscopy - analysis of beryllium and 
other special metals 

~~ ~ 

Ion Chroinatography - analysis of rinse water samples 
from Building 460 for fluoride, nitrate, phosphate, 
sulfite. and chloride 

Room 
Location 

137, 139 

137, 137A 

127A, 130, 
131, 131B, 
137 

254 

Common lab reagents 

Potassium persulfate, potassium 
permanganate and hydroylamine 
hydrochloride 

~ ~~ ~ 

Common lab reagents 

~~~~~ ~~~ 

Common lab reagents 

Carbon tetrachloride, photographic 
fixer and developer 

Common lab reagents 

. .  .:,.:-::Wastes ,Generated and Disposal, h.lethod(sj 
. . . . . .  ....... .... . . . . . .  ... . . . .  . . . .  . .  . . . .  . . . . . . .  . . . . .  .:, . . .  . . . . . . . .  ... . . .  . . .  . . . . .  .... . . . . .  . . . . .  . . . . .  . . .  

. .  

. . . . . .  :... . .  

Most aqueous wastes - rinsed into process c h i l i  

Some aqueous and solid wastes - dnimmetl iii  

low-level containers or, if hazardous, sent to 
satellite collection sites 

Solid wastes - drummed in low-level containers 
or, if  hazardous, sent to satellite collection sites 

Unused samples - returned to generator 
.- 

Processed non-hazardous samples, solid waste 
samples and solid waste - drummed in low- 
level containers or, if hazardous, scnt to 
satellite collection sites 

Acids'and carbon tctracliloride - complck 
evaporation 

Unused Beryllium - returned to lhilding ,144 
for reprocessing 

Unused saniples - returned to generator 

Most aqueous wastes - riiised into process diaiii 

Metal coupons - returned to generator 

Solid waste - dnininied if1 low-lcvel containers 
or, if hazardous. scnt to satellite collectioii Ci i i -5  



.- 
TABLE 10-1 
(Page 2 of 5) 

Process Name and Description 

Semivolatile Organics Preparation - solid and aqueous 
sample preparation via chemical extraction 

Sulfide and Cyanide Preparation and Analysis- solid 
and liquid sample preparation for analysis of total or 
amenable cyanide or cyanide or sulfide reactivity 

Toxicity Characteristic Leaching Procedure - solid 
sample preparation via leaching 

Chemicals Certification - analysis of cleaning bath 
samples from Building 460 and chemicals purchased 
off-site via titrametric tests 

Ion Chromatography for Waters - analysis of surface 
water, wastewater, and deionized water 

Room 
Location 

255 

137 

137 

137 

276 

. . . . .  
i Chemicals . . . . .  Used?:.:.:;.. - . .. 

. . . . . . . . .  .... . . . .  ...... . . . . . .  . . . .  .......... . . . . . .  
. .  

. . . .  
:, 

: . . . . .  . . . . . .  .......... . .  . .  

Common lab reagents 

hlcthylene chloride, isopropanol 
and dimethlydichlorosilane 

Common lab reagents 

Iodine, sodium thiosulfate, salicylic 
acid, potassium iodate, silver 
nitrate, bismuth nitrate, sulfamic 
acid, cyanide standards, and sulfide 
standards 

Common lab reagents 

NitricMitradd solutions and 
common lab reagents 

Common lab reagents 

:.;'.:..Wastes .......... Generatedand' . . . . . . . . . . . .  Disposal Ivlethod(s) .... . .  
. . .  . . .  . . .  . . . .  . . .  ,:,.: : . _  . .  . . .  . . . . . . . .  ... : ..:...: ./;; . . . .  . . .  . . . . . .  ... . . . .  . . . . .  . . .  . . .  . ( .  

. .  

. .  . . . . . . . . . . . . . .  . : .  . .  . .  . . -  . . .  

Most aqueous wastes - rinsed into process dmin 

Some aqueous mid solid wastes - druniiiic.tl i i i  

low-level containers or, if hazardous, sent to 
satellite collection sites 

Unused samples - returned to generator 

Most aqueous wastes - rinsed into process drain 

Some aqueous and solid wastes - clrummcd il l  

low-level containers Oi, if hazardous, sent to 
satellite collection sites 

~~~~ ~ 

Unused samples - returned to generator 

Most aqueous wastes - rinsed into process dmli: 

Some aqueous and solid wastes - drummed i n  
low-level containers or, if hazardous, sent to 
satellite collection sites 

~~ ~~ 

Aqueous wastes - rinscd into process drain 

Solid wastes - drummed in low-level contairicrs 
or, if hazardous, sent to satellite collection sites 

Aqueous wastes - rinsed into process drain 

Solid wastes - dniniinr.ri in lo\v-lcvel coI\faiil~i.S 
and sent to satellite collcction site 

_. .- 
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TABLE 10-1 
(Page 4 of 5) 

Process Name and Description 

Gross A l p h a e t a  - analysis of liquid and solid 
samples for gross alpha and beta via gas-proportional 
coil n t er instruments 

Room 
Location 

137, 266, 
266D, 272 

Tritium Analyses - analysis of liquid and soil 
samples for tritium using liquid scintillation counters 

266, 266D, 
272 

Isotopic Analyses - analysis of liquid and solid 
saniplcs for uranium, plutonium and americium 

266, 266D, 
272 

us 
. . .  

~ 

Common lab reagents 

Reagents containing Plutonium-239, 
Sr-90, and Am-241 

~~~ ~~ 

Common lab reagents 

Scintillation Cocktail 

Common lab reagents 

Radioactive standards 

Carrier gases (argon, helium, 
oxygen) 

Common lab reagents 
. . .  

astes Generated and' 
. .  . .. 

. .  

t ~~ 
~~~~ ~ ~~~~~~~ 

Most aqueous wastes - rinsed into process drain 

Some aqueous and solid wastes - drummed in 
low-level containers or, if hazardous, sent to 
satellite collection sites 

~ ~~ 

Most aqueous wastes - rinsed into process drniii 

Some aqueous and solid wastes - drummed i n  
low-level containers or, if hazardous, sent to 
satellite collection sites 

Most aqueous wastes - rinsed into process drnin 

Some .aqueous and solid wastes - driirnnied in  
low-level containers or, if  hazardous, sent to 
satellite collection sites 

PCB contaminated materials - placed in black 
and yellow drums and sent to a TSCA storegc: 
area 

Unused samples - returned to generator 

Most aqueous wastes'- rinsed into process 
drain 

Some aqueous and solid wastes - drummed ii! 
low-level containers or, if hazardous, sent to 
satellite collection sites 

. .  



TABLE 10-1 
(Page 5 of 5 )  

environnicntal and RCRA TCLP samples from 
outside the Protected Area 

Water Analysis for Oil and Grease arid Phenols - 
analysis of waters from outside the Protected Area 

137 Freon, copper sulfate, phosphoric 
acid, ammonium chloride, 
ammonium hydroxide, amino- 
antipyradine, potassium 
ferricyanide, and chloroform 

. .. . , . .  
Wastes .Geneeted.and'Disp 

. .  . . . . . .. . .  . 
. .  

. .  . . .  . . ... 

Unused samples - returned to generator 

Most aqueous wastes - rinsed into process 
drain 

Some aqueous and solid wastes - drummed in 
low-level containers or, if hazardous, sent to 
satellite collection sites 

~~ 

Unused samples - returned to generator 

Most aqueous wastes - rinsed into process 
drain 

. .  . 

Some aqueous and solid wastes - drummed in  
low-level containers or, if hazardous, sent to 
satellite collection sites 

'Common lab reagents may include the folloiving: Acetone, nitric acid, hydrochloric acid, hydrofluoric acid, hydrogen peroxide, ethanol, methanol, sulfuric 
acid. sodiurii carbonate. sodiuni bicarbonate. sulfuric acid. sodiuni fluoride, sodium chloride, potassium dihydrogen phosphate, potassium nitrate, potassium 
Lmmiide. These coniponents are used a n d  stored in several liter quantities (EGAG, 1994; EG&G, 1992). 

Sources: E G k G ,  I994 and EGkG.  199 1 
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11.0 OPERATIONAL HISTORY OF BUILDING 883 

11.1 BUILDING DESCRIPTION 

Building 883 was constructed in 1957 as part of the Part IV plant cxpansion. I t  was constructccl 
to assist with fabrication of cnrichcd and dcplcted uranium parts uscd in wcapon dcsign supportcd 
by the Part IV expansion (ChcmRisk, 1992; Putzicr, 1982). The scaled hollow shape of tlic 
components in the new weapon dcsign required a significant amount of rolling and forming of 
both types of uranium. Space in cxisting Building 881 (involved in cnricllcd uranium parts 
manufacturing) and Building 444 (involved in dcplctcd uranium parts manufacturing) bccamc 
limited. Building 883 was therefore constructed to handle some of the uranium rolling and 
forming operations (ChemRkk, 1992; Kelchner et al., 1994). Process operations conductcd in 
Building S83 included cleaning and heating matcrials prior to shaping, rolling the mctal into 
sheets, cutting of blanks, forming into required shapes, and cleaning aftcr shaping. 

Enrichcd uraniuni operations in Building 883 wcrc discontinucd bctwccn 1964- 1966 \\.lien all 

cnrichcd uranium work wxs movcd to Oak Ridgc in  support of DOE's singlc mission conccpt 
(Kclchncr ct al., 1993; Buffcr, 1993; ChcmI<isk, 1992). This single mission conccpt alloivcd 
Rock>* Flats Plant (WP) to focus on plutonium bascd wcapons (ChcmRisk, 1992). Thc cnrichcd 
uranium side of Building 883 rcmaincd idlc u M e  thc rest of the building continucd to handlc 
depleted uranium along with other non-fissile nictals such as bcrylliuni, tungsten, stainlcss stccl, 
aluminum and vanadium, \\hich wcre also uscd in  plutonium wcapon production (EGGrG. 199 1 ; 
Kelchncr et a]., 1993). 

A ma-jor addition to Building 883 u*as complctcd i n  1985 to support ni:inufacturing o f  x i i i o r  

platcs containing dcplctcd ur;inium for thc A4 1 tZ  1 tank. I-lnndling of non-rxlinacti\~c mct:ils has 
continucd cvcn aftcr thc ccssation of plutonium wxpons production i n  No\vcmhcr of 19S9 ancl 
the change in plant mission i n  1992. Tlic building still hnuscs many of thc samc ph!*sical 
operations for forming nictal shapcs as it  did whcn it hcgan uranium niachining opcrations 
( E G b G ,  1991). 



I .  . :* c 

11.2 HISTORICAL TIMELINE ..I 
1957 Building 883 was constructed for the purpose of fabricating (heating, rolling and 

cutting) enriched and depleted uranium into required shapes. Deplctcd uranium 
was handled in the "A" side of Building 883 (Sidc A), while enriched uranium 
was handled in the "B" side of Building 883 (Side B) (ChcmRisk, 1992; Jackson, 
1991). Other metals such as aluminum, titanium, tantalum, stainless steel and 
occasionally cadmium, were also machined on Side A (Kelchner et al., 1994; 
Clark, 1991). 

, 

1962 Beryllium rolling began in Side A (Kelchner et a]., 1994). 

1964-1966 The enriched uranium operations were transferred to Oak Ridge (Kelchner et a]., 

1994; ChemRisk, 1992) and Side B remained idle until 1977. 

mid-1970s Most beryllium machining operations ceased (Jackson, 1991). 

1977 ?,/lanufacturing of calorinicter plates using dcplctcd uranium began (Clark. 199 1 ). 
I 

1983 Construction was initiated on a "C" side addition (Side C) to housc armor platc 
manufacturing for the M 1 A 1 tank. Pilot-Scale manufacturing of the platc took 
place (ChemRisk, 1992). 

1985 Construction of Side C was completed and full-scale nianufacturc of arnior plates 
using depleted uranium for the h4lAl tank bcgan (CIicmRisk, 1992; Clark, 1991). 

1985- 1 986 The use of trichloroethylene (TCE) and pcrchlorocthylcnc (PCE) as solvents was 

discontinued, and they were replaced by Oakite (Clark, 1991). 

mid-1 980s Manufacturing of calorimeter plates using deplctcd uranium ceased (ChcmRisk, 
1992; Clark, 1991). 

mid- 19SOs The remaining bcrylliuni operations ccased (Hill, 1994; EG&G, 1993). 

Historical Rclcasc Rcport Biiildirig SS3 
rugc 11-2 



\ 11.3 PHYSIC.4L I3IJILldING DESCRIPTION 
i 

Building 883 is a two-story. stccl-framcd building located i n  thc south-ccntral portion of tlic plant 
site outside the Protcctcd Area (PA) (Figure 11-1 ) .  I t  is south of Ccntral A\.cnuc and just north 
of Building 88 1 and is conncctcd to Building 88 1 by a tunnel. Thc tunnel connccts tlic nortlnvcst 
corner of thc sccond floor of Building 881 to thc southwcst corner bascnicnt of Building 883 

(EG&G, 1991; EG&G, 1992). Building 883 has a partial basement and a small sccond floor on 
the north and south ends. The exhaust plcnum and particulate cniission controls for Building 
883's heating, ventilation and air conditioning ( W A C )  systeni are houscd in a scparate support 
building, Building 879 (EG&G, 1991). Another support building, Building 827, contains tlic 
emergency generator for Buildings 883, 865, 875, and 889. 

The building consists of 76,500 square feet of space, most of which is takcn up by a high bay 
mctal working facility containing largc equipment. Within the manufacturing arca, thcre arc three 
long narrow areas designated as the "A," "B," and "C" sidcs. As of 1993, the A and B sidcr; each 
contain a large rolling mill and support machinery whilc some of thc equipment has bccn 
removed from the C sidc (EG&G, 1993). Officcs arc located on the south sidc of both the first 
and second floors. 

The building air system is a single-pass non-rccirculating system. Air is dra\vn in through f i \ ~  
diffcrent inlets, \\.here i t  is pre-filtered. Thc building air is esliaustcd through three scts of filter 
plenums. Each sct consists of a metal dc-mister or prc-filter and two stagcs of HEPA filters. 
h4ost of the air is cshaustcd through Building 879, the filtcr plenum building. No proccsscs other 
than air filtration are conducted in Building 879. A smaller amount of air is also discliargcd 
through a plcnum i n  Room 139 of Building 883. A portion of tlic cshaust air passing through 
the R ~ o n i  139 plcnun-: is trcntcd by a scrubbcr to rcmoi'c nitric acid fiimcs bcforc cntcring tlic 

filtcr plenmi (EG&G, 1991). 

11.4 1)ESCRIPTION OF OPERATIONS 

Opcratioiis i n  Building 88-3 can bc divided into two distinct timc periods. Thcsc arc ( 1 )  historic 
opc:ations u.hich took plncc bct\vccn the buildings construction in 1957 and 1989; and (2) rccclit 
operations that have occurrcd sincc plutonium production was shut down i n  1089. 



11.4.1 HISTORIC OPERATIONS (1957-1959) 
) 

The opcrations that occurred in Building SS3 historically lvcrc uranium fabrication, beryllium 
fabrication, and a scrics of spccial projccts involving various nictal working. Thcsc arc clcscrihcd 
below. 

11.4.1.1 ENRICHED AND DEPLETED URANIUM FABRICATION 

Building 883 bcgan operation in 1957 as an cnrichcd and deplctcd uranium fabrication facility 
(ChcniRisk, 1992). The building was dcsigncd with two functional areas or sides to prcvcnt cross 
contaniination of the radioactive enriched uranium with the non-fissilc dcplcted uranium. Side 
A liandled dcpletcd uranium, and Side B handled cnrichcd uranium (ChcmRisk, 1992; Clark 
1991; Kelchncr ct al., 1994). Depleted uranium was cast in Building 444 and scnt to Side A to 
be hcatcd and rollcd into shccts from which blanks of the rcquircd shapc wcre cut. The shapcd 
picccs were thcn sent back to Building 444 for final turning, trimming and polishing (ChcniRisk, 
1992). Sidc A also pcriodically handlcd othcr non-radioactive metals such as bcrylliuni, tungsten? 
stain 1 css s t cc 1, al uni i n i i  m, and vanad i uiii wli i c h a I so wc n t into p I u to n i urn wcapon prod 11 c t i on 
(EGkCi, 1091; Kelchncr ct  al., 1993). (Beryllium operations are discusscd in Section 1 1.4.1.2.) 

Enrichcd uranium parts \wrc scnt to Sidc B from tlic casting opcrations i n  Building S8 1 and \vcrc 

sc:it back to Building 881 for final processing (Kclchncr ct a]., 1993). 

I 

Metal ingots rcccivcd from eithcr Building S S l  or Building 433 wcre placcd i n  a furnacc or 
eutcctic salt bath to makc tlic iiictal suitably niallcablc for rolling. Thc ingots \i*crc thcn rolled 
into shects and anncalcd in a second salt bath (Kclchncr ct al.. 1993). Thc sludgc comprised of 
spcnt salt and uranium oside was drummed and sent to Building 663 (\Veston, 1986). The rollcd 
shcc,.; \ \ w c  thcn cleaned in a bath of TCE or PCE (Clark, 1991 ; Kclchncr ct al.. 1994). A roIIcr 
Icvclcr \vas uscd to flatten thc cleaned sheets n%ich \\’ere thcn cut into circular shapes. Thc ncar 

final shapcd “hats” wcre thcn formcd using a Marform prcss process that cmplo!~cd a cylinclricd 
press of solid rubbcr that hchavcd like a fl ,lid undcr prcssurc. The parts wcrc p e r a l l y  rcclc:incci 
in a PCE bath, and in sonic instanccs, in a \ q o r  dcgrcaser. Thc prcsscs \\’crc pi.riotlic:\ll>‘ 
clcancd with PCE which \\*:is drummed for disposal (Kclchncr c t  ai.. 1994). 

A housc vacuum systcm opcratcd on Side B to collect cnrichcd urmiuni  fincs \vhich were scnt 
to Building S8l  for rcco\’cry. l h c  vacuum system was dcsigncd with a cloth filtcr bag \\bich 
cnpturcd tlic fines. I n  addition. thc molten salt M i s  \\.ere pumpcd out annuall!. to rccovcr mct:il 

\ 



fincs that had accumulatcd in tlic bottom. Otlicr wastc strcarus from cnrichcd uranium woIk 

scnt to tlic cnrichcd uranium rccovery operations in Building 881 (Kclchncr et al., 1994). 

ere -1 

Bcginning in 1964, enriclicd uranium \\lark was curtailcd i n  Buildings S8l  and 883 3s the \vork 
was moved to Oak Ridgc (ChcmRisk, 1992; Jackson, 1991 ; Kclclincr ct al., 1994). I n  Jnnuary 

1965, a plantwide announccmcnt was made that all cnrichcd uranium opcrations would bc 
transfcrrcd to Oak Ridge (Buffer, 1993); thereforc, therc was no longer a nccd for enriclicd 
uranium rolling and forming in Side B. Side B rcmaincd idle for a pcriod of about 17 ycars aftcr 
enrichcd uranium operations wcrc rcmoved (Kelchncr ct a]., 1994). 

11.4.1.2 BERYLLIUM FABRICATION (1962-mid-1980s) 

In approsimatcly 1962, beryllium-forming operations begin in Side A and opcrated until the mid- 
1980s (I-IiII, 1994; Kclchner ct al., 1994). Ninc-inch by ninc-incli bcryllium ingots, which wcrc 
cast in Building 444 and placed into stainless stcel "cans" in Building 88 I ,  were heatcd, rollcd 
into shccts and thcn cut out of the stainlcss stecl forms. During this tinic pcriod, the soutliwcst 
corncr of the building liouscd a bcrylliuni grinding room that included ;in ctching bath (Clark. 
199 1). l l i c  shccts \vcrc acid ctclied using nitric or li>'drofluoric acid to remove any  iiiici-o-crxlis 
and to rcducc tlic thickncss. Originally, ctcliing occurrcd in Iicatcd dip tanks, \\.liicli \vcrc iatcr 

rcplaccd by a spray tank (I-Iornbaclicr, 1994). Sliccts wcrc thcn Iicat-trcatcd in cithcr tlic acid 
and/or cutcctic salt baths and prcsscd into tlic dcsircd sliapc i n  Building 883. Tlic bcr).llium 
shapcs were tlicn returned to Building 444 for furtlicr machining (I-IiII, 1994; Jackson, 1991). 
Anotlicr bcryllium part was niadc using a proccss in  which thc bcrj'llium was rollcd ivitliout tlic 
use of a stainlcss stcel outcr slicll. This proccss occurred until tlic mid-1 970s (Jackson. 1991). 

I 

11.4.1.3 \!'A ST E 1-1 A K 1) LI I\' G 

Building 883 liouscd a proccss wastc collection systcm wkicli collcctcd liquid wastcs such ;is 

machine oils, coolants. and qiicncli irritcr from tlic various proccsscs i n  Building 883. Tlic sj-stcm 
consisted of proccss drains and scvcn tanks (ranging in sizc from 350 to 750 gallons) 1ocnti.d i n  

Room 1. Thc system collcctcd liquids fron-r qucnc i tan1;s i n  Rooms 1 C2, 105, and 109 and fixmi 

the proccss drains in thc janitor's closcts. Spcnt nitric acid from acid clciiiiing of nictal p r t s   is 

also collcctcd (Wcston, 19S6). Trcatmcnt of tlic wistcs gcncratcd in Building 883 did not tikc 

p l x c  i n  tlic building. lio\\wcr. drains ivcrc fittcd with scrccns to catch largc solids. Watcr l'rniii 



the portable quench tanks entered the system via a proccss waste drain i n  Room 109 (EG&G. 
1991). '1 

In addition, Room 104 contained a druni accumulation area for 30- to 55-gallon drums containing 
waste oils, solvents, uranium, beryllium, and 1,1,1 -trichloroethanc (DOE, 19SS). 

11.4.1.4 SPECIAL PROJECTS (1970~-1980~) 

A series of special order projects took place in Building 883 throughout the late 1970s and the 
first half of the 1980s. These are as follows: 

b Starting in 1977, thousands of depleted uranium calorimeter plates were 

manufactured and rolled in Side A (Clark, 1991; Kelchner et al., 1994). 

* Cadmium was infrequently rolled and formed (Clark, 199'1 ; Link, 199 1). 

In 1983, pilot-scale operations bcgan for the manufacture of armor plntcs for the 
M 1 A1 tank in which dcplctcd uranium was uscd (ChcmRisk, 1992). Also i n  1967 

construction bcgan on Side C to Building S8l wliicli \vas uscd for full-scdc 
production of thc armor plates. Full-scale operations bcgan in  both Sidcs B and 
C in 1985 and hundreds of tons of dcplctcd uranium \wrc proccsscd o w r  tlic life 
of the project (Kelchncr et al., 1994; Clark, 1991 ; ChcniRisk, 1992). 

11.4.1.5 CHEMICAL USAGE (1957-1988) 

Betwcen 1957- 19S8 the mctal prcssing and forming proccsscs conductcd i n  I3uilding S83 iiscd 
the following chemicals: PCE, TCE. frcon (compound unspccificd), a 50 pcrccnt nitric acid 
aqueous solution (for pickling uranium), and chiorofluorocarboiis (CFCs). Thc usc of CFCs i i 'as 

discontinued in 1988, while PCE and TCE were rcplaccd with wntcr and 0;ikitc in  1985 or 19S6 

(ChemRisk, 1992; Clark, 1991). I n  the past, one of tlic large metal prcsscs was fillcd \\.it11 oil 
containing polychlorinatcd biphcnj*ls (PCBs). Thc oil \vas draincd from the prcss and t.11 ' ;cn to  

the PCB storage area (Weston, 1986). 



B 
11.4.2 RECENT OPER4TIONS (1989-Prcscnt) 

/ ) 

Although the primary mission of the plant \\'as curtailcd in 1989 whcn plutonium opcr ;I 1' 103s 

ceased, Building 883 has continued to be involvcd in non-fissile nictal (stainlcss stccl, aluminum. 
depleted uranium, tantalum, and titanium) fabrication. In 1993, Building 883 was uscd for thrcc 
purposes: ( 1 )  rolling and prcssing of classificd blanks for pit contingency (war rcscrvc) and 
special order work; (2) bending large tubes for W84 body parts; and (3) swaging rcscrvoir stcms 
to meet production requiremcnts (EG&G, 1993). The rolling and pressing operations have 
changed little from those employed whcn the building first opcncd. In addition to these 
fabrication operations, some special projects and support operations are also active. 

11.4.2.1 FABRICATION 

Fabrication operations include rolling, shearing, blanking and trcpanning, prchcating and forming, 
heat treating, cleaning and grit blasting. All of tlicse processes are active with the csccption of 
shearing and grit blasting, which wcre discontinued in 1993. 

I Itolling Process. Metal ingots consisting of' 

stainless stccl, aluniinum, tantalum, titanium, and dcplctcd uranium arc hcatcd in a furnace. or 
in thc casc of uraniunl, in a cutcctic salt bath. As prcviously discusscd, uranium oxide sludgc 
and sludgcs gcncratcd by tlie qucnch sj'stcm arc drummcd and sent to Building 663. Aftcr 
softening, the ingots are rolled in one of three rolling machincs which arc lubricatcd with non- 
hazardous, lvater soluble rolling oil (EG&G, 1991 ; EG&G, 1993). Aftcr rolling, thc mctals arc 
cooled \vith a watcr quench systcm either by air, a watcr qucnch systcm or tool qucnch. Tlic 
quench watcr is filtcrcd and thcn rccyclcd. Liquid lvastc is transfcrrcd \.in drum to Building 374 
for processing (EGSLG, 199 1). 

Ilolling occurs in  Rooms 105, 1 12, and 138. 

SI1 ea ri n g ((1 is c'o n t i n 11 cd ). S t ai n I css st ccl . tit  ani urn. dc pl e tcd uran i urn. and al urn i num slicc t nict:i 1 
wcrc mcclianically cut with cquipmcnt into smallcr picccs bcforc bcing shnpcd. For thc most 
part, tlie guillotine action of the cqujprncrif did not to producc finc particulate or nthcr \ \XIC 

niatcrid (EG&G, 1991). This process \vas discontinuccl i n  1993 (EG&G. 1993). 

Ulanlcing and Trcpmning. Aftcr rolling, sonic nictal shccts of uranium. stainlcss stccl. or 
aluminum arc blanked or trcprinncd i n  Rooms 105 and 109. Blanking consists of punch prcssing 
a circular shapc using a hydraulic prcss and blankins die. whcrcas trcpanning consists of cutting 



a shape using a lathe. The only chemical uscd in thc proccss is cutting oil (Trim Sol coolant) 
that is passed over the lathe through a recirculating system. Used coolant is placed in a drum and 
scnt to Building 794. Wastes produccd are metal scraps, including uranium turnings and chips. 
which are scnt to the chip roastcr in Building 447. Non-uranium mctal scrap is scnt to Building 
664 (EG&G, 1991; E G b G ,  1994). 

.I 

Preheating and Forming. Forming takes place in Rooms 102, 104, 105, and 109 and involves 
pressing metal blanks into specific shapes following thc rolling proccss. Somctimcs thc proccss 
involves heating the metal with either a torch or in a hot oil bath. Scrap uranium is scnt to 
Building 444 for reprocessing and vanadium is drummcd and sent to an off-site rccycler. Othcr 
metal scrap is drummed in low-level waste drums and sent to Building 664. Chemicals used in 
the process are non-toxic cleaning fluids (Mariko and De-Soh-It), oil, and machining fluids. 
Along with the scrap metal, the only wastes produced are hot dye lubricant and wax which are 
vaporizcd into the exhaust system, cleaning fluids which arc collcctcd in low-lcvcl wastc drums, 
and uscd oil \ihich is also drummed (EG&G, 1991; EG&G, 1994). 

Neat Treating. I-Icat trcating occurs in Rooms 102, 104, and 105 and USCS high tcnipcraturcs 
to anncal metal parts. Solid mctal parts consisting of dcplctcd ur;iniiini, uranium alloy, stainlcss 
stccl, aluminum, or tantalum arc placcd into onc of six cncloscd and liquid coolcd fitrnaccs or 
into O I ~ C  of four salt baths. As of 1993. only onc of thc cutcctic baths ]vas opcrational (EGAG. 
1993). The salt bath contains sodium, lithium, and potassium carbonatcs. Aftcr Iicating o r  
bathing, the parts are cooled by water, air or press qucnclies housed in portable tanks. An oil 
bath consisting of Dow Corning 550 fluid is occasionally uscd to cool parts (EGRG, 1991). 

\Vastcs produced includc argon gas, \vhich is proccsscd i n  the vent systcm. and uranium oxide 
dust and sludgc, \ihicli are drummcd and stored in Building 883 (EGRG, 1991; EGLQG, 1993). 

i 

Clcmin;. Clcaning takes place i n  Rooms 102. 105, 1 OS, 109, 138, and 159. subscqucnt to the 
various fo:.:ning opcrations. Clcaning solutions uscd arc nitric acid (only for uranium), Dc-Solv- 
It ,  h4arik0, Oakite and Ox-Out, although nitric acid was Jiscontinucd somctiriic bctivccn 199 1 and 

1994 (EGbG,  1993). Clcaning rags and othcr wct conihitstiblc waste arc plnccd in low 1wcl 
waste drums wliilc spcnt Ox-Out solution is druninicd and scnt to Building 374 lor analjGs 
(EG&G. 1991; EG&G, 1994). 

Nitric acid cleaning \vas pcrformcd inside an cnclosurc to control fumcs. The proccss occurrcd 
i n  a doublc-walled, stainlcss stccl tank locatcd i n  Room 138. According to thc 1991 Air 



Pollution Emission Noticc (APEN): nitric acid was used at a rate of 50 pounds per year. Parts 
were clcaned by dipping in nitric acid followcd by dipping or spraying with water (EGGrG. 
1991). Os-Out contains 20 percent nitric acid and clcaning with this product occurs in Room 105 
by dipping the parts in a 55-gallon drum of the solution follo\wd by dipping in  water (EGGrG. 
1991). 

Grit Blasting (discontinued). Grit blasting consisted of clcaning a part inside of a closed 
container using a stream of high-velocity air mixcd with an aluminum oxidc blasting grit. Thc 
particulate gencrated was collected in a cyclone scparator and was subscqucntly filtcrcd through 
disposable cloth filters (EG&G, 1991). This process was discontinued in 1993 (EG&G, 1994). 

11.4.2.2 SPECIAL PROJECTS 

A research decontamination booth was constructed in Sidc B in thc early 1990s and was used to 
evaluate thc effectiveness of a vendor-owncd carbon dioxide pcllct blaster for removing 
radioactive contamination (EG&G, 1993). This work has becn discontinued (EG&G, 1994). 

11.4.2.3 ’ SUI’I’ORT OI’EIXATIONS 

Supporr opcrations includc a stcpoff pad, gcncral niaintcnancc, and utilities. Thc stcpoff pad is 
locatcd in Room 101 and produces ivastcs such as used protective clothing and snicx papcr 
associatcd with radiation monitoring. The maintenance and utility functions use chemicals and 
gcncratc chcniical \i,aste such as lubricating oil, bcaring grcase, cthylcnc glj-col, I-ITI-I algae 
inhibitor, Nalco corrosion inhibitor, paints, adhesivcs, lead-acid battcrics, spcnt florcsccnt light 
bulbs, ballasts with PCBs and asbestos insulation (EGGrG, 1993). 

11.5 ClIRRENT CONTARIINATION STATUS 

Sincc bcrylliuni opcrations ccascd in the mid-1 98Os, the building h x  undcrgone cstcnsivc 
decontamination (ChcniRisk. 1901). No additional information is currcntly kno\f.n‘ on tlic 
con t alii i na ti on stat us of I3 11 i I d i ng 8 S 3 .  
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12.0 OPERATION.4L HISTORY OF BUILDING 991 

12.1 INTRODIICTION 

Building 991 was one of thc four original buildings at thc Iiocky Flats Plant (WP) and \vas 
constructed bctween 1951 and 1952 (Buffer, 1993). At that time, Building 991 was dcsignatcd 
as the "D" Plant and was uscd for shipping and rccciving, and for final asscmbly of wcapon 
componcnts rcceived from on-site fabrication operations and from Oak Ridge and I-lanford 
(EG&G, 1992; ChemRisk, 1992). Building 991 also scrvcd RFP's administrative functions until 
Building 11  1 was completed (Wilson, 1994). In 1957, production began on a ncw wcapon 
design, referred to as the Part IV design. Because of the new design, final pit assembly took 
place in newly constructed Building 777 (ChemRisk, 1992; Gctman, 1994). I t  is believed that 
azsembly of the oldcr uranium bascd weapon continued in Building 991 until approximatcly 1960 
(Getman, 1994). I-lowcvcr, aftcr 1957, the mission of Building 991 becamc increasingly onc of 
a shipping, rccciving and storagc facility. The typcs of matcrials handlcd by this facility includcd 
special nuclear niatcrial (SNh4, ivliich is defined as fissile, conccntratcd radioactivc material). 
classilicd matcririls. and other mctal components. As of 1993. this building has thc onl!. 
sliipping/rccci~.ing dock at M I '  iv i th  thc capability of handling off-sitc shipmcnts of SNhl  and 
classif,cd matcrials (EG&G, 1992; \Vilson, 1993; Riddle, 1993). 

12.2 HISTORICAL TIR4ELINE 

1951 Ground breaking occurred on July 10 for Building 991 which was the first 
perniancnt building at RFP (Buffer, 1993). 

1952 Opcrations bcgm on rcgiilar production matcrials in April (Biiffcr. 1995). 

D~iilding 99 1's main function \\'as assembly and shipping and rcceiving of final 
componcnts produccd at RFP, Hanford and Oak Ridgc (EGc!!:G, 1992; Chcmllisl;. 
1092). 

1953 Tlic first products wcre coi11j)lCtcd and sliippcd off-site in April (Buffer, 1?0-3). 



1957 
i 

Early 1960s 

1964 

Mid- 1970s 

1976 

Most asscmbly opcrations wcrc curtailed as P J P  b y a n  producing and assembling 
thc Part I\’ wcapon dcsign in Building 777. Asscmbly of stockpilcd uranium 
h s c d  pits continucd i n  Building 991 until approsimatcly 1960 (Gctman. 1994). 

,\ limitcd numbcr of plutonium pits \ \wc  xscmblcd in Building 991 (Gctman. 

1993). 

A bcryllium coating operation bcgan in a rcscarcli laboratory in Building 991 
(Hili, 1994). 

Rcscarch and dcvclopmcnt (R&D) opcrations niovcd from thc .building (EG&G, 
1992). Some of these opcrations wcre transfcrrcd to Building 705 (Hill, 1994). 

The bcryllium coating operation ccascd in Building 991 and was transferrcd to 
Building 705 (Hill, 1994). 

1 2.3 I’ 1.1 \’SI C A L 13 I 1 I I,I) I NC; D ES C R 1 P TI O N 

Building 991 is located on tlic cast sidc of tlic d~ \~c lopcd  portion o f  IFP \\.ilhin thc 1)rc)tcctcd 
:“\ea (PA) (Figiirc 13- 1 ). Tlic building is the cciitcr of thc 991 complcs \vhich includes ;i scrics 
of four underground storagc \milts conncctcd by tunncls rcferrcd to as Building 996, Building 
997, Building 998, and Building 999 (DOE, 1992; EG&G, 1992). Building 991 cnconipasscs 
37.880 square fcct on a first floor and bascmcnt. Thc four undcrground \milts Iiwc a total area 
of 20,930 squarc fcct (Wilson, 1993). The Building 961 tunncls and vaults arc niaintaiiicd at a 
slight ncgativc prcssurc LJJ~ thc huilding heating. vcnti1:iting and air conditioning (I-IVAC) s!.stcm 
(EG&G, 1092: Getman. 1993). The north IxJf of thc building \\.:is uscd for shipping, rccci\.iny 
and storage of classificd and SNM, laboratorics and thc protcctcd area al:irm maintcnancc. l‘hc 

south sidc is occupicd by officcs (Wilson. 1994). 

. \ 

12.4 DESCItII’TION O F  OI’F,11.4TIONS 

I3uilc!ing 99 1 opcrrltions arc catcgorizcd into t\vo niri.jor timc periods dclincatcd by tlic curtnilmcnt 
of \vc:ipoiis production in  19S9. I-listoric (or prc-1989) opcrations, follo\\td 17). rcccnt opcrntions 
arc dcscrihccl hclon.. Bccausc 99 1 \?‘as constructed mainly to support shipiiicnts of nuclcar 



materials, the description of operations is ratlicr liniitcd as compared to thc manufacturing 

buildings. 

12.4.1 HISTORIC OPERATIOKS (1952-1989) 

Building 991 was the first building to bc coniplctcd at WP and was dcsigncd to be thc shipping 
and receiving, and final assembly building (ChcmRisk, 1992; Putzicr, 1982; EG&G, 1992; Buffcr, 
1993). Plutonium, enriched uranium and dcplcted uranium componcnts which wcre fabricatcd 
on-site and components from Ilanford and Oak Ridgc were asscmbled into final products, 
inspectcd and tested, and then plaecd back in storage prior to off-site shipmcnt. A few special 
projects were also conducted in this building. 

12.4.1.1 FINAL ASSEMBLY (1952-1960) 

Final asscmbly c f  the early concept dcsign products was a relativcly siniplc operation. A small 
amount of solvcnt was used for one last wipc-do\vn of the componcnts and finished product 
(ChemRisk, 1992). Solvents typically uscd in assembly w r c  trichlorocthylcnc (TCE) and acetone 
(Crislcr and Dingman, 1993). Asscinbly took p l x c  i n  an opcn room ratlicr than i n  cncloscd 
glovebows or B-hoxcs bccausc a11 of the radioactive coniponcnts wcrc coatcd i n  nickcl or 
encased in plastic (Gctman, 1993). 

I 

A change in the weapon design produccd at WP occurred in the late 1950s. This change 
rcquired a shift in the rclative amount of matcrials uscd in the pit and the amount of machining 
and handling of the materials. Along \$.it11 this changc i n  design, thc asscmbly operation became 
more involved and rcquircd tiglitcr controls. Asscmbly of the ncw design, therefore, took placc 
i n  Building 777 wliicli bccamc opcrational in  1957 and was dcsigncd spccifically to support thc 

Part IV ivcapon. Assembly opcrations for stockpilcd components for tlic oldcr nrcapon dcsign 
arc bclievcd to have continued in Bllilding 991 until  3bout 1960 (Gctman, 1994; Dingman. 1993). 
A liniitcd number of the plutonium bascd pits wcrc also asscmblcd i n  Building 991 in the c x l y  

1960‘s. 

12.4.1.2 SHIPPING AND RECEIVING (1952-1989) 

From IWP’s carlicst operation until \\.capon production was cancelled in  1989, Building 99 1 

scr\.cd as a shipping and rcc.civing facility for incoming and outgoing SNh4 and as a storagc 



. .I . .  
facility for some of those materials (DOE, 1992; EG&G, 1992). Until the mid-1 980s, niaterials 
were shipped and received from the eastern dock area, Room 166 (Getman, 1994). Most 
shipments of product were sent by rail until the mid-1970s whcn specially designed tractor trailers 
referred to as Safe Secure Transports (SSTs) wcre designcd and employed. These SSTs were 
used for shipment of final product by roadway. The west dock was addcd in the mid-1980s to 
provide a covered shipping area specifically designed for the SSTs (Gctman, 1994). Transport 
of SNM was moved out of Building 991 for a period of about six months in 1975 or 1976. 
During this time period, shipping occurred from Building 439/440. Shipping was movcd back 
to Building 991 because of security concerns (Getman, 1994). 

.‘> 

SNM to be shipped off-site such as finished plutonium pits was packaged in elaborate containcrs 
specially designed to ensure safe transport. Much of the area on the first floor was devoted to 
storage of packaging materials and containers. The inner surface of some containers were coated 
with material such as lead or cadmium (Getman, 1994). 

Incoming materials were generally not unpackcd (Getman, 1994). However, site-return pits were 
unpacked, tested via radiography (X-ray) to dcterniine and vcrify contcnts, rc-packagcd, and 
shipped to Building 777 for disassembly (Riddle, 1994). I 

12.4.1.3 FINISHED MACI-IINE PARTS INSPECTION AND TESTING 

Building 991 was used to test the quality of non-nuclear raw niaterials and parts fabricated by 
off-site vendors. The building also inventoricd and stored these parts for future use. Building 
991 took over this operation from Building 88 1 sometime in the 1970s. The building rcceived 
thousands of parts and niaterials that were purchased off-site that nccdcd to be tcsted to cnsurc 
that they were weapons quality. A metallography lab was opcratcd as part of this function. Pm-ts 
were periodically clcaned with Oakite after testing. I n  the latc 1 %Os, thc handling of non- 
classified niatcrials was movcd to Buildings 130 and 360. h4atcrials ready for asscmbly wcrc sent 
directly to Building 460 (Getman, 1994). 

12.4.1.4 SPECIAL PROJECTS (1960s to mid-1970s) 

A number of research and developnicnt projects occurred i n  Building 991 throughout its 

opcration, although information rcgarding tlicm is limited. I n  the 1960s and until somctimc in 
1970, the southwest corner of Building 991 houscd Iargc fish tanks for radiation studies (Gctman. 

Biiildirig 991 
Pngc, 12-4 



1994). A small berylliuni coating process op.erated i n  the building btt\veen July 1963 rind 

September 1976. This operation was subsequently moved to Building 705 (Hill,  1994; \Vilson, 
1994). An explosives forming projcct occupied the building betwecn 1966 to 1974 (\Vilson. 
1994). h4ost spccial projccts and research and dcvelopmcnt operations had been moved out of 
the building by 1974 to 1976, leaving shipping, rccciving and storage as the prinlary functions 
(EG&G, 1992; Wilson, 1994). 

1 

12.4.2 RECENT OPERATIONS 

Currently, Building 991 is used for off-site shipping of various componcnts, asscmblics, and other 
materials associated with past weapons and/or plutonium metal production. Bidding 99 1 also 
houses non-destructive testing opcrations, a metallography laboratory and othcr support operations 
(DOE, 1992). Radioactive and non-radioactive raw materials, non-design agency spccial order 
items, packaging items, components, and saniplcs arc also storcd in the 991 Vaults (EG&G, 
1992). These recent operations are described below. 

12.3.2.1 SI-IIPI'IIVG AND RECEIVING (1952-1989) 

Building 991 is the point of dcparturc for a11 off-site shipnicnts of radioacti\,e niatcrial. Building 
991 rceeives niaterials from other buildings at RFP and prepares them for off-site shipment. All 
non-nuclear and nuclear materials sent to Building 991 are handled i n  Rooms 170 (the shipping 
dock) and 134 (Wilson, 1994). Production Quality Control is responsible for tracking a11 
incoming and outgoing shipments. 

Primary niatcrials handled include 55-gallon and 30-gallon drums of uranium and plutonium parts 
from off- and on-site (EGSrG. 1994). The outside of the drums rcccived at the dock is clicckccl 
for contamination and, if radiation Ie\~cls escced a threshold limit, the drums arc cleancd Ivitii 

Triple C Clcancr and Kiiiiwipcs. Materials recei\*cd at the dock arc thcn transfcrrcd to the 

storage vault awaiting final disposition. Prior to sliipmcnt from Building 99 I ,  drums arc 
rechecked for contamination. Room 134 is also uscd to repair fistures that hold parts sccurclj- 
i n  the drums (EGSrG, 1993). 

C1icn:ical products used in tlicse functions are Triple C Cleaner, gluc. paint. Lubribrrincl A. 

battcrics, sodiuni bicarbonate and Oil-dri. The primar!. ivaste material produccd is plutonium- and 
uraniuci-cnntaiiiiiiated Kiinwipcs (EGSrG. 1 993). 



12.4.2.2 INSPECTHON AND TESTING 
1 

Non-destructi\*e testing (NDT) operations including radiorppliy, ultrasonic analysis and d!*c 

penetrant tcsting occur i n  Roonis 160 through 165. hki.ior picccs of cquipmcnt uscd arc a fixcd 
X-ray machinc, a portable X-ray machinc and a gamma ray sourcc of iridium-192 and dcplctcd 

uranium shielding. Major chemicals uscd arc ultrasonic coupling gcl, dcvclopcr solutions and 
cleaner, photogra?hic fixer, film, dye penetrant and dye penetrant cleaner (EG&G, 1994; Riddle, 
1994). 

NDT has many boxcs of used radiographic film storcd in Vault 158. The film is potentially 
radioactively-contaminated and contains a substantial amount of silvcr emulsion (EG&G, 1992). 

12.4.2.3 STORAGE (1952-1989) 

In 1992, Building 991 had two 90-day accumulation areas and seven satellite storage arcas for 
the storage of Rcsource Conservation and Rcco \~ ry  Act (RCRA) regulated waste. In  1994, only 
one 90-day accumulation arca and six satellite storage arcas are locatcd in the building (\Vilson. 
1994). Building 99 1 currcntly stores tliousands of drums and cartons containing nun-lissilc. scrlip 

bcr~.lliuni. soiiic of which \vas rcccivcd from I'antcx. Undcr thc D r 4  1992 A!is.viort 7 j m t . v i ~ i o 1 1  

Pr~~gi*crnt A4~11ugoitcr7f Plan, this classified bcr>-lliuni scrap \vas planncd to he scnt off-sitc for 
processing into unclassified ingots and thc scrap disasscnibl)' operations wcrc to bc mo\.cd to 
Pantex or Oak Ridge (EG&G, 1992). 

1. 

12.4.2.4 SPECIAL PIIOJECTS 

The non-plutonium physical mctallurg>' process locatcd in Room 155 is an RbD npcraiioii 

dcdicatcd to clcctron hcam analysis of lion-plutonium mctal samplcs. I hc rooni is also uscd fo r  
csperiniciits to dctcrminc altcrnati\'c sol\'cnts to rcplacc carhon tctrachloridc. Chcmicals uscd :ire 

prcdoniinantly i n  support of the alternati\rc sol\'ent program and includc diglymc bis (2- 
nicthosyethyl) cthcr, mcthyl acctoncctatc, dincctonc. 2-butosycthnnol, Iicsa~iol, butyl lactatc. 
hcsanc, dodccanc, ~-nictliylc~~clolicsa~iol. 140-66 solinit. octanol and tctrac1cc:inc. Othcr 
ch cni i cal s i ncl ud c mnch i 11 ing oi I ,  2.2.2 - t r i fl uoroc thano 1. t r i fl uoro:icc t i c anh>vd r i de and c t h)*I ;icc t a t c' 
(EG& G, 1994). 

- -  



12.4.2.5 SUPPORT OPERATIONS 

Support operations include laboratorics, utilities, and maintenance Operations. 

Metallography Lab. Thc metallography lab is located in Rooms 109, 1 10 and 1 1 1 and analyzcs 
non-radioactive metal and nonmetal samples to support weapons dcvelopment, shipping container 
design and waste management. Major chemicals used are isopropyl alcohol, alumina or silicon 
carbide grinding paper, diamond paste or other nonhazardous polishing solutions, etching 
solutions such as oxalic, nitric, hydrochloric and phosphoric acid, and Trim Sol cutting oil. In 
addition to these chemicals, wastes generated include metal cutting fines from sample preparation 
(EG&G, 1992; EG&G, 1994). 

Module Lab. The module lab in Room 143 supports the inspection of glovebox gloves and air- 
breathing garments (EG&G, 1992). 

Maintcnancc Alarms. Rooms 140 and 141 are used for the repair and maintenance of alarm 
cquipmcnt uscd throughout thc Protccted Area. Chemicals uscd include adhcsives, alcohol, 
solvcnts, nickcl-cadmium and Icad-acid batteries and sodium bicarboriatc (EGGrG, 1994). 

j 

Utiiitics and Rlaintcnancc. Thc Utilitics Group, locatcd in Rooms 130 and 137, opcratcs the 
building ventilation systcni. Thc Maintenance Group provides routinc niaintenancc scrviccs 
throughout the building. A wide variety of routine chemicals are used including Freon 12 or 
Freon 22 for the refrigcration unit, lubricating oil, ballasts containing polychlorinatcd biphcnJrls 
(PCBs), paint and fluorescent light bulbs (EG&G, 1993). 

12.5 CURRENT CONTARIINATION STATUS OF RUIL1)ING 991 

A Final Mazard Asscssmcnt has bccn complctcd for Building 99 1 which addrcsscs surfacc 
contamination, radiation, airbornc and gcncral hazards. There arc no reported contamination 
levels outside of rcgulatory guidclincs, and no decontamination is rcquircd in  Building 99 1 for 
its continucd use. Tlicrc arc no othcr gcncral hazards \s.hich posc an unusual risk, altliougli thc 
Building 991 coniplcx has bccn dcsignatcd as an Individual I-Iazardous Substance Sitc (IHSS) 
(EG&G, 1992). 
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