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DESCRIPTION OF PROJECT SAPPHIRE 

R. G. Taylor 

Lockheed Martin Energy Systems 
Oak Ridge Y-12 Plant 

P. O. Box 2009 
Oak Ridge, Tennessee 37831-8238 

SUMMARY 

The mission of Project Sapphire was to 
repackage approximately 600 kg of highly 
enriched uranium (HEU) in the Republic of 
Kazakhstan into internationally acceptable 
shipping packages and transport the material 
to a storage location in the United States. 
There were four material types to be 
repackaged: metal; oxide; uranium/beryllium 
(U/Be) alloy; and residues from U/Be alloy 
production. Seven major steps were necessary 
for successful execution of the project: 
planning and training; readiness assessment; 
deployment; set up; process; take down; and 
transport. Nuclear criticality safety especially 
affected several of these steps. 

PLANNING AND TRAINING 

During this initial phase of the project, it was 
necessary to determine the size and 
composition of the team necessary to 
accomplish the mission over a period of 
approximately six weeks. It was also 
necessary to define the process and determine 
all the equipment and supplies necessary for 
the team to be essentially self-sufficient, 
identify and resolve issues, and train the team. 

The team decided upon included 31 persons as 
shown in table 1. The expertise of the 
personnel selected is also indicated in the 
table. The shipping package selected was the 
U. S. Department of Transportation (DOT) 
Specification 6M under Certificate 
USA/0002/B( )F, Revision 13. 

The use of 6M packaging raised two issues of 
nuclear criticality safety concern. The 
packaging has mass limits and hydrogen 
moderation limits depending upon the material 
form. Depending upon the Transportation 
Index desired, there are mass limits for metal 
or alloy with a hydrogen to 2 3 5U atomic ratio 
(H/ 2 3^) = 0 and for compounds with either 
H / 2 3 ^ = 0 or H/ 2 3 5 < 3. Much of the 
material to be repackaged contained 
beryllium, which is considered to be a 
moderator, and it was suspected that any 
original nuclear criticality safety analyses done 
to establish container loading limits had not 
contemplated the presence of beryllium. It 
was thus necessary to perform extensive 
calculations to demonstrate the safety of 6M 
packages for a variety of U/Be loadings. The 
second issue, which affected the equipment 
taken and the repackaging process design, was 
the need to verify that H / 2 3 ^ < 3 in the 
residues. The planned repackaging process 
flow had to include sampling steps and the 
equipment taken had to include a laboratory 
induction furnace and support equipment and 
supplies for the measurement of hydrogen so 
the H / 2 3 ^ ratio could be calculated. 

During this phase of the project, it was also 
necessary to generate subcritical limit data for 
U/Be systems for use in evaluating the safety 
of the process. Extensive calculations were 
done to develop limits for mass, volume, 
infinite length cylinder diameter, and infinite 
extent slab thicknesses as a function of 
uranium concentration for HEU/Be and 
HEU/Be/water systems. These parameters are 



analogous to the limits data shown in 
reference 1 and the developed limits were 
used to analyze the nuclear criticality safety of 
the process as project planning proceeded. 

Table 1 
PROJECT SAPPHIRE TEAM SIZE 

AND COMPOSITION 

25 Lockheed Martin Energy Systems Persons 

2 Project Management 
8 Material Processing 
2 Nondestructive Analysis 
1 Nuclear Material Control 

Accountability 
3 Health Physics 
3 Nuclear Criticality Safety 
1 Industrial Hygiene 
2 Packaging 
3 Maintenance 

1 OAK RIDGE INSTITUTE FOR SCIENCE 
AND EDUCATION PERSON 

Medical Doctor 

1 EG&G ENERGY MEASUREMENTS INC. 
PERSON 

Communications 

4 ON SITE INSPECTION AGENCY 
PERSONS 

3 Interpreters 
1 Liaison with Embassy 

The process which ultimately evolved included 
two repackaging glovebox lines, one sampling 
glovebox line, a hydrogen measurement 
station, a nondestructive analysis (NDA) 
measurement station, two accountability scales 
stations, and a 6M container loading area. 

Ventilation of the glovebox lines was through 
multiple High Efficiency Particulate Air 
(HEPA) filters. The process work area 
available was approximately 6 meters by 18 
meters. 

Major administrative issues which had to be 
addressed included indemnification by the 
U. S. Department of Energy because civilian 
employees of a contractor to the government 
would be performing hands-on nuclear work 
in another country and modifications to 
National Environmental Policy Act (NEPA) 
documents to accommodate the storage of 
HEU not of U. S. origin. It was also 
necessary to produce operating procedures and 
emergency procedures. 

The actual hands-on repackaging of fissile 
material was to be done by the Lockheed 
Martin personnel indicated in Table 1 except 
for the three maintenance persons. 
Background training of these hands-on persons 
in subjects such as Fissile Material 
Worker/Supervisor, Radiation Worker, 
Beryllium Worker, and Respiratory Protection 
was accomplished by classroom instruction 
and practical demonstration. Process 
operation training was accomplished using 
operating procedures and a mock-up of the 
process facility. The mock-up was somewhat 
crude in that cardboard boxes on tables were 
used to simulate gloveboxes and hoods, but it 
was valuable in providing realism and did 
result in several procedure changes as 
problems were found. It did also emphasize 
that the actual facility would be somewhat 
cramped. 

READINESS ASSESSMENT 

Near the end of the planning and training 
phase, a small, proficient, and tough 
Readiness Assessment Team (RAT) was 
formed to examine every aspect of the project 
(they were affectionately called RATs after 



their team acronym). The RATs raised issues 
and made recommendations and were the final 
authority on their resolution. The process was 
agonizing but valuable and several changes 
were made because of the issues raised by the 
RATs. 

DEPLOYMENT 

Beginning 7 October 1994, the 31 team 
members and 130 tons of equipment were 
deployed. Transport to Ust Kamenogorsk, 
Kazakhstan, was via three U. S. Air Force 
C-5 transport aircraft which proceeded 
separately from Knoxville, Tennessee, with 
two intermediate refueling stops. After arrival 
at Ust Kamenogorsk, equipment was off
loaded onto Ulba Metallurgical Plant vehicles 
and transported to the work site at the Ulba 
Metallurgical Plant. Team members were 
transported to the Hotel Irtysh which was to 
be home for the next month and a half. 

SET-UP 

Process and process support equipment were 
uncrated and set up over a 4 day period. At 
the work site, tents and hutments were 
erected, two diesel powered generators were 
set up along with their electrical grid, and a 
field office/command center with 
communications equipment was established. 
The repackaging and sampling glovebox lines 
were constructed along with the process 
ventilation system, hydrogen analysis, and 
NDA stations. Two portable criticality 
accident alarm monitors were emplaced to 
supplement the host's fixed system and they 
were tested using a radiation source. Personal 
protective equipment such as clothing, a 
variety of gloves, and respirators was 
unpacked and issued. Health physics and 
industrial hygiene monitoring equipment was 
made ready for use. After the process and 
process support equipment was set up and 
shown to be functional, several emergency 

drills were conducted to demonstrate 
evacuation routes and procedures. 

PROCESS 

Typical repackaging involved receipt of 
requested process containers from the host 
followed by opening of the containers and 
transfer of the contents into packing cans. 
Packing cans were stainless steel cans of 
120 mm diameter and were available in two 
lengths, 127 mm and 178 mm. Process 
container opening and contents transfer were 
conducted within connected gloveboxes. 
Limits for packing cans had been established 
and the packing can being loaded was on a 
scale during loading. Following loading, a lid 
was crimped on in a hood which was part of 
each repackaging glovebox line and the 
packing can was decontaminated before 
removal to the accountability scales and NDA 
station. 

After NDA determination, each can was taken 
to the container loading area for placement 
into the Specification 2R inner containment 
vessel which was located within each 6M 
container. Up to three of the 178 mm length 
packing cans or four of the 127 mm packing 
cans could be placed within the payload 
volume of the Specification 2R inner 
container. Depending upon the material being 
packaged and the desired transport index, it 
was sometimes necessary to include empty 
packing cans within the 2R vessel because the 
mass was contained within fewer packing cans 
than the 2R vessel could hold. Padding 
between the packing cans and between the 
packing cans and the ends of the 2R vessel 
was provided by stainless steel wool pads. 
After eight 6M containers had been packed, 
they were assembled into Cargo Restraint 
Transporters (CRTs) which were turned over 
to the host for storage. 

The four main material types were 



individually campaigned for repackaging to 
minimize the opportunities for error. The 
order in which materials were repackaged 
was: (1) metal; (2) oxide; (3) U/Be alloy; and 
(4) U/Be alloy production residues. 

Concurrent with repackaging, selected 
containers of residues were sampled and the 
samples analyzed to determine hydrogen 
content. The trend which emerged was that 
low uranium equity residues had enough 
hydrogen (or too little uranium) to exceed the 
H/^U < 3 specification. It was necessary to 
thermally process these materials. Thermal 
processing in the work area using a laboratory 
muffle furnace proved to be hopelessly 
optimistic and the materials were processed by 
the host. The thermally processed materials 
were returned as relatively large fused pieces 
and it was necessary to break them up using 
hammers in the gloveboxes to obtain 
acceptable packing can loading levels. 

The contents of approximately 1200 of the 
host's process containers were transferred into 
approximately 1400 packing cans which were 
packaged into approximately 450 6M 
containers. Twenty five working days were 
required to complete the repackaging. The 
typical work day was nominally 12 hours and 
the typical work week was 6 days, Sunday 
through Friday. During the repackaging 
process effort, a startup crew left the hotel for 
the work site about an hour ahead of the rest 
of the team to prepare the process lines for 
production. The full team returned to the 
hotel together at the end of the work day. 
One meal was provided at the work site each 
working day and it was a military Meal, 
Ready-to-Eat (MRE) which had been brought 
with the equipment and supplies for the 
project. 

TAKE-DOWN 

After repackaging was completed, process and 

support equipment was taken down, inspected, 
crated, and sealed in preparation for transport. 
Most of the contaminated process equipment 
was left with the host and some training was 
provided in its use. Personal protective 
equipment was also left with our host. Two 
and one half days were required to take down 
the process, break the work camp, and 
prepare for transport. 

TRANSPORT 

For transport, CRTs were convoyed from 
storage in the Ulba Metallurgical Plant to the 
Ust Kamenogorsk airport and loaded aboard 
C-5 aircraft. Approximately half the 
containers were aboard the first aircraft which 
departed on 20 November with the remainder 
aboard a second aircraft departing 
21 November. Approximately half the team 
rode on each aircraft and each aircraft 
proceeded nonstop from Ust Kamenogorsk to 
Dover Air Force Base in Dover, Delaware. 
Two aerial refuelings and about 20 hours 
flying time were required. After arrival, the 
CRTs were loaded aboard Safe, Secure 
Trailers (SSTs), which are used for domestic 
transport of safeguardable quantities of special 
nuclear material, and transported to storage at 
the Oak Ridge Y-12 Plant. 

CONCLUSION 

Participation in Project Sapphire was a 
challenging and valuable experience because it 
permitted nuclear criticality safety personnel 
to perform hands-on work with fissile 
materials and to experience real life, real time 
operating problems. Project Sapphire itself 
was complex because it required coordination 
with three Cabinet Departments and it was 
unique and unprecedented in that no similar 
activity is known to have been conducted 
before. It was also conducted safely with no 
one hurt. 
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