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ABSTRACT 

The Light Duty Utility Arm (LDUA) System is 
being developed by the U.S. Department of Energy’s 
(DOE’S) Office of Technology Development (OTD, 
EM-50) to obtain information about the conditions and 
contents of the DOE’s underground storage tanks. 
Many of these tanks are deteriorating and contain 
hazardous, radioactive waste generated over the past 50 
years as a result of defense materials production at a 
d e r  of DOE sites. Stabilization and remediation of 
these waste tanks is a high priority for the DOE’s 
environmental restoration program. The LDUA System 
wi l l  provide the capability to obtain vital data needed to 
develop safe and cost-effective tank remediation plans, 
to respond to ongoing questions about tank integrity and 
leakage, and to quickly imrestigate tank events that raise 
safety concern. In-tank demonstrations of the LDUA 
System are planned for three DOE sites in 1996 and 
1997: Hanford, Idaho National Engineering Laboratory 
(INEL), and Oak Ridge National Laboratory (OW). 
This paper provides a general description of the system 
design and discusses a number of planned applications 
of this technology to support the DOE’s environmental 
restoration program, as well as potential applications in 
other areas. Supporting papers by other authors 
provide additional in-depth technical information on 
specific areas of the system design‘” 

INTRODUCTION 

The objective of the OTD Underground Storage 
Tank - Integrated Demonstration (UST-ID) Program’s 
LDUA development activities is to develop and 
demonstrate an integrated robotic deployment system to 

perform inspection, surveillance, waste analysis, and 
small-scale retrieval tasks in underground storage 
tanks.” Current methods used at Hanford and other 
DOE tank sites are limited to positioning sensors, 
instnrments, and devices to locations directly below 
access penetrations. These methods will continue to be 
used, but the advanced technologies being developed 
under the LDUA program will greatly enhance the 
toolbox available to DOE for addressing critical 

. 

information needs and providing quick response to 
events or conditions that raise significant safety 
questions and concern. 

The LDUA System wi l l  provide a mobile, robotic 
deployment platform that is being developed primarily 
to perform tank structural integrity assessment and to 
examine the characteristics and properties of the waste. 
one of the critical iimitations in planning the safe 
remediation of these tanks is the lack of detailed, 
qualitative infonnation on tank conditions and the 
characteristics of the stored waste materials. This 
infomation is needed to support ongoing stabilization 
and monitoring programs and to plan for future 
retrieval and processing of the tank waste. The primary 
mission of the LDUA Systemis to obtain this vital 
data. 

During fiscal year 1995, activities fomerly managed 
under the UST-ID Program will be transitioned under 
management of the newly fomed Tank Focus Area’s 
Retrieval Implementation Team. 



The system’s design is flexible and adaptive and 
has many potential applications where there is a need to 
perform remote operations through limited access 
openings and in areas containing potentially dangerous 
materials. Although the targeted application of the 
system is the DOE tank remediation programs, there 
are many other potential applications within the DOE 
complex, the commercial mclear industry, and other 
industries where hazardous materials or conditions limit 
human entry for examination, maintenance, or response 
to failures or o f f - n o d  events. The LDUA System is 
a leading-edge technology that will expand the horizon 
of available solutions to some of the most challenging 
and dangerous problems in both nuclear and 
non-mclear applications. 

SYSTEM DESCRIPTION 

The LDUA System will provide a mobile, 
multiaxial positioning system that will access the 
underground storage tanks through existing 30.5-cm 
(12-h) diameter riser penetrations located in the tank 
dome (Figure 1). Other ancillary system equipment 
will be deployed through existing 1 0 . 2 4 ~ ~  (4-h) 
diameter riser penetrations. The system provides the 
capability to deploy remotely operated end effectors at 
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multiple elevations and positions within the tank using a 
robotic manipulator ann mounted on a telescoping mast. 
The length and dexterity of the robotic ann combined 
with the positioning capability of the vertical positioning 
mast will enable a k g e  operating envelop to be 
accessed within the tanks. 

The LDUA System is functionally divided into 
major equipment subsystems and additional ancillary 
and support equipment. These subsystems include 
(1) ann and deployment, (2) tank riser interface and 
confinement (TRIC), (3) operations control center, 
(4) end effectors, and (5) various utilities and interface 
equipment that support multiple subsystems. The 
ancillary systems include power, communications, 
cabling, instrument enclosures, and other related 
hardware. 

In addition to the system components, a cold test 
facility has been installed at the Hanford Site that 
will be used to test and qualify the system equipment 
for hot operations in underground storage tanks at 
Hanford and INEL. Following initial testing, the test 
facility will be used for operator training and 
certification, equipment troubleshooting, and continued 
applications development. 

Figure 1. Light Duty Utility Arm System. 



Arm and Deployment Subsystem' 

The ann and deployment subsystem includes a 
robotic manipulator arm, vertical positionipg mast and 
housing, and deployment vehicle. In September 1993, 
Westinghouse Hanford Company placed a contract with 
Spar Aerospace Ltd. in Ontario, Canada to design and 
deliver this critical subsystem. The design is currently 
moving into the final details and long-lead procurements 
have been authorized for some components. The 
manipulator ann will be capable of remote operation in 
either teleoperated or automated modes. The 
manipulator ann will provide a radial reach of at least 
4.1 m (13.5 ft) away from the centerline of the tank 
riser, The kinematic design, based on seven degrees of 
freedom, results in a highly dexterous positioning 
capability. The arm wil l  provide a lifting capacity of at 
least 22.7 kg (50 lb) at maximum extension, With the 
capability to lift end effectors up to 34 kg (75 lb) with 
some compromise to the system accuracy parameters. 
The deployment mast will provide extension to at least 
19 m (62.5 it) to access the full tank depth. The arm 
and mast will collapse to a maximum length of 10.7 m 
(35 ft) for storage in the mast housing. The mast 
housing will provide a sealed storage compartment for 
the mast and arm to confine any smearable radiological 
contamination. For the initial Hanford system, the 
deployment vehicle will be based on a 7.6-m (25-ft) 
truck chassis that supports and transports the mast 
housing, on-board controls, and cabling. Alternate 
deployment platforms using either trailers, skids, or 
above-ground support structures to support the mast 
housing, positionbg systems, and local controls are 
currently being evaluated for deployments at INEL and 
ORNL. 

Tank Riser Intwface and Confinement Subsystem' 

The TRIC subsystem consists of a glovebox-type 
enclosure, decontamination system, ventilation system 
and end effector storage and changeout mechanisms. 
This enclosure forms the primary conhement.boundary 
between the tank atmosphere and the outside 
environment. Because of the potentially hazardous 
contents of the tanks, the TRIC subsystem design must 
meet stringent safety and environmental criteria. 
Operation of eqpipment in this subsystem will be 
automated to reduce worker exposure and to allow 
remote control of all operations once the enclosure has 
been installed at the tank riser and the vertical 
positioning mast housing and control cables have been 
engaged to it. The automated end effector exchange 
system will store up to four end effectors and provide 
the capability to remotely select and install them on the 
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end of the manipulator arm. Due to the complex and 
critical nature of the interfaces and interaction of the 
ann and deployment subsystem with the TRIC 
enclosure and end effector exchange system, 
responsibility for design, fabrication, and integration of 
these subsystems has been added to the scope of the 
Spar Aerospace Ltd. contract. 

The decontamination system being developed by the 
LDUA program is based on a pelletized carbon dioxide 
spray system, which will be developed as part of an 
INEL cooperative research and development agreement 
with a commercial supplier, Non-Destructive Cleaning. 
The carbon dioxide pellets impact at high velocity-with 
the contaminated surface and instantanenusly sublime. 
The rapid gas expansion blasts the surface contaminants 
free from the substrate material. The remaining carbon 
dioxide gas is expelled through high-efficiency 
particulate air filters in the ventilation system exhaust. 
This type of system was chosen as the best method 
because of restrictions on the introduction of liquids 
into potentially leaking tanks, and the need to prevent 
any increases to tank waste volume by methods 
requiring significant amounts of liquid addition. Since 
original requirements were established for this system, 
restrictions on liquid addition to single-shell tanks have 
been clarified, allowing a low-volume, water-based 
system to be used in many cases. A water-based 
system is simpler and less costly to operate but cannot 
be used in all situations. The TRIC enclosure is being 
designed with a, standard interface that will allow either 
m e  of decontamination module to be installed 
interchangeably, depending on the requirements of the 
deployment scenario. 

Operations Control Center' 

Instrumentation and control hardware and software 
will be provided to.remotely operate and control all 
system equipment. In addition to equipment controls, a 
data acquisition system will gather, analyze, report, and 
archive information gathered by various end effectors. 
Most of this equipment will be housed in the operations 
control center, a trailer located outside the tank farm 
perimeter fence. The various subsystems are controlled 
and in-tank operations areImonitored from this 
operations station. Utilities and support systems such 
as power generators and at-tank signal conditioning 
equipment will also be provided. 

The advanced control system design for the LDUA 
System is based on a high-level, supervisory control 
architecture developed by Sandia National Laboratory 
(SNL).5 SNL's supervisory controls technology, the 



Generic Intelligent System Controller, provides an open 
architecture based on an overall system model and set 
of protocols, which can communicate with components 
from many different suppliers. Spar Aerospace Ltd. 
and other suppliers will provide their subsystems with 
fully functional and capable low-level control systems 
that wil l  be integrated with the SNL controller at the 
Hanford test facility. 

Components and low-level controllers can be 
configured to interact and communicate through a 
supervisory level controller. This interaction can 
provide for integration of information from low-level 

- controllers serving robotic manipulation, data 
acquisition, and equipment monitoring functions. This 
type of system architecture bas many advantages. For 
example, it will be capable of linking position 
infobation from the robotic ann sensors with sensory 
data gathered from end effectors to create maps of the 
tank environment characteristics. Another application is 
to perform repeat measurements at the same tank 
position with the same or different sensors, or to 
perform terrain following maneuvers with the arm, 
based on proximity sensing data from the end effector. 

. End Effector Subystems3" 

. 

End effectors for the robotic ann are currently 
being developed to perform surveillance, inspection, 
and in situ waste analysis operations. Power, signal, 
fibre optic, hydraulic, and pneumatic lines for these end 
effectors will be routed internally through the mast and 
manipulator ann and be t e h t e d  at the tool interface 
plate (TIP) on the end of the manipulator arm. The end 
effector will be engaged to the TIP by automated end 
effector exchange system in the TRIC, which will ' 

reduce operator exposure to radiation and chemical 
hazards. 

The large number of service connections at the 
TIP, along with an empty 1 . 3 a  (0.5-in-) conduit, give 
the flexibility for contiming end effector technology 
development for future applications. New end effectors 
can be added to the complement of tools as long as they 
are designed with the appropriate interface connections 

. for the TIP andmeet other design criteria related to 
weight and packaging. For applications beyond the 
current TIP capability, a system could potentially be 
reconfigured with an internal Wiring umbilical and TIP 
design that provides the reqyked new complement of 
services, assuming adequate room is available through 
the manipulator arm and TIP. 

End effector development is proceeding to support 
an initial Hanford deployment mission focused on 
surveillam and inspection applications related to tank 
stabilization and monitoring programs. Technology 
development activities under the Morgantown Energy 
Technology Center are being leveraged to obtain 
advanced nondestructive examination technologies from 
Oceaneering Space Systems for demonstration on the 
LDUA, with INEL and Hanford identified as the 
targeted demonstration sites. 

Additional end effector development is focusing on 
real-time, in situ analytical methods that will assess 
chemical and rheological properties of the waste 
mate& to assist in obtaining data required for 
retrieval planning. Waste analysis is currently one of 
the highest priority needs for the INEL tanks to support 
waste heel removal project planning. This application 
will be the focus of the first INEL system 
demonstration. SNL will be providing a multisensor 
characterization end effector for the INEL tanks based 
on their Mini-Lab development concept. Other 
characterization end effectors based on advanced 
spectroscopic methods for chemical analysis (e.g., 
Raman and infrared methods) and other mechanical 
devices to assess physical characteristics are expected to 
become available for future applications after initial 
system testing in fiscal year (FY) 1996. 

A new end effector development activity will be 
started in FY 1995, in partnership with the UST-ID'S 
Waste Dislodging and Conveyance System, to assess the 
feasibility of using the LDUA System to deploy 
confined sluicing end effectors into the INEL and 
ORNL tanks to perform waste heel removal. Two 
potential concepts, driven by site requirements and 
limitations, will be evaluated. The INEL end effector 
is constrained to deployment as an end-of-arm tool 
because of the size of the tank penetrations. ORNL has 
larger tank penetrations and could deploy a sluicing end 
effector either on the end of the a m  or on a separate 
deployment mast in tandem with the LDUA. Both 
concepts will be evaluated to determine feasibility of the 
application and to assess the best configurations for the 
end effector designs. FY 1995 efforts will focus on 
providing functional requirements, test data, and design 
concepts leading to.preparation of specifications for 
procurements in early Ey 1996. 

Other end effectors currently under evaluation for 
future funding are a gripper, a water lance for wall 
cleaning, a small volume waste sampler, and Raman 



spectroscopy sensor. These end effectors will not be 
available for the initial system deployment, but may be 
added for later in-tank opehtions. 

Design for Hazardous Environments 

One of the major technical challenges of developing 
the LDUA System is the need to provide equipment that 
can withstand the radiation levels and highly corrosive 
atmospheres expected to be encountered in many of the 
Hanford single-shell waste tanks and INEL waste tanks. 
Selection of appropriate materials and radiation 
hardening of some equipment are being addressed in the 
LDUA System design. The specification for the LDUA 
arm and deployment system requires that vendors 
consider in their design the maintenance of 
contaminated equipment. Equipment must be able to be 
decontaminated and be modular in design to allow ease 
of replacement of components. Those components that 
are subject to radiation damage and are amenable to 
routine maintenance are required to withstand a total 
dose exposure of at least lo6 rad with a minimum 
6-month maintenance schedule. Other components that 
cannot be readily replaced or serviced must be capable 
of withstanding a total accumulated dose of l@ rad. 

The other major area where radiation hardening is 
an issue is in the development of end effectors for the 
LDUA System. The same requirements are levied on 
the end effector systems in a separate design criteria 

experience the highest dose rates in performing in-tank 
operations because of their relative proximity to the 
vaste materials. Individual end effector developers are 
evaluating the needs for radiation hardening, shielding, 
and maintenance of contamhated equipment in their 
designs. Some specific areas being addressed are the 
shielding and selection of appropriate hardware for 
cameras and other inspection systems for the LDUA 
System. Evaluation of radiation hardening of other end 
effector systems, including the laser-based topographical 
mapping systems and fibre optics for the Raman 
spectrometry end effector, are also being evaluated. 
SNL is currently evaluating the use of a radiation- 
hardened multiplexer unit which could be used in 
trammission of data from LDUA end effectors. Design 
requirements. for radiation hardening are an area 
carefully evaluated during design reviews of the LDUA 
System equipment. 

The end effectors are expected to 

Other potential hazards encountered in some of the 
Hanford tanks are the existence of potentially explosive 
gases and highly corrosive vapors and waste materials. 
The LDUA System components that will be deployed 

inside the waste tanks must be designed for safe 
operation in such an environment. The system 
functional requirements dictate that all in-tank 
components meet the National Electrical Code 
requirements for operation in explosive environments 
and are constructed of materials that will withstand the 
acidic or caustic environment. Most in-tank systems, 
including the Spar Aerospace Ltd. arm and deployment 
system, are employing the use of inert gas purging to 
meet this reqoirement. 

DOE TANK APPLICATIONS 

In large underground storage ta& that have been 
in operation for many decades, the areas directly below 
the access risers are often disturbed or contain a 
sigdicant amount of discarded debris. Therefore, 
evaluation of tank waste characteristics by 
measurements taken at these locations may not be 
representative of the properties of the waste in other 
areas of the tanks. The LDUA System provides the 
first opportunity to deploy sensors and other devices in 
locations away from directly below the access risers. 
This capability is particularly important in analysis of 
the waste materials in the tank. 

The chosen approach for development of the 
LDUA System for deployment at Hanford was to 
concentrate initial efforts on delivering a fully 
functional deployment system focused on a narrow set 
of applications. With this in mind, the first mission of 
the system is focused on delivering the arm and 
deployment system.and other required subsystems with 
a limited set of surveillance and inspection end 
effectors, primarily remote viewing systems. Parallel 
development 'of other end effectors for nondestructive 
examination and waste analysis has been started, but 
these end effectors will not be available for the first 
deployment. Once this system is successfully 
demonstrated, additional end effectors and applications 
will continue to be added as new missions and needs 
are identified. Theinitial set of surveillance and 
inspection tools will provide significant enhancement to 
currently available tank examination methods. 

The capability to perform close-up examinations of 
tank walls is not currently available, and inspection of 
single-shell tanks is limited to videos or still 
photography taken from positions directly below access 
risers. Visual examinations using current photography 
and video systems provide useful, but limited, 
infomution. The value and benefit of these systems 
will be greatly enhanced by the ability of the LDUA 
manipulator arm to position the cameras at many 
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different positions across a large operating envelop in 
the tank. Other nondestructive examination methods 
proposed for the LDUA System will enable inspection 
of corrosion and pitting and quantitative measurement 
of tank wall thichess or cracks. In addition to 
nondestructive methods of examination, the potential 
use of the LDUA System to cut out and remove a small 
sample of the tank wall for verification purposes is 
currently being discussed. 

The major handicap of the LDUA System in 
performing in situ waste analysis is its light payload 
capability, which restricts the penetration of end 
effectors into the waste to a limited depth dependent on 
the hardness of the waste materials. Dynamic end 
effectors, which use pressurized water or gas to open 
an insertion point for a sensor, could greatly enhance 
the penetrating force of the manipulator arm? There 
will continue to be a need for fulldepth penetrating 
examination methods using systems such as core 
sampling or cone penetrometers. In situ analysis 
capabilities of the LDUA System will add a new 
dimension to the ability to characterize the chemical and 
physical properties of the waste. The ability to move to 
multiple locations across the waste surfice increases the 
data on distribution of waste properties and will 
enhance statistical confidence in characterization data 
provided by other systems. 

A significant new area of application is performing 
small-scale, lightduty retrieval tasks. One area 
currently under investigation is using the LDUA System 
to perform final cleanup and waste heel removal 
following bulk material removal by sluicing or other 
arm-based retrieval systems. The length and slender- 
ness of the system, due to the design requirement for 
access through a small penetration and extension to the 
full depth of a tank, make this a very challenging 
problem. Dynamic loads, which could potentially be 
imparted by these end effector systems, must be 
carefully evaluated to emure they would not excite 
resonant vibrations or create reactive forces greater than 
the safety margins the design will allow. Work to be 
performed in Fy 1995 will evaluate the feasibility of 
this application, which appears to be promising. This 
capability is required to support currently planned waste 
heel removal applications in the, Idaho Chemical 
Processing Plant and the ORNL Gunite tanks. 

Development of dynamic end effectors to enable depth 
penetrating waste analysis with the LDUA System has 
not yet been initiated. 

A number of scenarios have been postulated for 
using the LDUA System in conjunction with other arm- 
based or sluicing-type retrieval systems. One such 
application is to use the system for removal of debris or 
small in-tank hardware items before performing bulk 
material removal with a larger arm-based retrieval 
system.' A second application would be to monitor in- 
tank operations during retrieval and perform inspections 
following retrieval to assess whether adequate material 
removal has been accomplished. 

Current technology development related to arm- 
6ased retrieval systems anticipates that advanced 
manipulative control and collision avoidance systems 
will be required to ensure damage to the tank structure 
does not o ~ c u r . ~  Systems currently being investigated 
under other technology development programs will use 
a high-level supervisory control architecture similar in 
principle to the LDUA System.' These systems will 
use a world model of the tank environment, which is 
created based on available information from engineering 
drawings and additional sensor data provided by 
topographical mapping systems. The LDUA System is 
developing several mapping systems that would be 
applicable to this need. These systems could be used in 
advance of a retrieval campaign to create a fairly 
accurate map of the tank interior. This data would be 
used by the high-level controller of the retrieval 
manipulator system for path planning and collision 
avoidance controls. 

Pre- and post-retrieval mapping would reveal 
changes in the waste topography that could provide 
verification of waste volume removal. This type of 
cpntifhble measurement is likely to be required to 
meet federal facility agreement commitments. LDUA 
mapping technologies may provide a method of 
obtaining quantifiable volumetric measurement data. 

OTHER APPLICATIONS 

A number of promising future applications of the 
LDUA System, beyond those discussed above, could 
address problems both within the DOE complex and in 

' A testbed to evaluate requirements for arm-based 
retrieval systems primarily for waste removal from 
Hanford's underground storage tanks is being installed 
by the DOE Office of Technology Development's 
Robotics Integrated- Program; The Hanford Tank Waste 
Remediation System (EM-30) is also preparing a 
specification for development of a first-generation, 
arm-based, soft waste retrieval system. 



other sectors. Although none of these are currently 
under investigation, the potential for successfully using 
this versatile technology for broader applications is 
worth discussion. One of the important goals of the 
LDUA development program is to make this technology 
commercially available to address a broad range of 
.-needs and problems. Some of the areas in which the 
system could potentially find applications include 
decommisSioning of DOE and commercial nuclear 
-, maintenance and inspection of nuclear power 
plant systems, inspection or cleanup of storage tanks at 
chemicd processing facilities, and remediation of 
underground storage tanks at foreign nuclear sites. 

It is a goal of the LDUA development program to 
tmn over the application of this technology to 
commerual suppliers, who are capable of delivering 
components and integrated systems to address the types 
of problems discussed above. As the system consists of 
a d e r  of technologies being developed both by 
commercial suppliers and by several DOE laboratories, 
there is a strong need for a systems integrator to 
undeaake the development of future markets for the 
technology. Most end users who have a need for this 
type of technology do not have the in-house engineering 
staff to perform this furiction effectively. A systems 
iutegrator with a focused team of specialized remote 
systems applications engineers could provide the needed 
expertise to field these technologies in many different 
cod&ura!ions to address a broad range of needs. 

The role of the systems integrator would be to 
work with the end user to establish functional 
re-ents for specific system applications. Once the 
functional requirements and constraints for the deploy- 
ment are understood, a customized integrated system to 
meet those needs could be configured in a timely and 
cost-effective manner. The systems integrator would be 
responsible for selecting the appropriate components 
from the available system technologies and configuring 
them to the specific application. The functional 
requirements and intended use of the system will define 
the necessary compliment of end effectors needed for 
the job. New end effector development is one area in 

. which the LDUA program intends to continue inves- 

. tigations beyond delivery of the initial deployment 
systems, One of the biggest challenges in developing 
an integrated-system of this type is developing the 
reqnired hazardous material confinement systems and 
interfaces to mate to the existing tank penetrations or 
other structural features. Transportation, installation, 
storage, maintenance, and final disposal of system 
components must all be considered in designing an 
hegated system for any of these applications. 

SUMMARY 

The LDUA System development program is an 
example of a very successful teaming effort between 
multiple DOE sites and commercial suppliers to develop 
independent technologies for integration into a total 
system.. The first in-tank demonstration of the system 
is planned at the DOE Hanford Site in the spring of 
1996 with follow-on demonstrations at the INEL and 
ORNL sites in 1996 and 1997, respectively. System 
capabilities to perform surveillance, inspection, in situ 
waste analysis, and’small-scale retrieval tasks will be 
demonstrated at these sites. The flexible and adaptive 
design of the LDUA System yields a broad range of 
possibilities for future applications beyond those which 
will be demonstrated at Hanford, INEL, and ORNL. 

Cleanup of the DOE’s aging waste tanks is a 
complex and challenging technical problem. The 
LDUA System will provide tools which are currently 
not available to address these problems. The system 
will provide improved methods of obtaining more 
complete information on the conditions of the waste 
tanks and their contents. Better information will lead to 
better decisions on how to remediate these waste tanks 
and ultimately wil l  save money in the environmental 
restoration of Hanford and other DOE sites. 

ACKNOWLEDGI$MENTS 

The LDUA System is being developed under 
sponsorship of the DOE Office of Technology 
Development’s UST-ID Program. 

The LDUA System demonstrations are jointly 
funded by the EM-30, E M 4  and EM-50 divisions of 
the DOE’s Office of Environmental Restoration and 
Waste Management. 

Westinghouse Hanford Company has the lead 
responsibiltiy for the LDUA System development 
program. Supporting DOE laboratories and government 
operations contractors include Battelle Pacific Northwest 
Laboratory, INEL, ORNL, SNL, and Westinghouse 
Savannah River Company. 

The primary subcontractor for development of the 
robotic arm and deployment system and the TRIC is 
Spar Aerospace Ltd. of Canada. Other industrial 
partners include Mechanical Technology Inc., Non- 
Destructive Cleaning, Oceaneering Space Systems, and 
Bristlecone Environmental Technologies. 

i , 



WHC-SA-2669-FP 

Number of c o D i q  

i2Esm 

1 

1 

1 

1 

1 

DISTRIBUTION 

Y.S. Dmartment of Enerm-Headauarters 
EM-552, Trevion IT 
12800 Middlebrook Road 
suite 400 
Gefmantown, Maryland 20878 

Sherry Gibson 

Idaho NaQ 'onal Engineerinp Laboratory 
P.O. Box 4000 
Idaho Falls, Idaho 83402-5118 

Cal Christensen 

Oak Ridve National Laboratorv 
P.O. Box 2008 
Oak Ridge, Tennessee 37831-6304 

Barry Burks 

Sandia National Laboratorv 
Department 2151 MS 0952 
P.O. Box 5800 
Albuquerque, New Mexico 87185 

Brady Davies 

Westinghouse Savannah River Site 

Aiken, South Carolina 29808 
Building 773-A, D-1110 

Frank Heckendom 

Distr-1 



WHC-SA-2669-FT 

. .- 

DISTRIBUTION (continued) 

Number of C o D i a  

c)NsI[TE 

4 -  U.S. Dmarhn ent of Enerm. 
Richland Operations Office 

46 

D. H. Brown 
ha. P. Malone 
D. E. T d e r  
S. N. Runyon 

V. Fitzpatrick 

Pacific Northwest Lab0 rat ory 

D. W. Bennett 
J. B. Colson 
G. L. Ketner 
C. W. Nelson 
A. L. Noonan 
M. J. Quadrel 
C. M. Smith 
E. L. Williams 

Westinghouse Hanford Comuanv 

K. L. Bennett 
J. D. Berger 
D. H. Brown 
L. C. Brown 
B. A. Carteret (20) 
D. A. Clark 
J. E. Ellis 
J. W. Engstrom 
R. C. Eschenbaum 
R. L. Gilchrist 
D. H. Irby 
G. R. Kiebel 
M. R. Koch 

Distr-2 

K8-50 
K8-50 
K8-50 
K8-50 

K8-50 

K5-17 
K5-10 
w-19 
w-19 
B1-40 
K1-73 
K5-22 
K5-17 

17-04 
10-18 
N1-21 
15-62 
N1-21 
N1-21 
N1-21 
n1-21 
Nf-21 
15-63 
uF18 

R1-49 
N1-21 



- -  

WC-SA-2669-FP 

DISTRIBUTION (continued) 

Number of cmiq 

c!Nsm 
Westinghouse Hanford ComDanv (continued) 

F. R. La Barge 
D. M. Lucoff 
we c. Miller 
A. F. Pa~dini 
T. E. Rainey 
R. E. &pond 
J. G. Prqson 
T. J. Samuel 
E. J. Shen 
G. H. Smith 
W. D. Winkelman 
Information Release 

Administration (3) 

Distr-3 

N1-21 
R2-54 
54-55 
n1-21 
R2-54 
E-54 
54-58 
N1-21 
54-58 
N1-21 
15-55 

18-07 


